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1 Introduction 

Derwent Hydro has contracted Wallingford HydroSolutions Ltd (WHS) to undertake a geomorphology 

survey of the Mill Beck at Buttermere, Cumbria (NGR: NY 17657 17179). A hydroelectric power (HEP) 

scheme is proposed along the watercourse to generate power for the local community. The Mill Beck 

is part of a larger Water Framework Directive (WFD) water body, the Cocker-Crummock Water and 

Buttermere. As such, the Environment Agency have expressed concerns over the potential for the 

scheme to negatively impact upon the WFD status of the channel and therefore require a 

geomorphology survey to identify the extent to which the physical regime of the watercourse could 

be altered.  

The purpose of this assessment is to identify the baseline flow regime and key geomorphological 

characteristics of the channel. From this information the assessment forecasts the potential impacts 

of the proposed scheme on sediment transport and the geomorphology of the channel. In this 

context, appropriate recommendations for mitigation in order to achieve WFD compliance are 

provided.  

2 Proposed Scheme 

A 45kW hydropower scheme is proposed on the Mill Beck in Buttermere. The scheme will operate 

with a design head of 34.5 m and will include a low intake structure in the form of a quarter-height 

Coanda screen situated at NGR: NY 17815 17325. A pipe will then run 650m along the left-hand 

bank of the Beck through Ghyll Wood and open fields into a powerhouse which will be situated 

upstream of a road bridge (B5289) at NGR: NY 17497 16989 where flow will be returned to the river. 

The location of the scheme is depicted in Figure 2-1. 
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Figure 2-1: Proposed Scheme 

There is no existing weir at the proposed intake location, therefore as mentioned a Coanda-type 

structure is proposed. The structure will have a width of 3m and be just over 1m in height. The 

structure will include a compensation notch which will be sized to deliver the required flow. An eel 

pass will also be provided. The intake location is located downstream of a stepped-pool sequence 

and a constriction in the channel caused by protruding bedrock. A photograph of the proposed intake 

location is shown in Figure 2-2.  

 

 

Proposed Intake 

Location 

Proposed Outfall  

Location 
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Figure 2-2: Image of intake location looking upstream 

A flow duration curve has been provided by Derwent Hydro which shows the flows available to the 

scheme and the intended abstraction. As the Mill Beck is not a gauged river the flow duration curve 

was derived using the LowFlows software. The estimate was based on the catchment area at the 

intake location which covers 4.67km2. The initial flows generated by LowFlows were increased by 6% 

to address the EA’s comments within their pre-application response. Based on the final flows, the 

Mill Beck has a mean flow of 0.348m3/s. Figure 2-3 shows the Flow Duration Curve and Turbine 

Abstraction.  
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Figure 2-3: Flow duration curve with proposed abstraction 

3 Desk Based Assessment 

3.1 Catchment Overview 

The Mill Beck catchment is small, at its outlet it covers an area of approximately 5.22km. The 

catchment is situated to the east of Crummock Water which it drains into, and to the northeast of 

Buttermere. The catchment is surrounded by numerous peaks including the Knott Rigg, Whiteless 

Pike, Buttermere Moss and High Snockrigg. A number of spring fed tributaries are found at the head 

of the catchment which feed into the Mill Beck.  

The catchment is typical of an upland stream, characterised by a steep watercourse within a narrow 

valley with relatively little flood plain. As such the stream is expected to have a flashy regime. Within 

the reach of the proposed hydropower scheme specifically the stream is characterised by a cascade 

profile with step pool sequences and several small waterfalls present. The channel bed consists of 

boulder deposits and bedrock benches which create the step pool profile. Downstream of the 

proposed outfall at Crummock Water the distance between the steps lengthens as the profile begins 

to flatten out with sediment becoming finer. The land use of the catchment is predominantly rural 

with grazing land dominating the catchment. Buttermere is the only residential area within the 

catchment.  
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3.1.1 Geology and Soils  

A review of the BGS 1:50k1  Bedrock geology map indicates that the catchment and wider area are 

underlain by sedimentary mudstone. Superficial deposits are not recorded along the majority of the 

proposed reach, however downstream of the proposed outfall deposits of sand and gravel have been 

identified. The overlaying soils are classified as ‘freely draining acid loamy soils over rock’ based on 

the Soilscapes 1:250 000 scale soils map2.  

3.1.2 Channel Gradient 

The Mill Beck has a steep gradient with an average slope of 1:20 across the proposed reach based 

upon LiDAR data. Step pool sequences dominate the majority of the river’s length. Towards the lower 

reaches, downstream of the proposed outfall, the gradient becomes shallower with larger distances 

observed between the steps and pools. Figure 3-1 shows the channel gradient from 275m upstream 

of the proposed intake to 200m downstream of the outfall. The flattening of the profile downstream 

of the outfall is visible within the plot below.  

  

Figure 3-1: Channel Gradient Long Profile 

3.2 WFD Waterbody Classification 

The EU Water Framework Directive was transposed into law in England and Wales by the Water 

Environment (Water Framework Directive) (England and Wales) Regulations 2003. The Directive 

requires that Environmental Objectives be set for all surface and ground waters in England and Wales 

 

 

1 BGS (2020) Geology of Britain Viewer, https://mapapps.bgs.ac.uk/geologyofbritain/home.html 
2 Cranfield Soil and Agrifood Institute (2020) Soilscapes map, http://www.landis.org.uk/soilscapes/ 
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to enable them to achieve Good Status (or Good Ecological Potential for Heavily Modified and Artificial 

Water Bodies) by a defined date. 

The Mill Beck lies within the Cocker-Crummock Water and Buttermere surface water body WFD 

catchment (GB112075070350). The catchment rises in the north-west Lakeland fells and joins the 

River Derwent catchment at Cockermouth where it continues to flow into the Irish sea. A large portion 

of the catchment lies within the Lake District National Park and forms part of the Derwent and 

Tributaries Special Area of Conservation (SAC). Land in the catchment is largely used for agriculture 

with some historical metal mine workings. The waterbody is classified as heavily modified. Table 3-1 

shows the current waterbody classification and objectives.  

Table 3-1: Waterbody Classification of the Cocker-Crummock Water and Buttermere 

Cocker – Crummock Water and Buttermere 

Waterbody ID GB112075070350 

Hydromorphological designation Heavily Modified  

2013 Cycle 2 Overall Waterbody Classification Moderate 

2014 Cycle 2 Overall Waterbody Classification 
 

Moderate 

2015 Cycle 2 Overall Waterbody Classification Moderate 

2016 Cycle 2 Overall Waterbody Classification Moderate 

2019 Cycle 2 Overall Waterbody Classification Moderate 

2019 Cycle 2 Ecological Classification Moderate 

2019 Cycle 2 Chemical Classification Fail 

Overall Waterbody Objectives Good by 2027 

Ecological Objectives Good by 2027 

Chemical Objectives Good by 2015 

It should be noted that in the above table the Chemical Objective was to achieve Good Status by 

2015 however the 2019 Cycle 2 results indicated the waterbody to have failed chemical status on 

the basis of the Priority Hazardous Substances Class and high phosphate concentrations. The overall 

and ecological classification are currently moderate with the aim of achieving Good status by 2027.  

4 Walkover Survey  

4.1 Survey Methodology  

A 1.1km walkover survey was conducted on the 27th May 2021, extending from approximately 275m 

upstream of the proposed intake location to 200m downstream of the proposed outfall location. 

Fifteen representative locations were selected along the reach where access was possible. At each of 

these locations, georeferenced photographs were taken of the river channel and key features within 

the floodplain. Photographs were also taken of the dominant bedload where access was possible. All 

photographs are provided in Appendix 1.  

Detailed notes on the channel form, riparian vegetation, flow type, floodplain and bedload 

characteristics were also taken. Sediment grain samples were collected where possible and 

approximate channel measurements including the wetted width and depth.  The relevant field notes 

are provided in Appendix 2.  

The weather conditions during the site walkover were dry and warm, yet followed a period of rainfall, 

as such, flows within the channel were moderate. The extent of the walkover survey is shown in 

Figure 4-1. 
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Figure 4-1: Survey Extent 

5 Geomorphological Assessment 

5.1 Baseline characteristics 

5.1.1 Upstream of the proposed intake location  

Upstream of the proposed intake location the channel is characterised by steep banks of exposed 

bedrock along the right bank the floodplain climbs quickly away from the bank crest. The floodplain 

along the left bank is significantly flatter. Along both banks and the wider floodplain the dominant 

vegetation is grass. Within the channel itself step-pool sequences are present with large pools 

approximately 1.0m deep and shorter steps where depths are significantly reduced. Figure 5-1 is 

indicative of the channel upstream and at the proposed intake location.  
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Figure 5-1: Channel characteristics upstream of the intake location - looking upstream 150m upstream of intake. 

The width of the channel ranges from approximately 0.7-2.0m, with depths of between 0.25-1.5m. 

The sediment is primarily made up of large, heavy boulders infilled with smaller gravels around 10-

20cm in length. Sediment deposits along the left bank appeared smaller than those on the right bank 

where flows tended to be slower and shallower. Transport of the larger sediment in the centre and 

right of the channel is expected to only occur at high flows.  

5.1.2 Proposed Intake location 

At the proposed intake location, the channel is confined with a steep right bank of exposed bedrock 

approximately 2.5m in height. A small natural constriction was observed immediately upstream of 

the intake formed by two bedrock outcrops. There is also currently a fallen tree in this location.  

In terms of vegetation, the banks are primarily covered in moss, grass and ferns with trees rooted 

in to the rock. At the location of the intake there is an existing pool-like feature where flows are 

steady with depths of around 0.4-0.5m deep.  

Large boulders and rocks are present within the channel where the streams energy is highest, finer 

sediments were observed along the left-hand bank where there is a small widening of the channel 

as pictured in the image below. In general, fine grained sediment makes up the bulk of the deposits 

along the bank with some larger sediment ranging from 3-15cm in length. Parts of the left bank were 

dry on the day of the site visit, but it is assumed that flow would extend onto the shallower left bank 

during high flows. Figure 5-2 shows the intake location. 
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Figure 5-2: Intake location looking upstream and left bank sediment. 

