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Renewables First – Company  
 
Renewables First is one of the UK’s leading hydro and wind power specialists and has been delivering hydro and 

wind projects for over ten years. We provide all of the services from in-house resources to take a project from 

initial feasibility stage, through all of the consenting and engineering design stages and on to construction and 

commissioning. We use our experience of the installation and operational phases to provide feedback into the 

design stages of the next projects, ensuring that our customers benefit from our whole-project exposure. 
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1 Introduction 
1.1 Overview 

This document accompanies the impoundment licence application for the proposed hydroelectric 

power (HEP) scheme located on the Residual Flow Sluice at the Denver Complex, Downham Market, 

Norfolk. 

This environmental report has been commissioned by Hydrokinetic Power Ltd. who are the principal 

contractor for the HEP scheme. The site is owned and managed by the Environment Agency who have 

commissioned the scheme. The purpose of the scheme is to test a fish friendly turbine that can be 

integrated into existing river structures. The turbine technology being tested is a vortex turbine. The 

turbine is being tested to assess its performance and fish friendliness. The test period is expected to 

last around 12 months, after which the turbine and all associated equipment will be removed.  

 

1.2 Interaction with other hydropower schemes 

Table 1 provides a list of the HEP schemes that have been found that are planned or installed upstream 

or downstream of the Denver Complex.  

Site Location Turbine type Distance Status 

Houghton Mill Hutingdon, 

Cambridgshire 

Kaplan and 

undershot 

waterwheel 

70 km upstream Installed 

Mill House Eaton Socon, 

Cambridgshire 

VETT 90 km upstream Installed 

Bedford Boat 

Slide 

Bedford, 

Bedfordshire 

Archimedes 

screw 

110 km upstream Installed 

Table 1: know hydroelectric sites relevant to the proposed scheme. 

The impacts on WFD objectives of the existing schemes are not known. However, the proposed 

scheme at the Denver Complex has been found to have no negative impact on any Water Framework 

Directive (WFD) objectives (refer to section 8). Therefore, the impact on WFD objectives of the 

proposed scheme at the Denver Complex combined with any existing HEP scheme will be no greater 

than the impact of these schemes individually.  

It is not known whether any of the existing schemes have an impact on any designated sites. However, 

the proposed scheme will not have an impact on any designated site (refer to section 4.1). Therefore, 

the impact on designated sites of the proposed scheme at the Denver Complex combined with any 

existing HEP scheme will be no greater than the impact of these schemes individually.  
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2 Site details 
2.1 Site description 

The Denver Complex is located in The Fens at the junction between various watercourses. The 

complex is used mainly as a flood defence mechanism and for controlling levels in the various channels 

(see Figure 1). The function of the various features of the complex are as follows: 

• Denver Sluice – discharges water at low tides from the Ely Ouse into the Tidal Ouse to maintain 

the level in the Ely Ouse. 

• Head Sluice – discharges flood waters from the Ely Ouse into the Relief Channel. This flood 

flow can then be discharged at the Tail Sluice at Kings Lynn. 

• Impounding Sluice – maintains the level in the Cut-off Channel when closed, allowing water 

to be transferred to Essex. Allows flood waters to be discharged to the Relief Channel when 

opened. 

• Diversion Sluice – transfers water from the Ely Ouse into the Cut-off Channel. 

• Residual Flow Sluice – transfers flow from the Ely Ouse to the Relief Channel, but rarely used 

currently. 

• Relief Channel Lock – allows boats to navigate between the Ely Ouse and the Relief Channel. 

• Fish/Eel/Lamprey Pass – allows fish to move between the Relief Channel and the Ely Ouse. 

 

Figure 1: Denver Complex layout (from the Environment Agency). 
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The turbine will be located on the downstream end of the Residual Flow Sluice system. The Residual 

Flow Sluice consists of a motor driven vertical sluice on the upstream end (Figure 2) which allows flow 

to discharge from the Ely Ouse. Downstream of this is an automatic float operated radial gate (Figure 

3) which maintains the intermediate level. Downstream of this is a series of manually actuated baffle 

distributors (Figure 4) which are used to set the flow through the sluice system. The number of gates 

open corresponds to a known flowrate. The vortex turbine will be located downstream of the baffle 

distributors. 

 
Figure 2: vertical sluice forming part of the Residual Flow Sluice. 

 
Figure 3: float operated radial gate forming part of the Residual Flow Sluice. 
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Figure 4: end of the Residual Flow Sluice showing the gates below which the turbine will be located. 

 

2.2 Hydrological data 

Generally, the gross head difference between the Ely Ouse and the Relief Channel is approximately 

2.5 metres. However, due to the automatic radial gate, the gross head across the manual baffle 

distributors is normally around 1.5 metres. The upstream head is controlled by the automatic radial 

gate, so varies little. The downstream head has a normal range of 0.2 metres. However, in flood 

conditions the Relief Channel is utilised and the downstream level can increase by up to around 1.5 

metres above the normal level. 

Flow duration data has been gathered from the gauging station ‘Ely Ouse at Denver Complex’ 

(reference 33035). This provides flow data for the whole of the Ely Ouse catchment. Due to the 

complexities with the way the water is managed in this catchment, the data cannot be relied upon. 

