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1. Introduction 
1.1 Scope 

 
Royal Haskoning was commissioned by the Environment Agency in September 2010 to 
undertake fish pass feasibility assessments for Burton Bridge Weir and Burton Flour Mill 
Weir.  These sites have been prioritised by various means and are considered major 
barriers to fish migration.  Burton Bridge Weir is on the top 10 list of weirs that are barriers 
to fish migration within Central Area of Environment Agency Midland Region.  It is a 
complete barrier to all fish species during medium to low flows but is considered to be 
passable by high performance fish species such as salmon and large coarse fish in high 
flow conditions.  Burton Flour Mill Weir is similarly anticipated to be passable by high 
performance migratory species such as salmon.  This projects overall aim is to ease 
migration of all fish species while concurrently allowing the Environment Agency to 
monitor fish stocks over a five year period. 
 
The Environment Agency is currently developing a regional 5 year plan to restore fish 
passage on various high priority sites.  These feasibility studies represent the next step in 
meeting the Environment Agency’s five year plan.  
 
The objectives of the feasibility study are to provide: 
  

• A clear indication of the preferred option for fish passage at each weir; 
• An indication of the impacts associated with the preferred options; 
• To have developed a design that meets the approval of the fish pass panel; 
• To bring the stakeholders on board such that the potential for future objections are 

minimised; and 
• To identify how the project can be taken forward to design and construction. 
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2. Description of Burton Weirs 
 

2.1 Site Location 
 
Burton Bridge Weir and Burton Flour Mill Weir are located within half a mile of each other, 
sandwiched between the Burton on Trent and Stapenhill / Winshill urban areas.  The weirs 
are located on separate channels where the Trent bifurcates at Burton (see Figure 2.1). 
The weirs represent approximately the 14th structure for migratory fish travelling from the 
sea and also represent an obstruction limiting the movement of coarse fish.  
 

 
Figure 2.1. Site location 
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2.2 Weir Description 
 
Both the Burton Bridge and Burton Flour Mill Weirs are side weirs.  The approximate 
dimensions of both weirs are given in Table 2.1 below.  Profile sections through both 
weirs are provided in Figures 2.2 and 2.3.  
 

Table 2.1. Weir Geometry 
Parameter Burton Bridge Weir Burton Flour Mill 

Weir 
Length (m) 110 140 
Height (crest to bed level) (m) 1.05 1.80 
Crest Height (m AOD) 43.71 43.79 
Total weir width (m) 13.44 14.50 
Weir face width (m) 6.32 5.33 

 
The section profiles of both the Burton Bridge Weir and especially Burton Flour Mill Weir 
indicate that while the wetted weir faces tend to be relatively small the main width of the 
weir structure itself extends some way upstream. 
 

 
Figure 2.2. Long section of Burton Bridge Weir 

 

 
Figure 2.3. Long section of Burton Flour Mill Weir 
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2.3 Existing Flows and Levels 
 
Flow data 
 
Hydrometric data is available from the Drakelow gauging station (OS grid reference SK 
239 204).  Drakelow gauging station is situated upstream of the channel split, upstream of 
Burton Weir, and a long record of flow is available for the mean flow in the Trent.  
However, there are no spot gauging data available for the split channels which make it 
hard to estimate the proportion of flow at the two weirs.  Local knowledge obtained from 
the Environment Agency Hydrometry team (they have a level recorder downstream at 
Claveys Hole) indicates that approximately half of the flow, possibly more, goes down the 
main Burton Bridge channel (the westerly channel).  
 
A flow duration curve (FDC) for the main stem of the River Trent before it splits into two 
the Burton Bridge and Burton Flour Mill Weir channels is presented below (Table 2.2).  
 

Table 2.2. Flow Duration Curve (FDC) for the main stem of the River Trent 
Percentile (%) Cumecs 

1 152.12 
10 67.70 
20 48.04 
30 38.71 
40 32.56 
50 28.31 
60 25.11 
70 22.57 
80 20.01 
90 17.31 
95 16.04 
98 14.17 
99 13.26 

 
Relationships between Burton Bridge and Burton Flour Mill Weirs 
 
The topographic survey (January 7th 2011) indicated a difference in crest height and 
water level of 8 cm between the two weirs, with the crest level at Flour Mill being higher  
(see Table 2.1).   
 
In order to establish the relationships in flow and levels between the two weir sites the 
existing hydraulic model for the River Trent was used to assess the hydraulic operation of 
both weirs using the assumption that the hydraulic gradient between these two locations 
remains constant no matter the flow in the river system. This assumption makes it 
possible to derive, for a given water level upstream of Burton Bridge Weir, the flow over 
Burton Bridge Weir as well as the level upstream of Flour Mill Weir and in turn the flow 
over that structure.  Assuming that the flow through the Flour Mill itself is insignificant, the 
total flow in the River Trent can be related back to the exceedence probabilities. At Burton 
Flour Mill Weir there is a small hydro-scheme, the impact of this is assumed to be 
insignificant on the flows at this location. 
 
The model was thus run for a range of steady-state inflows and for each inflow, the water 
level upstream and downstream of the weirs as well as the flow over the structure was 
extracted.  This data is presented in Table 2.3.  We have also tested the validity of our 
assumption.  This is presented in Table 2.4. 
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Table 2.3. Percentile exceedence in relation to the upstream and downstream water levels at Burton Bridge Weir and Flour Mill Weir  
Percentile 

exceedence 
(%) 

Flow 
(m3/s) 

Burton Flour Mill Weir Burton Bridge Weir 

  Upstream 
Level 

(mAOD) 

Downstream 
Level 

(mAOD) 

Flow 
(m3/s) 

Head 
Difference 

(mm) 

Upstream 
Level 

(mAOD) 

Downstream 
Level 

(mAOD) 

Flow 
(m3/s) 

Head 
Difference 

(mm) 
1 152.12 44.47 44.24 72.87 231 44.55 44.54 77.92 17 
10 67.70 44.05 43.31 17.24 740 44.13 44.10 50.46 29 
20 48.04 43.93 42.87 6.51 1,052 44.01 43.89 41.53 113 
30 38.71 43.87 42.55 3.09 1,326 43.95 43.75 35.62 201 
40 32.56 43.84 42.30 1.53 1,538 43.92 43.64 31.03 281 
50 28.31 43.82 42.13 0.84 1,699 43.90 43.55 27.47 351 
60 25.11 43.81 41.99 0.41 1,826 43.89 43.49 24.70 405 
70 22.57 43.80 41.87 0.14 1,931 43.88 43.43 22.43 450 
80 20.01 43.79 41.75 0.00 2,042 43.87 43.37 20.01 497 
90 17.31 43.77 41.61 0.00 2,163 43.85 43.30 17.31 549 
95 16.04 43.77 41.54 0.00 2,222 43.85 43.27 16.04 574 
98 14.17 43.76 41.44 0.00 2,313 43.84 43.23 14.17 611 
99 13.26 43.75 41.39 0.00 2,360 43.83 43.20 13.26 629 

 
Table 2.4. Calibration data 

Burton Flour Mill Weir Burton Bridge Weir Date Drakelow 
WISKI 
Flow 
(m3/s) 

Surveyed 
Upstream 

Level 
(mAOD) 

Predicted 
Upstream 

Level 
(mAOD) 

Surveyed 
Downstream 

Level 
(mAOD) 

Predicted 
Downstream 

Level 
(mAOD) 

Photographic 
evidence 

Surveyed 
Upstream 

Level 
(mAOD) 

Predicted 
Upstream 

Level 
(mAOD) 

Surveyed 
Downstream 

Level 
(mAOD) 

Predicted 
Downstream 

Level 
(mAOD) 

Photographic 
evidence 

10/11/2010 80   44.12   43.50 About 1m 
headdrop 

  44.20   44.18 Weir 
drowned 

07/01/2011 37 43.83 43.86 42.55 42.48   43.91 43.94 43.69 43.72   
13/12/2010 26   43.82   42.03   43.84 43.90 43.18 43.51   
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Burton Bridge Weir Flows and Head Difference 
 
Information on the head difference, flows and head variation for the Burton Bridge Weir 
were calculated using the hydraulic model and calibrated using information on water 
levels obtained from the topographic surveys (Tables 2.3 and 2.4).  The percentile 
exceedence flow, head difference and head variation are presented in Table 2.5 below.  
Based on this available information the range in upstream head between Q95 and Q10 is 
calculated at 0.28 m.  The head difference across the weir between Q95 and Q10 is 
calculated at 0.54 m. 
 

Table 2.5. Burton Bridge Weir flow, head variation and head difference 

Percentile 
exceedence 

(%) 

Flow 
(m3/s) 

Head 
Variation 

(m) 

Head  
Difference 

(m) 
1 77.92 0.84 0.02 
10 50.46 0.42 0.03 
20 41.53 0.30 0.11 
30 35.62 0.24 0.20 
40 31.03 0.21 0.28 
50 27.47 0.19 0.35 
60 24.70 0.18 0.41 
70 22.43 0.17 0.45 
80 20.01 0.16 0.50 
90 17.31 0.14 0.55 
95 16.04 0.14 0.57 
98 14.17 0.13 0.61 
99 13.26 0.12 0.63 

 
Burton Flour Mill Weir Flows and Head Difference 
 
Information on the head difference, flows and head variation for the Flour Mill Weir were 
calculated using the hydraulic model and calibrated using information on water levels 
obtained from the topographic surveys (Tables 2.3 and 2.4).  The percentile exceedence 
flow, head difference and head variation are presented in Table 2.6 below.  Based on this 
available information the range in upstream head between Q95 and Q10 is calculated at 
0.24 m.  The head difference across the weir between Q95 and Q10 is calculated at 1.48 
m. 
 
Information on head variation obtained from the model indicates that during low flow 
conditions the weir appears to dry out (Table 2.6).  Consultation with relevant 
stakeholders has indicated that flows over the weir during low flows are very small.  This 
is anticipated to be as a result of the weir crest at Flour Mill being approximately 0.08 m 
higher than the weir crest level at Burton Bridge Weir. 
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Table 2.6. Burton Flour Mill Weir flow, head variation and head difference 

Percentile 
exceedence 

(%) 

Flow 
(m3/s) 

Head 
Variation 

(m) 

Head  
Difference 

(m) 
1 72.87 0.68 0.23 
10 17.24 0.26 0.74 
20 6.51 0.14 1.05 
30 3.09 0.08 1.33 
40 1.53 0.05 1.54 
50 0.84 0.03 1.70 
60 0.41 0.02 1.83 
70 0.14 0.01 1.93 
80 0.00 0.00 2.04 
90 0.00 -0.02 2.16 
95 0.00 -0.02 2.22 
98 0.00 -0.03 2.31 
99 0.00 -0.04 2.36 

 
 

2.4 Fish Species 
 
Data on the fish species present in the upstream and downstream reaches were obtained 
from the Environment Agency survey stations of Stapenhill (Trent PCF 2.3) approximately 
2km upstream of Burton Weir and Newton Solney (Trent PCF 2.5) approximately 2.5km 
downstream of the Burton Flour Mill Weir.  The results of data collected between 2007 
and 2010 for species, numbers caught and size ranges are presented in Table 2.7 below 
as well as presence and absence of lesser species such as stone loach and minnow etc. 
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Table 2.7. Species found in the upstream and downstream reaches based on 
Environment Agency electro fishing results 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The downstream surveys indicated the presence of rheophilic fish species such as barbel 
and chub often associated with riverine areas with a relatively rapid flow and shallow 
depth.  The upstream more impounded reach above the weir was characterised by 
phytophilic species including perch, pike, roach and even carp. 
 
Design flows 
 
Fish will tend to move in windows of opportunity that will rarely be in a drought or a flood. 
Coarse fish, for example, will be moving upstream to spawn in the spring when flows will 
usually be within a certain range around Annual Daily Flow (ADF) where as salmon will 
frequently respond to rising river discharges, and also falling river discharge following a 
spate.  Where information on migration is not available it is suggested that the facility for 
upstream migration should be designed to operate across a flow range from Q90 to Q10 
for salmon, Q95 to Q10 for sea trout and brown trout, Q50 to Q20 for coarse fish and 
shad, and Q99 to Q70 for eel (Armstrong et al., 20101).   
 