5.1.3 Downstream of proposed intake 

Just downstream of the proposed intake location the watercourse is characterised by an incised valley 

and distinct step pool sequences. The channel banks are steep and up to 10m in height, making 

access difficult. The banks both consist of areas of exposed bedrock/boulders covered in mosses and 

fern-type vegetation. Numerous trees are rooted in the channel banks with some overhanging the 

watercourse.  

Another feature downstream of the intake location is a bridge. The bridge has a large clearance 

height over the watercourse and is not expected to have a major impact under most flow conditions. 

Downstream of the bridge there is a large outcrop of bedrock within the centre of the channel. 

Sediment deposited on this outcrop consists of large boulder deposits with some smaller 

unconsolidated material. To the right of the island there was a deep pool approximately 0.4m deep. 

Figure 5-3 shows the standard valley characteristics downstream of the intake location and the rock 

outcrop. 
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Figure 5-3: Channel characteristics downstream of the intake location and downstream island 

Approaching the outfall location, the gradient is noticeably shallower. At approximately NGR: 

317606, 517105 a small island was seen within the channel. The island appears to have formed due 

to sediment build up on the right-hand side of the channel where flows are shallower and slower. 

Sediment sizes appear to be range from 1-5cm however access down to the channel was limited.  

A timelapse camera was installed by Derwent Hydro on 22nd February 2021 at this location to observe 

the changes to the island during a range of flows. The images below in Table 5-1 show a) the island 

during low flows at around Q97, b) an image taken from the site walkover where flows were thought 

to be at Q50 and c) an image from flows at around Q2.  The images indicate that during low flows 

fish and invertebrates are still able to pass through the watercourse to the right of the island. 
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Table 5-1: Image’s taken at NGR: 317606, 517105 

Small island of sediment was apparent under different flow conditions.  

A (Q97) B (~Q50) C (Q2) 

   

*Images a and c taken looking upstream.    
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5.1.4 Outfall Location   

At the outfall location the channel widens. The left bank lowers, however, the right bank remains 

steep. Exposed rock is covered with grass along both banks as shown in Figure 5-4 below.  

Depths were estimated to be between 0.30-0.40m and were deepest in the centre of the channel 

being shallower on the left and right banks. The bed material observed varied in size from around 

10-15cm amongst large boulders in the centre of the channel. Some smaller deposits were visible 

along the banks.  

 

Figure 5-4: Outfall location looking downstream and left bank of outfall location 

Flows at the outfall location were relatively turbulent but seemed to settle as they flowed through 

the bridge and further downstream. The valley becomes less steep with bank heights reducing to 

around 0.50-1m, a shallower gradient in bed profile was also noted along with more laminar flows. 

Figure 5-5 shows the channel downstream of the proposed outfall.   
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Figure 5-5: Valley characteristics downstream of outfall location 

5.1.5 Summary  

The bedload of the channel at both the intake and outfall locations was identified to be coarse, 

ranging from medium sized gravels along the channel banks where the stream energy was lowest to 

large boulders within the thalweg where the stream energy was highest. The average grain size 

within the middle of the channel appeared to be around 10cm in length at both the intake and outfall 

locations. There were smaller deposits along the left bank of the proposed intake location as the 

channel widens in this area causing a fall in stream energy.  

The reach in general is characterised by step pool sequences. The steps are characterised by larger 

boulder deposits and the pools by finer pebble sized deposits. Suspended sediment and channel 

turbidity appeared to be low across the entire length of the walkover.  
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6 Potential Impacts of the Proposed HEP Scheme 

The proposed scheme has the potential to cause direct and indirect impacts on the watercourse, 

these need to be assessed to determine if there are any adverse effects on the waterbody. Previous 

correspondence with the EA has identified the following key points to consider: 

• Will the new impoundment impede sediment transport over the weir 

• What is the extent of backwater effect that will be created within the impounded reach 

• Is mitigation necessary 

As such, the following modifications will be assessed individually: 

• Proposed Coanda screen at intake 

• Reinstatement of flow through the outfall 

• Abstraction/reduced flow within the depleted reach  

6.1 Intake 

The proposed intake location is situated immediately downstream of a series of step and pool 

sequences. Currently there is no weir structure at the proposed intake location however there is a 

constriction to flows immediately upstream of the proposed location due to a bedrock obstruction. 

The proposed Coanda screen has the potential to have the largest impact upon flows in the Mill Beck. 

The structure will impound flows upstream causing a fall in velocity.  

The proposed screen height of 1m will form a uniform barrier across the watercourse. It has been 

estimated by Derwent hydro that the impounded reach would extend approximately 25 meters 

upstream. There is an existing pool immediately upstream of the intake location which already 

approximately runs for the length of the expected impoundment. In this regard, the nature of the 

channel in this location should not change significantly.   

The structure could also limit sediment transfer downstream. The structure will reduce flow velocities 

upstream allowing opportunity for the deposition of finer sediment. However, given the nature of the 

channel, the area upstream of the intake already experiences lower flows and higher deposition. 

Therefore, the comparative impact of the scheme on upstream flow velocities is expected to be small. 

The barrier formed by the structure could inhibit bedload transport however. A potential option to 

reduce this impact is to backfill the area behind the weir with retained gravel up to the level of the 

weir crest. It is likely that this process would occur naturally over time anyway. This would ensure 

that the bed profile is graded so that bedload transport is less inhibited. 

The intake structure also has the potential to increase velocities immediately downstream caused by 

the sudden change in bed elevation. Throughout most of the year (flow greater than Q90) the intake 

structure will be abstracting with residual flows passed downstream via a compensation notch. As 

can be seen in Figure 2-3, up to the Q40 flow the abstraction leads to a significant reduction in 

discharge downstream which should offset any increases in velocity caused by the sudden change in 

elevation. Above the Q40 flow the abstraction is relatively small and water will begin to flow over the 

Coanda Screen, therefore at high flows velocities may increase locally. However, given the nature of 

the downstream channel and the step-pool characteristics the increase in velocity is expected to 

dissipate quickly in the pool section where the intake is situated.  

In general the intake is not expected to change the current hydraulic situation significantly and 

should not lead to a significant increase in erosion and sediment transfer in the up and downstream 

reaches.  
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6.2 Outfall  

Flow will be abstracted from the Mill Beck at the proposed intake location situated at NGR: NY 17815 

17325 and will run down 650m of pipeline to the powerhouse which will be situated at the outfall 

location. Flows are to be returned to the watercourse via a short open channel set into the bedrock 

above the watercourse, Figure 6-1 depicts the nature of the proposed outfall.   

 

Figure 6-1: Schematic of proposed outfall 

At the outfall flows are likely to drop sharply, this is similar to the natural nature of the channel which 

has numerous step and pools in this location. However, flow velocities from the outfall may be 

relatively high compared to the in-channel flow velocity during low flows. When flows are lower flows 

from the outfall are also likely to discharge directly onto bedrock which may experience additional 

erosion.  

To reduce the potential for erosion and scour it is recommended that the discharge outfall structure 

be constructed as parallel to the bank as possible. As a further safeguard baffles could be used at 

the outfall, which will act to slow down flows before they enter the channel or impact the local 

bedrock. Ultimately however the impact of the outfall on the existing physical regime is expected to 

be low, significant sediment transport is only likely to occur at high flows based on the sediment 

sizes observed and at these flows discharges from the outfall structure will be negligible in 

comparison.  

6.3 Depleted Reach  

The depleted reach will span approximately 650m. The design flow which has been recommended 

for the hydro abstraction is 185 l/s (53% of Mean flow), this allows the turbine to operate at 

maximum output for 40% of the year. The modest scale of the abstraction ensures that there will 

still be a high degree of flow variability in the annual flow regime. Furthermore, sediment transport 

in the deprived reach will be negligibly affected since this tends to occur at the very high flows (i.e. 

several times mean flow) which will be scarcely reduced by this limited abstraction.     

Derwent hydro have indicated a Hands-off-Flow (HOF) of 45 l/s. This will be regulated by the intake 

structure and will ensure that a minimum Q90 flow is maintained within the river before flow enters 

the pipeline to the turbine. 
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The HOF will ensure that low seasonal flows will continue within the watercourse. Observations 

indicate that the watercourse seasonally experiences low flows with no major detriment to the nature 

of the watercourse and no barriers to species passing down the Mill Beck. Splash habitat (i.e. moss 

and other bryophytes) are formed where flow cascades over boulders into pools and this is observed 

along the reach even at low flows.  

7 WFD Geomorphological Assessment 

This assessment considers any potential impacts to the hydromorphological elements of the 

waterbody against the main objectives of the WFD. Any hydropower scheme should demonstrate 

that the proposal will not: 

• Objective 1: Contribute to a deterioration in the current status or potential of the waterbody or 

water bodies affected by your scheme 

• Objective 2: Prevent the achievement of objective set for the waterbody or water bodies affected 

by your scheme 

Currently the overall status of the Crocker -Crummock Water and Buttermere waterbody is Moderate. 

As the current published objectives are to improve upon this moderate status, this assessment will 

consider if any impacts of the scheme do not align with these objectives. As discussed in section 6 

above, the scheme is not envisaged to have any significant impact on the geomorphological 

processes along the reach. This is primarily due to the step-pool sequencing nature of the channel 

being predisposed to areas of pooling and areas of faster, cascading velocities.  

With regard to fish passage, the prescribed flow notch will allow for the safe downstream passage of 

resident fish, who will also be able to pass safely down the face of the Coanda screen. An eelpass 

has been included, as requested by the Environment Agency. 

Following the site visit a single potential impasse for aquatic invertebrates and fish was identified as 

an island within the watercourse, however images provided in 5.1.3 indicate that during Q97 flows 

(lower flows than will be maintained by the HOF) the island is passable. Therefore, the scheme is not 

expected to impact upon fish or invertebrates in the watercourse. It is noted that there may be 

natural barriers to upstream fish passage within the Beck during the steep gorge section in the centre 

of the surveyed channel.     

There are numerous Sites of Special Scientific Interest (SSSI’s) within the vicinity of the proposed 

scheme, namely the Buttermere Fells which is situated immediately to the east of the section of the 

Mill Beck surveyed. Due to the scale of the scheme relative to the SSSI any impacts of the scheme 

are thought to be negligible.  