However, it gives an indication of the flow transferred from the Ely Ouse to the Relief Channel, Cut-

Off Channel and Tidal Ouse. 

The detailed flow data for each of the sluices in the complex has been requested from the EA, but it 

was not possible to obtain this. It is therefore not possible to accurately know the flow split between 

each of the channels. However, site operators have stated that the Relief Channel begins to be in use 

above 30 m3/s flow. 

Flow through the fish/eel/lamprey pass is reserved under transfer license. It is also specified in the 

Denver Sluice abstraction license as a part of the minimum residual flow, within which it is prioritised 

as flows diminish. At the upper operational limit of the fish/eel/lamprey pass, the combined flow 

through the pass is 0.738 m3/s. The lower operational limit is 0.133 m3/s. 

Above a minimum residual flow, flow can be abstracted as part of the Ely Ouse/Essex Transfer scheme. 

The minimum residual flow varies depending on the quantity of water that is to be abstracted. 

The complete years of data between 2000 and 2021 have been used to produce the flow duration 

data given in Table 2 and the flow duration curve shown in Figure 5. 
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Figure 5: flow duration curve for the site. 

 

Flow exceedance (%) Gross flow rate (m3/s) 

Q10 33.500 

Q20 22.900 

Q30 18.330 

Q40 15.000 

Q50 12.000 

Q60 9.680 

Q70 7.630 

Q80 5.540 

Q90 2.880 

Q95 1.670 

Qmean (Q37.5) 15.723 

Q95/Qmean 0.11 
Table 2: flow duration data. 
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3 Proposal 
3.1 Proposal summary 

The HEP system consists of a single vortex turbine installed just downstream of the Residual Flow 

Sluice system. The scheme is expected to generate a peak electrical power output of 7 kW. 

The proposal is for the scheme to be installed for a limited period of 12 months only initially.  

 

3.2 Hydrology 

 Table 3 outlines the key hydrological information for the proposed HEP system. 

Turbine intake location TF 58995 01038 

Turbine type 1 no. Turbulent vortex turbine 

Rated turbine flow 1.1 m3/s 

Rated turbine head 1.16 m 

Table 3: key hydrological information for the HEP system. 

 

3.3 Layout 

The outline installation layout is detailed in the document ‘Preliminary Installation Suggestions 23rd 

June 2022’ which is appended to this report. The proposed system layout from this document is shown 

in Figure 6. 

 
Figure 6: proposed HEP system layout. 

A collector fabrication is used to divert the flow discharged from the manual baffle distributors into 

the collector. The collector channels the flow into the spiral vortex casing above the turbine. The 

whirling flow then passes down vertically through the turbine impeller which generates mechanical 

power. The low energy flow is then discharged horizontally below the turbine. 

The collector will cover one third of the total width of the Residual Flow Sluice. 
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A fish collection tank will be installed below the turbine. A recapture net will be incorporated into this 

during the fish trails in autumn 2022 and spring 2023. 

The design of the Turbulent vortex turbine is shown in Figure 7. The mechanical power from the 

impeller is transmitted through the gearbox (located inside the impeller rotor) to the generator which 

converts the mechanical power into electrical power. 

 
Figure 7: Turbulent turbine design. 

The power and control cables from the turbine will be connected into the control cabinets, which will 

be located on the existing parapet wall adjacent to the Residual Flow Sluice. 

 

3.4 Operation 

Flow will pass from the Ely Ouse, through the Residual Flow Sluice into the vortex turbine and be 

discharged into the Relief Channel. 

Any flow that passes through the HEP system is effectively reducing the flow through the Denver Sluice. 

The turbine will only operate when there is sufficient flow available to limit tidal siltation downstream 

of the Denver Sluice. An approximate minimum flow of 2 m3/s through the Denver Sluice has been 

provided by the Denver Complex Superintendent as the flow required to prevent a build-up of tidal 

siltation. 

The flow through the fish/eel/lamprey pass will be maintained and prioritised over the HEP system. It 

is assumed when looking at the operating range of the turbine that the fish/eel/lamprey pass flow will 

be maintained at the upper operational limit (0.738 m3/s). 

The turbine will also not operate when the level in the Relief Channel reduces the available head to 

below the minimum allowable for operation. This will occur during periods of flood flows when a large 

volume of water is discharged into the Relief Channel. Flow begins to be discharged into the relief 

channel at above around 30 m3/s, so it is assumed the turbine will not operate above this. 
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79,555,000 m3 in each period of 18 months is licensed for abstraction to the Cut-off Channel via the 

Diversion Sluice as part of the Ely Ouse/Essex Transfer Scheme abstraction requirement. This equates 

to 1.68 m3/s. A condition of this is that the combined flow (residual flow) through the Denver Sluice, 

Head Sluice, Impounding Sluice, Residual Flow Sluice and fish/eel/lamprey pass must be greater than 

318,226 m3 per day (1st September to 30th April inclusive) before water is transferred to the Cut-off 

Channel. This equates to 3.68 m3/s. This residual flow requirement is reduced in the summer months, 

but the higher value will be used for estimating the maximum operating period of the turbine.  