                                                      
1 Armstrong G. S., Aprahamian M. W., Fewings G. A., Gough P. J., Reader N. A., Varallo P. V. 
(2010). Environment Agency Fish Pass Manual. v2.2: Guidance Notes On The Legislation, 
Selection and Approval Of Fish Passes In England And Wales  Nov 2010. Document – GEHO 
0910 BTBP-E-E 

Upstream reach 
Burton - Stapenhill 

(2007-2009) 

Downstream 
reach 

Burton - Newton 
Solney (2007-2010) Species 

Size range 
(mm) 

No. 
caught 

Size 
range 
(mm) 

No. 
caught 

Barbel Barbus barbus   466-693 9 
Bleak Alburnus alburnus 62-142 52 69-132 3 
Chub Squalius cephalus 34-108 12 154-517 44 
Common bream Abramis brama 102-500 6 463-559 4 
Dace Leuciscus leuciscus 56-75 3 57-237 4 
European eel Anguilla anguilla 590-740 3 742-840 3 
Grayling Thymallus thymallus   214-214 1 
Gudgeon Gobio gobio 38-128 179 57-114 9 
Perch Perca fluviatilis 37-296 44 71-373 9 
Pike Esox lucius 181-648 7 365-692 3 
Roach Rutilus rutilus 28-210 110 45-263 66 
Common [wild] carp Cyprinus carpio 430-430 1   
Roach x bream hybrid Rutilus rutilus x 
Abramis brama 170-170 1   
Tench Tinca tinca 80-85 2   
Stone loach Barbatula barbatula  Y  Y 
Bullhead Cottus gobio  Y  Y 
Minnow Phoxinus phoxinus  Y  Y 
Spined loach Cobitis taenia  Y  Y 
3-spined stickleback Gasterosteus 
aculeatus  Y  N 



 

Environment Agency   Burton Weirs Feasibility Study 9 

 

2.5 Key Environmental Considerations and Constraints at 
Burton Bridge Weir 
 
Biodiversity 
 
The Burton Bridge Weir and surrounding area is not located within any international or 
national nature conservation designations.  There is a Local Nature Reserve (LNR) at grid 
reference SK257225 (Scalpcliffe) that covers 7.9 hectares of woodland off Stapenhill 
Road.  However, this LNR would not be affected by any proposed works at the Burton 
Bridge Weir.   
 
In addition, the walkover of the study area in November 2010 revealed that there was little 
habitat of significant ecological value present.  The area directly adjacent to the weir on 
the left bank is managed open green space (Plate 2.1).  This area offers little in the way of 
habitat due to the maintenance and general disturbance therefore is unlikely to support a 
range of protected species.  Biological records of the study area around the Burton Bridge 
Weir are limited.  The fish species present within the river are discussed in Section 2.4 as 
this information is relevant to both weirs.   
 

 
Plate 2.1. View of the open green space beside the Burton Bridge Weir, looking upstream 

 
Otter sightings have been recorded in the area around the Burton Bridge Weir although it 
likely that these were sightings of otters moving through the area as there is little or no 
suitable habitat for holts exists within the vicinity of the weir on the left hand bank due to 
the lack of vegetative cover.  However, their presence cannot be ruled out and further 
investigation will be required in the next stages of this project.   
 
There is limited suitable habitat to support water vole along the banks of the River Trent in 
this area, especially on the left hand bank, due to the maintenance regime in the vicinity of 
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the weir.  No records of water vole exist for this area and no signs were identified during 
the site visit.  Further investigation will be required to determine the presence/absence of 
this protected species.   
 
There are a number of mature trees in the vicinity of the weir; however these exist on the 
right hand bank in the vicinity of the Burton Bridge Weir.  It is not expected that these 
trees would be affected by the proposed works to install a fish pass.  Bats are regularly 
sighted along the river at this location (Pers. com. Kathryn Edwards, Environment Agency, 
Biodiversity Team).  However, no structures or trees suitable for roosts were identified 
during the site visit.  It is unlikely that any roost sites would be disturbed during the 
proposed construction of a fish pass at the Burton Bridge Weir, as no structures or trees 
suitable for roosting bats would be affected.  Due to the managed nature of the open 
green space it is also highly unlikely that breeding birds would be affected as a result of 
the proposed works to the weir.   
 
Historic environment 
 
The Burton on Trent public baths were located on the left hand bank opposite and 
downstream of the Burton Bridge Weir.  Town plans indicate that the baths were present 
in c1800s up until the 1980s (Plates 2.2 and 2.3). 
 
The historic structure on the weir is thought to have housed a sluice mechanism that 
would have allowed the water levels on the face of the weir to have been lowered possibly 
for the maintenance and control for the downstream mills.  The sluice structure is built in 
the same fabric as the weir and bridge and therefore appears to be an original element of 
the bridge / weir structure.    
 
 

  
Plate 2.2. Burton Bridge Weir c1915 showing part 
of the sluice structure 

Plate 2.3. Burton Bridge Weir showing the 
overgrown sluice structure. 

 
Amenity, Recreation and Access 
 
It has been established through consultation that the River Trent upstream and 
downstream of the Burton Bridge Weir is used by a range of river users.  Angling clubs 
with fishing rights include the Coors Angling Club and Burton Mutual Angling Association 
who have fishing rights upstream of Burton Bridge Weir.   
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Other river users include the Trent Rowing Club, Burton Venture Trust and Burton Canoe 
Club who utilise the River Trent in particular the Burton Bridge Weir as a training ground 
and also the stretch of river upstream of Burton Flour Mill Weir.   
 
The Burton Bridge Weir is adjacent to an area of open green space that is used for 
informal recreational activities.  The land on the right bank would be unaffected by the 
proposals.    
 
Land Ownership 
 
The land on the left hand bank directly adjacent to the Burton Bridge Weir is owned by 
East Staffordshire Borough Council.  The land on the right hand bank and further 
upstream on the left hand bank is currently leased by East Staffordshire District Council.  
At the time of writing it is unclear who owns the weir itself.   
 
Flood Risk 
 
Photo evidence suggests that Burton Weir is drowned out  (Plate 3.2) at high flow levels 
at which point the flow over the weir is controlled by the downstream reach and modifying 
the weir would have no impact on upstream water levels.  The impacts on upstream flood 
levels as a result of any weir modification would therefore remain unchanged. 
 

2.6 Key Environmental Considerations and Constraints at 
Burton Flour Mill Weir 
 
Biodiversity 
 
The study area is not located within or close to any nature conservation designations.  A 
walkover in November 2011 and consultation with the Environment Agency and East 
Staffordshire Borough Council established that the study area of the Flour Mill has the 
potential to support a range of protected species due to the presence of suitable riverine 
habitat.  However, biological records of the study area around the Four Mill Weir are 
limited and further study would be required in order to determine the presence / absence 
of protected species.  The fish species present with the river are discussed in Section 2.3 
as these are relevant to both weirs.   
 
Otter are known to use the River Trent within the vicinity of the Flour Mill Weir although no 
holts were identified during the walkover or through investigation of biological records of 
the area.  There is suitable habitat for otter holts along both the left hand and right hand 
banks of the River Trent in the vicinity of the weir.  However, the area around the weir is 
used by anglers and walkers that may cause too much disturbance for holts to be found in 
this location.  Further investigation would be required in order to determine the presence / 
absence of otter holts within the proposed works footprint and surrounding area.   
 
There is suitable habitat to support water vole along the banks of the River Trent due to 
the aquatic marginal vegetation present.  Although no records of water vole exist for this 
area a potential water vole burrow was located during the site visit but could not be 
positively identified and no other signs were found.  Therefore, further survey will be 
required to determine whether water vole inhabit the area that would be disturbed by the 
proposed works.   
 
There are a number of mature trees in the vicinity of the weir; these are namely ash, 
willow, sycamore and alder.  There is potential that some of the mature trees may support 
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roosting bats due to the cracks and holes identified during the site visit.  Bats are regularly 
sighted along the river and the river and vegetation provide suitable habitat for a range of 
bat species (Pers coms. Kathryn Edwards, Environment Agency, Biodiversity Team).  
Therefore further survey of the trees that are likely to be directly affected during the 
construction of the fish pass and consultation with Natural England would be required to 
determine the potential impact of the proposed works and potential mitigation measures.   
 
Amenity, Recreation and Access 
 
It has been established through consultation that the River Trent upstream and 
downstream of the Flour Mill Weir is used by a range of river users.  The Coors Angling 
Club have the rights to the fishing along both the upstream and downstream reaches, an 
area of 30 pegs known as Bailies Meadow.  The pegs just downstream of the weir are 
generally fished as wading pegs.  The reach of the river upstream of the weir is also used 
by the Burton canoe clubs, although the weir is impassable to canoes.   
 
There is a Public Right of Way (PRoW) along the left hand bank of the River Trent.  This 
route appeared to be used on a regular basis as it is in proximity of Burton.  Dog walkers 
were noted using the left hand bank during the site visit in November.  The site could be 
easily accessed via Meadow Road, from the A511 although it should be noted that there 
are power lines that cross the access to the site which may restrict the size and type of 
plant that could be used.   
 
Land Ownership 
 
The Flour Mill Weir and the surrounding area on the left and right banks are owned by 
Burton Flour Mill Limited.   
 
Abstraction 
 
The Flour Mill has been converted into residential apartments.  Adjoining one of the 
apartments is a small hydro power system run by Derwent Hydro (DHP).  A historic 
licence exists with the right to extract water for this purpose of power generation.  The 
current abstraction rates are not known and further modelling may be required at the 
detailed design stage to ensure that the preferred fish pass options to not impact on the 
abstraction licence.  
 
Historic environment 
 
Historic maps (www.old-maps.co.uk) from the 1800s indicate that historically the Flour Mill 
Island had a mill called Forge Mill which was possibly used for stone crushing.  These 
maps also indicate that together with the building infrastructure there was a bypass 
channel and lock structure which re-entered the Trent some way upstream of the Flour 
Mill Weir.  A map from c1923 indicates that at this time Forge Mill was already disused. 
 
The structural remains upstanding at Flour Mill are considered to be of heritage sensitivity.  
It is highly likely that there would be additional buried remains in this area and any ground 
works would require a potentially significant amount of archaeological excavation. 
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Plate 2.4. Historical building remains from the 
Forge Mill at Flour Mill Weir. 

Plate 2.5. Historical bypass channel remains from 
the Forge Mill at Flour Mill Weir.  

 
 
Flood Risk 
 
The two technical fish pass options would involve lowering the weir level slightly to ensure 
sufficient water depth down the fish pass.  Furthermore the option which bypasses the 
weir would pass water around the weir structure.  Given the length of the weir crest these 
modifications would not result in any increased flood risk.  The flood risk implications of 
the rock ramp in higher flows would require further investigation to ensure that the lower 
proportion of the rock ramp does not have a significant impact on the flood flows passing 
over the weir. 
 

2.7 Policy Context 
 
Purpose of this section 
  
This section sets the policy context for the project and considers the following potential 
drivers: 
 

• The Water Framework Directive; 
• Salmon and Freshwater Fisheries Act (1975); 
• The Eels (England and Wales) Regulations 2009; 
• Humber River Basin District Eel Management Plans; and 
• Draft Trent Salmon Action Plan (SAP). 

 
Water Framework Directive 
 
The Water Framework Directive (WFD) was transposed into law in England and Wales by 
the Water Environment (Water Framework Directive) (England and Wales) Regulations 
2003.  The WFD sets Environmental Objectives for all water bodies and a target of aiming 
to achieve at least ‘good status’ in all water bodies by 2015. However, provided that 
certain conditions are satisfied, in some cases the achievement of good status may be 
delayed until 2021 or 2027.  
 
For surface waters, good status is a statement of ‘overall status’, and has an ecological 
and a chemical component. Good Ecological Status is measured on the scale high, good, 
moderate, poor and bad. Chemical status is measured as good or fail. The overall status 
of the water body will be determined by whichever of these is the poorer. To achieve 
‘good status’ overall, a water body must achieve both good ecological and good chemical 
status. 
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Some surface water bodies are designated as ‘artificial’ or ‘heavily modified’. This is 
because they may have been created or modified for a particular use such as water 
supply, flood protection, navigation or urban infrastructure. By definition, artificial and 
heavily modified water bodies are not able to achieve natural conditions. Instead the 
classification and objectives for these water bodies, and the biology they represent, are 
measured against ‘Ecological Potential’ rather than status. Ecological potential is also 
measured on the scale high, good, moderate, poor and bad. The chemical status of these 
water bodies is measured in the same way as natural water bodies. 
 
