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Stranraer flood protection scheme: a case study
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Abstract: Stranraer Flood Protection Scheme study was initiated following extensive flooding in October 2000. Extensive and detailed hydrological and hydraulic modelling confirmed the current flooding situation in Stranraer and facilitated the exploration of various options to mitigate the existing flooding. Benefit/cost analyses were carried out to ascertain the economic viability of a number of inter-related flood alleviation options.
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1. Introduction
The Architectural and Engineering Design Services of Dumfries and Galloway Council (DGC) and Scottish Water (SW) commissioned Mouchel to undertake a Flood Alleviation Study for Stranraer town centre following extensive flooding in October 2000. The aim of this study was to facilitate an integrated assessment of flooding in the town from watercourses and the surface water sewerage system. Therefore, both a flood study and a drainage area plan study (DAP) were carried out. Although this paper mainly focuses on flooding from the main designated watercourses, integrated modelling of both open watercourses and the surface water sewer network was required to fully assess flood risk.
Stranraer is a town in the south of Scotland in the west of the Dumfries and Galloway region, in the Wigtownshire County lying on the shores of Loch Ryan. Stranraer is the second largest town in Dumfries and Galloway, with a population of nearly 13,000. It is known as a ferry port connection between Scotland and Belfast (Northern Ireland, UK).
Stranraer is a lowland catchment draining to Loch Ryan to the North, and immediately surrounded by farmland in all other directions.  The land rises steeply to a range of hills known as the Rhinns to the southwest of the catchment. The soil type is predominately impermeable, arising from damp sands overlying impermeable clay.   

Three lowland burns drain the countryside surrounding Stranraer, namely the Black Stank, Town Burn and Sheuchan Burn. During the course of the flood study a fourth watercourse, the Laundry Burn which is entirely culverted, was also identified.
The foul/combined sewerage system within Stranraer drains to the treatment works at Port Rodie. There are a number of discrete surface water systems which discharge to burns, or directly to Loch Ryan. The older, central part of the catchment has a predominantly combined sewer system supplemented by surface water sewers drains laid at a later date (Hogg et al., 2001).
2. Methods

2.1 Data gathering

The flood study itself involved an extensive data gathering process. Topographic and CCTV survey were carried out in order to gain as much information as possible of the different watercourses and flooding issues. The drainage area study data gathering comprised manhole, combined sewer overflow, pumping station, flow and CCTV survey. DGC supplied some additional information such as the flooding properties register, flooding photographs and historic information that helped in the hydraulic calibration stage. During the topographical survey, property threshold levels were also surveyed.
2.2 Hydrological and tide assessment

The Flood Estimation Handbook (FEH) procedure was followed for the derivation of design flows. This is the UK standard procedure in flood studies. Flow estimation was supported by rainfall data from the Meteorological Office for 4 nearby rain-gauges. The October 2000 storm was identified as approximately a 1:40 year event.
Extreme sea-water levels for Stranraer were obtained from HR Wallingford for a range of return periods. The extreme water levels include the tide and surge elements. Furthermore, fluvial flow/tidal surge dependence information was gathered for the Stranraer area (DEFRA, 2006) and a joint probability assessment of the watercourse flow and the tide was carried out. An allowance for climate change was made for both the flows and the sea water levels (Price and McKenna, 2003).
2.3 Hydraulic modelling

Stranraer surface water system were modelled using a combination  of hydraulic software packages and approaches in order to undertake both flood risk assessment and integrated catchment modelling. The Stranraer sewerage system was modelled using InfoWorks CS. This software package was also used to model the long culverted urban sections of the Sheuchan, Laundry and Town Burns. 

Unsteady regime Hec-Ras models were built for the open channel sections of the Black Stank, Town Burn and Sheuchan Burn.  These were constructed using channel survey data. Site inspections and photographs were used to determine channel roughness (Manning’s n).  

MIKE 21 models (2D) were used to assess flood water fate in flooding scenarios for the culverted sections of the Sheuchan Burn and the Upper Town Burn. These manhole spills result in flow ‘escaping’ and flowing overland in an unconfined and uncontrolled manner. Overland flow modelling requires a detailed 3D ground model. The topographical data had to be of sufficient detail to include all significant drainage paths, areas of potential ponding and obstacles to flow. A detailed topographical survey was undertaken over an area which was estimated to cover all possible downstream flow paths of interest (Figure 1). These survey data were then processed to create a 3D model of the land surface which formed the main boundary condition for the MIKE 21 model. The InfoWorks spill hydrographs were added to the MIKE 21 model at the appropriate manhole spill locations. Appropriate roughness and viscosity values were selected and the models were tested for sensitivity to different values of these two variables. 
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Figure 1 – 3D model and survey data gathered for the Ochtralure area.
3. results