Overall, it is thought that the scheme will not cause detrimental effect to the WFD status or prevent 

the future objectives of the waterbody from being achieved.  
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8 Conclusions 

The conclusions and recommendation from this study are as follows:  

• A geomorphology walk over survey was completed in May 2021 to assess the potential impacts 

of a proposed hydro power scheme on the Mill Beck in Lake District, Cumbria. 

• The watercourse was identified as being typical of an upland stream, characterised by a steep 

watercourse with step-pool sequences within a confined valley.  

• The bedload of the channel at both the intake and outfall locations was identified to be coarse, 

ranging from medium sized gravels along the channel banks where the stream energy was 

lowest to large boulders situated within the thalweg where the stream energy was highest. 

• Given the nature of the existing channel, the construction of the Coanda Screen at the intake 

location, is not expected to significantly impact the hydraulic nature of the watercourse. 

Although a graded bed could be built up to the crest to ensure bedload transport is unaffected.  

• The proposed outfall mimics a step feature of the watercourse and as such is not expected to 

alter the channel geomorphology greatly. It should be built parallel to the banks, if possible, to 

limit any potential for scour.  

• The nature and characteristics of the depleted reach are unlikely to be heavily influenced by the 

proposed scheme given that seasonal low flows should still be maintained.    

• The scheme is not expected to impact upon the current or potential future WFD status of the 

watercourse.  

• The modest scale of the abstraction (capped at 53% of mean flow), ensures that there will still 

be a high degree of flow variability in the annual flow regime.  

• Furthermore, sediment transport in the deprived reach will be negligibly affected since this tends 

to occur at the very high flows (i.e., several times mean flow) which will be scarcely reduced by 

this limited abstraction.   
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Appendix 1 – Site Visit Images 
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Appendix 2 Site Visit Notes 



Appendix 2- Site Visit Notes 

 

Location* Notes/ Image Number 

1 200m upstream of proposed intake location.  

Step pool sequence, large pool around 1-1.5m deep 

Width of channel ranging from ~0.7m wet with an extra ~1.5m dry on the left 

bank 

Some heavy boulders on bank and in river. 

Banks- mostly rock with right bank around 1.2m high exposed bedrock, some 

small trees and bushes and moss/grass, 

Left bank lower with more moss.grass 

Large pool around 6m downstream of 1) around 0.7-1m deep, 2.3m wide, 

sediment sizes varying from 0.5cm-15cm. Little transport visible.  

Images: IMG_6864, IMG_6865, IMG_6866 (taken looking upstream indicating 

step pool sequence.) IMG_6867 taken looking upstream in pool location ~6m 

downstream of point 1).  

2 Pool-riffle sequence- large boulders in channel, faster flows than in pool 

immediately upstream. Width around 2.5m, depth 0.6m, flow around 0.3m/s. 

Small rock outcrop on left bank. 

Image: ImG_6869 

3 Just upstream of intake, riffle pools continue, one larger drop and pond with 

slower flows. Right bank comprised of steep stone/bedrock 3-4m in height from 

bed.  

Left bank shallower with potential area for overflows. Left bank containing grassy 

vegetation with a tree overhanging in river. Flow around 0.3m/s. 

4 Intake location. Well confined channel, steep bank approximately 2.5m high, 

exposed bedrock in lower part with some moss and ferns growing, trees on bank 

hanging over river.  

Small constriction immediately upstream of location- currently blocked by tree, 

approx. 0.6m wide, channel then widens to around 1.5-2m.  

Pool at the intake location is around 0.4-0.5m deep with slower flows around 

0.2m.s/  

Sediment ranging from ~2cm-10cm-20cm. Pebbles, boulders and some finer 

grains. Varying in shape as pictures. Finer sediment seen along left bank. Area on 

left bank was dry on day- would be covered in higher flows, sediment deposits 

some very fine 3mm or smaller.  

Islanding downstream unlikely. Just downstream of the intake the channel widerns 

to around 3-3.5m and is much shallower around 0.2-0.3m, flow of ~0.3m/s. 

Image: IMG_6870 (looking upstream at intake location) IMG_6871 and IMG_6872 

(left bank sediment deposits, slightly downstream of intake location) IMG_6874 

(bed material) 

5 Island seen just upstream of bridge- large boulder with deposits of smaller 

unconsolidated material behind. Just upstream of island is a deep pool around 

0.4m deep. Deposits of large pebbles along left bank as pictures. Deposits ~10-

30cm.  

Image: IMG_6876 and IMG_6878 



Appendix 2- Site Visit Notes 

6 Footbridge downstream of intake.  

Step pool sequence continues to footbridge, steps thinner and pools wider with 

slower flows. Channel widths becoming more confined with steep banks on the left 

and right.  

Trees on both banks with mostly rocks. Flows in pools around 0.3m/s.  

Turbulent flows over the steps- faster. Large bridge clearance heights.  

Immediately d/s of bridge pond separated by bedrock, flow goes to the right, 

depths of around 0.4m. Island to the left. Finer sediments along the left bank and 

in pond some very small sediments but mostly 5-10cm.  

Images: IMG_6879, IMG_6881, IMG_6882 (bedrock and island) 

7 Pool riffle continues- images of confined channel.  

IMG_6888, IMG_6889  

8 Image of two waterfalls- biggest drop within reach observed. Around 1m drop. 

Channel gorge like- very confined.  

Image: IMG_6891, IMG_6892 

9 Confined channel, could not access 

10 At location of Derwent Hydro time laps camera. Island formed. Smaller sediment 

sizes on island around 1-3cm on observation. 

Access difficult. Banks very steep.  

Images: IMG_6893 

11 Step pool sequence continues with slightly lower drops. Flows around 0.3m/s. 

Image: IMG_6894  

12 Sediments observed deposited on left bank. Large bedrock/boulders preventing 

flow with some smaller deposits behind it.  

Image: IMG_6895 

13 Outfall location. Pool riffle sequence- bridge immediately downstream. Flow 

around 3m wide at widest point and 2m as thinnest point. Left bank dry with 

exposed rock. Right bank steep, around 3m high, trees and vegetation 

overhanding river. 

Left bank stepped with rock steps around 0.5m in height.  

Flows observed to be 0.3m/s, depth around 0.35m, shallower depths on right 

bank. Large boulder upstream. Some smaller deposits along banks around 1-3cm 

with some fine material and pebbles.  

Flow appears to slow through bridge.  

Images: IMG_6901 (looking upstream), IMG_6902, IMG_6903, IMG_6904 

(downstream of bridge). 

14 200m downstream of proposed outfall. Still small step sequences but flow much 

more laminar and slower. Less turbulent but still large sediments. Width around 

2.5m depth around 0.3m. Trash screen feature.  

Images: IMG_6907, IMG_6909. 

 

*Location relates to plan shown in Figure 4-1 in the main document. 
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1 Introduction 

Derwent Hydro has contracted Wallingford HydroSolutions Ltd (WHS) to undertake a geomorphology 

survey of the Mill Beck at Buttermere, Cumbria (NGR: NY 17657 17179). A hydroelectric power (HEP) 

scheme is proposed along the watercourse to generate power for the local community. The Mill Beck 

is part of a larger Water Framework Directive (WFD) water body, the Cocker-Crummock Water and 

Buttermere. As such, the Environment Agency have expressed concerns over the potential for the 

scheme to negatively impact upon the WFD status of the channel and therefore require a 

geomorphology survey to identify the extent to which the physical regime of the watercourse could 

be altered.  

The purpose of this assessment is to identify the baseline flow regime and key geomorphological 

characteristics of the channel. From this information the assessment forecasts the potential impacts 

of the proposed scheme on sediment transport and the geomorphology of the channel. In this 

context, appropriate recommendations for mitigation in order to achieve WFD compliance are 

provided.  

2 Proposed Scheme 

A 45kW hydropower scheme is proposed on the Mill Beck in Buttermere. The scheme will operate 

with a design head of 34.5 m and will include a low intake structure in the form of a quarter-height 

Coanda screen situated at NGR: NY 17815 17325. A pipe will then run 650m along the left-hand 

bank of the Beck through Ghyll Wood and open fields into a powerhouse which will be situated 

upstream of a road bridge (B5289) at NGR: NY 17497 16989 where flow will be returned to the river. 

The location of the scheme is depicted in Figure 2-1. 
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Figure 2-1: Proposed Scheme 

There is no existing weir at the proposed intake location, therefore as mentioned a Coanda-type 

structure is proposed. The structure will have a width of 3m and be just over 1m in height. The 

structure will include a compensation notch which will be sized to deliver the required flow. An eel 

pass will also be provided. The intake location is located downstream of a stepped-pool sequence 

and a constriction in the channel caused by protruding bedrock. A photograph of the proposed intake 

location is shown in Figure 2-2.  

 

 

Proposed Intake 

Location 

Proposed Outfall  

Location 
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Figure 2-2: Image of intake location looking upstream 

A flow duration curve has been provided by Derwent Hydro which shows the flows available to the 

scheme and the intended abstraction. As the Mill Beck is not a gauged river the flow duration curve 

was derived using the LowFlows software. The estimate was based on the catchment area at the 

intake location which covers 4.67km2. The initial flows generated by LowFlows were increased by 6% 

to address the EA’s comments within their pre-application response. Based on the final flows, the 

Mill Beck has a mean flow of 0.348m3/s. Figure 2-3 shows the Flow Duration Curve and Turbine 

Abstraction.  
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Figure 2-3: Flow duration curve with proposed abstraction 

3 Desk Based Assessment 

3.1 Catchment Overview 

The Mill Beck catchment is small, at its outlet it covers an area of approximately 5.22km. The 

catchment is situated to the east of Crummock Water which it drains into, and to the northeast of 

Buttermere. The catchment is surrounded by numerous peaks including the Knott Rigg, Whiteless 

Pike, Buttermere Moss and High Snockrigg. A number of spring fed tributaries are found at the head 

of the catchment which feed into the Mill Beck.  

