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C.# CSA Design Refinement 

CSA ID Number 3 

C.5.1 Compensatory storage by displacement is the preferred option for mitigating the encroachment 

upstream and downstream of crossing ID147. Extensive hydraulic modelling was carried out to 

determine the most appropriate culvert size under the A9 to prevent the peak flow downstream 

of the scheme increasing and hence inherently mitigate the impact resulting from lost floodplain 

storage. 

C.5.2 The optimum size was found to be a twin 3.6m x 4.2m box culvert arrangement which passes no 

more flow downstream in the rising limb of the hydrograph and at the peak. This results in 

approximately 250mm lift in flood levels upstream of the crossing thereby accommodating the 

lost floodplain volume. 

C.5.3 As no excavation is required to achieve compensatory storage in this way, no specific area has 

been allocated within the Proposed Scheme Design. 

CSA ID Number 5 and 6 

C.5.4 Earlier in the design process it was proposed that CSA 5 would be merged into CSA 6.  

C.5.5 Comments from the environmental teams showed concern about the environmental impacts of 

the scale of CSA 6 and its distance from the A9 mainline corridor. 

C.5.6 Through discussion with SEPA it was concluded that the environmental impacts of providing the 

compensatory storage area outweighed the negligible impact it would have on flood levels 

downstream and as a result it is removed from the Scheme Design. 

CSA ID Number 13 

C.5.7 Following the initial sizing of the compensatory storage area downstream of crossing ID157 

concerns were raised that it encroached into several areas with environmental designations 

including Ramsar, SPA, SSSI, SAC and NNR. 

C.5.8 Further design refinements have therefore been made to, as far as possible, remove the CSA 

earthworks from the areas with special designations.  

C.5.9 Ground modelling was carried out to establish the minimum plan area into which the 

encroachment volume slices would fit based on the return period depth slices in the ponding 

area upstream of the B9152. It was found that the critical return period in terms of the area 

required to compensate was the 50y – 100y slice.  

C.5.10 Through various iterations of earthworks design a solution was found that allowed the full 

volume of encroachment to be compensated for at each return period without the earthworks 

extending into areas of Ramsar, SPA, SSSI or SAC environmental designation or into the ancient 

woodland to the east and west of the crossing. It is not possible to minimise the extents to out 

with the NNR. 

C.5.11 The final suggested earthworks extent is shown in Figure C5-1 below where the NNR is shown as 

a black dashed line and the extent of the other environmental designations are shown by the 

solid blue line. 
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C.5.12 Following discussion with SEPA and further hydraulic modelling and analysis documented in 

Annex B compensatory storage area ID13 has been removed from the design as it was concluded 

that as a result of the unusual hydraulics of the flow routes upstream and downstream of the A9 

mainline in the existing and proposed case it there was no increase in water levels downstream 

and hence the other impacts of providing compensatory storage were unacceptable. 

 

Figure C5-1: Earthworks extents of refined CSA ID number 13. 

CSA ID Number 10 

C.5.13 The gradient of the watercourse at crossing ID162 prohibited the provision of standard ‘online’ 

level-for-level, volume-for-volume, compensatory storage. An alternative ‘offline’ solution to 

provide compensatory storage for the encroachments into the floodplain around crossing ID162 

on a return period slice basis has therefore been developed. 

C.5.14 The total encroachment volume (Proposed Scheme Design) to be compensated is ~7,038m3. This 

has been broken down into volumes between return period levels with the breakdown shown in 

Table C5-1 below. 
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Table C5-1: Estimated encroachment volumes for return period slices. 

Return Period Slice Encroachment Volume (m3) 

0 - 5 y 0 

5 - 10 y 125 

10 -30 y 1534 

30 - 50 y 463 

50 - 100 y 1563 

100 -200 y 3353 

Total 7038 

 

C.5.15 These volumes are based on the total base plan area projected vertically up therefore the 

estimates are conservative. 

C.5.16 The compensatory storage has to be able to achieve full compensation at each return period 

slice. Utilising the lift in water levels at the upstream end of the A9 crossing alone would result in 

an area of ~42,000m2 + earthworks slopes to achieve this.  

C.5.17 One alternative to this is to use a lateral spill to control the flow of water from the channel into a 

deeper storage area with a lower plan area. The storage area would then drain through a culvert 

beneath the A9 embankment back into the watercourse downstream of the crossing. The 

practicality of designing a spill that conveys the exact volumes of water at the correct return 

periods to properly compensate for the encroachment is such that a significant factor of safety 

has to be applied to the volumes to provide confidence that the storage will compensate 

encroachments as intended. With a factor of safety of 2 applied to the encroachment volumes it 

is possible to reduce the plan area of the storage to between 15,000m2 and 25,000m2 depending 

on the earthworks side slopes used.  
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