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14th July 2020 

 

Bruce C Weir 

Torsonce Mains, 

Stow, 

Galashiels, 

TD1 2SN 

 

For the attention of Bruce Weir  

 

 

Dear Sir, 

 

Earlston Road, Stow 

Flood Risk Memo 

 

Kaya Consulting Ltd. was commissioned by Bruce Weir to undertake an assessment of the risk of flooding to 

a proposed development on land located off Earlston Road, Stow. A culvert sizing assessment was also 

requested to be provided for a new crossing. 

 

The site is bordered to the west by agricultural land and to the north and south by existing residential 

development and a farm respectively. The Crunzie Burn forms the eastern boundary of the site. The site is 

greenfield, comprised of a grassy field and has an approximate plan area of 2.2 ha. A detailed location plan is 

shown in Figure 1. 

 

The Crunzie Burn flows north along the eastern boundary of the site. Upstream of the site, the burn flows 

beneath a private access road via a 0.6 m circular culvert (see Photo 1). Downstream of the site, the burn 

enters a second culvert under Earlston Road before eventually reaching the Muirhouse Burn, to the north of 

the site, which flows in a westerly direction. 

 

The SEPA flood map shows the likely extent of flooding for high, medium and low likelihood for fluvial, pluvial 

(surface water) and tidal flows. Consultation of the map shows that the site is not considered to be at “medium” 

to “high” risk from fluvial flooding from the Crunzie Burn. As the SEPA flood maps are indicative, a more detailed 

assessment of flooding risk to the site is required for sites located adjacent to watercourses. 

 

The proposed development is comprised of four residential properties to be located within the northern half of 

the site area. Residential development is considered to be a ‘high vulnerability’ land use under the SEPA Land-

Use Vulnerability Criteria. Such sites need to be assessed against potential flood risk up to the 1 in 200-year 

event, with consideration of climate change. 

 

This short memo provides an assessment on: 

• The risk of flooding to the site from the Crunzie Burn, surface water runoff and groundwater; and 

• Culvert sizing assessment of a proposed crossing over the Crunzie Burn.  

 



Site Topography 
Site topography was analysed using both LiDAR ground elevation data and topographical survey points taken 

onsite. The general topography of the site is shown in Figure 2. 

 

Ground levels within the site slope steeply from south to north, with a maximum elevation of ~238 m AOD 

(Above Ordnance Datum) near the south of the site and a minimum elevation of ~211 m AOD in the north of 

the site. Land within the centre of the site is generally higher, with ground levels also falling to the east (Crunzie 

Burn) and to the west, away from the site. Land to the south rises considerably to a high point of around 350 

m AOD, approximately 1.3 km to the south of the site. 

 

The Crunzie Burn is situated in a deep channel, throughout the reach of the site, the bed is at least 2 m below 

the eastern site boundary. Upstream of the site, the burn flows through a 0.6 m diameter culvert, the overspill 

level of the culvert was surveyed to be approximately 234.3 m AOD. 

 

Downstream of the site, ground levels continue to fall by at least 4.5 m at Earlston Road. 

 

Hydrology for the Crunzie Burn 

A hydrological analysis was undertaken to estimate peak flows in the Crunzie Burn during 1 in 200-year and 1 

in 200-year plus climate change events. Catchment characteristics for the Crunzie Burn were extracted from 

the Flood Estimation Handbook (FEH) web-service for a location just downstream of the site. The full FEH 

catchment location can be seen in Figure 3. 

 

Design flows were estimated for the catchment using four methods: 

• FEH Rainfall-Runoff Method (using FEH1999 winter rainfall) – 1.09 m3/s; 

• Revitalised FEH Rainfall-Runoff Method (ReFH2.3) using winter rainfall – 0.94 m3/s; 

• Rural Qmed with Flood Studies Report (FSR) scaling factors – 0.81 m3/s; 

• Institute of Hydrology: Report No. 124 Flood estimation for small catchments method – 1.16 m3/s. 

