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Figure 1: Hjülstrom  curve depicting erosion, transport and depositional thresholds as a function of 
grainsize and velocity (Hjulstrom 1939)  
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Figure 2: Modelled cross-section locations  

4. Baseline 

 Receptors 
WFD baseline waterbodies and their tributaries which interact within the Scheme as per the Flood Cell 
boundaries are shown in Figure B10.1. The latest WFD classification data and conditions of each water 
body are summarised in Table 1 (SEPA, 2024a; SEPA 2024b). The existing MImAS (Morphological 
Impact Assessment System) scores are provided by SEPA (SEPA, 2023).  

Table 1: Waterbodies (receptors) and existing pressures (SEPA, 2024a; 2024b, 2023) 

Waterbody 

Overall 
current 
WFD 
Status 

Hydromorphology  

Water 
Flows 
and 
Levels 

Existing Morphological 
Pressures 

Overall 
target WFD 
status 
(2027)  

MImAS 
baseline score 
and status 

River Carron 
(Bonny Water 
confluence to 
Carron Estuary) 
 

Poor Moderate High 

Bank defences 
Bridges 
Channel realignment  
Embankments (including 
set-back) 
Flow deflectors 
Weirs (impoundments) 

Good 

37.80 % 
(MODERATE 
morphological 
status)  

Grange Burn / 
Westquarter Burn 
 

Moderate 
ecological 
potential  

Bad High 

Bank defences 
Bed reinforcement 
Bridges 
Channel realignment 
Culverts 
Embankments (including 
set-back) 
Weirs (impoundments) 

Good 
ecological 
potential  

119.20 % 
(BAD 
morphological 
status) 

River Avon (Logie 
Water confluence 
to estuary) 

Moderate High High 

Bank defences 
Bridges 
Embankments (including 
set-back) 
Weirs (impoundments) 

Moderate 
2.60 % (HIGH 
morphological 
status) 

 Channel Description s 
The baseline channel descriptions are derived from site walkover data obtained in the period 10 -13 th 
March 2016 and complemented by desk study using data sources provided in Chapter 10 (Section 3.1).  

Weather was dry and flows on the visited watercourses were within low to normal ranges. The survey 
covered reaches of the River Carron, Grange Burn and River Avon within the  Flood Cells 1, 2, and 4. 

4.2.1 River Carron (Bonny Water confluence to Carron Estuary) 

The fluvial WFD water body extent of the River Carron (Bonny Water confluence to Carron Estuary, herein 
referred to as the River Carron) is approximately 36 km long and lies within the upstream area of Flood 
Cell 1. The watercourse holds a Poor Overall status, and Moderate Hydromorphology status  under the 
WFD. The watercourse has objectives to achieve Good for future WFD cycles. 
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The channel is disconnected from its floodplain in numerous reaches because of steep embankments 
on both sides of the channel. The left floodplain is urbanised and developed up to the bank top in 
numerous locations. The right bank floodplain is predominantly woodland and open parkland . Banks 
within upstream reaches of Flood Cell 1 are lower but increase in height and gradient  downstream. 
Upstream of the New Carron Road and Stenhouse Road bridges on the left bank there is extensive 
wooden and cobble bank protection adjacent the channel. Mature deciduous vegetation along the banks 
exhibits various degrees of density. Between Dorrator Bridge and South Broomage, the channel is 
constrained on both sides by residential and industrial properties, and transport infrastructure .  

Bed sediment size ranges from sands to boulders. The channel is approximately 30 m wide with a 
sinuous planform, meandering across a wide floodplain through agricultural  and pastoral land. 
Morphological features include riffles, pools, glides, lateral and mid channel, vegetated and non-
vegetated bars. Areas of actively eroding banks are present out with  unprotected reaches and opposite 
mid and lateral gravel bars. Within the vicinity of Stenhouse Road and New Carron Bridges, the channel 
appears straightened, and exhibits uniform glide flow conditions  with some riffles occurring 
immediately downstream of the bridge structures . There are a number of fallen bankside trees adding 
large wood to the channel throughout Flood Cell 1 .  

There are several major pressures on flows and levels throughout the catchment, including 
impoundment, abstraction, purification and distribution of water at Carron Valley Reservoir in the upper 
catchment and impoundment due to weirs in the lower catchment . Run-off and flow patterns are 
significantly affected by upstream reservoirs and run-off is increased by effluent returns (CEH, 2016). 
Historic weirs are located at National Grid Reference (NGR) NS 87914 82310 and NS 85598 81994 .  

