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1. Background 

 Introduction 

1.1.1 This report has been commissioned by The City of Salford due to concerns over the abutments 

to two major footbridges over the River Irwell at two locations namely Clifton and Agecroft. 

1.1.2 The footbridges take public footpaths over the River Irwell.  For Clifton Bridge, the river is the 

boundary between the City of Salford (Irwell West bank) and the Metropolitan Borough of 

Bolton (Irwell East Bank), whilst for Agecroft Bridge, the river is the boundary between the City 

of Salford (Irwell West bank) and the Metropolitan Borough of Bury (Irwell East Bank).  
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2. Proposed Method 

Before an appropriate solution can be found that addresses any issues caused by scour, the river 

processes that are creating the scour need to be understood.  This is to make sure that the solution is 

appropriate to the real problem and not just the symptoms. 

 

Scour is caused by river flow having more ability to remove material than the materials have to resist the 

flow.  River flow within the channel varies for many reasons and measuring those changes can be 

complex.  An easier, and more widely used approach, is to look at the river form so that zones of erosion 

and deposition can be identified in both the present and historic contexts.  This geomorphological (study 

of land form) approach allows for the identification of longer term trends that may underlie the emergence 

of symptoms. 

 

For a project of this scale the approach consists of 6 distinct steps: 

1. View historic maps to assess any change in channel shape; & 

2. A walk over assessment identifying signs of both historic and active erosion and deposition (the 
latter cannot occur without the feed from the former); 

3. Comparison of results from steps 1 & 2 to identify areas where changes have occurred;  

4. Use computer hydraulic modelling to determine velocities in the areas of concern; 

5. Use the velocity to determine the size of material moved (Shields equation/ scour analysis); & 

6. Compare calculation with observed reality to determine best solution. 

This report covers the first three steps in detail, uses the summary of results from steps 4 & 5 (as covered 

in the Scour Report), and then proposes an optimal solution. 

 

The approach taken means that the proposed solution uses the geomorphological observations so that it 

works with natural processes, whilst using the outputs from the Scour Assessment to ensure that the 

proposal is appropriate for present day and future (climate change affected) conditions. 
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3. Desk-based study 

 Background 

The River Irwell rises near Cliviger, Lancashire in the South Pennines.  Its upper catchment is 

predominantly rural, characterised by steep-sided valleys creating a river system which has high 

energy and is quick to rise following rainfall.  As the River Irwell descends from the Pennines and 

begins to flatten out, the river is increasingly characterised by the urban developments alongside it; 

these include Ramsbottom, Bury and Kearsley, before the River Irwell joins the Manchester Ship 

Canal at Salford. 

 

The town of Clifton, and Agecroft near Pendlebury, are located either side of the Manchester Outer 

Ring Road (M60), within the urban development of the lower reaches of the channel.  The river is 

characterised by centuries of human modification, often for the purposes of flood defence.  Historical 

flood defences have sought to contain river flows within their channels by deepening and widening the 

channel.  Increases in channel capacity also increase the amount of energy within the channel during 

potential flood events.  Combined with above UK average intense rainfall, and rapid surface runoff 

over impermeable soils in the uplands, this increases the potential for active physical changes, 

including scour, to occur in the Clifton and Agecroft areas. 

 

A good range of historical OS maps are available on line from the National Library of Scotland, ranging 

in time from 1885 through to 1961, with more recent images taken from online sources. 

The maps, discussed in sections 3.2 and 3.3, are approximately geo-referenced so that they can be 

directly compared.  This is accurate enough to see any gross changes in the channel shape, and 

depending on scale, the rate of change in any in-channel features recorded by the surveyors. 

 

 Map study - Clifton 

3.2.1  

Figure 1: OS 1:63,360 from 1885 to 1903 

 
 

Very rudimentary map, but shows position of footbridge. 
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3.2.2  

Figure 2: OS 1:10,560 from 1888 to 1913 

 
Much better detail than previous map, with footbridge shown more to scale, and more detail 

in the river channel, including islands upstream of the bridge location. 

 

 

3.2.3  

Figure 3: OS 1:63,360 from 1920s to 1940s 

 

As it is a smaller scale map there is less detail.  There appears to be no gross channel 

change, even upstream of the bridge which appears to be an active reach judging from the 

appearance and disappearance of islands there. 

3.2.4  



 
Clifton and Agecroft  
Visual Geomorphological  
Assessment  
July 2018 

Commercial in Confidence 
Quality Management 

 

5  
 

Figure 4: OS 1:25,000 from 1937 to 1961 

 

Better scale than previous map, with some river channel detail shown, for example in-

channel islands.  The islands have clearly changed position compared to the previous maps, 

suggesting some changes in erosion and deposition in the reach upstream of the bridge. 

 

3.2.5  

Figure 5: OS 1:63,360 from 1955 to 1961 

 

Much smaller scale again than previous map, with no in channel features shown.  However, 

the channel shape remains the same showing there is not gross channel adjustment. 
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3.2.6  

Figure 6: OS 1:25,000 from 2017 

 

Better scale, with good in-channel detail, particularly the islands which correspond with what 

was seen on site. 

3.2.7 In summary:  Despite evidence of there being active physical changes occurring within the 

area, there is no gross adjustment of the channel, judging from the published maps.  The 

representation of the in-channel features is variable depending on map scale and date.  

That said, the maps are reasonably consistent in showing that the reach immediately 

upstream of the footbridge is active with islands appearing and disappearing.  This suggests 

a change (flattening) in gradient at this location which promotes deposition, with flood flows 

then reshaping them, pushing flows towards the banks and so naturally widening the 

channel at this point. 