Biological assessment of the water bodies involves numeric assessment of features such 
as macrophytes, benthic invertebrate fauna and fish.  This is supported by 
hydromorphological qualities, such as hydrological regime, river continuity and 
morphological conditions and chemical qualities, such as temperature, oxygenation, 
salinity, pH and nutrient content.   
 
Specific mitigation measures are set to enable the achievement of the Environmental 
Objectives of the WFD.  These are listed within the Programme of Measures for each 
River Basin Management Plan (RBMP).  They are intended to mitigate impacts that have 
been or are being caused by human activity, such as flood defence works, with the aim of 
enhancing and restoring the quality of the existing environment.  
 
The WFD requires that the status of a water body is considered when all new activities in 
the water environment are planned.  Any activity which has the potential to have an 
impact on ecology will need consideration in terms of whether it could cause deterioration 
in the Ecological Status (or Potential) of a water body.  It is therefore necessary to assess 
the potential impacts of the proposed improvements to fish passage at the Burton weirs 
on the status of the water body in which the schemes are located.   
 
The Burton weirs fall within the River Trent from Anker/Mease Conf to River Dove water 
body (GB104028047180). It is classified as a heavily modified water body with poor 
ecological potential. This poor potential is due to diatoms being assessed as being at poor 
quality, with fish and invertebrates at moderate quality. The water body is expected to 
meet good potential by 2027.  
 
By improving fish passage along the River Trent, there is potential that the quality of fish 
biological quality element will improve to good.  However, as the Ecological Potential of a 
water body is assessed using the element with the lowest quality, the water body will 
remain at poor Ecological Potential until the issues with the diatoms in the river can be 
addressed.  
 
Salmon and Freshwater Fisheries Act 1975 (‘SAFFA’) 
 
The watercourse has been designated with recovering salmonid river status to reflect the 
recovering salmonid population.  
 
Under Section 9 of the Salmon and Freshwater Fisheries Act (1975) (SAFFA), the owner 
or occupier of a watercourse frequented by salmon or migratory trout is obliged to provide 
a mechanism for the free passage of these species beyond any obstructions which act as 
a barrier.  In order to comply with the act, it is therefore necessary to ensure that the 
structures in the River Trent are passable by salmon and migratory trout and the 
overcutting of redds is minimised.  Section 10 allows the Agency to build or alter fish 
passes on dams at its own discretion and at its own expense.  The Salmon and 
Freshwater Fisheries Act (1975) has been updated to comply with the WFD by 
considering a broader range of fish species.   
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The Eels (England and Wales) Regulations 2009 (Council Regulation 1100/2007) 
 
Similarly, to SAFFA legislation relating to the alteration of obstructions and provision of 
passage for the European eel is detailed under Part 4 of the Eels (England and Wales) 
Regulations 2009 (the Eel Regulations).  Part 4 of these regulations addresses the 
construction and alteration of in river obstructions where the passage of eels is impeded 
and requires the responsible person to construct or modify an eel pass.  These 
regulations also require Member States to develop national eel management plans with 
the aim of achieving escapement of silver eel to the spawning population that equals or 
exceeds a target set at 40% of the potential biomass that would be produced under 
conditions with no anthropogenic disturbance due to fishing, water quality or barriers to 
migration. 
 
In December 2008, the UK submitted 15 Eel Management Plans (EMPs) to the European 
Commission which have since been approved.  The EMPs are based on the River Basin 
District (RBD) as defined in the Water Framework Directive (2000/60/EC).  
 
The Humber River Basin District Eel Management Plan 
 
The EMP for the Humber RBD set out measures to be taken forward to improve the eel 
populations within the district.  It outlines the key migratory barriers which need to be 
addressed and improved within the catchment and outlines ongoing restocking 
programmes to try and aid the recovery of the Humber RBD which is currently failing 
escapement targets.  The key barriers to the upstream migration of elvers in the Trent are 
considered to be Cromwell and Averham weirs. 
 
EMPs will be updated as and when new data become available. New data will feed into 
the ICES / EIFAC Eel Working Group country report for the UK and will be reviewed for 
the next reporting round in 2012. 
 
Draft Trent Salmon Action Plan 
 
The Trent Salmon Action Plan was being completed at the time of this report and it is 
expected that this action plan will be available late summer 2011. 
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3. Burton Bridge Weir Option 
Appraisal  
 

3.1 Introduction 
   
Following the site visit and discussions on-site a long list of potential options for improving 
fish passage was compiled.  These are listed below along with a brief description of the 
options.  It was decided to take three of the long listed options forward into a more 
detailed assessment.  Some of the advantages and disadvantages of the long listed 
options together with the justification for the three options taken forward are presented in 
Table 3.1.  
 

3.2 Fish Passage 
 
During most flows it is considered that the Burton Bridge Weir is only passable by large 
salmonids.  However, during high flows (>Q10) the weir is likely to be passable by a wider 
range of species as the weir becomes drowned out (see Plate 3.2).  The options 
discussed below would aim to provide passage for the range of species described (Table 
2.7) at flows between Q90 and Q10 (Armstrong et al., 2010). 
 
 

  
Plate 3.1 Burton Bridge Weir under normal flow 
conditions  

Plate 3.2 Burton Bridge Weir under high flow 
conditions  

 
 
On watercourses in England and Wales a minimum target discharge of 5% of annual daily 
flow (ADF) is recommended, and if possible considerably more (�10%), in order to provide 
a sensible size of fishway with good attraction (Armstrong et al., 2010). Ten per cent or 
more of ADF is generally achievable on rivers with an ADF less than about 15m3s-1. 
 

3.3 Identification of Long List of Options 
 
Option 1 – Do Nothing 
 
This option assumes that no further works or maintenance are undertaken to the Burton 
Bridge Weir.  There are no legal drivers under SAFFA or the Eel Regulations to improve 
passage at Burton Bridge Weir since there are no construction works proposed.  The ‘do 
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nothing’ option would however continue to contribute to the failing to achieve good 
ecological status under the WFD through the failure to remove barriers to migration.   
 
Option 2 – Weir Removal 
 
This option refers to the complete removal of the weir structure and returning the river 
channel to a natural profile.  This option would involve considerable engineering works 
and has many risks associated with it including significant environmental impact to the 
current river, including impacts on the historic environment, geomorphological implications 
and potential impacts associated with re-suspension of contaminated sediments given the 
industrial nature of the Trent catchment.  This option would also have adverse impacts on 
water users such as the rowing and canoe clubs that frequent the river as water levels 
would decrease upstream of the weir.   
 
Option 3 – Bypass Channel 
 
The left hand bank at the Burton Bridge Weir is flat amenity grassland with easy access 
for construction.  The potential for the construction of a more natural bypass channel was 
considered and discussed during the initial site visit.  However, this option was discounted 
on the basis of the significant land-take and excavation associated with this option. 
 
Option 4 – Larinier Engineered Fish Pass 
 
A larinier super-active baffle fish pass option was considered and discussed with 
Environment Agency staff during the initial site visit.  The larinier fish pass consists of a 
series of bottom baffles which slow the water flows sufficiently to allow passage for a wide 
range of fish species including coarse fish and migratory salmonids.   
 
Three separate larinier layouts were considered at Burton Bridge Weir: 
 

• Option 4a: Larinier incorporated into existing sluice;  
• Option 4b: Larinier built into weir adjacent to sluice; and 
• Option 4c: Larinier adjacent to left bank. 

 
Option 4a has not been taken forward in this feasibility study.  This was based on 
consultation with the Staffordshire County Archaeologist (Stephen Dean) (Plates 3.3 and 
3.4). This is discussed further in Section 5.  
 

 
 

  
Plate 3.3. Visual representation of a larinier option 
replacing the sluice structure (option 4a) 

Plate 3.4. Visual representation of a larinier option 
replacing the sluice structure  (option 4a) 
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Option 5 – Natural Rock Ramp Fish Pass 
 
This option assumes building a rock ramp in place of the weir section which extends from 
the left bank out to the sluice structure.  This option was taken forward to a more detailed 
appraisal.   
 
Summary of Options 
 
Table 3.1 provides some of the key advantages and disadvantages of the different fish 
pass options and provides and indication of which options were taken forward for more 
detailed assessment. 
   

Table 3.1. Long List Options - highlighting those taken forward for further 
assessment 

Long list 
option 

Advantages Disadvantages 
Options 

taken 
forward 

Justification 

Option 1: 
Do Nothing  • Low cost  

• Does not meet WFD, 
SAFFA, Eel Regulation 
or Humber Eel 
Management Plans 

• Failure to maintain weir 
may increase flood risk 

No 
Continued failure of 
GES under WFD 

Option 2: 
Weir 
Removal 

• Removal of 
artificial structure 
and returning river 
to a natural state 

• Permit passage of 
all species 

• Significant engineering 
works required 

• Substantial 
environmental impact 

• Potential for release of 
contaminated 
sediments due to 
industrial history of the 
River Trent 

• Potential to increase 
flood risk downstream 

• Weir integral to Burton 
Bridge 

• Weir has significant 
historic value 

 

No 

Based on the urban 
setting and 
disadvantages listed 
this option is not 
considered further 
 
  

Option 
3:Bypass 
Channel 

• Natural solution 
that allows 
passage for a wide 
range of species 

• Large area of land take 
required 

• Large amount of 
excavation required 

No 

Dismissed following 
on site discussions 
and potentially more 
suitable options 
available 

Option 4: 
Larinier 
Engineered 
fish pass 

• Passable by a 
wide range of 
species 

 

• Requirement to modify 
and cut into weir 

• May be sensitive to 
changes in head level 

• Option 4a would 
impact upon on the 
historic importance of 
the sluice 

Option 
4a: No 
Option 
4b: Yes 
Option 
4c: Yes 

Following the site visit 
and onsite 
discussions this 
option was 
considered 
realistically feasible at 
the site and taken 
forward for further 
assessment.  Option 
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Long list 
option 

Advantages Disadvantages 
Options 

taken 
forward 

Justification 

4a was not taken 
forward based on 
consultation with the 
county archaeologist 
(see Section 5). 

Option 5: 
Rock 
Ramp 

• Natural solution 
passable by a wide 
range of species 

• Less visible than a 
technical pass on 
weir face 

• Stability in high flows 
• May require the 

lowering or removal of 
a small section of weir 

Yes 

Following the site visit 
and onsite 
discussions this 
option was 
considered 
realistically feasible at 
the site and taken 
forward for further 
assessment 

 
The three fish pass options for Burton Bridge Weir considered to be suitable to be taken 
forward for a more detailed appraisal were: 
 

• Option 4b: Larinier built into weir adjacent to sluice; 
• Option 4c: Larinier adjacent to left bank; and 
• Option 5: Rock Ramp. 

 

3.4 Appraisal of Shortlisted Options   
 
Option 4b – Larinier built into weir adjacent to sluice  
 
Larinier fish passes (super active bottom baffle pass) consist of a series of baffles which 
are fixed to the bed of a channel structure.  Significant attraction flows can be achieved by 
juxtaposing several units of baffles to create a wider pass.  The baffle height is variable 
between 80 and 200mm with lower heights in the region of 100mm generally 
recommended for allowing the passage of coarse fish species.  The width of a single 
larinier baffle is related to the height of the baffle with a 100mm high baffle being 600mm 
wide. This option includes a 300mm wide bristle base substrate installed adjacent to the 
left bank for eel passage. 
 
Given the historic value associated with the current sluice structure a larinier technical 
pass was proposed separate from the structure (see Figure 3.1).  The placement of the 
larinier on the west side of the sluice structure would maximise the proximity of the end of 
the fish pass to the higher attraction flows along the centre of the weir (see Plate 3.1). 
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Figure 3.1. Location of the larinier fish pass in relation to the sluice structure 

(Option 4b) 
 
Technical considerations 
 
The estimated flows based on a minimum water level of 300mm in the fish pass and a 
larinier width of 2.4m at Q90 and percentage attraction when compared to the main flow 
over Burton Bridge Weir are presented in Table 3.2. 
 