The estimated flows range from 0.81 m3/s – 1.16 m3/s, given the small variability, the final 1 in 200-year event 

design flow was estimated as 1.16 m3/s, calculated using the IH124 method (most conservative 1 in 200-year 

event flow). Due to the small catchment, an uplift of 35%1 is recommended to be applied to rainfall inputs to 

represent increases due to climate change; however, the IH124 method is not based on rainfall intensity, so 

the 35% uplift was applied to the FEH R-R rainfall input which resulted in a fluvial increase of 44%. Applying a 

44% uplift to the IH124 method, results in a 200 year plus climate change flow of 1.67 m3/s 

 

Flood Risk from Crunzie Burn 

 

As discussed above, the bed of the watercourse is located in a deep channel, situated between the site and 

Earlston Road. A topographical survey of the site was undertaken which confirmed that the site is elevated at 

least 2 m above the bed of the channel throughout the entire eastern boundary. The channel gradient is steep 

throughout the site, at a slope of approximately 1 in 6, see Figure 4 which shows the shape of the channel 

derived from LiDAR data and the depth of the bed from the site boundary (ranging from 2-6m). 

 

Based on the flows derived above and the elevation of the site above the channel, flood levels in the channel 

would not be expected to rise by such a magnitude to reach the site. Due to the depth of the channel, a detailed 

1D model was not warranted to assess water levels; however, a HEC-RAS mathematical model was 

constructed to size a potential crossing within the centre of the site, which was based on two surveyed cross 

sections. Results of the model confirmed that flood waters would remain in the channel and flood depths would 

not exceed approximately 700 mm during a 200 year plus climate change event, see Figure 7 which shows the 

 
1 https://www.sepa.org.uk/media/426913/lups_cc1.pdf 

https://www.sepa.org.uk/media/426913/lups_cc1.pdf


results of a surveyed cross section within the centre of the site. The channel is relatively uniform in shape such 

that results output by the model are representational for the reach throughout the site.   

 

An existing crossing is located at the south eastern corner of the site. In the event of a blockage to an upstream 

crossing, flood waters would reach the overspill level of the road and fall back into the channel at the 

downstream end. Ground levels rise up from the road so no flooding of the site would occur. In addition, the 

overtopping level of the downstream culvert under Earlston Road, is 206.4 m AOD, which is also at least 4.5 

m lower than the lowest level of the site, therefore during a 100% blockage flood waters backing up from the 

downstream culvert inlet would not be predicted to reach the site. 

 

Flood Risk from Surface Water Runoff 

A detailed watershed analysis was undertaken using Global Mapper software to determine the route of overland 

flows using the 1m resolution LiDAR DTM data. The results show that there is an area of high ground to the 

south of the site which could flow northwards towards the site.  

A 2D model was setup to represent the catchment area draining towards the site and areas downstream of the 

site. The Active Area (model domain) was sized to represent the catchment area draining towards the site. 

Global Manning’s roughness values of 0.05 was employed, to represent a mix of land uses from grass to slightly 

heavier bushes. The model was run using a 2.5m grid size. This was chosen to give representative results 

while ensuring manageable model run times. 

Rainfall data was obtained from the FEH Web-service and converted into rainfall depth using the latest ReFH2 

model. This was input as rainfall over the entire model domain. No allowances were made for the local drainage 

system as the majority of the contributing catchment is undeveloped farmland. The “net rainfall” values were 

used, meaning an allowance was made for infiltration into the ground.  

The results suggest that most surface water runoff would be directed towards the Crunzie Burn immediately 

upstream of the site. This is due to an area of relatively higher ground which runs near the centre of the site, 

allowing surface water to shed east and west away from the main site area. In addition, the local access road 

to the south of the site would also intercept and direct surface water towards the channel upstream of the site, 

see Figure 5.   

Flood Risk from Groundwater 

The SEPA flood map does not show the site or surrounding area to be at risk of flooding from groundwater 

flooding. Flooding from groundwater as a primary source is uncommon in Scotland.  

It is likely that groundwater levels will correlate with water levels in the Crunzie Burn, which is lower than the 

site. Further information on local groundwater levels obtained during site investigation should be used to inform 

the design. SuDS measures will need to take account of groundwater conditions if elevated groundwater levels 

are identified.  However, given the location of the site, the site is considered to be at “low” risk of flooding from 

groundwater as a primary source, unless the site investigation proves otherwise. 

 

Culvert Assessment 

 

Introduction 

To access the site, it is proposed that a culvert is installed to cross the Crunzie Burn. Planning Policy requires 

that access to and egress from new development should be free of flooding risk for flows up to an including 

200 year plus climate change return period. 

