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Environmental Design

1.2.24 In so far as practicable, all river engineering works associated with the scheme will be in 
accordance with Scottish Environmental Protection Agency (SEPA) good practice guidance, 
particularly with respect to river crossings (SEPA, 2010a), sediment management (SEPA, 
2010b) and bank protection (SEPA, 2008). Where this is not possible further justification will 
be provided at specimen design stage.

1.2.25 Particular consideration has been given in this report to the provision of mammal and fish 
passage and burying the culvert invert with natural riparian river deposits.

Mammal Passage

1.2.26 The provision of mammal passage within new watercourse crossings has been considered 
alongside geometric constraints, hydraulic performance requirements and other aspects of 
scheme design in developing the watercourse crossing proposals outlined in this report. 

1.2.27 Where existing watercourse crossings are being replaced with a new culvert, consideration 
has been given to provide integral mammal passage where an ecological need has been 
identified. Mammal ledges have been designed in accordance with DMRB LD 118 (Highways 
England et al. 2020).

1.2.28 Where an existing watercourse crossing culvert has been confirmed to provide a mammal 
corridor but is being retained and extended to accommodate the proposed scheme, it is 
proposed to provide an adjacent dry mammal underpass to maintain and/or improve habitat 
connectivity.

1.2.29 The provision of alternative mammal passage, by means of dry mammal underpass rather 
than provision of mammal ledges within an enlarged watercourse culvert, has been selected 
to avoid the need to significantly enlarge the culvert cross-section in order to meet DMRB 
requirements. Locations of dry mammal underpasses are detailed in Appendix 19.3.1a. 

1.2.30 Consequently, the use of dry mammal underpasses in such a situation reduces the need to 
increase clearance between the proposed scheme road level and the watercourse river bed 
level. Raising the proposed scheme road level may have significant impacts in terms of 
increasing the footprint of the road, drainage design, visual impact and increased capital cost; 
whereas the alternative option of lowering the watercourse potentially requires significant 
engineering intervention in the river channel, with possible further ecological and 
geomorphological impacts. Avoiding, or minimising an increase in culvert size also has the 
benefit of minimising the impact on the existing hydraulic regime and flood risk. 

1.2.31 Where required details relating to the provision of mammal passage within culvert structures 
are provided in Section 3 (Watercourse Crossing Information) and are also shown on the 
drawings. Dry mammal underpasses are not detailed within this report, but their presence is 
noted in Section 3 (Watercourse Crossing Information) where the dry mammal underpass is 
associated with an adjacent watercourse.
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Ecological assessment has not identified this watercourse as having suitable fish habitat; hence the provision for fish passage is not required. The 
proposal is for an extension of the existing alignment and as such, no embedment is required. 
Flood Risk Justifications
The existing culvert arrangement freely passes the design flood event, with 0.3m culvert freeboard during the design flood event i.e. 0.5% AEP (200-year) 
plus a 39% allowance for climate change. The existing A9 is therefore not considered to be at flood risk during the design flood event, with 6.72m 
existing freeboard to the road level available.
The new culvert arrangement will also freely pass the design flood event with 0.41m culvert freeboard. The head water level at the culvert entrance is 
predicted to increase by 0.086m as a result of lengthening of the culvert.
The available flood freeboard between head water level and the proposed A9 road level is 5.89m, hence the proposed scheme is not considered to be at 
flood risk during design flood event. The head water level is out of bank in the upstream channel; however, as there are no sensitive receptors in the 
upstream reach no further mitigation measures are considered necessary.
The new culvert arrangement freely passes the design flood event of 3.33% AEP (1 in 30 chance of occurring in any year). The water level at the culvert 
inlet during the event is predicted to provide an available freeboard of 0.99m, allowing sufficient space for the mammal ledge to be extended through 
the proposed culvert extension. The top of the mammal ledge is predicted to be 0.39m above the water level during a 3.33%AEP, where it will be 170mm 
thick. 
Downstream flood risk associated with the design flood event is not impacted by the proposed scheme.