 

Environment Agency   Burton Weirs Feasibility Study 21 

Table 3.2. Estimated flows in the larinier fish pass based on a minimum Ha at Q90 
of 0.3m and a larinier width of 2.4m 

Q (%) U/S WL 
(mAOD) 

Water 
depth 
(Ha) 
(m) 

Velocity 
(m/s-1) 

Average 
flow in 

fish pass 
(m3/s) 

% of 
flow 

10 44.13  0.58  1.26  3.02 6.0 
20 44.01 0.46 0.91 2.18 5.2 
50 43.90 0.31 0.55 1.30 4.7 
90 43.85 0.30 0.52 1.27 7.5 

 
Single flight lariniers may be used to accommodate head differences of up to 1.2-1.5m for 
coarse fish species.  The maximum head difference calculated based on the available 
data is 0.54m between Q95 and Q10.  This option therefore proposed a single flight 
larinier with a slope of 10%. 
 
One of the main disadvantages of the larinier fish pass is that it is sensitive to changes in 
head level which means that they will not generally remain effective if the head rises more 
than about 200-300mm above the normal operating range for 100mm baffles.  The 
calculated range in upstream head for the Burton Bridge Weir between Q95 and Q10 is 
0.28 m and within the effective operational limits for such a fish pass. 
 
Suitable attraction flows can be achieved through juxtaposing four 600mm baffle units in a 
2.4m wide fish pass.  At Q10 the fish pass discharge would equate to 6% of the total 
discharge over the weir, decreasing to 7.5% at Q90 (Table 3.2).  The design criteria on 
which the estimated flows in Table 3.2 are based assume a water depth of 300mm in the 
fish pass during low flows (Q90).  This is in order to ensure that if required the fish pass is 
also suitable for canoe passage give the frequent use of the weir as a training ground by 
the local canoe clubs.  Even with a minimum depth of 300mm the fish pass still falls within 
the recommended criteria and maximum operation range of 500mm over the baffles for 
coarse fish passage between Q20 to Q70. 
 
Burton Bridge Weir is used regularly by the local canoe clubs as a training ground.  
Larinier fish passes may be modified to allow canoe passage.  Passes are generally 
required to be a minimum of 1.4m wide, baffles are 20mm thick and fully rounded, angles 
of the side walls should rake down at an angle of 45o or less and the minimum depth in 
the pass should be 300mm. 
 
Whilst larinier fish passes can be used by eels, they are generally not considered suitable 
for eel passage and more effective eel / elver passage can usually be easily designed into 
the larinier structure.  The optimum placement of eel and elver pass facilities is considered 
to be nearest to a bank or wall in quiet corners at the most upstream point below the 
obstruction.  Based on the larinier layout it is proposed to cater for eel and elver passage 
separately though the fixing of bristle or boss substrate at the corners of the weirs with the 
potential for this substrate to be fixed along both banks. 
 
The advantages and disadvantages of this option are presented below:  
 
Advantages 
 

• Suitable for a wide range of fish species; 
• Can be placed on most attractive proportion of the weir for fish passage; 
• High attraction flows can be provided by juxtaposing multiple baffle units; 
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• Can be designed to be ‘canoe friendly’; 
• The fish pass side walls can easily be clad in local stone to reduce the visual 

impact; 
• The Burton Weir left bank has relatively easy access for construction; and 
• The proposed location is away from public access which would minimise potential 

health and safety issues.  
 
Disadvantages 
 

• The location of the fish pass away from the bank may make maintenance access 
slightly harder; 

• The construction of a fish pass on the weir would require cutting into the weir 
which the structural integrity is unknown; and 

• The visual impact due to its prominent location on the weir. 
 
One of the disadvantages of a technical fish pass on the weir crest is that it requires the 
construction of another structure adjacent to the sluice structure already present.  This 
would change the current view of the weir and is likely to result in visual amenity impacts.  
Some visuals representations are presented in Plates 3.5 and 3.6 below, although it 
should be noted that these are for illustration purposes only.   
 

  
Plate 3.5. Visual representation of larinier next to 
sluice structure viewed from left bank (option 4b) 

Plate 3.6. Visual representation of larinier next to 
sluice structure viewed from Burton Bridge (option 
4b) 

 
 
Option 4c – Larinier adjacent to left bank 
 
The technical details and dimensions of this option are similar to that proposed in option 
4b although option 4c is located along the left hand bank together with an eel pass 
channel containing bristle substrate (see Figure 3.2). 

 
Technical considerations 
 
The estimated flow velocities and percentage attraction flows would be similar to those 
presented in Table 3.2 above.  The major disadvantage of this option is that the fish pass 
would be located on the inside of a bend in an area which is generally shallower and 
becomes more easily blocked with vegetation growth (see Plate 3.1).  The location of a 
fish pass in this corner of the weir may potentially be less attractive and harder for fish to 
find. 
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Figure 3.2. Layout of larinier fish pass and eel pass option along left hand bank 

(Option 4c) 
 
The advantages and disadvantages of this option are presented below:  
 
Advantages 

 
• Suitable for a wide range of fish species; 
• High attraction flows can be provided by juxtaposing multiple baffle units; 
• Can be designed to be ‘canoe friendly’; 
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• The fish pass retaining walls can easily be clad in local stone to reduce the visual 
impact; 

• The Burton Weir left hand bank has relatively easy access for construction; and 
• This option would be located adjacent to the left hand bank and would be 

potentially visually less intrusive than a structure situated out on the weir crest. 
 
Disadvantages 
 

• Location of proposed option is not in an optimal location for attraction flows; 
• Fish pass may silt up or become overgrown with aquatic vegetation; and 
• Located close to public assess which could potentially lead to health and safety 

issues.  
 
Option 5 – Lower weir and create rock ramp 
 
Rock ramps allow for the passage of a wide range of fish species.  Typically they are 
installed across the whole channel width.  Problems of retaining sufficient water depth 
within a partial rock ramp pass are often encountered.  However the proposed rock ramp 
at Burton Bridge Weir would sit between the near bank wall and sluice structure, spanning 
this width.  Because of the tapered nature of the gap in between the sluice and the 
existing bank the proposed rock ramp is 5m wide, angled along the same line as the 
sluice structure.  It is proposed to have a gradual rock slope leading from the near bank 
towards the sluice structure and a low flow channel.  The angled channel combined with 
clearance of the current sluice structure would ensure that sufficient attraction flows can 
compete with the area of higher flows over the centre of the weir (Figure 3.3).    
 
Technical considerations 
 
The existing weir crest level in between the sluice and near bank is currently set at 43.63 
m AOD with the crest level of the main weir set slightly higher at 43.67 m AOD.  Low flow 
water levels at Q95 have been estimated at 43.85 m AOD with downstream water levels 
of 43.27 m AOD.  In order to achieve a minimum flow depth of 400 mm within the rock 
ramp, the weir crest would need to be lowered by approximately 180 mm. This would then 
mean that the rock ramp invert of the low flow channel could be set at 43.45 m AOD. 
 
Depending on the structural integrity of the weir the rocks could be embedded in between 
sheet pilling or alternatively grouted and held in place with rods (see Figure 3.4). 
 
The gap between the sluice and the near bank is small and could trap trees or larger 
debris coming down the river.  However, this corner of the weir is situated on the inside of 
a bend and debris travelling downstream would generally follow the faster flows along the 
main river line.  In order to decrease the potential for large debris to become wedged 
between the sluice and the near bank a debris deflector could be installed upstream of the 
sluice and rock ramp. 
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Figure 3.3. Plan view of the rock ramp option (Option 5) 
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Figure 3.4. Section of the rock ramp option (Option 5) 

 
Illustrations of a full width and partial rock ramp are provided in Plates 3.7 and 3.8 below. 
 

 
Plate 3.7. Example of a partial rock ramp on a weir in high flows 

 
Plate 3.8. Example of a rock ramp fish pass at Hoo Mill 
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The advantages and disadvantages of this option are presented below:  
 
Advantages 

 
• Suitable for a wide range of fish species; 
• Provides additional habitat for macroinvertebrate species; and 
• This option would have the least visual impact of the 3 options considered as it 

would be constructed from natural material and would not protrude above the level 
of the weir.  

 
Disadvantages 
 

• Lowering of the weir crest;  
• Stability of the rock in higher flows is uncertain; and 
• Due to the position alongside the left bank there is the potential that the fish pass 

may silt up or becoming over-grown with aquatic vegetation.   
 

 
Costing estimates for the three shortlisted solutions 
 
For the three options considered above capital cost estimates have been produced and 
are presented below.  The costs do not include for third party costs, project management 
or Environment Agency fees, services diversion, ground investigations, ecological surveys 
or archaeological watching briefs. 
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Option 4b Larinier fish pass adjacent to sluice 
 
Materials and construction  = £70,000 
Temporary works / dewatering = £7,000 
Sub Total    = £77,000 
G&P (20%)    = £15,400 
Sub Total    = £92,400 
Optimisation biased (60%)  = £55,440 
Total     = £147,840 
 
 
Option 4c Larinier on left bank 
 
Materials and construction  = £70,000   
Temporary works / dewatering = £5,000 
Sub Total    = £75,000 
G&P (20%)    = £15,000 
Sub Total    = £90,000 
Optimisation biased (60%)  = £54,000 
Total     = £144,000 
 
 
Option 5 Rock ramp 
 
Materials and construction  = £25,000    
Temporary works / dewatering = £12,000  
Sub Total    = £37,000  
G&P (20%)    = £7,400  
Sub Total    = £44,400  
Optimisation biased (60%)  = £26,640   
Total     = £71,040  

 
 
Appraisal Summary 
 
A summary of the three fish pass option at Burton Bridge Weir in relation to the key 
attributes discussed above are presented in the summary table below (Table 3.3). 
 

Table 3.3. Summary of option appraisal 

General criteria Detailed attributes 

Option 4b 
Larinier fish 

pass 
adjacent to 

sluice 

Option 4c 
Larinier on 
left bank 

 

Option 5 
Rock ramp 

Salmonids   ����   ����   ����  
Coarse fish ���� ���� ���� 

Eels ���� ���� ���� 
Fish passage  
 

Attraction ���� �� ���� 
Biodiversity O O O 

Historic interest � � �/���� 
Land ownership ? ? ? 

Environment 

Visual impact ������ ����� O����
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General criteria Detailed attributes 

Option 4b 
Larinier fish 

pass 
adjacent to 

sluice 

Option 4c 
Larinier on 
left bank 

 

Option 5 
Rock ramp 

Fishing   ���� ���� ���� 
Recreation 

Canoeing  ���� ������������ � 
Capital costs Construction  ���� ���� �������� 

Access �� ���� ���� 
Debris deflection ���� ���� ���� Maintenance 

monitoring ���� ���� � 
Health and Safety Construction access  ���� �������� �������� 

River flows Flood risk O O O 
Preferred option ranking �������� ���� ������������ 

 
  

Score 
Major Positive 
������������ 

Minor Negative 
���� 

Moderate Positive 
�������� 

Moderate Negative 
�������� 

Minor Positive 
���� 

Major Negative 
������������ 

Neutral 
O 

Mixed 
��/� or �/�� 

 Indeterminable 
? 

 
 
The evaluation and assessment of the preferred option for Burton Bridge Weir is 
discussed in further detail in Section 6.  
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4. Burton Flour Mill Weir Option 
Appraisal   
 

4.1 Introduction 
   
Following the site visit and discussions on-site a long list of potential options for improving 
fish passage was compiled.  These are listed below along with a brief description of the 
options.  It was decided to take three of the long listed options forward into a more 
detailed assessment.  Some of the advantages and disadvantages of the long listed 
options together with the justification for the three options taken forward are presented in 
Table 4.1.  
 

4.2 Fish Passage 
 
During most flows it is considered that the Burton Flour Mill Weir is impassable to most 
fish species (see Plate 4.1).  At higher flows (>Q10) the weir is potentially passable by 
high performance species such as large salmonids as the downstream water levels rise 
(Plate 4.2).  The Flour Mill Weir is only very rarely completely drowned out in extremely 
high flow conditions.  The options discussed below would aim to provide passage for the 
range of species described (Table 4.2) at flows between Q90 and Q10 (Armstrong et al., 
2010). 
 