Although, some flow could be passed through the turbine to satisfy this residual flow requirement, it 

would be below the nominal flow of the turbine once the fish/eel/lamprey pass and minimum Denver 

Sluice flows are accounted for. It is therefore assumed that none of the residual flow will pass through 

the turbine and the Ely Ouse/Essex Transfer Scheme abstraction requirement will be prioritised over 

the HEP scheme. The minimum flow before the HEP scheme will operate is therefore deemed to be 

equivalent to the residual flow (3.68 m3/s) and the Ely Ouse/Essex Transfer Scheme flow (1.68 m3/s) 

combined. 

Additional flow can be abstracted for the Ely Ouse/Essex Transfer Scheme. However, the combined 

flow through the Denver Sluice, Head Sluice, Impounding Sluice, Residual Flow Sluice and 

Fish/Eel/Lamprey pass must be greater than 814,400 m3 per day (9.4 m3/s) before this abstraction can 

take place. As this residual flow is above the turbine flow, minimum Denver Sluice flow and 

Fish/Eel/Lamprey pass flow combined, the turbine flow is included in this higher residual flow. The 

HEP scheme will therefore be prioritised over the additional flow required for the transfer scheme 

flow. 

Figure 8 shows the flow duration curve for the site along with the operating band of the turbine. This 

suggests the turbine will only operate between Q12 and Q80.  

The turbine operation will be controlled manually by the operators. As this is a trial scheme, there is 

no requirement to maximise the turbine usage, so the turbine will only be operated under suitable 

flow conditions. 

 

Figure 8: flow duration curve including turbine flow.  
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4 Ecology 
4.1 Designations 

A desktop review of ecology designations was undertaken using the MAGiC online database.  

The proposal is not within any sites of ecological conservation or designation. There are three 

statutory designations within a 10 km radius. Ouse Washes (SSSI, SAC, SPA and Ramsar site) lies 0.5 

km north west, Hilgay Heronry (SSSI) lies 5 km east and Wretton (SSSI) lies 9 km to the east. The site 

falls within the Impact Risk Zone for these sites.  

It has been identified that the operation of the scheme could impact upon the Ouse Washes SSSI due 

to the reduced flow through the Denver Sluice. The proposal is for the scheme to be installed for a 

limited period of 12 months only initially. If the scheme is to remain after this 12-month period, more 

detailed work may need to be carried out to assess the impact of the scheme on the Ouse Washes 

SSSI. 

Given the temporary nature of the scheme and the restricted use of the turbine at low and high flows, 

any impact will be limited and short term. 

The proposed scheme is judged to not fall within any categories which could result in an impact on 

any of the other SSSI areas. 

There are no Habitats of Principal Importance in the immediate vicinity of the working area. 

It is not envisaged that the works will require any land clearance and very little equipment will be 

installed outside of the watercourse. The most relevant potential impacts of the scheme that need to 

be assessed therefore relate to fish and aquatic habitats. 

 

4.2 Turbine fish injury 

The purpose of the proposed scheme is to assess the impact of the Turbulent turbine on fish injury 

and to assess the performance of the turbine with respect to electrical generation. The Turbulent 

turbine is marketed as a fish-friendly turbine that does not require screening. 

A theoretical study was commissioned by the Environment Agency to assess the expected fish survival 

rates through the turbine. This document entitled ‘Fish Survival in the Turbulent Hydro Turbine at 

Denver Sluice’ has been included in the appendix. This report found the probability of a blade strike 

to vary between 2.7% for a 20cm fish to 100% for a 100cm fish. However, as the maximum relative 

speed of the turbine blades to the flow is less than 1 m/s, according to the Dutch NEN 8775 standard, 

severe fish damage is unlikely. The blades are also to be fitted with rubber bumpers. 

The report also considered secondary causes of fish injury including entrapment in clearances, 

scissoring between the turbine impeller and the casing and grinding on rough surfaces. The report 

found that appropriate design changes have been implemented to mitigate these issues. 
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Live fish trials are to be undertaken on the turbine once installed to provide experimental data for fish 

injury. The report ‘Draftv3 – Denver HEP Live Fish Trials’ has been included in the appendix and 

provides the outline for the live fish trials, including fish species selection, fish sizes and recapture net 

mesh size. This report concluded that there will be a September 2022 trial with chub, bream, perch 

and roach (each 200-250mm) and yellow/silver eel (140mm+). There will then be a Spring 2023 trial 

with chub, bream, perch and roach (each 50-100mm), elver (80-140mm) and brown trout (75-125mm 

and 220-280mm). For each fish species, there will be 300 in the control group and 300 in the treatment 

group (except the yellow/silver eels where the quantity is as caught). 

There will be no screening on the intake to the turbine, but the discharge will be fitted with nets whilst 

the fish trials take place to recapture test fish. The mesh size will be 10mm for the September 2022 

trial and 1-2mm for the Spring 2023 trial. 

Existing fish passage between the Ely Ouse and the Relief Channel is provided by a fish pass with 

adjacent eel pass. The fish pass is a two stage Larinier fish pass with a resting pool between each stage 

(see Figure 9 and Figure 10). 

 
Figure 9: upper entrance to the fish and eel pass. 
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Figure 10: fish and eel pass looking towards the Relief Channel. 

 

4.3 Fish and aquatic habitats 

The Environment Agency Ecology & Fish Data Explorer has been used to carry out a desk study of the 

fish species that could be impacted by the scheme.  