WF02 
Approximate 
channel bed width 
at mainline culvert 
inlet: 1.52m

Flow data:
50% AEP: 0.19m3/s
0.5% AEP + CC: 
0.95m3/s

2/A9 No changes are proposed to the 
existing A9 mainline culvert

Existing diameter = 0.72m
Existing length = 40.55m

Watercourse Crossing Baseline
Watercourse WF02 is culverted beneath the existing A9 via a 0.72m diameter concrete culvert. The existing culvert inlet is set back from the carriageway, 
several metres below the existing and proposed A9 road levels. The downstream end of the culvert ties into a concrete stepped cascade approximately 
9.1m long. 
The proposed scheme will result in the A9 footprint at this location being widened on the upstream side. The widening of the A9 footprint does not 
impact the location of the existing culvert inlet, on the upstream side (northbound) or the outlet on the downstream side (southbound).
Hydromorphology Baseline
Within the study area, WF02 displays a low sinuosity planform and exhibits realignments through culverts below access tracks and the existing A9 
carriageway. Generally, WF02 comprises plane-bed, plane-riffle and step-pool morphology. The channel is constrained and poorly defined downstream 
of the existing A9 by an engineered cascade structure. In downstream reaches the channel exhibits a narrow, overwide and over deep cross-section, with 
the formation of alternate berms suggesting localised recovery of sinuosity. Therefore, WF2 has been assigned a medium importance classification.
Proposed Scheme
The proposed scheme will not result in a change in the A9 footprint at this location, hence the existing culvert is considered adequate to accommodate 
the proposed scheme at this location.  
Hydromorphology Assessment Summary
Construction activities adjacent to WF02 from earthworks could increase fine sediment input to the watercourse. Where the channel is poorly defined, 
the tracking of plant material could lead to accidental loss of the channel. However, with no operational changes to the A9 watercourse crossing along 
WF02, there is no anticipated operational impacts on hydromorphology. 
Impacts would be of slight significance reducing further to neutral following the implementation of mitigation. Further details on site specific impacts, 
mitigation and residual impacts are provided in Appendix A19.5 (Impact Assessment).
Ecological Justifications
No change to the existing culvert and local watercourse is proposed. There will be no embedment required as there are no changes proposed to the 
culvert. 
Flood risk Justifications
The existing culvert is surcharged during the design flood event i.e. 0.5% AEP (200-year) plus a 39% allowance for climate change. The water level at the 
culvert inlet is predicted to surcharge the culvert soffit by 0.47m and is predicted to be out of bank.
The available flood freeboard between headwater level and the existing A9 road level is 3.31m. Consequently, the existing road and proposed scheme 
road are not considered to be at flood risk during the design flood event.
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Construction activities could alter sediment transport dynamics and availability due to the release of fine sediment during earthworks, and both bankside 
and in-channel working. Furthermore, in-channel and bankside works could further alter sediment transport dynamics through bed compaction and bank 
destabilisation.
During operation, the proposed scheme has the potential to alter fluvial processes and even lead to loss of the channel, with the extension of the culvert. 
Removal of the ponds could lead to disconnection between the watercourse and its floodplain. 
Impacts would be of slight significance reducing further to neutral following the implementation of mitigation. Further details on site specific impacts, 
mitigation and residual impacts are provided in Appendix A19.5 (Impact Assessment).
Ecological Justifications
Ecological assessment has not identified this watercourse as a potential mammal corridor; hence the provision for mammal passage is not required.
Ecological assessment has not identified this watercourse as having suitable fish habitat; hence the provision for fish passage is not required. No 
embedment is required for the culvert as it is an extension of the existing alignment.  
Flood Risk Justifications
The existing culvert is surcharged during the design flood event i.e. 0.5% AEP (200-year) plus a 39% allowance for climate change. The water level at the 
culvert inlet is predicted to surcharge the culvert soffit by 0.55m and be out of bank (due to the lack of formal channel); however, the watercourse is well 
below the existing road level and there are no other sensitive receptors upstream of the crossing. The existing A9 is therefore not considered to be at 
flood risk during the design flood event, with 8.37m predicted freeboard available.
The new culvert arrangement will also be surcharged during the design flood event. The water level at the inlet is predicted to surcharge the culvert 
soffit by 0.25m. The head water depth at the culvert entrance is not predicted to increase as a result of lengthening of the culvert. 
The available flood freeboard between headwater level and the proposed A9 road level is 9.26m, hence the proposed scheme is not considered to be at 
flood risk during design flood event. 
Downstream flood risk is impacted by the proposed scheme as the removal of the pond outlet structure no longer throttles the design flow. However, 
the increase in peak flow at the access track downstream of WF05A is considered negligible compared to peak flow in the River Tay located immediately 
downstream, as such, no mitigation measures are considered necessary.