Given the above, the River Carron is assigned an importance of High .  
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4.2.8 Grange Burn Flood Relief Channel (FRC) 

The Grange Burn FRC is an artificial trapezoidal channel with a concrete base which was constructed in 
the 1960s . The flow in the Grange Burn FRC is entirely controlled via inflows from Polmont Burn  under 
normal flow conditions . The FRC moderates discharge downstream on Grange Burn at events greater 
than the 2-year event via a concrete overspill weir situated between Grange Burn and the FRC. The FRC 
is connected to the River Avon to which it discharges approximately 2  km downstream.  

Grange Burn FRC is not classified under the WFD and shows no distinct morphological features or 
attempts to recover any sort of equilibrium . Site visits confirm the presence of formed embankments 
topped with managed short herbaceous grasses. Within the channel base, sporadic localised deposits of 
coarse sediment are present. These deposits are likely due to increased velocities during flood events 
carrying sediment downstream from Polmont Burn . As the hydrograph recedes the sediment is 
deposited in the channel base and re-entrained during the next event . Therefore, sediment transport  
erosion and deposition are considered intermittent  within the FRC. The FRC lacks varied bed conditions, 
morphological features, and flow types. On the day of survey, flows were observed to be very low with 
some sections of the FRC largely dry highlighting the channels ephemeral nature.  

  

  

Plates 4.10-4.11: High, uniform trapezoidal shaped embankments with low flow and ponding water under 
normal flow conditions (left) and localised areas of gravel deposition (right)  

4.2.9 River Avon (Logie Water confluence to Estuary) 

The River Avon (Logie Water confluence to Estuary - herein referred to as the River Avon) flows 
southwards through managed wooded and agricultural land within Flood Cell 4 . The watercourse 
displays a sinuous channel upstream of the A905 . Towards the A905 the valley opens out, and land use 
is a mixture of pastoral and arable agriculture on the floodplain . Riparian vegetation consists of dense 
mature deciduous trees, grasses and shrubs which line the left and right banks upstream of the A905.  

Channel width varies but is on average approximately 20 m wide and confined by steep valley sides. The 
left bank appears steeper throughout the upstream reach and is densely vegetated with deciduous tree 
cover. Bedrock is exposed within the channel approximately 400 m upstream of the existing A905 
bridge along the right bank. The channel bed is composed of sands, gravels, cobbles and boulders and 
channel morphology is predominantly pool -riffle with sporadic glides and pools on meanders. The 
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5.1.2.7 River Avon  

On the River Avon, no change to bank form or riparian zone is anticipated as all flood walls and 
embankments would be set back from the watercourse in an area of land already dominated by 
managed agriculture. No new crossing structures are proposed along this section of the watercourse. 
Therefore, the magnitude of impact is reported as Negligible .  

5.1.3 Change to Channel Width and Depth Variation, Water Flows, Levels and Sediment 
Transport  

During the construction phase, dry in-water working areas will be required to facilitate the constructio n 
of flood walls , embankments. It is anticipated that these working areas will be created as described in 
Section 5.1.1 raised working platform s. This will have the effect of narrowing the channel, reducing 
cross-sectional area, leading to potential changes in flow velocities and the capacity of the channel to 
convey flow downstream. This has the potential to impact sediment dynamics locally and downstream 
of the in-water working areas.   

At this stage only estimated widths of the in-water areas are currently known. The height of in-water 
working areas, the flow events at which they will remain dry (i.e., not be overtopped) , and methods 
proposed to establish them are not currently  confirmed. Therefore, modelling data of any temporary 
changes to flow velocity and channel capacity are not available. As a conservative approach, it is 
assumed the cofferdams and / or gravel filled bulk bags would span 50 % of the watercourse width on 
smaller watercourses (up to 10 m wide) , and 25 % of the watercourse width on the larger channels 
(greater than 10 m wide) . Works would be completed from one bank side and then the working platform 
removed and installed along the opposite bank to complete any works required. Table 5 presents the 
indicative channel width reduction s for each in-water working area.  

Table 5: Estimated channel width reduction due to in -water working areas during construction.  

Water 
Feature 
(fluvial 
sections 
only)  Ref 

In-water working 
type 

Indicative 
Length (m)  

Approx. 
River Width 
(m) 

Indicative in 
water 
working 
width (m)  

Indicative 
Width 
Reduction 

River Carron 
C1_IWWA 
1 

Construction plant 
positioned on a 
temporary work 
platform in the 
water environment. 

6.0 20 
N/A work from bankside 
 

Chapel Burn 
C1_IWWA 
6 

Construction plant 
positioned on the 
bank, with its 
bucket/arm 
reaching into the 
water. 