  
Plate 4.1. Flour Mill in normal flow Plate 4.2. Flour Mill weir in high flow 
 
 

4.3 Identification of Long List of Options 
 
Option 1 – Do Nothing 
 
This option assumes that no further works or maintenance is undertaken to the Flour Mill 
Weir.  There are no legal drivers under SAFFA or the Eel Regulations to improve passage 
at Burton Flour Mill Weir since there is no construction work proposed.  The ‘do nothing’ 
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option would however continue to contribute to the failing to achieve good ecological 
status under the WFD through the failure to remove barriers to migration.   
 
Option 2 – Weir Removal 
 
This option refers to the complete removal of the weir structure and returning the river 
channel to a natural profile.  This option would involve considerable engineering works 
and has many risks associated with it including significant environmental impact to the 
current river and upstream water levels, including impacts on the historic environment, the 
abstraction for the Flour Mill hydro scheme, geomorphological implications and potential 
impacts associated with re-suspension of contaminated sediments given the industrial 
nature of the Trent catchment. 
 
Option 3 – Bypass Channel 
 
Historically in the 1800s when the island area on the left hand bank was used as the 
Forge Mill there was also what is thought to be an old lock structure bypassing Flour Mill 
Weir.  During the site discussions and also during the stakeholder meeting (24th February 
2011) the potential to restore access around the weir by restoring the remains of the 
historic channels was considered.  Due to the cost implications associated with the scale 
of such a project this option was not considered further.      
 
Option 4 – Larinier Engineered Fish Pass 

 
A two-flight larinier super-active baffle fish pass with resting pool was considered and 
discussed with Environment Agency staff during the initial site visit.  The larinier fish pass 
consists of a series of bottom baffles which slow the water flows sufficiently to allow 
passage for a wide range of fish species including coarse fish and migratory salmonids.   
 
Three larinier layouts were considered at Flour Mill Weir: 
 

• Option 4a: Larinier on the centre of the weir; 
• Option 4b: Larinier on weir adjacent to left bank; and 
• Option 4c: Larinier bypassing the weir on the left bank. 

 
Option 5 – Natural Rock Ramp Fish Pass 
 
Given the height of the weir the proposed rock ramp option consisted of a combined rock 
ramp sweep pass option with half of the length of the rock ramp extending upstream 
through a sheet piled channel, with the second half extending downstream of the weir.  
Based on creating a rock ramp at an approximate slope of 1:20 the length would be 
approximately 40m.  This option was taken forward to a more detailed appraisal.   
 
Option 6 – Fish Pass Option on Flour Mill Bank  
 
Permission was kindly obtained from the Flour Mill landowner to assess the potential for 
fish pass options on the right hand bank at Flour Mill.  Following a site visit it was 
concluded that the because of the large island downstream of the weir near the right hand 
bank and the angle at which the weir is set it would be difficult to ensure a fish pass set at 
this location could be made attractive to fish, which in higher flows would naturally be 
attracted to the top of the left hand bank.  This option was therefore not considered in any 
further detail. 
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Summary of Options  
 
Table 4.1 provides some of the key advantages and disadvantages of the different fish 
pass options and provides and indication of which options were taken forward for more 
detailed assessment. 
 

Table 4.1. Long List Options - highlighting the options taken forward for further 
assessment 

Long list 
option 

Advantages Disadvantages 
Options 

taken 
forward 

Justification 

Option 1: 
Do Nothing  

• Low cost  

• Does not meet WFD, 
SAFFA, Eel Regulation 
or Humber Eel 
Management Plans 

• Failure to maintain weir 
may increase flood risk 

No 
Continued failure of 
GES under WFD 

Option 2: 
Weir 
Removal 

• Removal of 
artificial structure 
and returning river 
to a natural state 

• Permit passage of 
all species 

• Significant engineering 
works required 

• Substantial 
environmental impact 

• Potential for release of 
contaminated 
sediments due to 
industrial history of the 
River Trent 

• Potential to increase 
flood risk downstream 

• Impact to abstraction 
for Flour Mill hydro 
scheme 

• Weir has historic value  

No 
Considered 
unrealistic at the site 

Option 3: 
Bypass 
Channel 

• Natural solution 
that allows 
passage for a wide 
range of species 

• Large amount of 
excavation and 
construction works 
required 

• Construction costs 
could be high due to 
amount of material 
requiring excavation 

No 
Not taken forward 
based on potential 
costs 

Option 4: 
Larinier 
Engineered 
Fish Pass 

• Passable by a 
wide range of 
species 

• Option 4c 
bypassing weir 
can be 
constructed 
‘offline’ 

 

• For option 4a and 4b 
on the weir there is the 
requirement to cut into 
weir which is of 
unknown construction 

• Option 4a has access 
difficulties due to deep 
water 

• May be sensitive to 
changes in head level 

Option 
4a: No 
Option 
4b:Yes 
Option 
4c: Yes 

Following the site visit 
and onsite 
discussions this 
option was 
considered 
realistically feasible at 
the site and taken 
forward for further 
assessment 
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Long list 
option 

Advantages Disadvantages 
Options 

taken 
forward 

Justification 

Option 5: 
Natural 
Rock 
Ramp Fish 
Pass 

• Natural solution 
passable by a wide 
range of species 

 

• Requirement for 
considerable 
construction works and 
materials 

• Length of rock ramp 
and requirement to 
extend the structure 
upstream may have 
some visual impact 
implications 

• Stability in higher flows 

Yes 

Following the site visit 
and onsite 
discussions this 
option was 
considered for 
assessment in further 
detail 

Fish Pass 
Option on 
Flour Mill 
Bank 

• Ease of access for 
construction 

• Easily accessed 
for maintenance 
and could be 
incorporated into 
the regular  weir 
clearance works 
carried out by 
Flour Mill  

• Right hand bank less 
attractive for fish 
passage due to the 
angle of the weir and 
island 

No 

The angle of the weir 
makes this bank 
naturally less 
attractive for fish 
passage 

 
Following Table 4.1 the three main fish pass options considered to be suitable and taken 
forward for further assessment at Burton Flour Mill Weir were:  
 

• Option 4b: Larinier on weir adjacent to left bank;  
• Option 4c: Larinier bypassing the weir; and 
• Option 5:  Rock Ramp. 

 

4.4 Appraisal of Shortlisted Options  
 
Option 4b – Larinier on weir adjacent to left bank description 
 
Single flight larinier fish passes may only used to accommodate head differences of up to 
a maximum of 1.2-1.5 m for coarse fish.  Based on the head difference across Burton 
Flour Mill Weir a two flight larinier with a resting pool will be required in order to allow for 
the passage of coarse fish species.  A sketch of the concept layout shows that the second 
flight of the larinier would follow the upstream bank.  The elver pass channel would be 
constructed on the bank side of the fish pass (see Figure 4.1). 
 
The optimum gradients for larinier fish passes are between 10-15%.  A significant 
advantage of larinier type fish passes is that multiple units can be juxtaposed to increase 
attraction flows.  The width of a single unit is a function of baffle height which may range 
from 80 mm-200 mm.  Recommended heights for coarse fish and trout are 100 mm and 
below with those for salmon 100 mm-200 mm.  Whilst larinier fish passes are generally 
not considered suitable for eel species, elver brush passes can be easily designed into 
the larinier structure. 
 
The plan view is illustrated in Figure 4.1 below. 
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Figure 4.1. Plan view of two-flight larinier fish pass with resting pool (option 4b) 

 
Whilst multiple baffles can normally be juxtaposed to increase the attraction flows, a 
significant limitation at the Flour Mill Weir based on the present level of knowledge was 
the low flow levels experienced above Q50 which is due to the crest level difference 
between Flour Mill and Burton Bridge weirs.  Given this consideration the proposed 
larinier is limited to 2.4 m wide (4 x 600 mm baffles).  Further detailed monitoring of the 
flows and water levels upstream and downstream of Flour Mill Weir will give a better 
understanding of the low flow conditions and acceptable levels of flow for the fish pass.  
The implications for the Flour Mill hydro abstraction licence also need to be considered 
further. 
 
Technical considerations 
 
Given the head difference across the weir and length of the fish pass, the proposed option 
would cut back through the weir and extend upstream in order to ensure that the entrance 
to the fish pass was close to the toe of the weir in order to ensure good attraction flows.  
In order to minimise the length of the fish pass it is proposed to have the larinier channels 
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constructed at a 15% slope.  The approximate length of the first and second larinier flights 
would be 7.6 m and 6.7m respectively, separated by a resting pool.  
 
One restriction to Lariniers is that they are sensitive to changes in upstream head level.  
The predicted upstream range at Flour Mill is 0.24 m which is within the operational range 
of a larinier fish pass with 100 mm baffles. 
 
The flows through the fish pass and as a percentage of the main flow over the weir are 
presented in Table 4.2. 
 

Table 4.2 Estimated flows in the larinier fish pass based on a minimum Ha at Q90 of 
0.3m 

Q (%) U/S WL 
(mAOD) 

Water 
depth 
(Ha) 
(m) 

Velocity 
(m/s-1) 

Average 
flow in 

fish pass 
(m3/s) 

% of 
flow 

10 44.05    0.48  0.98 1.3   8 
20  43.93  0.46 0.96  1.29 20 
50  43.82  0.35 0.85  0.88 100  
90  43.77  0.30 0.8  0.75 -  

 
The responses received from the initial stakeholder questionnaire and subsequent 
stakeholder meeting indicated a strong preference by the canoe interests to see Flour Mill 
Weir made passable to canoes as the current weir structure is only passable in high flows 
by experienced paddlers.  While canoe passage cannot be at the expense of fish passage 
as this is the main objective of this project, larinier fish passes can be modified to allow 
canoe passage.  Passes are generally required to be a minimum of 1.4m wide, baffles are 
20mm thick and fully rounded, angles of the side walls should rake down at an angle of 
45o or less and the minimum depth in the pass should be 300mm.  Consideration also 
needs to be given to the length of the resting pool to ensure it is of a sufficient size to 
allow canoe passage and turning. 
 
The advantages and disadvantages of this option are presented below:  
 
Advantages 
 

• Wide range of species including coarse fish; 
• Located at the most upstream point below obstruction where fish are likely to 

gather; 
• Bottom baffle, less easily clogged with debris will make maintenance easier; 
• Known hydraulics and operating effectiveness; 
• 4 juxtaposed units would create appropriate attracting flow; 
• Can be designed to be ‘canoe friendly’; and 
• Counters and monitoring equipment easily incorporated. 

 
Disadvantages  
 

• Archaeology associated with the remains of ‘Forge Mill’ and likely requirement for 
trial pits and an archaeological watching brief; 

• Location of fish pass exit may be subject to debris; 
• Potential to impact on upstream water levels due to low flows above approximately 

Q70; 
• Changes in upstream water levels which could affect water sports; 
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• Head difference requires double flight with resting pool; 
• Maintenance requirements and access; and 
• No additional habitat creation (as opposed to bypass channel). 

 
A visual to illustrate the location of the larinier fish pass option is presented in Plate 4.3 
below along with a photo of a similar two-flight larinier fish pass at Tutbury on the River 
Dove (Plate 4.4). 
 

  
Plate 4.3. Visual illustrating location of the 
potential larinier fish pass option 4b 

Plate 4.4. Two-flight larinier fish pass at Tutbury 
on the River Dove. 

 
 
Option 4c – Larinier bypassing the weir description 
 
The proposed layout for a two-flight larinier fish pass which bypasses the weir structure is 
shown in Figure 4.2.  Both flights of the fish pass would be aligned and the entrances to 
the fish pass aligned at an angle to the weir toe in order to maximise attraction flows.  The 
bank immediately downstream of the fish pass entrance would be stabilised using a 
blockstone wall in order to reduce bankside erosion.  An elver pass channel would be 
constructed on the near bank side of the fish pass.  A floating debris boom would be fixed 
across the exit of the fish pass to deflect any debris over the main weir.  If canoe passage 
was required an alternative debris boom arrangement would need to be considered. 
 
Technical considerations 
 
The technical considerations are considered to be broadly similar to those discussed in 
Option 4b above and presented in Table 4.2 and are therefore not repeated here. 
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The advantages and disadvantages of this option are presented below:  
 
Advantages: 
 

• Passable by wide range of species including coarse fish; 
• Greater ease of maintenance and safe access; 
• Less likely to block as exit at angle to river bank therefore most debris likely to be 

easily deflected through the use of a debris boom; 
• Counter equipment easily accessed; 
• Cost effective constructional costs due to offline construction; and 
• Visually less intrusive as would be hidden in bank. 