There are multiple fish survey sites around the Denver Complex. Site 4660 is located in the Relief 

Channel close to the Residual Flow Sluice, so provides an indication of the relative abundance of fish 

species in this area. Table 4 and Table 5 provide the total fish counts from the two most recent surveys. 

These surveys were carried out using seine netting and a catch depletion sample method. 

Species Number caught 

Perch 237 

Bullhead 4 

Spined loach 1 

Common bream 2 

Ruffe 1 

Table 4: catch results from site 4660 in August 2017 (survey ID 151142). 
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Species Number caught 

Zander 2 

Common bream 24 

Ruffe 3 

Perch 13 

Bullhead 3 

Spined loach 1 

Tench 1 

Table 5: catch results from site 4660 in July 2014 (survey ID 141671). 

Table 6 provides a list of the fish species that have been recorded around the Denver Complex in the 

past 15 years. Of these, the European eel, spined loach, river lamprey and brown/sea trout are Species 

of Principal Importance in England, as defined in Section 41 of the 2006 Natural Environment and 

Rural Communities (NERC) Act.  

Fish may use the turbine as an alternative to the existing fish pass. However, given the fish friendly 

design of the turbine and the live fish testing that will be carried out following installation, it seems 

unlikely that the scheme will introduce any significant risks to the fish species identified.  

 

Year Species 

2017 Perch 

2017 Bullhead 

2017 Spined loach 

2017 Common bream 

2017 Ruffe 

2017 Stone loach 

2017 Pike 

2017 Roach 

2017 Bitterling 

2017 Bleak 

2017 3-spined stickleback 

2017 Tench 

2014 Zander 

2014 Common bream 

2014 Ruffe 

2014 Perch 

2014 Bullhead 

2014 Spined loach 

2014 Tench 

2014 3-spined stickleback 

2014 Roach 

2014 Pike 

2014 European eels > elvers 

2014 Rudd 

2014 Brook lamprey 

2012 Roach 

2012 Perch 

2012 Rudd 

2012 Silver bream 

2012 Pike 

2012 Common bream 

2012 Ruffe 

2012 Roach x common bream 
hybrid 

2012 Tench 

2012 European eels > elvers 

2012 3-spined stickleback 

2012 Spined loach 

2012 Bullhead 

2011 Bullhead 

2011 Common bream 

2011 Perch 

2011 Pike 

2011 Roach 

2011 Ruffe 

2011 Tench 

2010 European eel 

2010 Common bream 
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2010 Perch 

2010 Roach 

2009 European eel 

2009 European eels > elvers 

2009 Perch 

2009 Roach 

2009 European eels > elvers 

2009 River lamprey > ammocoete 

2009 Pike 

2008 Bullhead 

2008 Perch 

2008 Pike 

2008 Roach 

2008 Ruffe 

2008 Tench 

2008 Zander 

2008 Brown / sea trout 

2008 
Roach x common bream 
hybrid 

2008 Common bream 

2008 European eels > elvers 

2008 River lamprey 

2008 Silver bream 

Table 6: species recorded around the Denver Complex since 2012. 

 

4.4 Biosecurity and invasive non-native species 

Concern has been raised regarding the impact of the turbine on the spread of non-native invasive 

species. Given the fish friendly nature of the turbine it seems unlikely that the turbine will cause 

significant fragmentation and hence spread of invasive plant species. 

There is also an existing route between the Ely Ouse and the Relief Channel via the fish pass, the 

Relief Channel Lock and Residual Flow Sluice, so the scheme will not introduce any additional route 

for invasive species to spread between the watercourses. 

If the turbine is to remain after the 12-month trial, the effect on the spread of invasive species may 

need to be investigated. 

The local EA A&R team have been contacted for comment on the impact of the scheme on 

biosecurity and invasive non-native species, but to date, no feedback has been received. 

 

4.5 Protected species 

It has been recommended that an ecologist should carry out a survey of the construction and 

operation impacts of the turbine on protected species prior to construction. 

 

4.6 Summary of ecological impact 

The location of the HEP scheme has no statutory designations associated with it, nor is there a 

Habitat of Principal Importance close to the scheme. However, the scheme has been judged to have 

a potential impact on the Ouse Washes SSSI. If the scheme is to be in place for more than 12 months, 

further detailed work will be required to understand this impact. 

Given the fish friendly design of the turbine and further live fish testing that will take place following 

installation, the risk to local fish populations is negligible. 
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5 Geomorphology 
When the HEP scheme is operating, it will reduce the flow through the Denver Sluice. This has the 

potential to increase tidal siltation at the Denver Sluice. However, the scheme will not operate 

unless there is sufficient flow available to pass through the Denver Sluice to limit tidal siltation. The 

effect on siltation at the Denver Sluice will therefore be minimised.  

The Residual Flow Sluice is currently rarely used. Therefore, there will be an increased flow through 

the sluice approximately equal to the nominal flow of the turbine (1.1 m3/s).  

The turbine is to be located on an existing concrete pad and the outfall will be located above stone 

pitching (see Figure 11 and Figure 12). The channel width at the outfall location is approximately 7 

metres with a depth of around 1.5 metres. The velocity will therefore be approximately 0.1 m/s 

downstream of the outfall. Any erosion and deposition of sediment will therefore be very localised.  