5B/B867/Railw
ay

A small downstream extension 
is required to the existing rail 
and side road culvert

Existing diameter = 1.0m
Existing length = 65.56m

Proposed Diameter = 1.0m
Proposed Length = 70.67m

Watercourse Crossing Baseline
The watercourse is culverted beneath the railway and the B867 side road. The proposed scheme will affect the outlet of the culvert, the footprint of the 
embankment is slightly extended.  
Hydromorphology Baseline
See description provided for culvert number & location 5A/A9.
Proposed Scheme
The existing culvert is adequate to accommodate the proposed scheme at this location. However a small extension downstream of 5.1m is 
recommended to relocate the outlet clear of any proposed side road and drainage works.
A new channel will be formed downstream of the culvert outlet to tie into the proposed culvert 5A inlet.
Hydromorphological Assessment Summary
Construction activities could alter sediment transport dynamics and availability due the release of fine sediment during earthworks, and both bankside 
and in-channel working. Furthermore, in-channel and bankside works could further alter sediment transport dynamics through bed compaction and bank 
destabilisation.
Realignments could alter gradient but have a beneficial impact by potentially improving sediment transportation along the current poorly defined 
channel. Any potential bank protection could shift fluvial processes causing erosion and bank retreat along unreinforced reaches downstream, whilst the 
outfalling SuDS Basin B1 could alter flow dynamics.
Ecological Justifications
As per the mainline culvert 5A there is no requirement for fish or mammal passage in this location and no change to the existing culvert or local 
watercourse (upstream) is proposed. No embedment is required as there are no changes proposed.  
Flood Risk Justifications
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Flood Risk Justifications
The existing culvert is surcharged during the design flood event i.e. 0.5% AEP (200-year) plus a 39% allowance for climate change. This surcharging results 
in flooding of the areas to the west between WF9 and the River Braan which includes the A822, a property and a builder’s yard.  The water level at 
existing culvert inlet is predicted to surcharge the culvert soffit by 8.74m and is out of bank. The water level at the culvert inlet is predicted to overtop 
the existing A9 road level by 3.9m, therefore, the existing A9 is at risk of flooding. 
The newly proposed upstream culvert, on the South side of the roundabout, is free flowing during the design flood event. Freeboard to the proposed A9 
road level is 3m. The available freeboard within the proposed pipe itself between headwater level and the Inlet Soffit level, upstream of the roundabout, 
is 1.11m. Consequently, the Southern section of the roundabout should remain free from flood risk.
The extended downstream culvert would be surcharged during the design flood event, therefore the flood relief culvert is proposed to take excess flows 
and prevent an increase to flood risk in these locations. The head water depth at the extended downstream culvert inlet is not predicted to increase as a 
result of lengthening of the culvert, however the inlet is predicted to surcharge the culvert soffit by 0.72m. The freeboard to the proposed A9 road level 
is 4.31m due to the increased proposed road levels.
The flood relief culvert takes all excess flows that surcharge the downstream culvert. Consequently, for the channel downstream of the roundabout, 
flood risk will remain the same as in baseline conditions.  No flood risk to sensitive receptors is impacted by the proposed scheme.  
 