The catchment is typical of an upland stream, characterised by a steep watercourse within a narrow 

valley with relatively little flood plain. As such the stream is expected to have a flashy regime. Within 

the reach of the proposed hydropower scheme specifically the stream is characterised by a cascade 

profile with step pool sequences and several small waterfalls present. The channel bed consists of 

boulder deposits and bedrock benches which create the step pool profile. Downstream of the 

proposed outfall at Crummock Water the distance between the steps lengthens as the profile begins 

to flatten out with sediment becoming finer. The land use of the catchment is predominantly rural 

with grazing land dominating the catchment. Buttermere is the only residential area within the 

catchment.  
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3.1.1 Geology and Soils  

A review of the BGS 1:50k1  Bedrock geology map indicates that the catchment and wider area are 

underlain by sedimentary mudstone. Superficial deposits are not recorded along the majority of the 

proposed reach, however downstream of the proposed outfall deposits of sand and gravel have been 

identified. The overlaying soils are classified as ‘freely draining acid loamy soils over rock’ based on 

the Soilscapes 1:250 000 scale soils map2.  

3.1.2 Channel Gradient 

The Mill Beck has a steep gradient with an average slope of 1:20 across the proposed reach based 

upon LiDAR data. Step pool sequences dominate the majority of the river’s length. Towards the lower 

reaches, downstream of the proposed outfall, the gradient becomes shallower with larger distances 

observed between the steps and pools. Figure 3-1 shows the channel gradient from 275m upstream 

of the proposed intake to 200m downstream of the outfall. The flattening of the profile downstream 

of the outfall is visible within the plot below.  

  

Figure 3-1: Channel Gradient Long Profile 

3.2 WFD Waterbody Classification 

The EU Water Framework Directive was transposed into law in England and Wales by the Water 

Environment (Water Framework Directive) (England and Wales) Regulations 2003. The Directive 

requires that Environmental Objectives be set for all surface and ground waters in England and Wales 

 

 

1 BGS (2020) Geology of Britain Viewer, https://mapapps.bgs.ac.uk/geologyofbritain/home.html 
2 Cranfield Soil and Agrifood Institute (2020) Soilscapes map, http://www.landis.org.uk/soilscapes/ 
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to enable them to achieve Good Status (or Good Ecological Potential for Heavily Modified and Artificial 

Water Bodies) by a defined date. 

The Mill Beck lies within the Cocker-Crummock Water and Buttermere surface water body WFD 

catchment (GB112075070350). The catchment rises in the north-west Lakeland fells and joins the 

River Derwent catchment at Cockermouth where it continues to flow into the Irish sea. A large portion 

of the catchment lies within the Lake District National Park and forms part of the Derwent and 

Tributaries Special Area of Conservation (SAC). Land in the catchment is largely used for agriculture 

with some historical metal mine workings. The waterbody is classified as heavily modified. Table 3-1 

shows the current waterbody classification and objectives.  

Table 3-1: Waterbody Classification of the Cocker-Crummock Water and Buttermere 

Cocker – Crummock Water and Buttermere 

Waterbody ID GB112075070350 

Hydromorphological designation Heavily Modified  

2013 Cycle 2 Overall Waterbody Classification Moderate 

2014 Cycle 2 Overall Waterbody Classification 
 

Moderate 

2015 Cycle 2 Overall Waterbody Classification Moderate 

2016 Cycle 2 Overall Waterbody Classification Moderate 

2019 Cycle 2 Overall Waterbody Classification Moderate 

2019 Cycle 2 Ecological Classification Moderate 

2019 Cycle 2 Chemical Classification Fail 

Overall Waterbody Objectives Good by 2027 

Ecological Objectives Good by 2027 

Chemical Objectives Good by 2015 

It should be noted that in the above table the Chemical Objective was to achieve Good Status by 

2015 however the 2019 Cycle 2 results indicated the waterbody to have failed chemical status on 

the basis of the Priority Hazardous Substances Class and high phosphate concentrations. The overall 

and ecological classification are currently moderate with the aim of achieving Good status by 2027.  

4 Walkover Survey  

4.1 Survey Methodology  

A 1.1km walkover survey was conducted on the 27th May 2021, extending from approximately 275m 

upstream of the proposed intake location to 200m downstream of the proposed outfall location. 

Fifteen representative locations were selected along the reach where access was possible. At each of 

these locations, georeferenced photographs were taken of the river channel and key features within 

the floodplain. Photographs were also taken of the dominant bedload where access was possible. All 

photographs are provided in Appendix 1.  

Detailed notes on the channel form, riparian vegetation, flow type, floodplain and bedload 

characteristics were also taken. Sediment grain samples were collected where possible and 

approximate channel measurements including the wetted width and depth.  The relevant field notes 

are provided in Appendix 2.  

The weather conditions during the site walkover were dry and warm, yet followed a period of rainfall, 

as such, flows within the channel were moderate. The extent of the walkover survey is shown in 

Figure 4-1. 
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Figure 4-1: Survey Extent 

5 Geomorphological Assessment 

5.1 Baseline characteristics 

5.1.1 Upstream of the proposed intake location  

Upstream of the proposed intake location the channel is characterised by steep banks of exposed 

bedrock along the right bank the floodplain climbs quickly away from the bank crest. The floodplain 

along the left bank is significantly flatter. Along both banks and the wider floodplain the dominant 

vegetation is grass. Within the channel itself step-pool sequences are present with large pools 

approximately 1.0m deep and shorter steps where depths are significantly reduced. Figure 5-1 is 

indicative of the channel upstream and at the proposed intake location.  
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Figure 5-1: Channel characteristics upstream of the intake location - looking upstream 150m upstream of intake. 

The width of the channel ranges from approximately 0.7-2.0m, with depths of between 0.25-1.5m. 

The sediment is primarily made up of large, heavy boulders infilled with smaller gravels around 10-

20cm in length. Sediment deposits along the left bank appeared smaller than those on the right bank 

where flows tended to be slower and shallower. Transport of the larger sediment in the centre and 

right of the channel is expected to only occur at high flows.  

5.1.2 Proposed Intake location 

At the proposed intake location, the channel is confined with a steep right bank of exposed bedrock 

approximately 2.5m in height. A small natural constriction was observed immediately upstream of 

the intake formed by two bedrock outcrops. There is also currently a fallen tree in this location.  

In terms of vegetation, the banks are primarily covered in moss, grass and ferns with trees rooted 

in to the rock. At the location of the intake there is an existing pool-like feature where flows are 

steady with depths of around 0.4-0.5m deep.  

Large boulders and rocks are present within the channel where the streams energy is highest, finer 

sediments were observed along the left-hand bank where there is a small widening of the channel 

as pictured in the image below. In general, fine grained sediment makes up the bulk of the deposits 

along the bank with some larger sediment ranging from 3-15cm in length. Parts of the left bank were 

dry on the day of the site visit, but it is assumed that flow would extend onto the shallower left bank 

during high flows. Figure 5-2 shows the intake location. 
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Figure 5-2: Intake location looking upstream and left bank sediment. 

5.1.3 Downstream of proposed intake 

Just downstream of the proposed intake location the watercourse is characterised by an incised valley 

and distinct step pool sequences. The channel banks are steep and up to 10m in height, making 

access difficult. The banks both consist of areas of exposed bedrock/boulders covered in mosses and 

fern-type vegetation. Numerous trees are rooted in the channel banks with some overhanging the 

watercourse.  

Another feature downstream of the intake location is a bridge. The bridge has a large clearance 

height over the watercourse and is not expected to have a major impact under most flow conditions. 

Downstream of the bridge there is a large outcrop of bedrock within the centre of the channel. 

Sediment deposited on this outcrop consists of large boulder deposits with some smaller 

unconsolidated material. To the right of the island there was a deep pool approximately 0.4m deep. 

Figure 5-3 shows the standard valley characteristics downstream of the intake location and the rock 

outcrop. 
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Figure 5-3: Channel characteristics downstream of the intake location and downstream island 

Approaching the outfall location, the gradient is noticeably shallower. At approximately NGR: 

317606, 517105 a small island was seen within the channel. The island appears to have formed due 

to sediment build up on the right-hand side of the channel where flows are shallower and slower. 

Sediment sizes appear to be range from 1-5cm however access down to the channel was limited.  

A timelapse camera was installed by Derwent Hydro on 22nd February 2021 at this location to observe 

the changes to the island during a range of flows. The images below in Table 5-1 show a) the island 

during low flows at around Q97, b) an image taken from the site walkover where flows were thought 

to be at Q50 and c) an image from flows at around Q2.  The images indicate that during low flows 

fish and invertebrates are still able to pass through the watercourse to the right of the island. 
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Table 5-1: Image’s taken at NGR: 317606, 517105 

Small island of sediment was apparent under different flow conditions.  

A (Q97) B (~Q50) C (Q2) 

   

*Images a and c taken looking upstream.    
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5.1.4 Outfall Location   

At the outfall location the channel widens. The left bank lowers, however, the right bank remains 

steep. Exposed rock is covered with grass along both banks as shown in Figure 5-4 below.  

Depths were estimated to be between 0.30-0.40m and were deepest in the centre of the channel 

being shallower on the left and right banks. The bed material observed varied in size from around 

10-15cm amongst large boulders in the centre of the channel. Some smaller deposits were visible 

along the banks.  

 

Figure 5-4: Outfall location looking downstream and left bank of outfall location 

Flows at the outfall location were relatively turbulent but seemed to settle as they flowed through 

the bridge and further downstream. The valley becomes less steep with bank heights reducing to 

around 0.50-1m, a shallower gradient in bed profile was also noted along with more laminar flows. 

Figure 5-5 shows the channel downstream of the proposed outfall.   
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Figure 5-5: Valley characteristics downstream of outfall location 

5.1.5 Summary  

The bedload of the channel at both the intake and outfall locations was identified to be coarse, 

ranging from medium sized gravels along the channel banks where the stream energy was lowest to 

large boulders within the thalweg where the stream energy was highest. The average grain size 

within the middle of the channel appeared to be around 10cm in length at both the intake and outfall 

locations. There were smaller deposits along the left bank of the proposed intake location as the 

channel widens in this area causing a fall in stream energy.  