360 5.0 
N/A work from bankside 
 

Mungal Burn 
C1-IWWA 
3  

Construction plant 
positioned on a 
temporary work 
platform in the 
water environment. 

25 4.0 2 50% 
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5.2.1.5 Grange Burn / Westquarter Burn     

The provision of in-channel structures including the modified and  new flow control structure s on Grange 
Burn would remove and / or modify the natural bed material below the footprint of the  features. The 
exact dimensions of the flow control structures would be determined dur ing detail design thus the exact 
area of bed material removal / modification required is unknown at this stage. However, the footprint of 
the weir is anticipated to be less than 1 m2. To account for uncertainties in the bed modifications 
required around the structure, a conservative value of 35 m2 has been assumed. This is considered 
localised in comparison to the watercourse length (14 km)  additionally, t he operational impacts relating 
to the flow control structure would occur on a section of watercourse that is already modified in relation 
to the existing flow control feature and M9 culvert.  

Given the above, the magnitude of impact is reported as Minor Adverse for Grange Burn and 
Westquarter Burn.  

5.2.1.6 Polmont Burn  

The sheet piled defences are situated along an already laterally confined section watercourse. The 
defences would not extend out into the watercourse and are therefore unlikely to directly interact with 
the watercourse bed during operation. Therefore, the magnitude of impact is reported as Negligible .  

5.2.1.7 Grange Burn FRC 

The Grange Burn FRC bed would be re-lined in concrete and would interface with the channel as it does 
under baseline conditions. There is a lack of natural bed material within the channel under baseline 
conditions and this is not anticipated to change as a result of the Scheme. Therefore, the magnitude of 
impact is therefore reported as Negligible .  

5.2.1.8 Millhall Burn  

The sheet piled defences are situated along an already laterally confined section of the watercourse. 
The defences would not  extend out into the watercourse and are therefore unlikely to directly interact 
with the watercourse bed during operation. Given the above, the magnitude of impact is reported as 
Negligible .  

5.2.1.9 River Avon  

All flood walls would be set back from the banks of the River Avon. Therefore, no change to watercourse 
bed relative to baseline conditions is anticipated. The magnitude of impact is therefore reported as 
Negligible . 

5.2.2 Change to Bank Form and Riparian Zone 

The permanent loss of natural bank form will occur below the footprint of flood walls  which sit on the 
bank-tops.  Riparian vegetation removed during construction to facilitate temporary access is currently 
expected to recover during the operational phase for all areas of the works.   

The design of new and raised bridges is currently unknown. Given the relatively small width of the 
watercourses that the proposed new and raised bridges structures would operate on, it is assumed that 
the bridges would be clear span, with abutments set back within the floodplain . It is assumed bridges 
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5.2.2.8 River Avon  

All flood walls would be set back from the banks of the River Avon therefore no change to baseline 
conditions of the watercourse bed and banks are anticipated. The magnitude of impact is therefore 
reported as Negligible .  

5.2.3 Change to Channel Width and Depth Variation, Water Levels and Flows  

During the operation phase, the presence of flood walls and embankments will contain flows up to the 
200-year flood event. This would reduce the channel cross-section where new flood walls / 
embankments are proposed and lead to increased flow velocity and river discharges. Where 
watercourses are permitted to spill into their floodplain to a greater depth and extent, decreases in 
velocity and discharge volume are likely. This has the potential to impact channel form, including, 
channel width, depth and the water levels and flows within the channels. This could subsequently alter 
sediment transport, erosion, and deposition within the watercourses. Changes to velocity and discharge 
during a design event, in comparison to the baseline scenario, are presented in Table 8. However, while 
changes to watercourses will be long-term through the implementation of permanent structures, 
impacts will be short-term, limited to during more severe flood events.  

The biggest impacts to velocity and flow will be on Grange Burn FRC, an artificial channel designed to 
convey additional flows from Grange Burn to the River Avon during flood events. The FRC will experience 
an average change to velocity of +95.20 % and increase in discharge of +99.5 %. Although the flows 
and discharge increase, these increases will still be temporary, and the channel is engineered such that 
it is fixed by embankments and therefore cannot easily vary its width and depths in response to 
increased velocities. The Scheme would not change this. Therefore, the magnitude of impact is reported 
as Negligible .  

All other watercourses will experience up to a maximum average change to velocity of +0.94 % and 
discharge of -11.72 %. Therefore, given the temporary nature of the impact, the magnitude of impact 
for the River Carron, Chapel Burn, Mungal Burn, Grange Burn / Westquarter Burn, Polmont Burn, Millhall 
Burn, Stirling Road Tributary and the River Avon are reported as Negligible .  
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5.2.4 Change to Continuity of Sediment Transport and  Floodplain Connectivity.   