9/A9-D/S-FRC Proposed flood relief culvert 
length = 226m
Proposed flood relief culvert 
Height = 1m
Proposed flood relief culvert 
width = 1.5m

Watercourse Crossing Baseline
See description provided for culvert number & location 9/A9-U/S & 9/A9-D/S.
Hydromorphology Baseline
See description provided for culvert number & location 9/A9-U/S & 9/A9-D/S.
Proposed Scheme
The proposed scheme will result in the A9 being realigned and a roundabout being constructed at this location widening the footprint of the road 
considerably upstream and downstream. The widening of the A9 footprint impacts the location of the existing culvert inlet, on the upstream side 
(northbound) and the outlet on the downstream (southbound) side.
The preferred solution for this crossing, taking account of engineering and environmental design criteria, is to resize the existing upstream culvert and 
extend the existing downstream culvert. A flood relief culvert will also be situated downstream of the roundabout, with its inlet being situated by a 
headwall, next to the headwall of the proposed culvert inlet. 
The flood relief culvert will lie West of the downstream culvert arrangement, passing beneath an existing footpath North of the existing A9 road parallel 
to the Southbound carriageway to connect to a new outfall into the River Braan. The flood relief culvert will include 4 manholes, with the first manhole 
located approximately 7.3m, at an angle of 60°, North-West of the proposed culvert inlet. The culvert will then facilitate a turn of approximately 45° and 
then extend out by 38m beyond the North-West section of the roundabout, where the second manhole will be located. The culvert will then take a sharp 
turn, at approximately 70° after the second manhole and extend out West by a length of approximately 67.5m towards the third manhole. After the third 
manhole, the culvert will then facilitate a turn of approximately 10° towards the North-West and extend by another 40m towards the fourth manhole. 
After the fourth manhole, the culvert will then facilitate a final turn of approximately 10° towards the North-West, where it will extend out another 63m 
towards the River Braan and will outfall on the right bank of the river. 
Hydromorphological Assessment Summary
See description provided for culvert number & location 9/A9-U/S & 9/A9-D/S.
Ecological Justifications
As per the mainline culverts for 9 there is no requirement for fish or mammal passage in this location and no change to the existing culvert is proposed.
Flood Risk Justifications
The newly proposed flood relief culvert will be free flowing during the design flood event. Freeboard to the proposed A9 road level is 4.31m. The 
available freeboard within the proposed box culvert itself, between headwater level and the Inlet Soffit level, is 0.68m. Consequently, the Northern 
section of the roundabout should remain free from flood risk and no flood risk to sensitive receptors will be impacted by the proposed scheme.  

WF11 (River 
Braan)

11/A9 Replacement of existing A9 
bridge with new bridge. 

Watercourse Crossing Baseline
Watercourse WF11 passes beneath the existing A9 via a reinforced concrete bridge spanning 28.9m over the watercourse. 
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The existing culvert is surcharged during the design flood event i.e. 0.5% AEP (200-year) plus a 53% allowance for climate change. The water level at the 
existing culvert inlet is predicted to surcharge the culvert soffit by 3.28m and there is significant out of bank flooding upstream of the existing bridge 
during the design event.  
The available flood freeboard between headwater level and the existing A9 road level is 2.73m. Consequently, the existing A9 is not considered to be at 
flood risk during the design flood event.
As there are no changes proposed to the culvert there is no new anticipated flood risk to the scheme. The new road level will be raised to 56.37mAD 
giving 3.151m of freeboard to peak water level of 53.219mAD.  Consequently, the proposed A9 is not considered to be at flood risk during the design 
flood event. 
Further, no impact to existing flood risk is anticipated.