 



Modelling 

To provide a basis of comparison, the existing channel in the vicinity of the crossing has been modelled using 

HEC-RAS mathematical modelling software to estimate flood water levels in the burn. The model was built 

using surveyed channel cross sections and topographical survey data provided by the client. 

 

A cross section location plan (including proposed access) is provided in Figure 6. Four additional cross sections 

have been extracted from 1m LiDAR data and used to supplement the surveyed data and aid model stability. 

As per the assessment above, the base case model results indicate that the channel has sufficient capacity to 

pass the 200 year and 200 year plus climate change flow in the vicinity of the crossing. 

 

Proposals 

The model has been updated to include a proposed culvert installed to facilitate a 6 m wide road and associated 

embankment; i.e. approximately 11 m long. The channel upstream of the culvert inlet will be arranged to 

improve the conveyance into the culvert and reduce entrance losses at the culvert inlet.  

 

The following model parameters were used: 

• 1m diameter concrete culvert to allow free water surface throughout culvert reach; 

• 11m culvert length; 

• Manning’s n value of 0.035 for culvert friction at the bed and 0.02 for the concrete culvert; 

• Inlet invert level of 220.39m AOD and outlet invert level of 219.61m AOD. 

 

The results indicate that for the culvert parameters as outlined above, the proposed culvert is able to pass the 

design flow and climate change flow with no significant increase to water levels upstream of the site, see Figure 

8. 

 

It was also requested that an assessment be made on the requirement of a debris screen to protect the inlet of 

the culvert. Scottish Borders Council refer applicants to DEFRA trash screen guidance which has been 

superseded by Ciria document C786 – Culvert Screen and outfall manual. 

 

Appendix A of the manual outlines an initial need assessment for a debris screen, which is based on the 

following factors: 

 

• Potential for debris collection at the inlet – approach conditions 

• Potential for debris collection at inlet – culvert size 

• Hydraulic performance of culvert 

• Potential for large debris entering the watercourse and being transported downstream 

• Potential for debris to collect within the culvert barrel 

• Presence of other features that could trap debris elsewhere and other mitigation 

 

The Initial Debris Screen Need Score (IDSNS) was calculated to be 19 which indicates that a debris screen is 

not required. Results are provided in the Appendix. 

 

Summary and Recommendations 

Kaya Consulting Ltd. was commissioned by Bruce Weir to undertake an assessment of the risk of flooding to 

a proposed development on land located off Earlston Road, Stow. A culvert sizing assessment was also 

requested to be provided. 

 

The Crunzie Burn forms the eastern boundary of the site. The site is greenfield, comprised of a grassy field and 

has an approximate plan area of 2.2 ha. A detailed location plan is shown in Figure 1. 

 



The Crunzie Burn flows in a deep channel adjacent to the site, due to the channel being over 2 m deeper than 

the site and the limited catchment area, flood waters would not be expected to rise sufficiently to cause flooding 

within the site. A HEC RAS model constructed to size a potential crossing confirmed flood depths would not 

exceed 0.7 m at the proposed channel crossing. 

 

High ground rises to the south of the site; however due to a raised area of land within the centre of the site and 

a local access along the southern boundary, surface water runoff from the south would be directed east and 

west before reaching the site. 

 

The site is not predicted to be at significant risk of flooding during a 200 year design event; however, it is 

recommended that finished floor levels are set to an appropriate height above surrounding ground levels and 

finished ground levels are arranged to slope away from buildings. General ground levels should be finished in 

a way not to allow ponding of surface water within the site where it could increase the risk of flooding of 

properties. 

 

A crossing is required to be constructed over the Crunzie Burn to allow access to the site. A HEC-RAS 

mathematical model was constructed of the channel based on surveyed cross sections and LiDAR data. Model 

results indicate that a 1 m diameter circular culvert would be sufficient to pass the 200 year plus climate change 

flow. An initial need assessment of a debris screen was also undertaken which indicated that a debris screen 

would not be required. It is recommended that ground levels on the access road are designed such that in the 

event of a full blockage flood waters are able to return to the channel without flooding others. 

 

Closure 

We trust the above satisfy your current requirements. If you have any queries regarding this response, please 

do not hesitate to contact the undersigned. 