The bends either side of the bridge appear to be remarkably consistent in location given 

their acuteness.  This suggests that the substrate is keeping them in position (site visit 

confirms substantial rock formations that are very competent in resisting any river flow). 
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 Map study - Agecroft 

Unlike Clifton where the bridge location is of some age, the bridge at Agecroft is modern, 

and so is not shown on the historic maps.  However, it is worth examining the maps to see if 

there has been any gross changes in the channel position as that could be an underlying 

cause of any scour seen at the bridge site. 

 

3.3.1  

Figure 7: OS 1:63,360 from 1885 to 1903 

 

Rudimentary map showing gross form of river. Footpath shown on the west bank roughly 

perpendicular to the river, meets the river in the location of the modern bridge. 

3.3.2  

Figure 8: OS 1:10,560 from 1888 to 1913 

 

The footpath mentioned above is also shown on this map. The field boundary to its northern 

side defines the modern path leading from the modern bridge, thus the modern bridge 

location is where the field boundary meets the river.  Also note that the river is used as a 
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political (Urban District) boundary on all the maps where they are of sufficient scale.  This 

suggests that the river position is stable in the long term otherwise it would not have been 

chosen. 

3.3.3  

Figure 9: OS 1:63,360 from 1920s to 1940s 

 

Too small scale to show much detail, but river alignment is consistent with that shown in both 

earlier and later maps. 

3.3.4  

Figure 10: OS 1:25,000 from 1937 to 1961 

 

The footpath to the west bank appears to have developed into a track leading to where the 

bridge will be placed. The footpath that runs along the west bank downstream of this 

position appears to have been defined with a boundary, again suggesting that the river 

position is stable. 

3.3.5  
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Figure 11: OS 1:25,000 from 2017 

 

Although this is the only map showing the bridge, its location is defined on the previous 

maps by the footpath on the west bank.  The bridge is well located before the apex of the 

bend so should not be subject to the natural pressure that would be seen on the outside of 

the bend where the majority of flow is, and consequently where the highest velocities are. 

3.3.6 In summary:  There is no gross adjustment of the channel, judging from the published maps.  

Unlike the Clifton maps, there is no representation of any in-channel features irrespective of 

map scale and date.  The site visit confirmed that there were no in channel islands on this 

reach so the map history appears correct, and confirms the need for site visits to confirm the 

finer scale features and river process impacts on the bridge sites. 

 



 
Clifton and Agecroft  
Visual Geomorphological  
Assessment  
July 2018 

Commercial in Confidence 
Quality Management 

 

10  
 

4. Geomorphological Visual Assessment 

On Thursday 30th November 2017, the sites were visited by: 

 Kevin Hemmings; 

 Martin Smith; 

 Robin Chase; & 

 Nick Coombs. 

The purpose of the visit was to: 

a. Familiarise the staff with the sites; & 

b. Carry out a rapid Geomorphological Visual Assessment1 

 Assessment 

The easiest way to present the assessment is by annotating photographs taken on the visit.  These 

are shown below, ordered by bridge, and nominally from upstream to downstream. 

 

 Clifton 

4.2.1  

                                                                                                                                                                             

1 A recognised term for visual geomorphological surveys as defined in: Thorne, C.R., 1998, Stream 

Reconnaissance Guidebook: Geomorphological Investigation and 

Analysis of River Channels, J Wiley and Sons, Chichester, UK, ISBN 0-471-968560, 127p. Uses professional 

knowledge to identify forms and processes rather than intensive survey combined with lab analysis 
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Figure 12: Clifton P1 (photo one) upstream of bridge looking downstream 

 

The red arrow shows the main flow pathway with highest velocity and energy.  As per normal flow 

character this is to the outside of the bend and where the major erosional pressure would be 

expected. 

 

The green line shows the outer edge of the depositional zone which is created by the low energy 

levels found on the inside of a bend. 

 

4.2.2  
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Figure 13: Clifton P2 upstream of bridge looking downstream: close up of inside of bend 

 
 

The green line marks the edge of the depositional zone, as per previous photo.  Of note is the change 

in size of material on the depositional berm, with fine material upstream (left) to courser material at the 

downstream end (right).  There are other local features which are discussed below. 

 

The yellow line marks the end of the deposition, meeting deeper water which extends downstream 

until the rock armouring to the bank infills part of the depositional zone. 

 

The blue line marks the height of a recent high flow with the Japanese knotweed being knocked down 

due to the flow of water.  Japanese Knotweed is a non-native invasive species that spreads 

vegetatively and has particularly strong root rhizomes.  In this location it looks likely that it is providing 

some bank protection function.  This will be at the cost of native vegetation, and progressive loss of 

protection through the winter as the dead canes are broken off by flows, possibly exposing bare 

ground. 

 

It looks likely that the scour hole behind the yellow line is caused by river levels in exceedance of the 

green line, overtopping the berm and cascading down the relatively steep bank there.  This suggests 

that any attempt to extend the berm downstream of the yellow line would probably fail over time, due 

to localised heavy scour.  A more sustainable solution would be to re-grade the river bank here, 

creating a more uniform gentle gradient, thus reducing scour on the downstream end of the berm and 

allowing deposition to occur.   Assuming re-grading is undertaken the existing hole is probably best 

filled with similar sized material to the existing rock armour downstream, which in time, should infill 

with finer material and so become naturalised and vegetated.  Scour assessment should be the next 

stage in analysis at this location, so that velocities and therefore stone size can be accurately 

determined. 
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The broken white capped water in the foreground of the photo is the result of significant bed 

roughness, almost certainly due to a bed rock sill.  There is a similar feature downstream of the bridge 

and the sewage treatment discharge point. 