The flow existing at the outfall location will also be low energy due to the energy extracted by the 

turbine and the low head. Only existing sediment within the engineered channel is therefore likely 

to be eroded.  

 

Figure 11: channel construction at the discharge from the Residual Flow Sluice. 
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Figure 12: turbine location at the discharge from the Residual Flow Sluice. 

The vast majority of geomorphologically significant events occur during very high flow or flood 

conditions. The flow through the Residual Flow Sluice will either be the nominal turbine flow or 

zero flow during these high flow events. Therefore, the significant flow in the Relief Channel during 

such events will be as a result of the flow through the Head Sluice. 

The scheme will reduce flow through the Denver Sluice when the turbine is operating. This may 

have an effect on siltation and it is uncertain what impact this will have on geomorphology. 

However, as the scheme is proposed to be temporary at this stage, the impact will be limited. The 

local geomorphology team from the EA have been contacted for comment on the impact of 

reduced flows through the Denver Sluice, but to date, no feedback has been received. 

In summary, the proposal is expected to result in minimal to negligible changes to the 

geomorphology through the site. Any changes are expected to be localised around the Residual 

Flow Sluice. 
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6 Other Considerations 
6.1 Navigation 

The Relief Channel lock is used frequently for passage between the Ely Ouse and the Relief Channel. 

The flow is discharged from the turbine approximately 60 metres from the main navigable section 

of the Relief Channel. The channel connecting the Residual Flow Sluice to the Relief Channel also 

widens to around 15 metres at the junction. The velocity of the turbine flow entering the Relief 

Channel will therefore be low and will not impact on navigation. 

The level in the Relief Channel is maintained by the Tail Sluice. Therefore, although at times there 

will be a slight increased flow in the Relief Channel, this will have a negligible effect on the level. 

The scheme will reduce flow through the Denver Sluice when the turbine is operating. This may 

have an effect on siltation and it is uncertain what impact this will have on the Tidal Ouse as a 

waterway. However, as the scheme is proposed to be temporary at this stage, the impact will be 

limited. The local waterways team from the EA have been contacted for comment on the impact 

of reduced flows through the Denver Sluice, but to date, no feedback has been received. 

 

6.2 Recreational use 

The area surrounding the HEP scheme is owned and operated by the Environment Agency, with no 

public access.  

As the turbine is expected to cause minimal harm to fish and will not change the capacity for fish 

to pass between the watercourses, the scheme is not expected to impact on local fishing activities. 

The construction and operation of the scheme is therefore not expected to impact on recreational 

activities in the area. 

 

6.3 Heritage 

There are no scheduled monuments, world heritage sites or listed buildings that will be affected by 

the proposed scheme.  

The Denver Sluice is a grade 2 listed building and is the only listed building or scheduled monument 

within the Denver Complex. The Denver Sluice will not be affected by the scheme. 

 

6.4 Landscape and visual 

The proposal is not within any designated landscape or sensitive area. There is no proposal to 

landscape the area around the proposed installation as the majority of the installed equipment is 

within the channel below wall level.    
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7 Flood Risk 
A full flood risk assessment has not been carried out for this site. However, a basic assessment is 

covered in this section of the report. 

The Environment Agency flood map for planning for the site shows the development area located 

within flood risk zone 3. Flooding is not an issue for the turbine technology but would be for the 

control equipment. However, the EA flood map for planning does not consider the function of the 

flood defences in its assessment. The use of the Relief Channel for discharging flow in flood events 

alleviates the potential for water levels above the height of the parapet wall (where the control 

equipment will be located). The highest know level of the Relief Channel is greater than 1.5 metres 

below the top of the parapet wall. 

 
Figure 13: EA flood map extract. 

Figure 14 shows the defended climate change model for flooding (from EA flood risk product 4). A 

1 in 100-year flood event is shown to be below the area where the control equipment will be 

located. 
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Figure 14: defended climate change model flood map. 

The run-off from the proposed development area will not change as there is no change to the land 

use outside of the watercourse. 

The Residual Flow Sluice is not commonly used and is not used for flood prevention. The turbine 

does therefore not result in an additional flood risk as it does not disrupt flood flows. The turbine 

will also be switched off during flood events due to the level in the Relief Channel.  

The turbine increases the flow through the Relief Channel at times of moderate flow, but during 

flood events it will have no impact on the flow split. 

Construction and maintenance works will only be carried out during relatively low flow conditions 

when the Relief Channel flow is minimal. 

The scheme will reduce flow through the Denver Sluice when the turbine is operating. This may 

have an effect on siltation and it is uncertain what impact this will have on flood risk. However, as 

the scheme is proposed to be temporary at this stage, the impact will be limited. The local flood 

risk management team from the EA have been contacted for comment on the impact of reduced 

flows through the Denver Sluice, but to date, no feedback has been received. 

Overall, the proposal is considered to be adequately protected against flood damage and will not 

present any significant additional flood risk. 
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8 Water Framework Directive Assessment 
8.1 Introduction 

The Water Framework Directive (WFD) aims to ensure the health of all water bodies across Europe. 

The Water Framework Directive (2000/60/EC) (WFD) was passed by the European Union in 2000. 

It became part of English law in 2003 with the issue of The Water Environment (Water Framework 

Directive) (England and Wales) Regulations 2003. 