 
 
Disadvantages:  
 

• Concerns over historic interest and archaeology at the site; and 
• Additional costs required to bottom out the archaeological interest issues at the 

site. 
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Figure 4.2. Plan view of larinier fish pass which bypasses the weir (option 4c) 
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Option 5 – Rock Ramp description 
 
During the site visit several rock ramp layouts were discussed including extending a rock 
ramp directly from the weir crest downstream.  However, given the length of rock ramp 
required this option was ruled out in favour of a combined rock ramp sweep pass option 
which proposes to cut into the weir and extend upstream in order to try and minimise the 
downstream extent of the rock ramp.  The proposed layout (Figure 4.3) would follow the 
left hand bank upstream and fan out downstream of the weir.  The upstream section of the 
rock ramp would sit within a piled channel approximately 5m wide.  Based on an 
approximate 1:20 slope the rock ramp is anticipated to be 40 m long, 20m of which would 
extend upstream of the weir. 
 
Technical considerations 
 
For the feasibility stage a 40 m long 5 m wide rock ramp was considered with an initial 
layout proposed based on a series of larger 600 mm diameter perturbation boulders set at 
1m axial centres in accordance with the details in the FAO/DVWK (2002)2 fish pass 
design manual.  The level of the inlet has been set to allow approximately 400mm of water 
in the rock ramp channel at Q90.   
 
The varying bed roughness created by the different sized rock would produce a range of 
flow velocities which could be exploited by a wide range of fish species and 
macroinvertebrates. 
 
Based on the current level of knowledge of the flow and river levels at Flour Mill Weir 
there is some uncertainty as to the effect of the rock ramp during the low flow conditions 
as it would take all of the available flow based on the current data available.  This may 
have implications for the Flour Mill Hydro abstraction licence as well as the stability of the 
weir face itself.  If the weir dries during certain periods the masonry is likely to heat up in 
the absence of a cooling water flow and continued expansion and contraction of the 
masonry work could have implications for the long term structural condition and integrity of 
the weir. 
 
Estimated flows within the rock ramp are provided in Table 4.3 below. 
 

Table 4.3 Estimated flows in the rock ramp fish pass 

Q (%) U/S WL 
(mAOD) 

Velocity 
(m/s-1) 

Average 
flow in 

fish pass 
(m3/s) 

Total 
river 
flow 
(m3/s) 

% of 
flow 

10 44.05    1.73  4.52   17.24  26 
20 43.93 1.51   3.13 6.51  49 
50 43.82    1.32 1.93  0.84 43  
90 43.77   1.28  1.72  0 -  

 
 

                                                      
2 Fish Passes - Design, Dimensions and monitoring. 2002. Published by FAO/DVWK (Food and 
Agriculture Organisation of the United Nations and Deutscher Verband fur Wasserwirtschaft und 
Kulturbau e.V). Rome. ISBN 92-5-104894-0. Available from Publishing Management Service, 
Information Division, FAO, Viale delle Terme di Caracalla, 00100 Rome, Italy. 
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The advantages and disadvantages of this option are presented below:  
 
Advantages 
 

• Variation in rock sizes produces a wide range of flow velocities which can be 
exploited by a large number of species; and 

• Use of natural rock material could have a lesser visual impact than the 
‘engineered’ passes. 

 
Disadvantages 
 

• Requires a large footprint; 
• Large area of temporary works for construction; 
• Stability of the rock in higher flows is uncertain; 
• Rock ramp would use all available flow during low flow therefore allowing the weir 

face to dry out; and  
• Uncertainty over the implication of the weir drying on the long term condition of the 

weir face masonry. 
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Figure 4.3. Plan view of rock ramp option layout (option 5) 
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Costing estimates for the three shortlisted solutions 
 
For the three options considered above capital cost estimates have been produced and 
are presented below.  The costs do not include for third party costs, project management 
or Environment Agency fees, services diversion, ground investigations, ecological surveys 
or archaeological watching briefs. 
 

Option 4b Larinier on weir adjacent to left bank 
 
Materials and construction  = £150,000 
Temporary works / dewatering = £13,000 
Sub Total    = £163,000 
G&P (20%)    = £32,600 
Sub Total    = £195,600 
Optimisation biased (60%)  = £117,360 
Total     = £312,960 
 
Option 4c Larinier bypasssing the weir 
 
Materials and construction  = £150,000 
Temporary works / dewatering = £13,000 
Sub Total    = £163,000 
G&P (20%)    = £32,600 
Sub Total    = £195,600 
Optimisation biased (60%)  = £117,360 
Total     = £312,960 
 
Option 5 Rock ramp 
 
Materials and construction  = £105,000 
Temporary works / dewatering = £24,000 
Sub Total    = £129,000 
G&P (20%)    = £25,800 
Sub Total    = £154,800 
Optimisation biased (60%)  = £92,880 
Total     = £247,680 

 
Appraisal Summary 
 
A summary of the three fish pass option at Burton Flour Mill Weir in relation to the key 
attributes discussed above are presented in the summary table (Table 4.4). 
 

Table 4.4. Summary of option appraisal 

General criteria Detailed attributes 

Option 4b 
Larinier on 

weir 
adjacent to 
left bank 

Option 4c 
Larinier 

bypassing 
weir  

 

Option 5 
Rock ramp 

Salmonids   ����   ����   ����  
Coarse fish ���� ���� ���� 

Eels ���� ���� ���� 
Fish passage  
 

Attraction ���� ���� �������� 
Biodiversity �� �� �� Environment 

Historic interest �� ��� �  
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General criteria Detailed attributes 

Option 4b 
Larinier on 

weir 
adjacent to 
left bank 

Option 4c 
Larinier 

bypassing 
weir  

 

Option 5 
Rock ramp 

Land ownership ? ? ? 
Visual impact ������� O���� ������

Fishing   ? ? �� 
Recreation 

Canoeing  ���� ���������������� � 
Capital costs Construction  ���� ���� �������� 

Access ���� �������� ���� 
Debris deflection � ������������ � Maintenance 

monitoring ���� ���� � 
Health and Safety Construction access  �� � �� 

River flows Flood risk O O ?/� 
Preferred option ranking �������� ������������ �������� 

 
 

Score 
Major Positive 
������������ 

Minor Negative 
���� 

Moderate Positive 
�������� 

Moderate Negative 
�������� 

Minor Positive 
���� 

Major Negative 
������������ 

Neutral 
O 

Mixed 
��/� or �/�� 

 Indeterminable 
? 

 
 
The evaluation and assessment of the preferred option for Flour Mill Weir is discussed in 
further detail in Section 6.  
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5. Consultation 
 

5.1 Approach and Stakeholders 
 
A site visit was undertaken with Environment Agency staff on the 1st of November 2010 in 
order to assess both the Burton Bridge Weir and Flour Mill Weir sites. The site visit 
provided a good opportunity for Royal Haskoning staff to familiarise themselves with the 
sites, assess the potential; constraints and discuss the initial options to be considered for 
each of the weirs with the Environment Agency project manager.  
 
There are a wide range of stakeholders that use the River Trent for a variety of 
recreational activities, have a wider interest in the study area or are landowners within the 
vicinity of the weirs.  Consultation with these stakeholders is an integral part of the 
feasibility study and is of paramount importance to the success of this project.  Engaging 
with these groups and individuals early in the project will help to minimise the potential for 
future objections to proposals.  The consultation process undertaken as part of this 
feasibility study is outlined below.   
 
A questionnaire was developed and distributed to introduce the three potential options 
identified for each location and request feedback on the initial option concepts from key 
stakeholders.  The questionnaire was sent to the following organisations/groups to gain 
their views of the potential options: 
 

• Landowners/residents; 
• East Staffordshire Borough Council; 
• Coors Angling Club; 
• Burton Mutual Angling Association; 
• Burton Ventures; and 
• Trent Rowing Club. 

 
Discussions with the National Fish Pass Panel (NFPP) were also held to ensure that the 
options being taken forward for further development were acceptable to the decision 
makers.  Through discussions with the NFPP it was agreed that the three options being 
considered in more detail for the Burton Weir and the Burton Flour Mill were deemed 
acceptable.   
 
A site visit and consultation with the Staffordshire County Archaeologist indicated a desire 
to see the sluice structure retained in its existing form at Burton Bridge Weir.  In terms of 
minimising the impacts on the historic setting it was felt that the preferred location for any 
fish pass option would be best located between the overgrown sluice structure and the left 
bank.  It was felt that any fish pass option at this site should look to minimise the visual 
impact and in particular try to retain as much of the shape of the existing weir as possible.   
 

5.2 Consultation Meeting and Stakeholder Views 
 
A consultation meeting was held to discuss the options for each weir further with the key 
stakeholders (24th February 2011).  Representatives from the following 
organisations/groups were invited to the meeting to discuss their opinions on the options 
and ideas for reaching a mutually acceptable solution for fish passage: 
 

• Landowners/residents; 
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• East Staffordshire Borough Council; 
• Coors Angling Club; 
• Burton Mutual Angling Association; 
• Burton Ventures Trust; 
• Angling Trust; 
• Trent Rowing Club; 
• Burton Canoe Club; 
• Canoe England; and 
• Trent Wild Trout Trust. 

 
A note from the consultation meeting has been provided in Appendix 1.   
 
An introduction to the Water Framework Directive was presented by Christopher Grzesiok 
from the Environment Agency and the reasons why options for fish passage should be 
considered that the Burton Weirs was also discussed.  The potential options identified for 
each weir and the pros and cons of each option were presented by Royal Haskoning.  A 
break out session where delegates were split into three interest groups (residents/ land 
owners/ local authority, anglers and water sports) was held in order to determine what the 
preferred option for each location was and identify the advantages and disadvantages.   
 
The following questions were asked in the break-out session: 
 

• Which is your preferred option and why? 
• Positives and negatives of each option? Plus any other concerns? 
• How would you like to be consulted in the future? 
• Any thoughts on ways of working/delivery/who would like to be involved? 

 
The meeting also provided a forum for discussion on ways in which to overcome 
constraints that may arise and identify potential alternative funding opportunities.  Further 
consultation and engagement required was also identified at this meeting.  A summary of 
the key issues and opportunities raised at the meeting are presented below in Tables 5.1 
and 5.2.   
 

Table 5.1. Summary of Consultation - Burton Bridge Weir 

Option Positive Negative Other Concerns or Issues Raised 
4b. Larinier 
built into weir 
adjacent to 
sluice  

-improvement 
to fish stocks 
within the 
Trent 
catchment 
-opportunities 
for wider links 
into the 
community 
for fishing 
e.g. fish 
counter, 
cameras, 
education 
boards  

-aesthetics as 
this is an 
‘engineered’ 
option 
-health and safety 
issues relating to 
access to the fish 
pass 
-fewer fish 
species passed 

����

-how will the structure be monitored 
in terms of fish passage and will the 
findings be reported?  
-canoeists and other water users do 
not wish to see a decrease in water 
level upstream of the weir 
-the Burton Weir is navigable to 
canoeists and the construction of a 
fish pass must not affect this 
-canoeists would prefer to see a 
reduction in the size of the wing 
walls, no sharp angles in the 
concrete form and cladding to 
ensure that the pass blends with the 
existing environment 
-a resting pool at the foot of the 
pass would be preferable to 
canoeists����
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Option Positive Negative Other Concerns or Issues Raised 
4c. Larinier 
adjacent to 
left bank  

-improvement 
to fish stocks 
within the 
Trent 
catchment 
-opportunities 
for wider links 
into the 
community 
for fishing 
e.g. fish 
counter, 
cameras, 
education 
boards 
 

-aesthetics as 
this is an 
‘engineered’ 
option 
-health and safety 
issues relating to 
access to the fish 
pass 
-fewer fish 
species passed 
 

-how will the structure be monitored 
in terms of fish passage and will the 
findings be reported?  
-canoeists and other water users do 
not wish to see a decrease in water 
level upstream of the weir 
-the Burton Weir is navigable to 
canoeists and the construction of a 
fish pass must not affect this 
-canoeists would prefer to see a 
reduction in the size of the wing 
walls, no sharp angles in the 
concrete form and cladding to 
ensure that the pass blends with the 
existing environment 
-a resting pool at the foot of the 
pass would be preferable to 
canoeists 