 

4.2.3  

Figure 14: Clifton P3 upstream of bridge looking across river to inside of bend 

 
 

As per previous photos the green line marks the edge of the depositional zone, and the blue line the 

height of the previous flood flow in this reach.  The key feature is the pile of grey armour stone placed 

at the upstream end of the depositional zone.  This stone is key to helping stabilise the deposited 

berm, and seems to have been placed there for that purpose. 

 

Small patches of white water adjacent to the grey stone shows that there is a bed abnormality; the 

one closest to the bank is likely to be stone associated with the grey stone on the bank, whilst the one 

further out and slightly downstream may be more natural. 

 

Given the role of the depositional berm in protecting the bank under the bridge, this pile of grey stone 

should be monitored and maintained to secure long-term protection. 

 

The steep section of river bank can again be seen above the blue line.  The overtopping of this 

feature is currently causing the scour hole at the downstream end of the berm (as discussed in 

section 4.2.2).  Over time, this cliff feature would erode, allowing deposition to occur further 

downstream.  Ideally, this section of vertical bank should be re-graded where it runs along the existing 

berm, before an attempt is made to infill the scour hole downstream.  

 

4.2.4  
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Figure 15: Clifton P4 on bridge looking upstream to west bank 

 

No annotations are needed for this photo, as the main features shown are clear: from right to left: 

 Coarse gravel/cobble depositional berm; 

 Riffling water in distance over bed irregularities; 

 East Bank (Salford side) comprising of native and undisturbed rock. 

Visual examination of the East bank showed no signs of failure due to river processes, or any other.  It 

is likely that the sharpness of the bend is due to the resistant nature of the rock, with the river 

exploiting softer materials in previous millennia to take its present historic route. 

Consequently, it seems very unlikely that the abutment on the Eastern bank is under any threat due to 

scour. 
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4.2.5  

Figure 16: Clifton P5 upstream of bridge looking underneath bridge to eastern bank 

  
 

As per previous photos the green line demarks the edge of the deposition zone; whilst the yellow line 

marks an area of apparent erosion. 

 

The line of vegetation at water level strongly suggests that fine sediment is deposited such that the 

vegetation (possibly Reed Canary Grass: Phalaris arundinacea) has sufficient material to establish its 

roots in.  The finer material is likely to infill between the larger rock armour seen on the lower bank. 

 

Where the vegetation is missing, there is also no larger rock armour to be seen.  Either it was never 

placed there, or it has been displaced by interference to the flow coming from upstream, by the major 

outfall structure and/or the flows coming from it. 

 

The bank slope behind this area seems steeper, which suggests that bank material is being lost into 

the erosion area, and so appears to be active.  It is probably only active with bigger flows where the 

energy and levels of turbulence will be higher.  It has the potential to work its way upstream over a 

longer period of time. 
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4.2.6  

Figure 17: Clifton P6 immediately downstream of bridge looking down at east bank from bridge 

 
 

As with previous photos the pale green line marks the edge of what appears to be a deposition zone.  

The vegetation at the water’s edge can be clearly seen to be rooted in fine sediment which can also 

be seen within the armour stone/rubble behind it.  Curiously there is little vegetation growing behind 

the water edge, although conditions look beneficial.  Examining similar sites elsewhere on the River 

Irwell shows Himalayan Balsam (Impatiens glandulifera) an annual invasive alien, growing where 

seed has been deposited from upstream.  Because they grow so quickly they out compete native 

species and when they die back in autumn nothing is left but bare soil which the river then erodes. 

 

The area outlined in red is a substantial masonry wall, almost certainly of dry stone (no mortar) 

construction.  This is almost certainly part of the original bridge’s foundation from the 1880’s wooden 

suspension bridge. 

 

The area outlined in orange, to the left of the wall, appears to be a retained platform, which appears to 

be highly infested with Japanese Knot Weed (Fallopia japonica) which is a persistent perennial non-

native invasive species.  This is likely to supress any native species. 

 

However, it looks likely that the rock armour berm is stable and given the control of invasive 

vegetation it would probably be covered in native vegetation which would provide a greater degree of 

protection throughout the year. 

 

 Visual survey conclusions for Clifton Bridge 

The right bank abutment (Salford) sits on solid rock which shows no signs of any river based erosion. 
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The left bank abutment (Bolton) sits behind the armour stone berm that runs along the left bank.  This 

stone berm shows signs of probable erosion at its upstream and downstream ends which could 

benefit from having the berm extended into the erosion areas, once the cause of the erosion has been 

addressed by lowering the gradient of the river bank, so that high energy flows are kept in the main 

flow pathway of the river. 

 

Further details are given in Section 8. 

 

 Agecroft Bridge 

4.4.1  

Figure 18: Agecroft P1 view looking upstream from centre of bridge 

 
 

View looking upstream with west bank to left of photo, and east bank to right.  Bank profiles differ 

slightly between the two banks: the west bank appears to be more of a uniform slope from bank top to 

water’s edge; the east bank appears to comprise of two components, a shorter slightly steeper bank 

from bank top to mid-bank, with a flatter lower bank, which may be a depositional berm. 

 

The trees on the lower part of the east bank appear to be self-sown and all seem to be about the 

same age (~30 years). 
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4.4.2  

Figure 19: Agecroft P2 view looking downstream from centre of bridge 

 
 

Imperfect photo looking downstream from mid-bridge.  Although the west bank cannot be seen (right 

side of photo) some detail of the east bank can be, and this agrees with that seen in the previous 

photo.  That is, a steeper natural bank at the rear from bank top to mid-bank, fronted by what appears 

to be a depositional berm, which is in the expected position of the inside of the downstream bend. 