The WFD is implemented regionally by river basins. Each river basin has a River Basin Management 

Plan (RBMP) which is updated every six years. The RBMP documents the current status of the water 

bodies and the pressures affecting them. It outlines the improvements that can be made within the 

current management period and the programme of investigations to be carried out.  

The fundamental objectives of the WFD that apply to surface water bodies are:  

• Prevent deterioration of the status of water bodies. 

• Achieve at least Good ecological status and Good surface water chemical status by a set 

date. 

• Reduce pollution from priority substances and eliminate priority hazardous substances. 

In addition to the objectives above there are further standards and measures to be met in areas 

defined as protected areas. These areas are listed in the RBMPs.  

Artificial or Heavily Modified Water Bodies (AWB, HMWB) cannot achieve Good ecological status 

as they are unable to get close enough to the required natural conditions. Instead, the aim is to 

achieve Good ecological potential.  

The RBMPs detail the Environment Agency (EA) objectives specific to each water body that are 

designed to meet the WFD objectives. The proposed measures to meet the objectives are also given. 

 

8.2 Purpose of assessment 

This assessment has been undertaken to fulfil the requirements under the Water Framework 

Directive.  

One objective of the WFD is to prevent further deterioration which can include changes to flow 

pattern, width and depth of channel, sediment availability/transport and ecology and biology. 

This assessment looks at the current status of the water bodies that may be affected by the 

proposed hydropower system and discusses whether or not the proposal will deteriorate the 

ecological quality of the water bodies or prevent the water bodies from achieving Good ecological 

status.  

Any EA defined objectives and measures that are specific to the water body will be considered to 

determine if the proposed hydropower system will prevent these objectives and measures from 

being realised.  

The assessment includes any cumulative or in-combination effects. 
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8.3 Scheme location & description 

The Denver Complex is a group of sluice gates used to control the flow through the Ely Ouse, the 

Tidal Ouse, the Relief Channel and the Cut-off Channel. The function of the complex is flood 

prevention and river level management. The development site is located on the discharge from the 

Residual Flow Sluice. The Residual Flow Sluice is located at the Denver Complex and connects the 

Ely Ouse to the Relief Channel. Currently the Residual Flow Sluice is rarely used. 

The Denver Complex is located within the Anglian River Basin District. The Residual Flow Sluice 

channel is located at the boundary between the Cam and Ely Ouse management catchment and 

the North West Norfolk management catchment.  

The proposed scheme utilises a single vortex turbine located at the discharge from the Residual 

Flow Sluice (intake location TF 58995 01038). The scheme is proposed to be installed temporarily 

(for approximately 12 months) in order to obtain a better understanding of the fish injury and 

performance associated with the turbine. 

The intake and outfall locations of the proposed hydropower plant are located within the Cam and 

Ely Ouse management catchment and the South level and Cut-off operational catchment. Despite 

this, the scheme will alter the flow in the Relief Channel (downstream of outfall) and the Tidal Ouse 

(reduced flow through the Denver Sluice). The Relief Channel is located in the North West Norfolk 

Rivers operational catchment within the North West Norfolk management catchment. The Tidal 

Ouse is located in the Great Ouse operational catchment within the Anglian TraC management 

catchment.  

The relevant water bodies within the three identified operational catchments have been included 

in this assessment. These relevant water bodies are the Relief Channel (GB205033047665), the 

Great Ouse (GB530503300300) and the Ely Ouse (South Level) (GB205033000070). 
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8.4 Current WFD status 

Water body name Ely Ouse (South Level) Relief Channel Great Ouse 

Water body ID GB205033000070 GB205033047665 GB530503300300 

Type River River Transitional Water 

Management Catchment Cam and Ely Ouse North West Norfolk Anglian TraC 

Operational Catchment South Level and Cut-Off 

Channel 

North West Norfolk 

Rivers 

Great Ouse 

River Basin District Anglian Anglian Anglian 

Hydromorphological Designation Artificial Artificial Heavily Modified 

2019 Overall Classification Moderate Poor Poor 

2019 Ecological Classification Moderate Poor Poor 

2019 Chemical Classification Fail Fail Fail 

Table 7: summary of current WFD status for the affected water bodies. 

  
2013 2014 2015 2016 2019 

Overall Moderate Moderate Moderate Moderate Moderate 

Ecological Moderate Moderate Moderate Moderate Moderate 

Chemical Fail Fail Good Good Fail 

Table 8: Ely Ouse (South Level) classification cycle 2. 

 
 

2013 2014 2015 2016 2019 

Overall Moderate Moderate Moderate Moderate Poor 

Ecological Moderate Moderate Moderate Moderate Poor 

Chemical Fail Fail Good Good Fail 

Table 9: Relief Channel classification cycle 2. 

  
2013 2014 2015 2016 2019 

Overall Poor Moderate Poor Poor Poor 

Ecological Poor Moderate Poor Poor Poor 

Chemical Fail Fail Good Good Fail 

Table 10: Great Ouse classification cycle 2. 

The Ely Ouse (South Level) water body reasons for not achieving good status (RNAGS) are: 

• Perfluorooctane sulphonate (PFOS) – under investigation. 

• Phosphate – due to poor livestock management (diffuse source), poor nutrient 

management (diffuse source) and continuous sewage discharge (point source). 