As outlined in Section 5.2.3, proposed floodwalls and erosion protection will narrow the existing 
channels on which they occur. The degree of narrowing will dictate velocity changes within the channel, 
and where these occur there is a potential for changes to baseline sediment transport, erosion and 
deposition during flood event s.    

As outlined in Section 3.2.1 and where available,  modelled velocities for various cross sections along 
the fluvial channel s have been extracted from the hydraulic model and are presented in Annex A. Results 
from Hjülstrom  analysis between baseline and with Scheme flow velocities is presented in Table 9.  



















https://www.bgs.ac.uk/map-viewers/geoindex-onshore/
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start of the tidal section (Lower Avon Estuary). The downstream boundary of the Lower Avon Estuary 
marks the transition to the Middle Forth Estuary and is taken as the boundary between Flood Cell 5 and 
6 (NGR NS 95605 81129) as this is the point at which the river becomes less confined, discharging into 
the wider Middle Forth. Downstream of this location is considered to be within the Middle Forth Estuary. 

The Lower Avon Estuary appears unconstrained in the upstream section and meanders through a small, 
wooded valley. The maximum channel width is approximately 20  m. Downstream of the A905 bridge, 
the channel appears to have been historically managed and flows through a disused industrial 
development  whereby the channel appears to have been straightened with the right and left ba nks 
consisting of anthropogenic embankments . The flood relief channel of the Grange Burn discharges into 
this section of the River Avon during high flows, and embankments on the opposite side of the channel 
are protected with rock gabions. Throughout the Lower Avon Estuary, bed morphology and flow 
conditions are variable. In the upper reaches, there is active erosion of the banks and failure of the cobble 
bank protection on the outside of meanders.  

Further downstream, the channel is confined on either side by cobbled embankments and appears to 
have undergone planform straightening. Banks generally appear to be stable, but there is evidence of 
localised bank collapse associated with tree fall. Erosion and failure of wooden, cobble and brick 
defences is evident on the left bank  throughout this reach . Where unmodified,  banks are generally 
muddy, but there are several silt and gravel medial and lateral bars with riffles downstream. For further 
information on the River Avon upstream of its tidal limit, see Appendix B10.1: Fluvial Geomorphology. 

3.1.4 Lower Grange Burn Estuary  

The tidal section of the Grange Burn (here in referred to as the Lower Grange Burn Estuary) is contained 
within Flood Cell 4. The MHWS line marks the boundary between the upstream (Fluvial) Grange Burn 
and the start of the tidal section (Lower Grange Burn Estuary). The downstream boundary of the Lower 
Grange Burn Estuary, which marks the transition to the Middle Forth Estuary, is taken as the boundary 
between Flood Cell 4 and 6 (NGR NS 94571 82533 ) as this is the point at which the river becomes less 
confined, discharging into the wider Middle Forth. Downstream of this location is considered to be within 
the Middle Forth Estuary. 

Downstream of the MHWS to the boundary between Flood Cell 4 and 6, the channel has been 
straightened, measuring approximately 8 m wide and is embanked as part of previous flood defence 
works. Where natural, the banks are steep, uniform and stable, consisting of clay, silt and fine sands with 
occasional gravel lenses with minor undercutting . Throughout this reach the channel displays limited 
morphological diversity . Bed sediment consists of silts and sands with occasional sporadic fine gravel 
deposits. Flow conditions within the tidal reach appear relatively uniform and are heavily influenced by 
tidal cycles within the Forth estuary. For further information on Grange Burn upstream of its tidal limit, 
see Appendix B10.1: Fluvial Geomorphology. 

3.1.5 Navigation channel s of Forth Estuary 

The Grangemouth Port navigation channels are artificially  formed, dredged channels to allow port 
access and egress to vessels berthing within the port of Grangemouth . The western channel is 
approximately 250  m in length, the eastern channel is approximately 255 m in length. Both channels 
are fronted by in channel flood gates, which periodically open and close to allow vessels to come and 
go from the port. The eastern channel contains a breakwater within the Middle Forth Estuary, sill depth 
at MHS is 11.7 m (Ports and Harbours of the UK, 2023).  

Neither channel is designated under the WFD or contained within a designated site of international or 
national importance. The channels exhibit no morphological diversity and appear uniform and stable 
given their anthropo genic nature. 
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Figure 2: Location of the existing defences in Cell s 2, 3 and 6. For defence number, see Table 1 

 

Figure 3: Location of the existing defences in Cells 1 and 5. For defence number, see Table 2 

 








































































































































































































































































































































