 

The trees seen on the east bank on this side of the bridge appear to be self-sown and of a similar age 

to those upstream, circa 30 years of age.  In both instances (upstream and downstream) this suggests 

that prior to circa 30 years ago, there was bank maintenance removing trees, otherwise there would 

be older trees amongst them.   

 

Clearance of woody growth on river banks and fallen trees in the channel has been a long standing 

river management technique to maintain conveyance through river reaches.  More modern 

understanding of flow processes combined with better modelling has allowed better estimates of 

required conveyance.  Also the benefits of the trees to bank stability and erosion prevention are more 

appreciated so removal of trees from the banks is now more considered. 

From the evidence seen, the presence of the trees can therefore be considered as benign neglect, 

and apart from periodic maintenance (for example, pollarding) to maintain their health they should be 

left as they are a positive asset in this location. 
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4.4.3  

Figure 20: Agecroft P3 View looking across the river towards the east bank 

 
 

This photo better shows the bank profile of the east bank, and although it is certainly due in part to the 

construction of the bridge abutments, the same profile is also seen upstream beyond the expected 

zone of construction, and in the next photo. 

 

There is a good argument that the tree immediately upstream of the bridge growing at the water’s 

edge should be removed.  Whilst the tree roots are providing extra stability to the bank, the disruption 

to out of bank flows will be significant, and likely to lead to removal of bank material under the bridge.  

Given that the local river banks all appear to be stable without the need for tree roots, there is no 

overwhelming need to retain the tree. 
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4.4.4  

Figure 20: Agecroft P4 view looking across the river towards east bank, 20m upstream of bridge 

 
 

A view of the east bank about 20m upstream of the bridge showing a natural convex bank cross 

section, with a flatter toe by the water edge.  The lower bank is well vegetated with a mix of native 

perennial vegetation including Reed Canary Grass (Phalaris arundinacea) at the water’s edge.  There 

are no signs of bank retreat or collapse; the only bare earth seen appeared to be deposition due to 

recent flood events. 
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4.4.5  

Figure 21: Agecroft P5 view looking across the river towards the east bank abutment 

 
 

Like the previous photo, the bare earth is either deposition or tracks formed by animals (potentially 

dogs) getting to the water.  The bank profile underneath the bridge is very uneven, under very high 

flows this will promote turbulence and increase erosion of the material under those conditions. 

Therefore it is probably best infilled and sown with perennial native plants (grasses such as Reed 

Canary Grass and or Spear Grass (Glyceria Maxima). 

 

Although there is quite a drop down to the river bed from the water’s edge, there are no signs of any 

river based erosion or geotechnical changes such as block failure.  At the time of the visit the water 

colour and depth prevented clear site of the bed, so no assessment could be made of any bed 

processes.   

 

Judging from the flow pattern observed, the major flow path appeared to be roughly channel centre, 

so the prospect of bed erosion leading to bank failure seems remote.  This confirms the need for 

scour assessment as any bed erosion combined with any flow deflection by fallen trees could lead to 

near bank scour leading to bank collapse.  Consequently scour assessment is also needed for this 

site. 
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4.4.6  

Figure 22: Agecroft P6 view looking downstream along the west bank under the bridge abutment 

 
 

In spite of the brambles covering the bank, it can still be seen that the bank angle on the west bank is 

steep like the upper bank on the east bank, and very little sign of a depositional berm. 

 

The vegetation is different too; in the centre of the photo is Giant Hogweed (Heracleum 

mantegazzianum) a biennial/perennial alien invasive plant, which has highly corrosive sap leading to 

skin burns which can take many months to heal.  This species was seen throughout the reach in large 

established stands.  It casts a lot of shade from its large leaves and so outcompetes ordinary native 

vegetation. 

 

At the toe of the bank (bottom left of photo) bare earth in the form of deposited silt can be seen.  This 

is more prevalent in the next photo. 
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4.4.7  

Figure 23: Agecroft P7 view looking slightly upstream along the west bank 

 
 

This photo shows a collapsed willow at upstream (left side of photo) end, this has probably interfered 

with flow sufficiently to cause turbulent flow to remove the dead vegetation from the lower bank.  The 

dead vegetation is a combination of two non-native invasives: Giant Hogweed, and Himalayan 

Balsam.  The majority of the ground cover here appears to be Balsam, which as an annual dies back 

in the autumn exposing the bare earth; the Giant Hogweed is a longer lived biennial which dies back, 

with the same effect of leaving the bare bank.  As per the rest of this reach there is Reed Canary 

Grass (RCG) on the wetted edge (seen from mid-photo through to the bottom RH corner).  The root 

system of RCG is usually well developed, so is a good bio-engineering plant that stabilises banks and 

so beneficially increases the flows at which bank erosion starts. 
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4.4.8  

Figure 24: Agecroft P8 close up of west bank immediately upstream of the bridge 

 
 

The two large dead stems in the photo are of Giant Hogweed.  The dead and horizontal stems are the 

remains of Himalayan Balsam which would have blanketed the bank during the summer.  The bare 

earth seen on the lower bank is actually silty/coarse sand deposition during recent overbank flows; it 

is not erosion of the existing bank material. 

 

Without carpeting vegetation to grow through this silt, it makes the process of incorporation into the 

bank much harder/impossible, as it will tend to get mobilised with larger overbank flows.   

 

Longer term the lack of vegetation cover may become significant with larger flows eroding more than 

the deposition seen with the smaller events. 