 

Yours faithfully, 

 

Callum Anderson 

Technical Director 

 

  



Figure 1: Site location and location of relevant water features 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reproduced by permission of Ordnance Survey on behalf of The Controller of Her Majesty’s Stationery Office.  

© Crown copyright. All rights reserved. Licence number 100045301. 
 



Photo 1: Crunzie Burn (Upstream Culvert) 

 
(Photo courtesy of Bruce Weir) 

 
 

 



Figure 2: Site topography with 0.5 m contours through site - (1m background LiDAR data) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 3: Catchment for the Crunzie Burn 

 

 
 
 

 

 

  

Reproduced by permission of Ordnance Survey on behalf of The Controller of Her Majesty’s Stationery Office.  

© Crown copyright. All rights reserved. Licence number 100045301. 
 



Figure 4: Channel based on LiDAR (Freeboard from channel bed) 

 
 

Figure 5: Overland flow pathways upstream of site (red line shows watershed) 

 
 



Figure 6: Channel Cross section used for HEC RAS model 

 



Figure 7: Channel Cross results for cross section 3 

 

 
 

Figure 8: Culvert results for upstream face of culvert (200yr + climate change flow) 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 

 

Initial need assessment for a debris screen 

 

 

 

 

 

 

 

 

 

 

 

 

Main factor (blockage risk source)
Evidence/sub-factor

(choose all that are applicable)

Potential 

score
Applicable? Score

A - Potential for debris collection at the inlet - 

A1. Flow approach is parallel to the culvert centreline 1 No 1

A2. Wing walls at inlet that guide flow smoothly into the culvert 

barrel
2 No 2

A3. Flow approach is skewed relative to the culvert centreline (less 

than 20 degrees)
3 No

A4. Culvert headwall is at right angles to the flow 4 No

A5. Flow approach is skewed relative to the culvert centreline (more 

than 20 degrees)
5 No

A6. Additional evidence (potential score between 1 and 5) No

Maximum score for Factor A: 5
Column 

maximum A
2

When flow is aligned to the centreline of the 

culvert there will be a smoother contraction 

and acceleration of flow into the culvert barrel 

and fewer eddies or areas of low velocity which 

would tend to hold debris at the inlet.

B1. Culvert barrel greater than 3 m in width and/or greater than 2 m 

in height
1 No

B2. Culvert barrel is between 1.5 m to 3 m in width and/or between 

1 m to 3 m in height
5 No

B3. Culvert barrel is less than 1.5 m in width and/or less than 1 m 

in height
8 No

B4. Culvert barrel is less than 1 metre square in cross-sectional 

area
10 No 10

B5. Additional evidence (potential score between 1 and 10) No

Maximum score for Factor B: 10
Column 

maximum B
10

B - Potential for debris collection at inlet / culvert size

The size of a culvert barrel can be a factor in 

the chance of it becoming blocked with debris, 

especially from medium-sized debris such as 

pallets and supermarket trolleys

C1. Culvert never flows full for any part of its length 1 No 1

C2. Culvert flows full for all or part of its length during a flood in 

excess of 1 in 10 (10% chance)
2 No

C3. Culvert flow regime not known or not calculated yet 5 No

C4. Culvert flows full for all or part of its length during less than a 1 

in 10 (10% chance) flood
8 No

C5. Culvert flows full for part of its length during normal flow 8 No

C6. Culvert always flows full (eg inverted siphon) 10 No

C7. Additional evidence (potential score between 1 and 10) No

Maximum score for Factor C: 10
Column 

maximum C
1

C - Hydraulic performance of culvert

The flow regime at the culvert inlet and 

through the barrel can be a factor on how 

floating debris and bed sediment is or isn't 

transported through the culvert

D1a. No past blockage or evidence of large debris within the 

watercourse or on its banks
1 No 1

D1b. Evidence of large loose debris collecting within the 

watercourse or its banks
10 No

D1c. Evidence of large floating mats of vegetation/regular cutting of 

vegetation within the channel
10 No

D2. Steep gradient on approach watercourse (greater than 1 in 

100)
10 No 10

D3a. Past incident(s) of partial blockage of culvert or channel by 

debris (less than 30% of the cross-sectional area)
15 No

D3b. No Information on past or potential debris load/do not know 15 No

D3c. Past incident(s) of significant blockage of culvert or channel by 

debris (30% to 50% of the cross-sectional area)
20 No

D3d. Past incident(s) of blockage of culvert or channel by debris 

(more than 50% of the cross-sectional area)
30 No

D4. Additional evidence (potential score between 1 and 30) No

Maximum score for Factor D: 30
Column 

maximum D
10

D - Potential for large debris entering the watercourse and being transported downstream