The reach in general is characterised by step pool sequences. The steps are characterised by larger 

boulder deposits and the pools by finer pebble sized deposits. Suspended sediment and channel 

turbidity appeared to be low across the entire length of the walkover.  
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6 Potential Impacts of the Proposed HEP Scheme 

The proposed scheme has the potential to cause direct and indirect impacts on the watercourse, 

these need to be assessed to determine if there are any adverse effects on the waterbody. Previous 

correspondence with the EA has identified the following key points to consider: 

• Will the new impoundment impede sediment transport over the weir 

• What is the extent of backwater effect that will be created within the impounded reach 

• Is mitigation necessary 

As such, the following modifications will be assessed individually: 

• Proposed Coanda screen at intake 

• Reinstatement of flow through the outfall 

• Abstraction/reduced flow within the depleted reach  

6.1 Intake 

The proposed intake location is situated immediately downstream of a series of step and pool 

sequences. Currently there is no weir structure at the proposed intake location however there is a 

constriction to flows immediately upstream of the proposed location due to a bedrock obstruction. 

The proposed Coanda screen has the potential to have the largest impact upon flows in the Mill Beck. 

The structure will impound flows upstream causing a fall in velocity.  

The proposed screen height of 1m will form a uniform barrier across the watercourse. It has been 

estimated by Derwent hydro that the impounded reach would extend approximately 25 meters 

upstream. There is an existing pool immediately upstream of the intake location which already 

approximately runs for the length of the expected impoundment. In this regard, the nature of the 

channel in this location should not change significantly.   

The structure could also limit sediment transfer downstream. The structure will reduce flow velocities 

upstream allowing opportunity for the deposition of finer sediment. However, given the nature of the 

channel, the area upstream of the intake already experiences lower flows and higher deposition. 

Therefore, the comparative impact of the scheme on upstream flow velocities is expected to be small. 

The barrier formed by the structure could inhibit bedload transport however. A potential option to 

reduce this impact is to backfill the area behind the weir with retained gravel up to the level of the 

weir crest. It is likely that this process would occur naturally over time anyway. This would ensure 

that the bed profile is graded so that bedload transport is less inhibited. 

The intake structure also has the potential to increase velocities immediately downstream caused by 

the sudden change in bed elevation. Throughout most of the year (flow greater than Q90) the intake 

structure will be abstracting with residual flows passed downstream via a compensation notch. As 

can be seen in Figure 2-3, up to the Q40 flow the abstraction leads to a significant reduction in 

discharge downstream which should offset any increases in velocity caused by the sudden change in 

elevation. Above the Q40 flow the abstraction is relatively small and water will begin to flow over the 

Coanda Screen, therefore at high flows velocities may increase locally. However, given the nature of 

the downstream channel and the step-pool characteristics the increase in velocity is expected to 

dissipate quickly in the pool section where the intake is situated.  

In general the intake is not expected to change the current hydraulic situation significantly and 

should not lead to a significant increase in erosion and sediment transfer in the up and downstream 

reaches.  
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6.2 Outfall  

Flow will be abstracted from the Mill Beck at the proposed intake location situated at NGR: NY 17815 

17325 and will run down 650m of pipeline to the powerhouse which will be situated at the outfall 

location. Flows are to be returned to the watercourse via a short open channel set into the bedrock 

above the watercourse, Figure 6-1 depicts the nature of the proposed outfall.   

 

Figure 6-1: Schematic of proposed outfall 

At the outfall flows are likely to drop sharply, this is similar to the natural nature of the channel which 

has numerous step and pools in this location. However, flow velocities from the outfall may be 

relatively high compared to the in-channel flow velocity during low flows. When flows are lower flows 

from the outfall are also likely to discharge directly onto bedrock which may experience additional 

erosion.  

To reduce the potential for erosion and scour it is recommended that the discharge outfall structure 

be constructed as parallel to the bank as possible. As a further safeguard baffles could be used at 

the outfall, which will act to slow down flows before they enter the channel or impact the local 

bedrock. Ultimately however the impact of the outfall on the existing physical regime is expected to 

be low, significant sediment transport is only likely to occur at high flows based on the sediment 

sizes observed and at these flows discharges from the outfall structure will be negligible in 

comparison.  

6.3 Depleted Reach  

The depleted reach will span approximately 650m. The design flow which has been recommended 

for the hydro abstraction is 185 l/s (53% of Mean flow), this allows the turbine to operate at 

maximum output for 40% of the year. The modest scale of the abstraction ensures that there will 

still be a high degree of flow variability in the annual flow regime. Furthermore, sediment transport 

in the deprived reach will be negligibly affected since this tends to occur at the very high flows (i.e. 

several times mean flow) which will be scarcely reduced by this limited abstraction.     

Derwent hydro have indicated a Hands-off-Flow (HOF) of 45 l/s. This will be regulated by the intake 

structure and will ensure that a minimum Q90 flow is maintained within the river before flow enters 

the pipeline to the turbine. 
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The HOF will ensure that low seasonal flows will continue within the watercourse. Observations 

indicate that the watercourse seasonally experiences low flows with no major detriment to the nature 

of the watercourse and no barriers to species passing down the Mill Beck. Splash habitat (i.e. moss 

and other bryophytes) are formed where flow cascades over boulders into pools and this is observed 

along the reach even at low flows.  

7 WFD Geomorphological Assessment 

This assessment considers any potential impacts to the hydromorphological elements of the 

waterbody against the main objectives of the WFD. Any hydropower scheme should demonstrate 

that the proposal will not: 

• Objective 1: Contribute to a deterioration in the current status or potential of the waterbody or 

water bodies affected by your scheme 

• Objective 2: Prevent the achievement of objective set for the waterbody or water bodies affected 

by your scheme 

Currently the overall status of the Crocker -Crummock Water and Buttermere waterbody is Moderate. 

As the current published objectives are to improve upon this moderate status, this assessment will 

consider if any impacts of the scheme do not align with these objectives. As discussed in section 6 

above, the scheme is not envisaged to have any significant impact on the geomorphological 

processes along the reach. This is primarily due to the step-pool sequencing nature of the channel 

being predisposed to areas of pooling and areas of faster, cascading velocities.  

With regard to fish passage, the prescribed flow notch will allow for the safe downstream passage of 

resident fish, who will also be able to pass safely down the face of the Coanda screen. An eelpass 

has been included, as requested by the Environment Agency. 

Following the site visit a single potential impasse for aquatic invertebrates and fish was identified as 

an island within the watercourse, however images provided in 5.1.3 indicate that during Q97 flows 

(lower flows than will be maintained by the HOF) the island is passable. Therefore, the scheme is not 

expected to impact upon fish or invertebrates in the watercourse. It is noted that there may be 

natural barriers to upstream fish passage within the Beck during the steep gorge section in the centre 

of the surveyed channel.     

There are numerous Sites of Special Scientific Interest (SSSI’s) within the vicinity of the proposed 

scheme, namely the Buttermere Fells which is situated immediately to the east of the section of the 

Mill Beck surveyed. Due to the scale of the scheme relative to the SSSI any impacts of the scheme 

are thought to be negligible.  

Overall, it is thought that the scheme will not cause detrimental effect to the WFD status or prevent 

the future objectives of the waterbody from being achieved.  
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8 Conclusions 

The conclusions and recommendation from this study are as follows:  

• A geomorphology walk over survey was completed in May 2021 to assess the potential impacts 

of a proposed hydro power scheme on the Mill Beck in Lake District, Cumbria. 

• The watercourse was identified as being typical of an upland stream, characterised by a steep 

watercourse with step-pool sequences within a confined valley.  

• The bedload of the channel at both the intake and outfall locations was identified to be coarse, 

ranging from medium sized gravels along the channel banks where the stream energy was 

lowest to large boulders situated within the thalweg where the stream energy was highest. 

• Given the nature of the existing channel, the construction of the Coanda Screen at the intake 

location, is not expected to significantly impact the hydraulic nature of the watercourse. 

Although a graded bed could be built up to the crest to ensure bedload transport is unaffected.  

• The proposed outfall mimics a step feature of the watercourse and as such is not expected to 

alter the channel geomorphology greatly. It should be built parallel to the banks, if possible, to 

limit any potential for scour.  

• The nature and characteristics of the depleted reach are unlikely to be heavily influenced by the 

proposed scheme given that seasonal low flows should still be maintained.    

• The scheme is not expected to impact upon the current or potential future WFD status of the 

watercourse.  

• The modest scale of the abstraction (capped at 53% of mean flow), ensures that there will still 

be a high degree of flow variability in the annual flow regime.  

• Furthermore, sediment transport in the deprived reach will be negligibly affected since this tends 

to occur at the very high flows (i.e., several times mean flow) which will be scarcely reduced by 

this limited abstraction.   
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Appendix 1 – Site Visit Images 
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Appendix 2 Site Visit Notes 



Appendix 2- Site Visit Notes 

 

Location* Notes/ Image Number 

1 200m upstream of proposed intake location.  

Step pool sequence, large pool around 1-1.5m deep 

Width of channel ranging from ~0.7m wet with an extra ~1.5m dry on the left 

bank 

Some heavy boulders on bank and in river. 

Banks- mostly rock with right bank around 1.2m high exposed bedrock, some 

small trees and bushes and moss/grass, 

Left bank lower with more moss.grass 

Large pool around 6m downstream of 1) around 0.7-1m deep, 2.3m wide, 

sediment sizes varying from 0.5cm-15cm. Little transport visible.  

Images: IMG_6864, IMG_6865, IMG_6866 (taken looking upstream indicating 

step pool sequence.) IMG_6867 taken looking upstream in pool location ~6m 

downstream of point 1).  

2 Pool-riffle sequence- large boulders in channel, faster flows than in pool 

immediately upstream. Width around 2.5m, depth 0.6m, flow around 0.3m/s. 

Small rock outcrop on left bank. 

Image: ImG_6869 

3 Just upstream of intake, riffle pools continue, one larger drop and pond with 

slower flows. Right bank comprised of steep stone/bedrock 3-4m in height from 

bed.  

Left bank shallower with potential area for overflows. Left bank containing grassy 

vegetation with a tree overhanging in river. Flow around 0.3m/s. 

4 Intake location. Well confined channel, steep bank approximately 2.5m high, 

exposed bedrock in lower part with some moss and ferns growing, trees on bank 

hanging over river.  