 

 Visual survey conclusions for Agecroft Bridge 

The east bank abutment sits back from the edge of the bank, with what appears to be a natural 

deposition berm at the wetted edge.  There appears to be reasonable natural vegetation cover 

providing erosion protection to the soils below. 
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Soil underneath the bridge on the east bank has either settled, been washed away, or was never 

replaced after construction.  Refilling it to provide a smooth surface to remove flood flow turbulence 

under high flows to help prevent erosion would be a good idea. 

 

The west bank abutment, like the east bank one also sits back from the wetted edge, but as this side 

is the start of the outside of the downstream bend, higher flows run closer to this bank and with more 

energy when flowing over the bank.  For minor out of bank flows deposition clearly occurs, but with 

balsam outcompeting native vegetation, the resulting bare earth may become a problem with large 

flows.  The deposition will bring fresh Himalayan Balsam seed, so long term establishment and 

reliability of appropriate native species such as Reed Canary Grass (RCG) and Reed Sweet Grass 

(RSG) in providing soil cover (and hence erosion protection) is probably questionable.  The best 

answer is probably a permanent vegetation reinforcement mat over the levelled ground then blinded 

with topsoil and re-seeded with RCG & RSG. 

 

River conditions prevented any clear sight of the bed at Agecroft, so no assessment of any bed 

processes could be made, especially any bed erosion leading to undercutting of the wetted banks.  

Scour analysis will therefore be worthwhile to determine the risks at this location. 

 

In terms of possible protection measures, observation of the geomorphology shows that longitudinal 

berms running along the lower bank (as per Clifton), are a natural feature on the sharper bends on the 

river.  This could be mimicked using similar large stone running along both banks as a linear triangular 

infill between the vertical bank face and horizontal bed; there would need to be a smaller change in 

cross section in the channel so as not to promote higher velocities and so promote erosion that the 

works seek to control. 

 

Further details are given in Section 8. 
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5. Summary 

 General: 

5.1.1 The map studies for both bridge sites show that there has been no major change in channel 

position over at least the last 100 years. 

 Clifton Bridge 

5.2.1 The visual examination concluded that the right Bank abutment is not likely to be a problem 

as it sits on solid native rock with no signs of bank failure due to river processes. 

5.2.2 The left bank abutment sits behind an armour stone berm that appears to be stable where it 

is underneath the bridge.  However at the upstream and downstream ends there are erosion 

processes underway which may cause future problems, and so would benefit from an 

intervention. 

 Agecroft Bridge 

5.3.1 The visual examination concluded that the east bank abutments appear to be sufficiently set 

back from, what appears to be, a stable bank position that short to medium term problems 

are unlikely.  The bank profile under the bridge is very uneven and would benefit from filling 

and planting so that high flood flows move smoothly over the bank without the opportunity 

for any turbulence to dig down and expose the engineered structures beneath. 

5.3.2 The west bank has a steeper bank profile and variable vegetation cover.  Although the 

abutments are set back from the water’s edge, in the longer term the non-native vegetation 

may lead to problems with bank erosion during large events. 

5.3.3 The bridge sits at the end of a comparatively long straight with a left hand bend soon after 

the bridge; maximum flow velocities are therefore likely to be towards the centre of the 

channel.  If there is general bed erosion, due to prolonged large flood events, then failure of 

the banks would be likely given the quality of bank material and the vegetation.  At present 

there are no visual signs that this process is underway.  



 
Clifton and Agecroft  
Visual Geomorphological  
Assessment  
July 2018 

Commercial in Confidence 
Quality Management 

 

27  
 

6. Recommendations 

 General 

6.1.1 Both bridges appear to have stable flow processes occurring in their immediate locations.  

Anything which disturbs this is likely to upset this equilibrium fairly quickly therefore the 

removal of anything such as fallen trees that deflects flows towards the banks should be 

reviewed and then removed. 

 Clifton Bridge 

6.2.1 There are signs of erosion processes acting on the upstream and downstream ends of the 

stone berm to the left bank.  This should be further investigated, but a workable solution 

would be re-profiling of the upstream bank to aid flood flows, and infilling of the areas of 

erosion with armour stone of similar sized material to prevent further erosion. 

6.2.2 Given the signs of erosion processes being active in this reach, it would be sensible to 

initiate a routine monitoring programme.  Details are given in Section 8 as they are also 

informed by the Scour Assessment. 

 Agecroft Bridge 

6.3.1 There are no signs of bank failure or bank erosion to either bank.  However the bank profile 

of both banks is similar with quite a tall bank at the wetted edge.  The present native 

vegetation (Reed Canary Grass) appears to be competent to hold the bank in position and 

protect it from erosion.   

6.3.2 Any changes to the flow regime causing a variation in bed erosion, is likely to lead to bank 

collapse due to the height of the wetted lower bank.  This is something for long term 

monitoring. 

6.3.3 The bank profile on the east bank under the bridge is very uneven which may cause erosion 

of the bank under high flows; infilling this with sub soil then covering with a permanent 

erosion control blanket (say Vmax V350 or equivalent) then blinded by soil and vegetated 

with native flora (Reed Canary Grass, or Sweet Reed Grass) would help avoid longer term 

problems.  This would need to extend to water level.  Consequently the lowest metre or so 

will be protected from under cutting by erosion, so a layer of rock armour to protect it would 

be sensible. 

6.3.4 The area on the west bank underneath and close to the bridge was covered in bramble 

preventing a more thorough inspection.  Post inspection supplied construction drawings 

show that the west bank has been protected with rock mattresses and gabions for 10m 

downstream, underneath the bridge and 20m upstream of the bridge.  It is likely that this is 

what the brambles have got their roots into and so are unlikely to be displaced by the 

encroaching non-native species.  However, there would be benefit from the suppression of 

the non-native vegetation, and its replacement with bank covering vegetation so as to stop 

erosion getting behind the mattresses.  A live shrub willow mattress would achieve this, 

without the longer term problems of excessive root growth causing mechanical problems for 

the engineered structure. 