3.1 Current Scenario

The models were initially constructed to model the current situation and assess the flood risk for a range of return periods, from the annual flood up to the 500 year return period event (Figure 2 shows the 1:200 year event results). Results from this modelling exercise facilitated the identification of flood risk areas, the flooding mechanism and an estimate of the water depth at every flooded property. A high level of modelling detail was achieved with ground models and grid spacing taken to the upper limits of software capability. The modelling exercise helped to identify several Flood Alleviation Scheme (FAS) option locations (Figure 2) where discrete assessments of economic viability could be sensibly made. These models were then used to assess the effectiveness of a number of flood alleviation options. 
Where possible, hydraulic models should be calibrated against data from known flood events. The Stranraer InfoWorks model was verified using data from 35 flow monitors and 5 raingauges (Hogg et al., 2001). The verification was carried out for three storm events with equivalent return periods from annual to 1:4 year. Two flow monitors were located in the Laundry Burn and one in the Town Burn. The verification results of these flow monitors were enhanced during the Stranraer Flood Study following the data collection process.
Regarding the Hec-Ras and MIKE 21 models, there were very few event data apart from that gleaned from photographs and from the historic flooding database. These models were tested by varying the boundary conditions, modifying Manning’s coefficient and varying flows to assess their relative sensitivity within the model. The models reproduced the known water levels from the October 2000 events, particularly regarding the level of surcharge in culverts and specific properties affected by flooding. The modelling exercise reproduced historic flooding in most cases. Interactions between the sewerage system and the watercourse system were better understood as a result of the modelling and taken into account in the different areas.
3.1.1 Black Stank and Town Burn
The Black Stank has the largest catchment, draining predominantly agricultural land to the south-east of Stranraer before discharging into the Loch Ryan. The Town Burn drains land to the west of the Black Stank and has a predominantly urban catchment. This burn has been heavily modified and is entirely culverted except in the Black Parks area, where it is open and hydraulically interacts with the Black Stank.
Due to the close proximity of these two burns in the Black Parks area, a single unsteady regime Hec-Ras model comprising the two watercourses and several lateral connections was developed to assess the flood risk in this area under current conditions and also to assess the effectiveness of possible alleviation measure. Due to the urban characteristics of the Upper Town Burn catchment, these flows were first routed through the appropriate section of the existing InfoWorks network model. The InfoWorks DAP model was updated with CCTV information, manhole information and several site visits to understand the various runoff route scenarios. The Upper Town Burn catchment was divided into three separate sub-catchments which were assumed to drain to three different inlets (Thorney Croft, Highcroft and Gallowhill Rise). The InfoWorks outputs were then used as input flows to the Town Burn section of the Hec-Ras model. Due to the more urban nature of the Town Burn, it reaches its peak flow more rapidly than the Black Stank during flood events. Consequently, the Town Burn railway culvert (at the downstream end of Black Parks) surcharges and the Town Burn overspills into the Black Stank.  Later in the flood event, when the Black Stank reaches its peak flow and its railway culvert surcharges, the Black Stank overspills into the Town Burn.
3.1.2 Sheuchan Burn

The Sheuchan Burn catchment lies to the west of the town and drains agricultural land. The burn has two reaches; Reach A is the smaller and more southerly of the two, while Reach B is in the northerly part of the catchment. The two reaches converge near Liddesdale Farm before entering a 350m long culvert that ultimately discharges into Loch Ryan. Regarding the modelling approach, the Sheuchan Burn can be considered in two sections, the open watercourse section (Reach A and Reach B and modelled with Hec-Ras) and the culverted section downstream of Sheuchan Bridge (modelled with InfoWorks and MIKE 21).
3.1.3 Laundry Burn
The Laundry Burn is entirely culverted and ultimately discharges into the Town Burn. Problems were reported regarding capacity issues. DGC carried out a CCTV survey to assess the situation and to collect further data. The Stranraer InfoWorks model was updated and verified with this new information. No issues were predicted by the model and thus, any problems experienced in the area are likely attributable to blockage.
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Figure 2 – Stranraer watercourses, flood outline for the 1:200 year event and FAS options identified
3.2 Benefit / Cost Analyses
The economic performance of a flood protection scheme can be determined through its benefit/cost ratio. Benefits are measured in terms of the present value (PV) of damages avoided over the life of the scheme, with the present value of capital and maintenance costs being estimated over that period. A number of flooding issues and possible solutions were identified prior to this stage. To justify expenditure on any flood alleviation works, it is necessary to assess the economic viability of possible options on their own and not as an agglomeration of disparate elements. To this end, eight FAS options were identified. Benefit/cost is therefore considered independently for each of these options. It should be noted that consideration was given to any possible upstream or downstream effects as a result of flood alleviation works for a particular FAS option. These effects would need to be included in the benefit/cost assessment for any scheme. For each of the FAS options the benefit/cost appraisal generally considers the following options:

· Do nothing: This is essentially the “walk away” and do nothing option. Although this option is considered in the benefit cost analyses it is not a politically realistic option for the Council. This was assessed using the modelling results of the existing scenario assuming the partial blockage or failure of several culverts. 
· Do minimum: This is the provision of ongoing maintenance of the current situation. This was assessed using the modelling results from the existing scenario.
· Do Something: This is the provision of flood alleviation works together with ongoing maintenance over the lifespan of the scheme. This was assessed using the modelling results of the different options.
For the purposes of these benefit/cost analyses the ‘do minimum’ option was generally considered to be the baseline for economic assessment. The ratio of damage avoided over spend required is assessed to derive the benefit/cost ratio for any scheme. The benefit/cost analyses have been carried out with reference to “Flood Prevention Schemes: Guidance for Local Authorities” (Scottish Executive, 2005). In order to evaluate the present value (PV) damage costs, the damages for flood events for a range of probabilities are calculated (using the predicted water depth results at each individual property obtained from hydraulic modelling) and an average annual damage value determined.  

The main causes of flooding in Stranraer were identified as under-sized or blocked culverts. This has typically resulted in watercourses backing-up and ponding in low lying areas. Also, there are issues with the lack of hydraulic capacity in some open sections or with overland flow from storm culverts (particularly at culvert entrances) and escape in an unconfined overland manner. There are existing issues regarding the structural integrity of some culverts which, if left unresolved, will likely result in complete blockage at some point in the future. A description of each Flood Alleviation Scheme option, discarded options (Figure 4) and final options (Figure 3) are given below. Public consultation was a key factor during the Flood Protection Scheme stage, and several of the options tested were suggested by Stranraer citizens. The provision of the preferred options depends mainly on economic viability.
3.2.1 Flood Alleviation Scheme Option 1 Sheuchan Outfall

FAS Option 1 is concerned with alleviating flooding at Millburn Court and the surrounding area. The risk of flooding is mainly associated with the insufficient hydraulic capacity of the twin 600mm culverts at the downstream end. This problem would be exacerbated if the culverts were to block. This risk is considered a possibility from analysis of the CCTV survey carried out by DGC. The options considered under FAS Option 1 were either part or full replacement of the existing problematic culverts or a diversion pipe from further upstream and directly to the sea, the latter being the preferred option. In this option, all the flow would be diverted through the new outfall pipe (2450x1200mm). Downstream of this new diversion point the existing pipes would be left to deal with any existing drainage connections. 
3.2.2 Flood Alleviation Scheme Option 2 Upper Sheuchan

The main focus of FAS Option 2 is the flooding predicted at several properties along the open reaches of the Upper Sheuchan, upstream of the screened culvert inlet at Sheuchan Bridge. Assessments of flooding have been carried out assuming a number of blockage scenarios at the Sheuchan Bridge culvert (representing “do minimum” and “do nothing” scenarios). Various storage and channel realignment options were considered and modelled, but these were eventually discounted on the grounds of practicality and cost. The main focus of FAS Option 2 now consists of localised protection (bunding) to properties deemed to be at direct flood risk. 
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Figure 3 – Flood alleviation scheme preferable options 
3.2.3 Flood Alleviation Scheme Option 3 Thorney Croft Inlet (Upper Town Burn)

In order to alleviate flooding downstream of the Thorney Croft inlet, a detailed assessment of flooding and possible improvement options has been carried out assuming a number of blockage scenarios at the culvert inlet. A number of options have been effectively discarded through issues of feasibility and practicality, such as the provision of on-line or off-line storage, a diversion pipe or the improvement of the inlet hydraulic capacity. None of these options proved to be economically feasible. Options for improvements appear limited. The most practical option would be for improvements at the culvert inlet which would, at least in part, offer some degree of improvement although not a complete solution. 