Small constriction immediately upstream of location- currently blocked by tree, 

approx. 0.6m wide, channel then widens to around 1.5-2m.  

Pool at the intake location is around 0.4-0.5m deep with slower flows around 

0.2m.s/  

Sediment ranging from ~2cm-10cm-20cm. Pebbles, boulders and some finer 

grains. Varying in shape as pictures. Finer sediment seen along left bank. Area on 

left bank was dry on day- would be covered in higher flows, sediment deposits 

some very fine 3mm or smaller.  

Islanding downstream unlikely. Just downstream of the intake the channel widerns 

to around 3-3.5m and is much shallower around 0.2-0.3m, flow of ~0.3m/s. 

Image: IMG_6870 (looking upstream at intake location) IMG_6871 and IMG_6872 

(left bank sediment deposits, slightly downstream of intake location) IMG_6874 

(bed material) 

5 Island seen just upstream of bridge- large boulder with deposits of smaller 

unconsolidated material behind. Just upstream of island is a deep pool around 

0.4m deep. Deposits of large pebbles along left bank as pictures. Deposits ~10-

30cm.  

Image: IMG_6876 and IMG_6878 
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6 Footbridge downstream of intake.  

Step pool sequence continues to footbridge, steps thinner and pools wider with 

slower flows. Channel widths becoming more confined with steep banks on the left 

and right.  

Trees on both banks with mostly rocks. Flows in pools around 0.3m/s.  

Turbulent flows over the steps- faster. Large bridge clearance heights.  

Immediately d/s of bridge pond separated by bedrock, flow goes to the right, 

depths of around 0.4m. Island to the left. Finer sediments along the left bank and 

in pond some very small sediments but mostly 5-10cm.  

Images: IMG_6879, IMG_6881, IMG_6882 (bedrock and island) 

7 Pool riffle continues- images of confined channel.  

IMG_6888, IMG_6889  

8 Image of two waterfalls- biggest drop within reach observed. Around 1m drop. 

Channel gorge like- very confined.  

Image: IMG_6891, IMG_6892 

9 Confined channel, could not access 

10 At location of Derwent Hydro time laps camera. Island formed. Smaller sediment 

sizes on island around 1-3cm on observation. 

Access difficult. Banks very steep.  

Images: IMG_6893 

11 Step pool sequence continues with slightly lower drops. Flows around 0.3m/s. 

Image: IMG_6894  

12 Sediments observed deposited on left bank. Large bedrock/boulders preventing 

flow with some smaller deposits behind it.  

Image: IMG_6895 

13 Outfall location. Pool riffle sequence- bridge immediately downstream. Flow 

around 3m wide at widest point and 2m as thinnest point. Left bank dry with 

exposed rock. Right bank steep, around 3m high, trees and vegetation 

overhanding river. 

Left bank stepped with rock steps around 0.5m in height.  

Flows observed to be 0.3m/s, depth around 0.35m, shallower depths on right 

bank. Large boulder upstream. Some smaller deposits along banks around 1-3cm 

with some fine material and pebbles.  

Flow appears to slow through bridge.  

Images: IMG_6901 (looking upstream), IMG_6902, IMG_6903, IMG_6904 

(downstream of bridge). 

14 200m downstream of proposed outfall. Still small step sequences but flow much 

more laminar and slower. Less turbulent but still large sediments. Width around 

2.5m depth around 0.3m. Trash screen feature.  

Images: IMG_6907, IMG_6909. 

 

*Location relates to plan shown in Figure 4-1 in the main document. 
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1 Introduction 

Derwent Hydro has contracted Wallingford HydroSolutions Ltd (WHS) to undertake a geomorphology 

survey of the Mill Beck at Buttermere, Cumbria (NGR: NY 17657 17179). A hydroelectric power (HEP) 

scheme is proposed along the watercourse to generate power for the local community. The Mill Beck 

is part of a larger Water Framework Directive (WFD) water body, the Cocker-Crummock Water and 

Buttermere. As such, the Environment Agency have expressed concerns over the potential for the 

scheme to negatively impact upon the WFD status of the channel and therefore require a 

geomorphology survey to identify the extent to which the physical regime of the watercourse could 

be altered.  

The purpose of this assessment is to identify the baseline flow regime and key geomorphological 

characteristics of the channel. From this information the assessment forecasts the potential impacts 

of the proposed scheme on sediment transport and the geomorphology of the channel. In this 

context, appropriate recommendations for mitigation in order to achieve WFD compliance are 

provided.  

2 Proposed Scheme 

A 45kW hydropower scheme is proposed on the Mill Beck in Buttermere. The scheme will operate 

with a design head of 34.5 m and will include a low intake structure in the form of a quarter-height 

Coanda screen situated at NGR: NY 17815 17325. A pipe will then run 650m along the left-hand 

bank of the Beck through Ghyll Wood and open fields into a powerhouse which will be situated 

upstream of a road bridge (B5289) at NGR: NY 17497 16989 where flow will be returned to the river. 

The location of the scheme is depicted in Figure 2-1. 
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Figure 2-1: Proposed Scheme 

There is no existing weir at the proposed intake location, therefore as mentioned a Coanda-type 

structure is proposed. The structure will have a width of 3m and be just over 1m in height. The 

structure will include a compensation notch which will be sized to deliver the required flow. An eel 

pass will also be provided. The intake location is located downstream of a stepped-pool sequence 

and a constriction in the channel caused by protruding bedrock. A photograph of the proposed intake 

location is shown in Figure 2-2.  

 

 

Proposed Intake 

Location 

Proposed Outfall  

Location 
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Figure 2-2: Image of intake location looking upstream 

A flow duration curve has been provided by Derwent Hydro which shows the flows available to the 

scheme and the intended abstraction. As the Mill Beck is not a gauged river the flow duration curve 

was derived using the LowFlows software. The estimate was based on the catchment area at the 

intake location which covers 4.67km2. The initial flows generated by LowFlows were increased by 6% 

to address the EA’s comments within their pre-application response. Based on the final flows, the 

Mill Beck has a mean flow of 0.348m3/s. Figure 2-3 shows the Flow Duration Curve and Turbine 

Abstraction.  
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Figure 2-3: Flow duration curve with proposed abstraction 

3 Desk Based Assessment 

3.1 Catchment Overview 

The Mill Beck catchment is small, at its outlet it covers an area of approximately 5.22km. The 

catchment is situated to the east of Crummock Water which it drains into, and to the northeast of 

Buttermere. The catchment is surrounded by numerous peaks including the Knott Rigg, Whiteless 

Pike, Buttermere Moss and High Snockrigg. A number of spring fed tributaries are found at the head 

of the catchment which feed into the Mill Beck.  

The catchment is typical of an upland stream, characterised by a steep watercourse within a narrow 

valley with relatively little flood plain. As such the stream is expected to have a flashy regime. Within 

the reach of the proposed hydropower scheme specifically the stream is characterised by a cascade 

profile with step pool sequences and several small waterfalls present. The channel bed consists of 

boulder deposits and bedrock benches which create the step pool profile. Downstream of the 

proposed outfall at Crummock Water the distance between the steps lengthens as the profile begins 

to flatten out with sediment becoming finer. The land use of the catchment is predominantly rural 

with grazing land dominating the catchment. Buttermere is the only residential area within the 

catchment.  
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3.1.1 Geology and Soils  

A review of the BGS 1:50k1  Bedrock geology map indicates that the catchment and wider area are 

underlain by sedimentary mudstone. Superficial deposits are not recorded along the majority of the 

proposed reach, however downstream of the proposed outfall deposits of sand and gravel have been 

identified. The overlaying soils are classified as ‘freely draining acid loamy soils over rock’ based on 

the Soilscapes 1:250 000 scale soils map2.  

3.1.2 Channel Gradient 

The Mill Beck has a steep gradient with an average slope of 1:20 across the proposed reach based 

upon LiDAR data. Step pool sequences dominate the majority of the river’s length. Towards the lower 

reaches, downstream of the proposed outfall, the gradient becomes shallower with larger distances 

observed between the steps and pools. Figure 3-1 shows the channel gradient from 275m upstream 

of the proposed intake to 200m downstream of the outfall. The flattening of the profile downstream 

of the outfall is visible within the plot below.  

  

Figure 3-1: Channel Gradient Long Profile 

3.2 WFD Waterbody Classification 

The EU Water Framework Directive was transposed into law in England and Wales by the Water 

Environment (Water Framework Directive) (England and Wales) Regulations 2003. The Directive 

requires that Environmental Objectives be set for all surface and ground waters in England and Wales 

 

 

1 BGS (2020) Geology of Britain Viewer, https://mapapps.bgs.ac.uk/geologyofbritain/home.html 
2 Cranfield Soil and Agrifood Institute (2020) Soilscapes map, http://www.landis.org.uk/soilscapes/ 
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to enable them to achieve Good Status (or Good Ecological Potential for Heavily Modified and Artificial 

Water Bodies) by a defined date. 

The Mill Beck lies within the Cocker-Crummock Water and Buttermere surface water body WFD 

catchment (GB112075070350). The catchment rises in the north-west Lakeland fells and joins the 

River Derwent catchment at Cockermouth where it continues to flow into the Irish sea. A large portion 

of the catchment lies within the Lake District National Park and forms part of the Derwent and 

Tributaries Special Area of Conservation (SAC). Land in the catchment is largely used for agriculture 

with some historical metal mine workings. The waterbody is classified as heavily modified. Table 3-1 

shows the current waterbody classification and objectives.  

Table 3-1: Waterbody Classification of the Cocker-Crummock Water and Buttermere 

Cocker – Crummock Water and Buttermere 

Waterbody ID GB112075070350 

Hydromorphological designation Heavily Modified  

2013 Cycle 2 Overall Waterbody Classification Moderate 

2014 Cycle 2 Overall Waterbody Classification 
 

Moderate 

2015 Cycle 2 Overall Waterbody Classification Moderate 

2016 Cycle 2 Overall Waterbody Classification Moderate 

2019 Cycle 2 Overall Waterbody Classification Moderate 

2019 Cycle 2 Ecological Classification Moderate 

2019 Cycle 2 Chemical Classification Fail 

Overall Waterbody Objectives Good by 2027 

Ecological Objectives Good by 2027 

Chemical Objectives Good by 2015 

It should be noted that in the above table the Chemical Objective was to achieve Good Status by 

2015 however the 2019 Cycle 2 results indicated the waterbody to have failed chemical status on 

the basis of the Priority Hazardous Substances Class and high phosphate concentrations. The overall 

and ecological classification are currently moderate with the aim of achieving Good status by 2027.  