• Polybrominated diphenyl ethers (PBDE) – measures delivered to address reason, awaiting 

classification. 

• Hydrological regime – no further action (Flow is below the EFI but NOT causing an 

ecological failure). 
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The Relief Channel water body RNAGS are: 

• Perfluorooctane sulphonate (PFOS) – under investigation. 

• Macrophytes and phytobenthos combined – due to poor nutrient management (diffuse 

source) and continuous sewage discharge (point source). 

• Phosphate – due to poor nutrient management (diffuse source) and continuous sewage 

discharge (point source). 

• Mercury and its compounds – due to continuous sewage discharge (point source). 

• Polybrominated diphenyl ethers (PBDE) – measures delivered to address reason, awaiting 

classification. 

• Hydrological regime – due to suspect data. 

The Great Ouse water body RNAGS are: 

• Benzo(g-h-i)perylene – under investigation. 

• Polybrominated diphenyl ethers (PBDE) – measures delivered to address reason, awaiting 

classification. 

• Mercury and its compounds – measures delivered to address reason, awaiting 

classification. 

• Angiosperms – due to coastal squeeze, sediment management for flood protection, and 

flood protection structures. 

• Hydrological regime – no further action (Flow is below the EFI but NOT causing an 

ecological failure). 

• Phytoplankton – due to suspect data. 

• Dissolved inorganic nitrogen – due to suspect data. 

Of all of the above RNAGS for the three water bodies, the proposed scheme will only contribute to 

modifying the hydrological regime on the Great Ouse. The reduced flow during moderate flow 

events will further reduce the EFI outside of high and low flow percentiles. However, as the flow 

below EFI is not causing an ecological failure currently and a minimum flow through the Denver 

Sluice is to be maintained, the scheme is unlikely to result in a future ecological failure. 
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8.5 Impact on WFD Objectives 

All three of the waterbodies assessed have an overall objective of moderate and an ecological objective of moderate. For the Ely Ouse and the Relief Channel 

(both artificial), this is because the costs to improve this introduce disproportionate burdens and the balance of costs and benefits is unfavourable. For the 

Great Ouse the reason is that the balance of costs and benefits is unfavourable and the cause of adverse impacts is unknown. 

Table 11, Table 12 and Table 13 provide an assessment of the proposed scheme on the River Basin Management Plan objectives for the affected water bodies. 

All items assessed are shown to have either no impact or a minor positive impact on each individual WFD element. 

Classification item Most 
recent 
status (C2) 

Objectives Objective 
year 

Potential 
impact 

Assessment WFD 
compliance 

Further 
assessment 

Biological quality elements High Good 2015 No impact Slight change to fish passage, but no negative 
impact expected. 
No change – neutral impact on delivery of WFD. 

Yes No 

Fish High Good 2015 No impact Existing fish pass between Relief Channel and Ely 
Ouse exists, so no improvement in fish passage 
upstream. 
Fish injury will be assessed following installation 
to ensure there is no negative impact. 
No change – neutral impact on delivery of WFD. 

Yes No 

Invertebrates High Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Physico-chemical quality 
elements 

Moderate Moderate 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Ammonia (Phys-Chem) High Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Dissolved oxygen Good Good 2015 No impact Scheme at downstream end of water body, so no 
impact. 
No change – neutral impact on delivery of WFD. 

Yes No 

Phosphate Moderate Moderate 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Temperature Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

pH High Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Supporting elements (Surface 
Water) 

Moderate Good 2027 No impact No change – neutral impact on delivery of WFD. Yes No 
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Mitigation Measures 
Assessment 

Moderate 
or less 

Good 2027 No impact No change – neutral impact on delivery of WFD. Yes No 

Specific pollutants High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Arsenic High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Copper High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Iron High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Linuron High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Manganese High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Zinc High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Priority hazardous substances Fail Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Benzo (b) and (k) 
fluoranthene 

Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Benzo (ghi) perelyene and 
indeno (123-cd) pyrene 

Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Benzo(a)pyrene Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Cadmium and Its Compounds Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Endosulfan Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Hexachlorocyclohexane Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Mercury and Its Compounds Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Nonylphenol Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Trifluralin (Priority 
hazardous) 

Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Priority substances Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

1,2-dichloroethane Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Atrazine Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Benzene Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Dichloromethane Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Fluoranthene Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Lead and Its Compounds Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 
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Nickel and Its Compounds Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Pentachlorophenol Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Simazine Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Trichloromethane Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Other Pollutants Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Aldrin, Dieldrin, Endrin & 
Isodrin 

Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Carbon Tetrachloride Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

DDT Total Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Trichloroethylene Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

para - para DDT Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Table 11: assessment of impact on RBMP plan for the upstream water body (Ely Ouse). 

 

Classification item Most 
recent 
status (C2) 

Objectives Objective 
year 

Potential 
impact 

Assessment WFD 
compliance 

Further 
assessment 

Biological quality elements Poor Moderate 2015 No impact Existing fish pass between Relief Channel and Ely 
Ouse exists, so no improvement in fish passage 
downstream. 
Fish injury will be assessed following installation 
to ensure there is no negative impact. 
No change – neutral impact on delivery of WFD. 