3.2.4 Flood Alleviation Scheme Option 4 Ochtralure Inlet (Upper Town Burn)

The focus of FAS Option 4 is to eliminate flooding to properties in the Ochtralure area, downstream of the Gallowhill Rise and Highcroft inlets. The flooding in this area is widespread, the main reason being hydraulic capacity issues at the inlets. Several options were assessed, such as the provision of storage at the head of the system or pipe upsizing further downstream, but only one option appears to offer a feasible solution. The preferred option consists of an open diversion channel collecting run-off that drains to the previously noted inlets. This diversion would be a 600x600mm (min) open channel at the upstream end and a 900x900mm (min) channel at the downstream end. This diversion channel would cross under the A77 and the disused railway embankment. A 900mm culvert under these structures would be sufficient. The diversion of this flow would improve the hydraulic capacity of the existing Ochtralure storm sewer network and does not increase flood levels in the Black Stank and Town Burn catchments further downstream. The peak flow in the Black Stank occurs later than the peak flow in the Upper Town Burn catchment. This diversion would effectively alleviate flooding from the existing storm sewer network in the Ochtralure area, offering a level of protection up to the 1:500 years return period event and it has a beneficial impact on FAS Options 5 and 6.
3.2.5 Flood Alleviation Scheme Option 5 Stoneykirk Roundabout (Outfall of Upper Town Burn)

FAS Option 5 assesses the scope for replacing the culverts under the Stoneykirk roundabout. A full culvert replacement would significantly improve hydraulic performance and reduce the danger of culvert collapse. This option is not economically viable on its own. However, as structural collapse is a possibility, DGC will likely carry out the replacement of these culverts in order to avoid any future issues.
3.2.6 Flood Alleviation Scheme Option 6 Town Burn Railway Culvert 

The integrated Town Burn and Black Stank watercourse models predicted flooding in the Station Road area (located downstream of Black Parks and the railway culvert). The culvert under the railway crossing is in poor condition. The culvert has been poorly constructed and currently lies at a negative gradient thus reducing capacity. Inadvertently, the poor condition of the culvert serves to restrict flow and limit flood risk downstream. If this culvert were to be restored to its original condition, flood risk downstream would increase. However, the present layout of the Town Burn in this area it is not hydraulically efficient. FAS Option 6 aims to regulate flow passing through the railway culvert and therefore alleviate flooding risk downstream. The main components of the preferred option are the replacement of the railway culvert with a 750mm flow control upstream and the upsizing of a second culvert further downstream. This option improves the hydraulic performance of the watercourse downstream of the railway culvert and restricts flow enough to mitigate flood risk downstream. Numerous other options were assessed. Options to increase the capacity downstream of the railway culvert were assessed in an attempt to limit the restriction needed at the railway culvert and consequently reduce the increased flooding to agricultural land in the Black Park area which would result. The preferred option outlined above is considered to offer the best compromise. 
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Figure 4 – Discarded Options

3.2.7 Flood Alleviation Scheme Option 7 Localised Bunding (Black Stank)

This FAS option is concerned with flooding downstream of the Commerce Road culvert embankment. It was originally aimed at the utilisation of storage behind the embankment to alleviate flooding downstream. Options for flood storage behind the Commerce Road culvert were explored but were not recommended by DGC due to the scale and cost of works to upgrade or modify the Commerce Road culvert and the associated lack of flood relief benefits. FAS Option 7 now focuses on the provision of localised protection (bunding) to the affected properties downstream of the Commerce Road culvert. 
3.2.8 Flood Alleviation Scheme Option 8 Black Stank Mouth Diversion

This FAS option is concerned with the scope for alleviating flooding in the vicinity of properties at the downstream end of the Black Stank, just upstream of Bishop Burn Bridge (A77). The main alleviation option considered is the possible diversion of the Bishop Burn’s peak flows along a more easterly route, under the A77 and then directly to Loch Ryan. Several overflow routes were tested. The diversion routes causing a reduction in the river length were discarded after consultations with the Scottish Environment Protection Agency (SEPA). The final overflow channel would divert excess flow in the Black Stank around a number of properties, connecting to the main watercourse through a weir located on the right bank of the existing watercourse. A new culvert under the A77 would be required. 

4. conclusions

Following data collection and modelling exercises, the Stranraer Flood Study has identified the various properties at risk of flooding for a range of return periods. The inter-connectivity of watercourses and surface water sewers required an innovative and integrated modelling approach including full 2D overland flow modelling. This approach provided a detailed quantification of current flood risk and facilitated a detailed assessment of various flood alleviation options. A high level of modelling detail was required. Potential flood mitigation options were assessed in the form of eight distinct FAS options. Benefit/cost analyses were carried out using the predicted water levels (and associated damage costs) of the various existing and scheme scenarios. Options were then chosen (or discarded) based on economic viability, practicality and statutory consultation. The diversion options were the most viable for FAS Options 1, 4 and 8, whereas local bunding was preferable for FAS Options 2 and 7. Culvert or inlet improvements are the best options for FAS Options 3, 5 and 6.
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