6.3.5 Whilst the visual geomorphological assessment did not identify any significant erosion 

processes at this site, the scour assessment showed there was potential, and the changing 

evolution of the bank vegetation is probably leading to an increase in potential bank erosion.  

Consequently it seems sensible to initiate a routine monitoring programme.  Details are 

given in Section 8 as they are clearly informed by the scour assessment. 
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Other Considerations 

 Climate Change 

6.4.1 Climate change is likely to lead to increases in peak flood flows in the future.  This in turn is 

likely to increase the sediment loading under flood flow conditions.  This is likely to cause 

increased deposition on the banks, and the spread of non-native vegetation.  This 

combination will in time cause a change in bank profile (steepening) and may cause more 

profound bank collapse causing changes in flow conditions.  Changing the vegetation in the 

area of the bridges now is likely to help prevent bank changes in the long term. 

 Scour assessment 

6.5.1 The results from the Scour Assessment for both bridges confirms that will need further 

investigation to determine what appropriate monitoring and scour protection measures are 

needed.  This will need to cover a range of options. 

6.5.2 The key information from the Scour Assessment for Clifton are as follows: 

Return period 1 in 100 year 1 in 100 year with 70% 

climate change allowance 

Design flood 

(m3/s) 
521 886 

Water Level 

(mAOD) 
41.08 43.02 

Flow velocity 

(m/s) 
2.26 2.26 

Bridge Soffit 

level for 

comparison 

(mAOD)  

41.42     41.42 

 

Support location 
Depth of Constriction Scour 

for the design flood (m) 

Constriction Scour (m) 1.83 

Local scour (pier) (m) 0.00 
Local scour (abutment) (m) 3.40 

Total scour (m) 5.23 
 

Risk Rating Value Comments 

Foundation Depth (m) 6.05 Assumed  

Max scour depth/ foundation depth 0.86  

Foundation type factor, F 1 Spread footing 

History of scour problem factor, H 1.5 History of Scour 

Problem 

Foundation material factor, M 1 Silts, sands and 

gravels 

Type of river factor, TR 1 Lowland 

Importance factor, V 0.7 Footpath 

Relative scour depth DR 0.86  

Priority factor Pr 1.05  
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Risk Rating 4  

 

For Clifton Country Park Footbridge the estimated scour depths at the abutment is 3.40m 
below the bridge invert in a 1 in 100 year with 70% climate change scenario.  For a 
foundation depth of 6.05m, the bridge falls within a priority rating of 4 which means this is a 
low priority site in terms of scouring risk posed to the structure.  
 

This confirms the observations from the Visual Geomorphological Assessment.  

6.5.3 The key information from the Scour Assessment for Agecroft Bridge are as follows: 

Return period 1 in 100 year 1 in 100 year with 70% 

climate change allowance 

Design flood 

(m3/s) 
516 875 

Water Level 

(mAOD) 
35.08 35.30 

Flow velocity 

(m/s) 
2.93 3.35 

Bridge Soffit 

level for 

comparison 

(mAOD)  

35.98 35.98 

 

Support location 
Depth of Constriction Scour 

for the design flood (m) 

Constriction Scour (m) 3.99 

Local scour (pier) (m) 0.00 

Local scour (abutment) (m) 3.08 

Total scour (m) 7.07 

 

Risk Rating Value Comments 

Foundation Depth (m) 2.52 Assumed  

Max scour depth/ foundation depth 2.80  

Foundation type factor, F 1 Spread footing 

History of scour problem factor, H 1 History of Scour 

Problem 

Foundation material factor, M 1 Silts, sands and 

gravels 

Type of river factor, TR 1 Lowland 

Importance factor, V 0.7 Footpath 

Relative scour depth DR 2.80  

Priority factor Pr 0.7  

Risk Rating 5  

 

For Agecroft Prison Footbridge the estimated scour depths at the pier and abutment is 
3.08m below the bridge invert in a 1 in 100 year with 70% climate change scenario.  For a 
depth of 2.52m, the bridge falls within a priority rating of 5 which means this is a low priority 
site in terms of scouring risk posed to the structure.  
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This matches the concerns highlighted is this report regarding potential issues. 

 Summary 

Use of climate change flows in the scour assessment combines the risks from both and so 

gives the best long term assessment. 

 

The following tables shows the results from the present 1:100 year flows, and those with 

climate change added. 

 

The abutment elevations used are the lowest levels found on the as built drawings as they 

are felt to be the most realistic values. The construction drawing gives a value of 35.18m for 

Clifton and a value of 31.62m for Agecroft. 

 

 1:100 year flow Clifton Agecroft 

Bed Level (mAOD) 30.89 28.39 

Abutment Invert Level 
(mAOD) 

35.18 33.44 

Constriction Scour (m) 0.83 0.54 

Abutment Scour (m) 3.01 2.43 

Total Abutment Scour 
(mAOD) 

32.17 31.01 

Total Constriction 
Scour (mAOD) 

30.06 25.96 

 
 

 1:100 year + CC flows Clifton Agecroft 

Bed Level (mAOD) 30.89 28.39 

Abutment Invert Level 
(mAOD) 

35.18 33.44 

Constriction Scour (m) 1.83 3.99 

Abutment Scour (m) 3.40 3.08 

Total Abutment Scour 
(mAOD) 

31.78 30.36 

Total Constriction 
Scour (mAOD) 

29.06 24.40 

 

 

Clifton: 

The above tables can be summarised as follows: 

 

Clifton:  

all levels in mAOD 

1:100yr flow 1:100yr + CC flow Difference 

Bed level 30.89 30.89  

Constriction scour 30.06 29.06  

Difference: -0.83 -1.83 -1.00 

Abutment base 35.18 35.18  

Abutment scour 32.17 31.78  

Difference: -3.01 -3.40 -0.39 
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This shows that there is some risk due to bed erosion in the short term but that in the long 

term this will increase significantly.  It also shows that without any protection to the bank 

there is significant risk due to bank erosion presently, but that this does not increase 

significantly in the long term. 