4 Walkover Survey  

4.1 Survey Methodology  

A 1.1km walkover survey was conducted on the 27th May 2021, extending from approximately 275m 

upstream of the proposed intake location to 200m downstream of the proposed outfall location. 

Fifteen representative locations were selected along the reach where access was possible. At each of 

these locations, georeferenced photographs were taken of the river channel and key features within 

the floodplain. Photographs were also taken of the dominant bedload where access was possible. All 

photographs are provided in Appendix 1.  

Detailed notes on the channel form, riparian vegetation, flow type, floodplain and bedload 

characteristics were also taken. Sediment grain samples were collected where possible and 

approximate channel measurements including the wetted width and depth.  The relevant field notes 

are provided in Appendix 2.  

The weather conditions during the site walkover were dry and warm, yet followed a period of rainfall, 

as such, flows within the channel were moderate. The extent of the walkover survey is shown in 

Figure 4-1. 
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Figure 4-1: Survey Extent 

5 Geomorphological Assessment 

5.1 Baseline characteristics 

5.1.1 Upstream of the proposed intake location  

Upstream of the proposed intake location the channel is characterised by steep banks of exposed 

bedrock along the right bank the floodplain climbs quickly away from the bank crest. The floodplain 

along the left bank is significantly flatter. Along both banks and the wider floodplain the dominant 

vegetation is grass. Within the channel itself step-pool sequences are present with large pools 

approximately 1.0m deep and shorter steps where depths are significantly reduced. Figure 5-1 is 

indicative of the channel upstream and at the proposed intake location.  
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Figure 5-1: Channel characteristics upstream of the intake location - looking upstream 150m upstream of intake. 

The width of the channel ranges from approximately 0.7-2.0m, with depths of between 0.25-1.5m. 

The sediment is primarily made up of large, heavy boulders infilled with smaller gravels around 10-

20cm in length. Sediment deposits along the left bank appeared smaller than those on the right bank 

where flows tended to be slower and shallower. Transport of the larger sediment in the centre and 

right of the channel is expected to only occur at high flows.  

5.1.2 Proposed Intake location 

At the proposed intake location, the channel is confined with a steep right bank of exposed bedrock 

approximately 2.5m in height. A small natural constriction was observed immediately upstream of 

the intake formed by two bedrock outcrops. There is also currently a fallen tree in this location.  

In terms of vegetation, the banks are primarily covered in moss, grass and ferns with trees rooted 

in to the rock. At the location of the intake there is an existing pool-like feature where flows are 

steady with depths of around 0.4-0.5m deep.  

Large boulders and rocks are present within the channel where the streams energy is highest, finer 

sediments were observed along the left-hand bank where there is a small widening of the channel 

as pictured in the image below. In general, fine grained sediment makes up the bulk of the deposits 

along the bank with some larger sediment ranging from 3-15cm in length. Parts of the left bank were 

dry on the day of the site visit, but it is assumed that flow would extend onto the shallower left bank 

during high flows. Figure 5-2 shows the intake location. 
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Figure 5-2: Intake location looking upstream and left bank sediment. 

5.1.3 Downstream of proposed intake 

Just downstream of the proposed intake location the watercourse is characterised by an incised valley 

and distinct step pool sequences. The channel banks are steep and up to 10m in height, making 

access difficult. The banks both consist of areas of exposed bedrock/boulders covered in mosses and 

fern-type vegetation. Numerous trees are rooted in the channel banks with some overhanging the 

watercourse.  

Another feature downstream of the intake location is a bridge. The bridge has a large clearance 

height over the watercourse and is not expected to have a major impact under most flow conditions. 

Downstream of the bridge there is a large outcrop of bedrock within the centre of the channel. 

Sediment deposited on this outcrop consists of large boulder deposits with some smaller 

unconsolidated material. To the right of the island there was a deep pool approximately 0.4m deep. 

Figure 5-3 shows the standard valley characteristics downstream of the intake location and the rock 

outcrop. 
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Figure 5-3: Channel characteristics downstream of the intake location and downstream island 

Approaching the outfall location, the gradient is noticeably shallower. At approximately NGR: 

317606, 517105 a small island was seen within the channel. The island appears to have formed due 

to sediment build up on the right-hand side of the channel where flows are shallower and slower. 

Sediment sizes appear to be range from 1-5cm however access down to the channel was limited.  

A timelapse camera was installed by Derwent Hydro on 22nd February 2021 at this location to observe 

the changes to the island during a range of flows. The images below in Table 5-1 show a) the island 

during low flows at around Q97, b) an image taken from the site walkover where flows were thought 

to be at Q50 and c) an image from flows at around Q2.  The images indicate that during low flows 

fish and invertebrates are still able to pass through the watercourse to the right of the island. 
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Table 5-1: Image’s taken at NGR: 317606, 517105 

Small island of sediment was apparent under different flow conditions.  

A (Q97) B (~Q50) C (Q2) 

   

*Images a and c taken looking upstream.    
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5.1.4 Outfall Location   

At the outfall location the channel widens. The left bank lowers, however, the right bank remains 

steep. Exposed rock is covered with grass along both banks as shown in Figure 5-4 below.  

Depths were estimated to be between 0.30-0.40m and were deepest in the centre of the channel 

being shallower on the left and right banks. The bed material observed varied in size from around 

10-15cm amongst large boulders in the centre of the channel. Some smaller deposits were visible 

along the banks.  

 

Figure 5-4: Outfall location looking downstream and left bank of outfall location 

Flows at the outfall location were relatively turbulent but seemed to settle as they flowed through 

the bridge and further downstream. The valley becomes less steep with bank heights reducing to 

around 0.50-1m, a shallower gradient in bed profile was also noted along with more laminar flows. 

Figure 5-5 shows the channel downstream of the proposed outfall.   
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Figure 5-5: Valley characteristics downstream of outfall location 

5.1.5 Summary  

The bedload of the channel at both the intake and outfall locations was identified to be coarse, 

ranging from medium sized gravels along the channel banks where the stream energy was lowest to 

large boulders within the thalweg where the stream energy was highest. The average grain size 

within the middle of the channel appeared to be around 10cm in length at both the intake and outfall 

locations. There were smaller deposits along the left bank of the proposed intake location as the 

channel widens in this area causing a fall in stream energy.  

The reach in general is characterised by step pool sequences. The steps are characterised by larger 

boulder deposits and the pools by finer pebble sized deposits. Suspended sediment and channel 

turbidity appeared to be low across the entire length of the walkover.  
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6 Potential Impacts of the Proposed HEP Scheme 

The proposed scheme has the potential to cause direct and indirect impacts on the watercourse, 

these need to be assessed to determine if there are any adverse effects on the waterbody. Previous 

correspondence with the EA has identified the following key points to consider: 

• Will the new impoundment impede sediment transport over the weir 

• What is the extent of backwater effect that will be created within the impounded reach 

• Is mitigation necessary 

As such, the following modifications will be assessed individually: 

• Proposed Coanda screen at intake 

• Reinstatement of flow through the outfall 

• Abstraction/reduced flow within the depleted reach  

6.1 Intake 

The proposed intake location is situated immediately downstream of a series of step and pool 

sequences. Currently there is no weir structure at the proposed intake location however there is a 

constriction to flows immediately upstream of the proposed location due to a bedrock obstruction. 

The proposed Coanda screen has the potential to have the largest impact upon flows in the Mill Beck. 

The structure will impound flows upstream causing a fall in velocity.  

The proposed screen height of 1m will form a uniform barrier across the watercourse. It has been 

estimated by Derwent hydro that the impounded reach would extend approximately 25 meters 

upstream. There is an existing pool immediately upstream of the intake location which already 

approximately runs for the length of the expected impoundment. In this regard, the nature of the 

channel in this location should not change significantly.   

The structure could also limit sediment transfer downstream. The structure will reduce flow velocities 

upstream allowing opportunity for the deposition of finer sediment. However, given the nature of the 

channel, the area upstream of the intake already experiences lower flows and higher deposition. 

Therefore, the comparative impact of the scheme on upstream flow velocities is expected to be small. 

The barrier formed by the structure could inhibit bedload transport however. A potential option to 

reduce this impact is to backfill the area behind the weir with retained gravel up to the level of the 

weir crest. It is likely that this process would occur naturally over time anyway. This would ensure 

that the bed profile is graded so that bedload transport is less inhibited. 

The intake structure also has the potential to increase velocities immediately downstream caused by 

the sudden change in bed elevation. Throughout most of the year (flow greater than Q90) the intake 

structure will be abstracting with residual flows passed downstream via a compensation notch. As 

can be seen in Figure 2-3, up to the Q40 flow the abstraction leads to a significant reduction in 

discharge downstream which should offset any increases in velocity caused by the sudden change in 

elevation. Above the Q40 flow the abstraction is relatively small and water will begin to flow over the 

Coanda Screen, therefore at high flows velocities may increase locally. However, given the nature of 

the downstream channel and the step-pool characteristics the increase in velocity is expected to 

dissipate quickly in the pool section where the intake is situated.  

In general the intake is not expected to change the current hydraulic situation significantly and 

should not lead to a significant increase in erosion and sediment transfer in the up and downstream 

reaches.  
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6.2 Outfall  

Flow will be abstracted from the Mill Beck at the proposed intake location situated at NGR: NY 17815 

17325 and will run down 650m of pipeline to the powerhouse which will be situated at the outfall 

location. Flows are to be returned to the watercourse via a short open channel set into the bedrock 

above the watercourse, Figure 6-1 depicts the nature of the proposed outfall.   

 

Figure 6-1: Schematic of proposed outfall 

At the outfall flows are likely to drop sharply, this is similar to the natural nature of the channel which 

has numerous step and pools in this location. However, flow velocities from the outfall may be 

relatively high compared to the in-channel flow velocity during low flows. When flows are lower flows 

from the outfall are also likely to discharge directly onto bedrock which may experience additional 

erosion.  