Yes No 

Invertebrates High Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Macrophytes and 
Phytobenthos Combined 

Poor Moderate 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Physico-chemical quality 
elements 

Moderate Moderate 2015 Positive Increase in DO. 
Slight positive impact, but WFD objective already 
being achieved. 

Yes No 

Ammonia (Phys-Chem) High Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Dissolved oxygen High Good 2015 Positive Flow in Relief Channel will be increased during 
periods of medium flow. 

Yes No 
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Current fish pass discharging 0.3-0.4 m3/s. When 
turbine is operating, this will increase by 1.1 
m3/s. 
Slight positive impact, but WFD objective already 
being achieved. 

Phosphate Moderate Moderate 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Temperature High Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

pH High Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Hydromorphological 
Supporting Elements 

Supports 
good 

Supports 
good 

2015 No impact The turbine will only run during periods of 
moderate flow, has a relatively low flowrate and 
is located in an artificial channel. The overall 
impact on geomorphology is therefore negligible. 
No change – neutral impact on delivery of WFD. 

Yes No 

Hydrological Regime Does not 
support 
good 

Does not 
support 
good 

2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Supporting elements (Surface 
Water) 

Moderate Good 2027 No impact No change – neutral impact on delivery of WFD. Yes No 

Mitigation Measures 
Assessment 

Moderate 
or less 

Good 2027 No impact No change – neutral impact on delivery of WFD. Yes No 

Specific pollutants High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Copper High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Zinc High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Priority hazardous substances Fail Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Cadmium and Its Compounds Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Priority substances Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Lead and Its Compounds Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Nickel and Its Compounds Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Table 12: assessment of impact on RBMP for the downstream water body (Relief Channel). 
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Classification item Most 
recent 
status (C2) 

Objectives Objective 
year 

Potential 
impact 

Assessment WFD 
compliance 

Further 
assessment 

Biological quality elements Poor Moderate 2021 No impact No change – neutral impact on delivery of WFD. Yes No 

Angiosperms Moderate Moderate 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Phytoplankton Poor Good 2027 No impact No change – neutral impact on delivery of WFD. Yes No 

Physico-chemical quality 
elements 

Moderate Moderate 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Dissolved Inorganic Nitrogen Moderate Moderate 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Dissolved oxygen High Good 2015 No impact Reduced flow during periods of moderate flow 
periods. 
Flow downstream of Denver Sluice is mostly tidal 
and turbine will not operate if flow available for 
sluice is low. Therefore, negligible impact. 

Yes No 

Hydromorphological 
Supporting Elements 

Supports 
good 

Supports 
good 

2015 No impact The proposed scheme will not be operated 
during periods of low flow and will have 
negligible impact on hydromorphology. 
No change – neutral impact on delivery of WFD. 

Yes No 

Hydrological Regime Supports 
good 

Supports 
good 

2015 No impact The proposed scheme will not be operated 
during periods of low flow and will have 
negligible impact on hydromorphology. 
No change – neutral impact on delivery of WFD. 

Yes No 

Supporting elements (Surface 
Water) 

Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Mitigation Measures 
Assessment 

Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Specific pollutants High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Arsenic High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Copper High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Iron High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Un-ionised ammonia High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 
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Zinc High High 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Priority hazardous substances Fail Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Cadmium and Its Compounds Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Hexachlorocyclohexane Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Mercury and Its Compounds Fail Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Nonylphenol Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Priority substances Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

1,2-dichloroethane Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Chlorpyrifos Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Lead and Its Compounds Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Nickel and Its Compounds Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Trichloromethane Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Other Pollutants Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Carbon Tetrachloride Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Tetrachloroethylene Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Trichloroethylene Good Good 2015 No impact No change – neutral impact on delivery of WFD. Yes No 

Table 13: assessment of impact on RBMP for the depleted water body (Great Ouse). 
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8.6 Ecological assessment 

The ecological assessment for the site is covered in section 4 and is relevant to the WFD assessment. 

 

8.7 Geomorphology assessment 

The geomorphology assessment for the site is covered in section 0 and is relevant to the WFD 

assessment. 

 

8.8 Conclusions 

The proposed development will not impact negatively on the current status of the water bodies 

affected and will not have an adverse impact on meeting future WFD objectives. 

Overall, the proposed development will have no impact or a positive impact on each individual 

element of the relevant WFD classifications. 

The local IEP and A&R teams from the EA have been contacted for comment on this WFD assessment, 

but to date, no feedback has been received. 
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9 Conclusions 
This proposed HEP scheme on the Residual Flow Sluice at the Denver Complex meets the necessary 

requirements for an impoundment licence. 

Assessments have been completed to show that there will be no significant adverse impact on ecology, 

geomorphology, flood risk, navigation or recreational use and that any impacts can be mitigated 

effectively. 

The scheme is not considered to impact on an any Water Framework Directive objectives for any of 

the impacted water bodies.  

The temporary nature of the scheme means that any impacts are not expected to last longer than 12 

months. If the scheme is to remain beyond this 12-month trial period, additional assessments may be 

necessary. 

The relevant EA teams have been contacted for comment on this report, but to date, feedback has 

only been received from the biodiversity team. 
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Appendices 

A. Preliminary Installation Suggestions 23rd June 2022 (CJTC) 

B. Fish Survival in the Turbulent Hydro Turbine at Denver Sluice (Dr BPM van Esch) 

C. Draftv3 – Denver HEP Live Fish Trials 

 