 

Agecroft: 

The above table can be summarised as follows: 

 

Agecroft:  

all levels in mAOD 

1:100yr flow 1:100yr + CC flow Difference 

Bed level 28.39 28.39  

Constriction scour 25.96 24.40  

Difference: -2.43 -4.50 -2.07 

Abutment base 31.62 31.62  

Abutment scour 31.01 30.36  

Difference: -0.61 -1.26 -0.65 

 

Unlike Clifton, the table shows that there is significant risk now from both bed and bank 

erosion, and that this continues to worsen in the long term. 
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7. Details of Possible Solutions 

This chapter draws together the findings from the geomorphological assessment and the scour 

assessment to develop them into design solution proposals that would work with the natural 

processes to achieve a long term sustainable and therefore cost effective solution. 

 

 Clifton 

7.1.1 Proposed Works 

Post inspection supplied construction drawings show the construction details. 

 

Figure 25: Southern Elevation of Clifton Bridge showing abutment details. 

 
 

 

As mentioned in the previous section, the construction drawings give a value of 35.18m. 

 

Figure 26: Surveyed cross section used in hydraulic model. 

 
 

 

Inspection on site shows that the abutment is actually protected by a substantial drystone 

retaining wall with a top level of 38.44mAOD. 

 

So to protect the abutment, the wall needs to be protected.  Again inspection on site shows 

that what was probably a naturally occurring berm to the inside of the berm has probably 

been reinforced with extra armour stone to protect the toe of the wall from undercutting. 
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The topographical survey also shows that a significant proportion of the wetted perimeter of 

the cross section under the bridge is bedrock.  Consequently the likely amount of scour to 

the bed will be limited.  This means that any weaker features, such as a non-bedrock bank, 

will be subject to greater forces as flows grow larger with climate change.  The scour 

assessment shows that there is likely to be significant risk to the bank due to constriction 

scour.   

 

Consequently both the geomorphology assessment and scour assessment agree that better 

protection of the left hand bank (Bolton Bank) is required. 

 

To achieve this without fighting against natural processes and promoting erosion issues, 

development of the existing berm would seem the best solution. 

 

As noted in previous sections there are 2 areas of scour due to existing flow patterns (Areas 

A & C in Figure 27) and these could grow with climate change induced flow increases.   

 

The proposal is therefore that Areas A & C are infilled with appropriately sized armour stone, 

and that they and Area B is then brought up to the existing higher level shown in the 

topographical surveyed cross section (34.82mAOD) with armour stone.  The whole area 

should then be blinded with finer river derived material and then planted with Reed Canary 

Grass and Sweet Reed Grass to provide a smoother hydraulic cover.  

 

Figure 27: Berm Area requiring armour stone. 

 
 

 

7.1.2 Monitoring: 

Typically on rivers the most erosion occurs with the larger flows, with the majority of larger 

flows occurring during the winter.  With a significant proportion of the riparian vegetation on 

the Irwell being non-native invasives, which die back to expose bare earth in the autumn 

and winter, they increase the potential for erosion with the higher flows.  Consequentially 

routine monitoring ought to be carried out: 
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 Pre-winter to determine the condition of the stone berm and river banks and assess 

their ability to withstand the higher flows; & 

 Post-winter to determine the impact of the higher flows on the stone berm and river 

banks. 

 

Simple visual assessment using a photographic record is a good starting point.  If the visual 

assessment shows that there has been significant changes, such as loss of vegetation or 

changes in profile shape of berm or bank, then this should trigger more detailed 

investigation. 

 

The detailed investigation should include GPS based survey and should be compared to a 

baseline survey carried out as soon as possible after acceptance and implementation of the 

recommendations of this report. 

 

Whilst routine monitoring will reduce risk and give reassurance that the bridge location is 

being managed, flood flows do not necessarily occur during the autumn – winter period.  

Similarly some years will have particularly severe flood flows during the autumn – winter 

period.  For both of these types of flood flows a post-event inspection is recommended so 

that any damage can be identified, assessed and repaired as appropriately in a timely 

manner. 

 

The routine visual inspection and detailed GPS inspection are both within the competence of 

either Incorporated or Chartered Civil Engineers. 

 

The following table summarised the monitoring recommendations for easy reference: 

 

Item Description Comment 

1. Baseline 

1.1 Baseline Photographic Survey The photographs in this report can be used as 

the baseline. 

1.2. Baseline GPS Survey 1. This should consist of a 0.5m grid covering the 

whole of the berm and the river bank behind it.   

2. The wetted edge of the berm should be 

included as should the toe of the berm. 

2. Routine 

2.1 Routine Photographic Survey 1. Nominally carried out annually in September 

as vegetation dies back but before the onset of 

autumn-winter flows.   

2. Take the baseline photos to site to allow direct 

comparison and ensure the new photos match 

the view of the baseline. 

3. If any significant change is seen from this 

survey, then the Non-Routine GPS survey should 

be used to confirm the size of change and to 

better assess the need for remedial work. 