5 Rock ramp -improvement 
to fish stocks 
within the 
Trent 
catchment 
-opportunities 
for wider links 
into the 
community 
for fishing 
e.g. fish 
counter, 
cameras, 
education 
boards 
-aesthetics, 
as this option 
would not 
appear so 
artificial 
-high number 
of fish 
species 
passed 

-debris is likely to 
become trapped 
in the rock ramp 
which would be 
unsightly and 
cause problems 
for anglers and 
canoeists  
-vegetation 
growth could 
occur on the weir 
if it is not properly 
managed and 
maintained  
-health and safety 
relating to access 
to the fish pass 

-how will the structure be monitored 
in terms of fish passage and will the 
findings be reported?  
-canoeists and other water users do 
not wish to see a decrease in water 
level upstream of the weir 
-the Burton Bridge Weir is navigable 
to canoeists under some flow 
conditions and the construction of a 
fish pass must not affect this 
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Table 5.2. Summary of Consultation – Burton Flour Mill Weir 

Option Positive Negative Other Concerns or Issues Raised 
4b. Larinier 
on weir 
adjacent to 
left bank 

-improvement 
to fish stocks 
within the Trent 
catchment 
-this option 
should keep 
the weir wet 
during lower 
flows 
-opportunity to 
enhance the 
navigation and 
recreational 
use of the 
River Trent e.g. 
creation of a 
canoe trail  

-aesthetics as 
this is an 
‘engineered’ 
option 
-vegetation 
growth could 
occur on the on 
weir  
-this option will 
mean the loss of 
a fishing (wading) 
peg (loss of 
revenue for 
fishing rights) 
-fewer fish 
species passed 
-structural 
integrity of the 
weir may be 
affected if it is cut 
into during the 
construction 
phase 
 
 

-how will the structure be monitored 
in terms of fish passage and will the 
findings be reported?  
-the clearance of the back channel 
could create new fishing pegs 
-responsibility and effectiveness of 
the maintenance of the fish pass 
following construction as it is 
currently maintained by Flour Mill 
Limited 
-effect of the fish pass on flood risk? 
-residents do not wish to see the 
weir dry out as a result of the fish 
pass 
- adequate flow of water must be 
maintained for Flour Mill 
hydropower 
-straight pass favoured by canoeists 
-concerns were raised with regards 
to H&S of existing river users (e.g. 
speed boats) and whether signage 
would be required to alert them to 
the presence of the fish pass 
-issues may arise with regards to 
construction access along the left 
bank due to land ownership 

4c. Larinier 
by-passing 
the weir  

-improvement 
to fish stocks 
within the Trent 
catchment 
-higher number 
of fish species 
passed 
-opportunity to 
enhance the 
navigation and 
recreational 
use of the 
River Trent e.g. 
creation of a 
canoe trail 

-aesthetics as 
this is an 
‘engineered’ 
option 
-lost of fishing 
peg (wading peg) 
(loss of revenue 
for fishing rights) 
-poaching could 
be made easier 
by the installation 
of this fish pass 
-angled 
engineered pass 
would not be as 
accessible to 
canoeists as the 
straight pass 
-structural 
integrity of the 
weir may be 
affected if it is cut 
into during the 
construction 

-the clearance of the back channel 
could create new fishing pegs 
-responsibility and effectiveness of 
the maintenance of the fish pass 
following construction as it is 
currently maintained by Flour Mill 
Limited 
-effect of the fish pass on flood risk? 
-residents do not wish to see the 
weir dry out as a result of the fish 
pass 
-adequate flow of water must be 
maintained for Flour Mill 
hydropower 
-concerns were raised with regards 
to H&S of existing river users (e.g. 
speed boats) and whether signage 
would be required to alert them to 
the presence of the fish pass 
-issues may arise with regards to 
construction access along the left 
bank due to land ownership 
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Option Positive Negative Other Concerns or Issues Raised 
phase 

5. Rock 
Ramp 

-improvement 
to fish stocks 
within the Trent 
catchment 
-aesthetics, as 
this option 
would not 
appear so 
artificial and 
would be 
visually less 
intrusive for the 
residents 
-higher number 
of fish species 
passed 
-opportunity to 
enhance the 
navigation and 
recreational 
use of the 
River Trent e.g. 
creation of a 
canoe trail 

-debris is likely to 
become trapped 
on the rock ramp 
-vegetation 
growth could 
occur on the weir  
-this option will 
mean the loss of 
a fishing (wading) 
peg (loss of 
revenue for 
fishing rights) 
-structural 
integrity of the 
weir may be 
affected if it is cut 
into during the 
construction 
phase 
 

-the clearance of the back channel 
could create new fishing pegs  
-responsibility and effectiveness of 
the maintenance of the fish pass 
following construction as it is 
currently maintained by Flour Mill 
Limited 
-effect of the fish pass on flood risk? 
-residents do not wish to see the 
weir dry out as a result of the fish 
pass 
-adequate flow of water must be 
maintained for Flour Mill 
hydropower 
-could be adapted to incorporate 
pools and low flow channel 
-concerns were raised with regards 
to H&S of existing river users (e.g. 
speed boats) and whether signage 
would be required to alert them to 
the presence of the fish pass 
-issues may arise with regards to 
construction access along the left 
bank due to land ownership 
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6. Recommendations 
 

6.1 Conclusion - Burton Bridge Weir 
 
Based on the initial appraisal the preferred option to take forward to detailed design would 
be the rock ramp (option 5).  The rock ramp option would minimise the visual impacts to 
the weir and sluice structure as it would be constructed using natural rock.  There is also 
easy access to this near bank section of the weir and the water levels upstream and 
downstream are relatively shallow meaning the area between the sluice and near bank 
could be relatively easily dewatered for construction.  The rock ramp option was also the 
cheapest based on the cost of materials and construction.  
 

6.2 Conclusion - Burton Flour Mill Weir 
 
Following the site visit and options appraisal the larinier fish pass around the weir is 
considered to be the preferred option to take forward to outline design (option 4c).  
Although there are significant risks associated with the construction of this option given 
the historic interest and potential for archaeological remains in the area this option is the 
preferred option from both a fish pass perspective as well as from a visual and 
maintenance standpoint.  Once constructed only the entrance and exit of the fish pass 
would be visible.  The 900 angle at which the fish pass enters the channel upstream of the 
weir also minimises the potential for debris to block the entrance of the fish pass and 
makes debris deflection and maintenance easier.  Access to the fish pass on this bank for 
maintenance and monitoring is also safer from a health and safety standpoint.  There are 
anticipated to be risks associated with the construction works in terms of the historic 
interests and likely requirement for trial pits and an archaeological watching brief.  In 
terms of biodiversity there is anticipated to be further requirement for biodiversity surveys 
in order to establish the extent of any protected species and highlight trees which may 
require removal for construction access. 
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7. Next Steps 
 
It is considered that the next steps required to take this project forward to design and 
construction are: 
 

• Water level monitoring and further data collection (e.g. ecological surveys); 
• Develop the outline design; 
• NFPP approval; 
• Landowner agreements and consultation; 
• Detailed design; and 
• Licences/permissions/consents. 

 
Further detail on the key steps is provided below.  
 

7.1 Water Level Monitoring 
 
While it has been possible to obtain information on upstream water levels from the ISIS 
model as well as from a small number of dates the information available is limited.  
Detailed monitoring of upstream and downstream water levels should be undertaken at 
the earliest possible juncture to ensure that sufficient information can be obtained to 
inform the detailed design stage.  Once further information on water flows and levels have 
been collected there may also be a requirement to undertake a detailed examination of 
the relationship between the Burrton Flour Mill Weir and the Burton Bridge Weir in order to 
assess the wider implications of fish passage at Flour Mill during low flows and any 
potential implications for the weir itself, Burton Weir upstream or the Flour Mill Hydro 
abstraction licence.  
 

7.2 Consents & Approvals 
 
It is anticipated that the potential fish pass constructions would not require planning 
permission as they would fall under the Environment Agency permitted development.  It is 
unlikely that a full environmental impact assessment (EIA) would be required although 
further consultation with NEAS is necessary to confirm this.  An Environmental Action 
Plan (EAP) should be produced for site works and include all relevant environmental 
mitigation requirements and identified enhancements.  The EAP should be sent to NEAS 
or Biodiversity Team for approval.  It is possible that Land Drainage Consent may be 
required for the construction of the fish passes.  NFPP approval will be required for both 
fish passes. Informal consultation has been undertaken with the NFPP at this stage of the 
project.  
 

7.3 Landowner Agreements & Consultation 
 
Landowner permissions for potential compound and working areas would need to be 
established prior to construction.  In addition, further consultation with key stakeholders 
that use this reach of the River Trent should be undertaken as an integral part of the 
development of this project.   
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Note 
 

 
To : Christopher Grzesiok 
From : Carina Oliver 
Date : February 2011 
Copy :  
Our reference : 9W/N00001/303653/PBor 
   
Subject : Burton Weirs Feasibility Study 

Consultation Meeting - 24th February 2011 
 
 
A consultation meeting was held on the 24th February 2011 for key stakeholders to discuss the 
potential fish pass options for the Burton Bridge Weir and the Burton Flour Mill Weir.  This 
consultation phase followed on from the initial questionnaire sent out to stakeholders in December 
2010.  Representatives from the following organisations/groups were invited to discuss their 
opinions on the options and ideas for reaching a mutually acceptable solution for fish passage at 
these locations: 
 

• Landowners/residents; 
• East Staffordshire Borough Council; 
• Coors Angling Club; 
• Burton Mutual Angling Association; 
• Burton Ventures Trust; 
• Angling Trust; 
• Trent Rowing Club; 
• Burton Canoe Club; 
• Canoe England; and 
• Trent Wild Trout Trust. 

 
Christopher Grzesiok from the Environment Agency presented an introduction to the Water 
Framework Directive and the relevance of this directive to the fish pass project.  The reasons why 
options for fish passage should be considered at the Burton Weirs were discussed.  The potential 
options identified for each weir and the pros and cons of each, were presented by Royal 
Haskoning.  
 
A break out session where delegates were split into three interest groups (land owners/residents, 
anglers and paddle sports) was held to determine what the preferred option for each location was 
and identify the advantages and disadvantages of this option.   
 
The following questions were asked in the break-out session: 
 

• Which is your preferred option and why? 
• Positives and negatives of each option? Plus any other concerns? 
• How would you like to be consulted in the future? 
• Any thoughts on ways of working/delivery/who would like to be involved? 

 
The meeting also provided a forum for discussion on ways in which to overcome constraints that 
may arise and identify potential alternative funding opportunities.  The need for any further 
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consultation and engagement was also identified at this meeting.  A summary of the key issues and 
opportunities raised by each discussion group are presented below. 
 
Paddle Sports Discussion Group 
 
The paddle sports discussion group was comprised of members of the Burton Canoe Club, Canoe 
England, Burton Ventures Trust and the Trent Rowing Club.  The group was facilitated by Dave 
Ottewell, from the Environment Agency.  
 
Burton Bridge Weir: 
 
Option Positive Negative Other Concerns or Issues Raised 
4b. Larinier 
built into weir 
adjacent to 
sluice  

 -aesthetics as this 
is an ‘engineered’ 
option 
����

-canoeists do not wish to see a 
decrease in water level upstream of the 
weir 
-the Burton Weir must remain 
navigable to canoeists 
-canoeists would prefer to see a 
reduction in the size of the wing walls, 
no sharp angles in the concrete form 
and cladding to ensure that the pass 
blends with the existing environment 
-a resting pool at the foot of the pass 
would be preferable to canoeists����

4c. Larinier 
adjacent to left 
bank  

 -aesthetics as this 
is an ‘engineered’ 
option 
 

-canoeists and other water users do 
not wish to see a decrease in water 
level upstream of the weir 
-the Burton Weir must remain 
navigable to canoeists 
-canoeists would prefer to see a 
reduction in the size of the wing walls, 
no sharp angles in the concrete form 
and cladding to ensure that the pass 
blends with the existing environment 
-a resting pool at the foot of the pass 
would be preferable to canoeists 

5 Rock ramp -aesthetics, as 
this option 
would not 
appear so 
artificial 

-debris is likely to 
become trapped in 
the rock ramp 
which would cause 
problems for 
canoeists  

-canoeists and other water users do 
not wish to see a decrease in water 
level upstream of the weir 
-the Burton Bridge Weir is navigable to 
canoeists under some flow conditions 
and the construction of a fish pass 
must not affect this 

 
Option 4b was the preferred option in this discussion group.  However, it was felt that the design for 
Option 4b could be adapted to include features which would benefit canoeists, such as a reduction 
in the size of wing walls, removing sharp angles and the cladding. Also, the possibility of blocking 
up the sluice was raised by the group to ensure that water levels were maintained upstream of the 
weir. The group also raised the following issues with regards to the Burton Bridge Weir: 
 

• Avoidance of ‘stopper formations’; 
• The structure should be secure to avoid anti-social behaviour and potential health and safety 

issues; and 
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• A section of the weir may need raising to compensate for the partial lowering required as part 
of the fish pass installation; this could have potential benefits with regards to debris 
maintenance.  