Larger debris which can be transported along 

the watercourse such as tree branches, 'mats' 

of vegetation, pallets and silage bales pose 

the greatest risk of blockage of a culvert 

barrel.  The source of these can be deliberate 

dumping into the channel or from being 

washed into the river from nearby properties.



 

 

 

 

 

 

E1a. Culvert barrel has a constant bed slope which is steeper than 

1 in 200
1 No 1

E1b. Culvert barrel has a constant bed slope which is less than 1 in 

200
3 No

E1c. Culvert barrel has a gradual change (slackening) in bed slope 5 No

E1d. Culvert barrel has a sudden change (slackening) in bed slope 10 No

E2a. Culvert barrel is straight (no bends, obstructions or change in 

cross-section area)
1 No 1

E2b. Culvert barrel has minor bends (less than 20 degrees) 2 No

E2c. Culvert barrel has significant bends (more than 20 degrees) 5 No

E3a. Culvert barrel cross-section area changes by less than ±25 % 

and the transition is tapered
2 No

E3b. Culvert barrel cross-section area changes by less than ±25 % 

and the transition is sudden
4 No

E3c. Culvert barrel has mammal shelves (other than concrete 

benching in the invert)
5 No

E3d. Culvert barrel cross-section changes by more than ±25 % and 

the change is tapered
10 No

E3e. Culvert barrel cross-section changes by more than ±25 % and 

the change is sudden
25 No

E4a. Low weir within culvert (less than 0.5 m vertical drop) 5 No

E4b. High weir within culvert (more than 0.5 m vertical drop) 15 No

E5a. Service crossings in lower half of culvert height 30 No

E5b. Service crossings in upper half of culvert height 35 No

E6a. Vertical dividing walls within the barrel (less than half culvert 

height)
35 No

E6b. Vertical dividing walls within the barrel (more than half culvert 

height) or culvert splits into multiple barrels along its length
40 No

E7. Culvert has a sluice gate that is normally partly closed, a non-

return valve on the outlet, or a 'letterbox' outlet
25 No

E8. Culvert has an outlet security screen 25 No

E9. Culvert is an inverted siphon or 'sag culvert' 25 No

E10. Consequences of a culvert blockage are significant (eg 

immediate receptors for flow not able to pass through the culvert 
30 No

E11. Past evidence of substantial blockage (>50%) of culvert cross-

sectional area
40 No

E12. Culvert is part of the inlet to a pumping station 45 No

E12. Additional evidence (potential score between 1 and 45) No

Maximum score for Factor E: 45
Column 

maximum E
1

E - Potential for debris to collect within the culvert barrel

The presence of one or more physical 

attributes of the culvert barrel which can trap 

floating debris or bed sediment will influence 

the chance of a blockage.

F1. There is another smaller capacity culvert, weir or bridge up to 

100 m upstream of the culvert inlet
-5 No -5

F2. Flow through the culvert barrel in flood will be rapid (velocity 

greater than 1 m/s and no intermediate piers or service crossings)
-15 No

F3. Adequate management measures in place to reduce the chance 

of large debris getting into the channel
-20 No

F4. Consequences of a culvert blockage are small (eg an alternative 

flow route exists which would not lead to an increase in flood 

damage or an increased safety hazard)

-25 No

F5a. Coarse screen exists or is to be constructed upstream within 

100 metres of the culvert inlet)
-10 No

F5b. Coarse screen exists or is to be constructed upstream of the 

culvert and there is no likely source of additional debris between the 
-25 No

F6. Additional evidence (potential score between 0 and minus 25) No

Minimum score for Factor F: -25
Column 

minimum F
-5

TOTAL of 

Factors A-F
19

Decision rule: A debris screen is not required

F - Presence of other features that could trap debris elsewhere/other mitigation (note these are zero or minus scores)