2.2 Routine GPS Survey 1. This is to pick up any long terms trends, so is 

basically a repeat of the Baseline GPS survey 

every 5 years.  This can be +/- 1 year as weather 

roughly follows a 10 year cycle. 

3. Non-Routine 

3.1 Non-Routine Photographic 

survey 

1. This is to be undertaken after particularly 

severe autumn-winter flood events where flows 

have been near or above bank full conditions. 

2. It should also be undertaken during the 

summer period after any flash flows that occur 

and are carrying large amounts of debris. 
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Item Description Comment 

3.2 Non-Routine GPS Survey 1. This is to be carried out as the result of any 

significant observed changes. 

2. The area surveyed can be local to the area of 

change but should extend beyond it to ensure 

that the full extent of the change has been 

recorded. 

 

 

 Agecroft 

7.2.1 Proposed works 

Post inspection supplied construction drawings show the construction details. 

 

Figure 28: Southern Elevation of Agecroft Bridge showing abutment and bank protection 

details. 

 
 

 

As mentioned in the previous section, the construction drawings give a value of 31.62m. 

 

 

Figure 29: Surveyed cross section used in hydraulic model. 
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The cross section survey shows that there is rubble at the toe of the true right hand bank 

(TRHB: right side looking downstream; Salford bank).  This may be scour protection works 

to stop the toe of the gabions being undercut.  There is also rubble to the toe of the TLHB 

(Bury bank), which may be to counteract the effect of the works to the other bank squeezing 

flows and so increasing erosion to the bank opposite the works. 

 

The existing gabion and mattress works to the TRHB limit what can be done without 

replacing them all.  The simplest, and probably most reliable method would be to do what 

appears to have been done previously, and that is to use armour stone. 

 

This needs to be well dug in along the whole length of the existing gabions and mattresses 

(circa 35m), and dug back into the bank to avoid erosion getting behind it. (as shown in red 

on the plan view drawing below). 

 

Figure 30: Plan view of proposed scour (red) and bank (green) protection. 

 
 

 

The issues on the TLHB are different as there are clearly no protection works on the upper 

bank as there is huge variation in the bank levels around the abutment and under the 

bridge.  During large flood flows this will cause significant turbulence and erosion, likely 

leading to exposure of, and damage to, the bridge foundations. 

 

This can be addressed by reshaping the bank with imported sub soil to provide a better 

hydraulic profile, as described in sub-section 6.3.  The area in green in the plan above 

shows the area to be reshaped and protected with permanent erosion control matting.  

Permanent control matting is suggested given the issues with non-native species leaving 

bare earth and a consequent erosion problem. 

 

To avoid the lower edge of the matting being undercut by bank retreat, the toe of the bank 

needs armouring.  If this is to be done, then it is sensible to take account of the constriction 
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scour results, and so dig in a significant amount of armour stone extending from at least 

31.00mAOD up the bank (helps protect against Abutment scour) down to at least 2m below 

bed level.  This armouring should be a reasonable thickness to allow the material to slump 

into any scour hole without compromising the upper bank protection. 

 

The upper bank protection and scour protection are shown in outline in the drawing below. 

 

Figure 31: Proposal for erosion control to Agecroft Bridge TLHB. 

 
 

 

7.2.2 Monitoring 

The rationale for monitoring at Agecroft is similar to that at Clifton, as the hydrology will be 

the same, and the same non-native invasives are present.  Monitoring is probably more 

important due the fact that the banks are normal sub-soil and that there are no rock berms 

present to protect the bank toe. 

 

Unlike Clifton, the channel bed appears to be similar to the bank sub-soil and so is erodible 

unlike the rock bed at Clifton.  The Scour Assessment showed the potential for scour, so 

taking into account the more erodible channel bed, the baseline and routine GPS surveys 

ought to include bathymetry. 

 

Item Description Comment 

1. Baseline 

1.1 Baseline Photographic Survey The photographs in this report can be used as 

the baseline. 

1.2. Baseline GPS Survey 1. This should consist of a 0.5m grid covering the 

whole of the berm and the river bank behind it.   

2. The wetted edge of the berm should be 

included as should the toe of the berm. 

3. There should also be bathymetry across the 

full channel width with cross sections every 10m 

for a distance of 20m downstream and 30m 

upstream of the bridge. 

2. Routine 
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Item Description Comment 

2.1 Routine Photographic Survey 1. Nominally carried out annually in September 

as vegetation dies back but before the onset of 

autumn-winter flows.   

2. Take the baseline photos to site to allow direct 

comparison and ensure the new photos match 

the view of the baseline. 

3. If any significant change is seen from this 

survey, then the Non-Routine GPS survey should 

be used to confirm the size of change and to 

better assess the need for remedial work. 

2.2 Routine GPS Survey 1. This is to pick up any long-term trends, so is 

basically a repeat of the Baseline GPS survey 

every 5 years.  This can be +/- 1 year as weather 

roughly follows a 10 year cycle. 

3. Non-Routine 

3.1 Non-Routine Photographic 

survey 

1. This is to be undertaken after particularly 

severe autumn-winter flood events where flows 

have been near or above bank full conditions. 

2. It should also be undertaken during the 

summer period after any flash flows that occur 

and are carrying large amounts of debris. 

3.2 Non-Routine GPS Survey 1. This is to be carried out as the result of any 

significant observed changes. 

2. The area surveyed can be local to the area of 

change but should extend beyond it to ensure 

that the full extent of the change has been 

recorded. 

3. Any signs of bank collapse ought to trigger the 

need for bathymetric survey to determine if there 

has been any change in bed form and level.  This 

will allow the design of appropriate remedial 

measures. 

 

 

 

 

-o-O-o- 