 
Flour Mill: 
 
Option Positive Negative Other Concerns or Issues Raised 
4b. Larinier 
on weir 
adjacent to 
left bank 

-opportunity to 
enhance the 
navigation and 
recreational use 
of the River 
Trent e.g. 
creation of a 
canoe trail  
 

-vegetation growth 
could occur on the 
on weir  
 

-straight pass favoured by canoeists 
-concerns were raised with regards to 
H&S of existing river users (e.g. speed 
boats) and whether signage would be 
required to alert them to the presence 
of the fish pass 
 

4c. Larinier 
by-passing 
the weir  

-opportunity to 
enhance the 
navigation and 
recreational use 
of the River 
Trent e.g. 
creation of a 
canoe trail 

-angled engineered 
pass would not be 
as accessible to 
canoeists as the 
straight pass 
 

-concerns were raised with regards to 
H&S of existing river users (e.g. speed 
boats) and whether signage would be 
required to alert them to the presence 
of the fish pass 
-issues may arise with regards to 
construction access along the left bank 
due to land ownership 

5. Rock Ramp -opportunity to 
enhance the 
navigation and 
recreational use 
of the River 
Trent e.g. 
creation of a 
canoe trail 
 

 -concerns were raised with regards to 
H&S of existing river users (e.g. speed 
boats) and whether signage would be 
required to alert them to the presence 
of the fish pass 

 
The group emphasised the importance of maintaining water levels. However, it was felt that 
providing fish passage at Flour Mill could have major benefits in terms of navigation, if designed 
correctly. It was considered that there could be cost savings if the option chosen could be 
constructed in dry conditions (option 4c).  
 
An alternative option was raised by the group.  It was felt that a more natural channel could be 
created through a separate inlet channel pass with a low flow channel incorporated on the left 
bank.  This could possibly use the existing historic lock/sluice structure.   
 
There was also a potential funding opportunity to be explored through the On Trent Initiative should 
public access opportunities be incorporated into the option. Further enhancement could also be 
achieved through the restoration of archaeological features associated with the old mill.  
 
Other key issues raised by the paddle sport group included: 
 

o Health and safety issues associated with access and how the water flows are affected 
upstream and downstream of the passes/weirs for canoeists (and people accidentally 
falling into the river); 

o Boat counter – this could be incorporated into a canoe friendly pass; 
o Flour Mill – it was felt that there were public access opportunities associated with the open 

access land on the left bank; and 
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o It was considered that there could be economic benefits for Burton if the access is 
improved for canoe passage along this reach of the River Trent.   

 
Angling Discussion Group 
 
The angling interest discussion group was facilitated by Claire Quigley from the Environment 
Agency and comprised of member from the Coors Angling Club, Burton Mutual Angling Club and 
Trent Rivers Trust.  
 
Burton Bridge Weir: 
 
Option Positive Negative Other Concerns or Issues Raised 
4b. Larinier 
built into weir 
adjacent to 
sluice  

-improvement 
to fish stocks 
within the 
Trent 
catchment 
-opportunities 
for wider links 
into the 
community for 
fishing e.g. fish 
counter, 
cameras, 
education 
boards  

-aesthetics as this 
is an ‘engineered’ 
option 
-health and safety 
issues relating to 
access to the fish 
pass 
-fewer fish species 
passed 

����

-how will the structure be monitored in 
terms of fish passage and will the 
findings be reported?  
����

4c. Larinier 
adjacent to left 
bank  

-improvement 
to fish stocks 
within the 
Trent 
catchment 
-opportunities 
for wider links 
into the 
community for 
fishing e.g. fish 
counter, 
cameras, 
education 
boards 

-aesthetics as this 
is an ‘engineered’ 
option 
-health and safety 
issues relating to 
access to the fish 
pass 
-fewer fish species 
passed 
 

-how will the structure be monitored in 
terms of fish passage and will the 
findings be reported?  
 

5 Rock ramp -improvement 
to fish stocks 
within the 
Trent 
catchment 
-opportunities 
for wider links 
into the 
community for 
fishing e.g. fish 
counter, 
cameras, 
education 
boards 

-debris is likely to 
become trapped in 
the rock ramp 
which would be 
unsightly and 
cause problems for 
anglers  
-vegetation growth 
could occur on the 
weir if it is not 
properly managed 
and maintained  
-health and safety 
relating to access 

-how will the structure be monitored in 
terms of fish passage and will the 
findings be reported?  
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Option Positive Negative Other Concerns or Issues Raised 
-aesthetics, as 
this option 
would not 
appear so 
artificial 
-high number 
of fish species 
passed 

to the fish pass 

 
The angling group raised concerns about the potential that the fish pass would attract cormorants 
into the area, affecting fish stocks. They were also concerned by a loss of revenue from fishing 
rights as a result of loss of pegs through the construction of the fish passes. The overall conclusion 
was that more talks with fishing rights owners were required and that a method of informing 
everyone of the outcome of the study was needed. The angling discussion group came to the 
conclusion that the rock ramp (option 5) was their preferred option for the Burton Bridge Weir. 
 
Flour Mill: 
 
Option Positive Negative Other Concerns or Issues Raised 
4b. Larinier 
on weir 
adjacent to 
left bank 

-improvement to 
fish stocks within 
the Trent 
catchment 
-this option 
should keep the 
weir wet during 
lower flows 
 

-aesthetics as this 
is an ‘engineered’ 
option 
-vegetation growth 
could occur on the 
on weir  
-this option will 
mean the loss of a 
fishing (wading) 
peg (loss of 
revenue for fishing 
rights) 
-fewer fish species 
passed 

-how will the structure be monitored in 
terms of fish passage and will the 
findings be reported?  
-the clearance of the back channel 
could create new fishing pegs 
 

4c. Larinier 
by-passing 
the weir  

-improvement to 
fish stocks within 
the Trent 
catchment 
-higher number 
of fish species 
passed 
 

-aesthetics as this 
is an ‘engineered’ 
option 
-lost of fishing peg 
(wading peg) (loss 
of revenue for 
fishing rights) 
-poaching could be 
made easier by the 
installation of this 
fish pass 

-the clearance of the back channel 
could create new fishing pegs 
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Option Positive Negative Other Concerns or Issues Raised 
5. Rock Ramp -improvement to 

fish stocks within 
the Trent 
catchment 
-higher number 
of fish species 
passed 
-aesthetics, as 
this option would 
not appear so 
artificial 

-vegetation growth 
could occur on the 
weir  
-this option will 
mean the loss of a 
fishing (wading) 
peg (loss of 
revenue for fishing 
rights) 

-the clearance of the back channel 
could create new fishing pegs  
 

 
The discussion group concluded that a rock ramp (option 5) was the preferred option for Flour Mill, 
although concerns were raised about the hydropower and whether it could be combined with the 
fish pass.  
 
Landowners/Residents/Local Authority Discussion Group 
 
This discussion group was facilitated by Bev Allen from the Environment Agency WFD Team.  The 
group focused on the potential implications arising from the different options proposed at Flour Mill 
as this was of greatest importance to this discussion group.   
 
Flour Mill: 
 
Option Positive Negative Other Concerns or Issues Raised 
4b. Larinier 
on weir 
adjacent to 
left bank 

-this option 
should keep the 
weir wet during 
lower flows 
 

-aesthetics as this 
is an ‘engineered’ 
option 
-structural integrity 
of the weir may be 
affected if it is cut 
into during the 
construction phase 

-responsibility and effectiveness of the 
maintenance of the fish pass following 
construction as it is currently 
maintained by Flour Mill Limited 
-effect of the fish pass on flood risk? 
-residents do not wish to see the weir 
dry out as a result of the fish pass 
- adequate flow of water must be 
maintained for Flour Mill hydropower 
-concerns were raised with regards to 
H&S of existing river users (e.g. speed 
boats) and whether signage would be 
required to alert them to the presence 
of the fish pass 
-issues may arise with regards to 
construction access along the left bank 
due to land ownership 

4c. Larinier 
by-passing 
the weir  

 -aesthetics as this 
is an ‘engineered’ 
option 
-structural integrity 
of the weir may be 
affected if it is cut 
into during the 
construction phase 

-responsibility and effectiveness of the 
maintenance of the fish pass following 
construction as it is currently 
maintained by Flour Mill Limited 
-effect of the fish pass on flood risk? 
-residents do not wish to see the weir 
dry out as a result of the fish pass 
-adequate flow of water must be 
maintained for Flour Mill hydropower 
-concerns were raised with regards to 
H&S of existing river users (e.g. speed 
boats) and whether signage would be 
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Option Positive Negative Other Concerns or Issues Raised 
required to alert them to the presence 
of the fish pass 
-issues may arise with regards to 
construction access along the left bank 
due to land ownership 

5. Rock Ramp -aesthetics, as 
this option would 
not appear so 
artificial and 
would be visually 
less intrusive for 
the residents 
 

-debris is likely to 
become trapped on 
the rock ramp 
-vegetation growth 
could occur on the 
weir  
-structural integrity 
of the weir may be 
affected if it is cut 
into during the 
construction phase 
 

-responsibility and effectiveness of the 
maintenance of the fish pass following 
construction as it is currently 
maintained by Flour Mill Limited 
-effect of the fish pass on flood risk? 
-residents do not wish to see the weir 
dry out as a result of the fish pass 
-adequate flow of water must be 
maintained for Flour Mill hydropower 
-concerns were raised with regards to 
H&S of existing river users (e.g. speed 
boats) and whether signage would be 
required to alert them to the presence 
of the fish pass 
-issues may arise with regards to 
construction access along the left bank 
due to land ownership 

 
This discussion group suggested an alternative option of creating a naturalised by-pass channel, 
which follows the path of the historic channel on the left bank, into a large pond. The Flour Mill 
Management representative also suggested the relocation of the fish pass to the opposite side of 
the weir, by Flour Mill, as this would allow the weir to remain wet all year, would allow easy access 
for maintenance, construction access would be possible and there would be continued flow for 
hydropower. 
  
Other Issues Raised  
 
There were a number of questions raised during the presentations and after the break out 
discussion group session.  These are listed below and will be answered during the next stage of 
the project:  
 

o Concerns were raised about flood risk and the quality of water in the river – will the large 
woody debris (and rubbish) be removed from the river?  

o Is there a maintenance budget for the fish passes?  
o Who will be responsible for maintenance?  
o Why can’t the weirs be removed completely?  
o Will the EA block up the sluice structure on Burton Weir if a fish pass is installed on the 

weir (to avoid the reduction in water levels upstream of the weir)?  
o Is it possible to investigate the old lock structures in the vicinity of Flour Mill?  
o Can a fish pass be built on the Flour Mill side of the weir?  
o Will fish passes lower upstream water levels?  
o Can a trash deflector be incorporated into the design? Will this impede canoe access?  
o Will the fish pass affect the hydro on Flour Mill?  

 
Conclusion 
 
The consultation meeting was well attended and the stakeholders welcomed the opportunity to 
express their views at such an early stage of the project.  The attendees were keen to be involved 
in the next stage of the project as it develops.  The contact details of the stakeholders that attended 
the meeting are held by the Project Manager.   
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Would you like to find out more about us,  
or about your environment?  
 
Then call us on  
08708 506 506 (Mon-Fri 8-6)  
 
email  
enquiries@environment-agency.gov.uk  
 
or visit our website  
www.environment-agency.gov.uk 
 
incident hotline 0800 80 70 60 (24hrs) 
floodline 0845 988 1188 
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