To reduce the potential for erosion and scour it is recommended that the discharge outfall structure 

be constructed as parallel to the bank as possible. As a further safeguard baffles could be used at 

the outfall, which will act to slow down flows before they enter the channel or impact the local 

bedrock. Ultimately however the impact of the outfall on the existing physical regime is expected to 

be low, significant sediment transport is only likely to occur at high flows based on the sediment 

sizes observed and at these flows discharges from the outfall structure will be negligible in 

comparison.  

6.3 Depleted Reach  

The depleted reach will span approximately 650m. The design flow which has been recommended 

for the hydro abstraction is 185 l/s (53% of Mean flow), this allows the turbine to operate at 

maximum output for 40% of the year. The modest scale of the abstraction ensures that there will 

still be a high degree of flow variability in the annual flow regime. Furthermore, sediment transport 

in the deprived reach will be negligibly affected since this tends to occur at the very high flows (i.e. 

several times mean flow) which will be scarcely reduced by this limited abstraction.     

Derwent hydro have indicated a Hands-off-Flow (HOF) of 45 l/s. This will be regulated by the intake 

structure and will ensure that a minimum Q90 flow is maintained within the river before flow enters 

the pipeline to the turbine. 
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The HOF will ensure that low seasonal flows will continue within the watercourse. Observations 

indicate that the watercourse seasonally experiences low flows with no major detriment to the nature 

of the watercourse and no barriers to species passing down the Mill Beck. Splash habitat (i.e. moss 

and other bryophytes) are formed where flow cascades over boulders into pools and this is observed 

along the reach even at low flows.  

7 WFD Geomorphological Assessment 

This assessment considers any potential impacts to the hydromorphological elements of the 

waterbody against the main objectives of the WFD. Any hydropower scheme should demonstrate 

that the proposal will not: 

• Objective 1: Contribute to a deterioration in the current status or potential of the waterbody or 

water bodies affected by your scheme 

• Objective 2: Prevent the achievement of objective set for the waterbody or water bodies affected 

by your scheme 

Currently the overall status of the Crocker -Crummock Water and Buttermere waterbody is Moderate. 

As the current published objectives are to improve upon this moderate status, this assessment will 

consider if any impacts of the scheme do not align with these objectives. As discussed in section 6 

above, the scheme is not envisaged to have any significant impact on the geomorphological 

processes along the reach. This is primarily due to the step-pool sequencing nature of the channel 

being predisposed to areas of pooling and areas of faster, cascading velocities.  

With regard to fish passage, the prescribed flow notch will allow for the safe downstream passage of 

resident fish, who will also be able to pass safely down the face of the Coanda screen. An eelpass 

has been included, as requested by the Environment Agency. 

Following the site visit a single potential impasse for aquatic invertebrates and fish was identified as 

an island within the watercourse, however images provided in 5.1.3 indicate that during Q97 flows 

(lower flows than will be maintained by the HOF) the island is passable. Therefore, the scheme is not 

expected to impact upon fish or invertebrates in the watercourse. It is noted that there may be 

natural barriers to upstream fish passage within the Beck during the steep gorge section in the centre 

of the surveyed channel.     

There are numerous Sites of Special Scientific Interest (SSSI’s) within the vicinity of the proposed 

scheme, namely the Buttermere Fells which is situated immediately to the east of the section of the 

Mill Beck surveyed. Due to the scale of the scheme relative to the SSSI any impacts of the scheme 

are thought to be negligible.  

Overall, it is thought that the scheme will not cause detrimental effect to the WFD status or prevent 

the future objectives of the waterbody from being achieved.  
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8 Conclusions 

The conclusions and recommendation from this study are as follows:  

• A geomorphology walk over survey was completed in May 2021 to assess the potential impacts 

of a proposed hydro power scheme on the Mill Beck in Lake District, Cumbria. 

• The watercourse was identified as being typical of an upland stream, characterised by a steep 

watercourse with step-pool sequences within a confined valley.  

• The bedload of the channel at both the intake and outfall locations was identified to be coarse, 

ranging from medium sized gravels along the channel banks where the stream energy was 

lowest to large boulders situated within the thalweg where the stream energy was highest. 

• Given the nature of the existing channel, the construction of the Coanda Screen at the intake 

location, is not expected to significantly impact the hydraulic nature of the watercourse. 

Although a graded bed could be built up to the crest to ensure bedload transport is unaffected.  

• The proposed outfall mimics a step feature of the watercourse and as such is not expected to 

alter the channel geomorphology greatly. It should be built parallel to the banks, if possible, to 

limit any potential for scour.  

• The nature and characteristics of the depleted reach are unlikely to be heavily influenced by the 

proposed scheme given that seasonal low flows should still be maintained.    

• The scheme is not expected to impact upon the current or potential future WFD status of the 

watercourse.  

• The modest scale of the abstraction (capped at 53% of mean flow), ensures that there will still 

be a high degree of flow variability in the annual flow regime.  

• Furthermore, sediment transport in the deprived reach will be negligibly affected since this tends 

to occur at the very high flows (i.e., several times mean flow) which will be scarcely reduced by 

this limited abstraction.   
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Appendix 1 – Site Visit Images 
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Appendix 2 Site Visit Notes 



Appendix 2- Site Visit Notes 

 

Location* Notes/ Image Number 

1 200m upstream of proposed intake location.  

Step pool sequence, large pool around 1-1.5m deep 

Width of channel ranging from ~0.7m wet with an extra ~1.5m dry on the left 

bank 

Some heavy boulders on bank and in river. 

Banks- mostly rock with right bank around 1.2m high exposed bedrock, some 

small trees and bushes and moss/grass, 

Left bank lower with more moss.grass 

Large pool around 6m downstream of 1) around 0.7-1m deep, 2.3m wide, 

sediment sizes varying from 0.5cm-15cm. Little transport visible.  

Images: IMG_6864, IMG_6865, IMG_6866 (taken looking upstream indicating 

step pool sequence.) IMG_6867 taken looking upstream in pool location ~6m 

downstream of point 1).  

2 Pool-riffle sequence- large boulders in channel, faster flows than in pool 

immediately upstream. Width around 2.5m, depth 0.6m, flow around 0.3m/s. 

Small rock outcrop on left bank. 

Image: ImG_6869 

3 Just upstream of intake, riffle pools continue, one larger drop and pond with 

slower flows. Right bank comprised of steep stone/bedrock 3-4m in height from 

bed.  

Left bank shallower with potential area for overflows. Left bank containing grassy 

vegetation with a tree overhanging in river. Flow around 0.3m/s. 

4 Intake location. Well confined channel, steep bank approximately 2.5m high, 

exposed bedrock in lower part with some moss and ferns growing, trees on bank 

hanging over river.  

Small constriction immediately upstream of location- currently blocked by tree, 

approx. 0.6m wide, channel then widens to around 1.5-2m.  

Pool at the intake location is around 0.4-0.5m deep with slower flows around 

0.2m.s/  

Sediment ranging from ~2cm-10cm-20cm. Pebbles, boulders and some finer 

grains. Varying in shape as pictures. Finer sediment seen along left bank. Area on 

left bank was dry on day- would be covered in higher flows, sediment deposits 

some very fine 3mm or smaller.  

Islanding downstream unlikely. Just downstream of the intake the channel widerns 

to around 3-3.5m and is much shallower around 0.2-0.3m, flow of ~0.3m/s. 

Image: IMG_6870 (looking upstream at intake location) IMG_6871 and IMG_6872 

(left bank sediment deposits, slightly downstream of intake location) IMG_6874 

(bed material) 

5 Island seen just upstream of bridge- large boulder with deposits of smaller 

unconsolidated material behind. Just upstream of island is a deep pool around 

0.4m deep. Deposits of large pebbles along left bank as pictures. Deposits ~10-

30cm.  

Image: IMG_6876 and IMG_6878 
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6 Footbridge downstream of intake.  

Step pool sequence continues to footbridge, steps thinner and pools wider with 

slower flows. Channel widths becoming more confined with steep banks on the left 

and right.  

Trees on both banks with mostly rocks. Flows in pools around 0.3m/s.  

Turbulent flows over the steps- faster. Large bridge clearance heights.  

Immediately d/s of bridge pond separated by bedrock, flow goes to the right, 

depths of around 0.4m. Island to the left. Finer sediments along the left bank and 

in pond some very small sediments but mostly 5-10cm.  

Images: IMG_6879, IMG_6881, IMG_6882 (bedrock and island) 

7 Pool riffle continues- images of confined channel.  

IMG_6888, IMG_6889  

8 Image of two waterfalls- biggest drop within reach observed. Around 1m drop. 

Channel gorge like- very confined.  

Image: IMG_6891, IMG_6892 

9 Confined channel, could not access 

10 At location of Derwent Hydro time laps camera. Island formed. Smaller sediment 

sizes on island around 1-3cm on observation. 

Access difficult. Banks very steep.  

Images: IMG_6893 

11 Step pool sequence continues with slightly lower drops. Flows around 0.3m/s. 

Image: IMG_6894  

12 Sediments observed deposited on left bank. Large bedrock/boulders preventing 

flow with some smaller deposits behind it.  

Image: IMG_6895 

13 Outfall location. Pool riffle sequence- bridge immediately downstream. Flow 

around 3m wide at widest point and 2m as thinnest point. Left bank dry with 

exposed rock. Right bank steep, around 3m high, trees and vegetation 

overhanding river. 

Left bank stepped with rock steps around 0.5m in height.  

Flows observed to be 0.3m/s, depth around 0.35m, shallower depths on right 

bank. Large boulder upstream. Some smaller deposits along banks around 1-3cm 

with some fine material and pebbles.  

Flow appears to slow through bridge.  

Images: IMG_6901 (looking upstream), IMG_6902, IMG_6903, IMG_6904 

(downstream of bridge). 

14 200m downstream of proposed outfall. Still small step sequences but flow much 

more laminar and slower. Less turbulent but still large sediments. Width around 

2.5m depth around 0.3m. Trash screen feature.  

Images: IMG_6907, IMG_6909. 

 

*Location relates to plan shown in Figure 4-1 in the main document. 
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