WF12A
Approximate 
channel bed width 
at mainline culvert 
inlet: 0.4m

Flow data:
50% AEP: 0.28m3/s
0.5% AEP + CC: 
1.41m3/s

12A/A9 No changes are proposed to the 
existing A9/Railway Culvert

Existing diameter = 1.05m
Existing length = 99.1m

Watercourse Crossing Baseline
The watercourse is culverted beneath the railway and the existing A9 road. 
Hydromorphology Baseline
Within the study area, WF12A has a low sinuosity planform and steep gradient with realignment through culverts below the existing A9 and Highland 
Main Line railway. Upstream of the existing A9 WF12A displays limited natural morphological features including steps and pools. Downstream of the A9, 
WF12A is largely channelised before discharging into the River Tay. Therefore, WF12A has been assigned a low importance classification.
Proposed scheme
The proposed scheme will not widen the road footprint beyond the existing culvert inlet, nor will the proposed scheme infrastructure conflict with the 
existing culvert, as such the existing crossing will be retained unchanged. The existing culvert is adequate to accommodate the proposed scheme at this 
location. 
Hydromorphological Assessment Summary
During construction, in-channel and bankside working could remove riparian vegetation and disturb bed and bank material leading to changes in flow 
and sediment transport dynamics, whereby scour and deposition could result. Other works could release additional fine sediment into WF13, altering 
sediment transport dynamics and smothering the bed substrate.
During operation, the extended culvert would likely replace natural bed and bank material, potentially replacing any step-pool sequences identified 
along the channel. Lateral connectivity with bank sediment will likely be impeded by the culvert extension, whilst riparian vegetation will be lost. Channel 
straightening along the culvert could increase channel gradient along the culvert, potentially affecting flow and sediment transport processes 
downstream of the A. Based on the alignment of the culvert extension, channel realignments, upstream and downstream of the A9 are a likely 
requirement. Therefore, impacting flow and sediment transport processes along the watercourse.
Ecological Justifications
No change to the existing culvert and local watercourse is proposed. As such, no embedment is required. 
Flood risk Justifications
The existing culvert is surcharged during the design flood event i.e. 0.5% AEP (200-year) plus a 39% allowance for climate change. The water level 
surcharges the culvert soffit at the inlet by 0.05m. 
The available flood freeboard between headwater level and the existing A9 road level is 8.26m. Consequently, the existing railway and A9 road are not 
considered to be at flood risk during the design flood event. The available flood freeboard between the headwater level and the proposed A9 road level 
is predicted to be 9.92m. Consequently, the proposed road is not considered to be at flood risk during the design flood event. 
No change to existing flood risk is anticipated. 

WF12B
Approximate 
channel bed width 
at mainline culvert 
inlet: 

Flow data:

12B/A9 Existing diameter = 1.2m
Existing length = 90m

Proposed Diameter = 1.8m 
Proposed Length = 132.3m
Proposed Embedment = 0.3m 

Watercourse Crossing Baseline
Watercourse WF12B is culverted underneath the existing A9 and railway. The newly proposed culvert alignment will be underneath the new section of 
carriageway and embankments. 
Hydromorphology baseline
Within the study area, WF12B has a low sinuosity and pool defined channel upstream of the existing A9. The channel exhibits realignment through a 
culvert below the existing A9 and Highland Main Line railway. WF12B cannot be assessed as “stable” under hydrophysiographic conditions, in that it has 
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The available freeboard between headwater level and the proposed A9 road level is 3.07m, hence the proposed scheme is not considered to be at flood 
risk during design flood event. As the head water level is contained within the upstream channel, no further mitigation measures are considered 
necessary.
Downstream flood risk is impacted by the proposed scheme, as the larger culvert barrel no longer throttles the design flow upstream. However, the 
increase in peak flow at WF18 is considered negligible compared to peak flow in the River Tay located immediately downstream, as such, no mitigation 
measures are considered necessary.
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1.4 Photographs
1.4.1 Photographs of each of the culverts and watercourses are provided in Table A19.3-2. Typically, where available, both upstream and downstream 

photographs are provided to illustrate smaller structures. Larger structures, e.g. bridges, are provided with a single representative view.

Table A19.3-2: Watercourse photographs

Photograph 1: WF1 Existing A9 culvert outlet and downstream 
cascade

Photograph 2: WF1 Existing A9 culvert inlet and upstream channel
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Photograph 3: WF2 Existing A9 culvert outlet and downstream 
channel

Photograph 4: WF2 Existing A9 culvert inlet and upstream channel
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Photograph 5: WF05 Existing A9 culvert outlet and downstream 
channel

Photograph 6: WF05 where upstream channel sinks upstream of the 
Existing A9
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