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1.0 Introduction 
 
Upton McGougan prepared a surface water drainage strategy and Flood Risk 
Assessment ( document reference 185.0003/MD/jah/75025) in support of the 
outline planning application by BAE Systems and Redrow Plc for the 
proposed redevelopment of the RO Bishopton site. 
 
The surface water strategy developed was based upon the use of Sustainable 
Urban Drainage Systems for the treatment and attenuation of surface water 
runoff for the site post development.  In discussion with SEPA and 
Renfrewshire Council it was accepted that for the outline planning application 
submission regional and site control measures would be identified to show a 
deliverable robust SUDS regime could be implemented for the site.  Source 
control measures were proposed to be addressed within the detailed 
applications following more targeted site investigations and development of 
the design within the individual development plots.  This resulted in proposals 
for regional and site control measures for SUDS in the form of retention ponds 
and conveyance routes being assessed as the most appropriate solutions at 
that time. 
 
Pre application discussions took place with SEPA, Renfrewshire Council and 
BAA, as safeguarding issues were involved, in respect to the proposed 
solutions.  It was understood at the time of these discussions that the 
proposals were acceptable in principle to all parties.  The outline planning 
application was lodged in June 2006. 
 
Detailed planning applications were subsequently lodged in respect to 
remediation earthworks proposals along with the new proposed junction on 
the M8 and the licensed waste facility proposed for part of the RO Bishopton 
site. 
 
Responses from BAA in formal consultation following submission of the 
detailed planning application for the remediation earthworks detailed planning 
application raised issues about the use of retention ponds for the site as part 
of the SUDS strategy.  This followed a change in guidance from the Airport 
Operators Association in the release of their „Safeguarding of Aerodromes, 
Advice Note 6, Potential Bird Hazards from Sustainable Urban Drainage 
Schemes‟ in August 2006. 
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Further discussions took place with BAA, SEPA & Renfrewshire Council 
following which it was agreed that Upton McGougan, on behalf of BAE 
Systems and Redrow Plc, would revisit the surface water drainage strategy in 
respect to assessing the potential for alternative source control measures 
which could be implemented across the site and review with SEPA and 
Renfrewshire Council how regional systems could then be reduced taking 
account of the potential source control solutions. 
 
The main concern from BAA in the use of open water detention ponds is the 
potential attractiveness which open bodies of water may have for birds with a 
consequential potential increase in bird strike risk to the operation of Glasgow 
Airport. 
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2.0 SUDS Guidance 
 
At the time of the submission of the Outline Planning Application in June 
2006, the best practice guidance in respect to SUDS was considered to be 
CIRIA Publication C521,  Sustainable Urban Drainage Systems - design 
manual for Scotland and Northern Ireland.  This has subsequently been 
superseded and replaced with CIRIA Publication C697, The SUDS Manual, 
which is now considered to reflect best practice in terms of SUDS. 
 
As noted earlier, the Airport Operators Association have also issued 
Safeguarding of Aerodromes Advice Note 6 to operators in respect of SUDS. 
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3.0 SUDS Review 
 
A review was undertaken in September 2007 of the suitability of current 
SUDS options for RO Bishopton redevelopment based upon the advice 
provided in CIRIA Publication C697 with an additional first stage filter utilising 
AOA Safeguarding of Aerodromes Advice Note 6 to assess whether the 
option would be potentially acceptable under safeguarding criteria. 
 
The report reflected an options appraisal on how SUDS could be provided for 
the site, reviewing initially the SUDS management train criteria for each 
proposed development use.  Following this the review then considered the 
generally available potential SUDS solutions in outline to remove any potential 
options which are inappropriate for the site characteristics or immediately 
removed as an option based upon AOA Advice Note 6. 
 
From this a review of the individual potential options was undertaken on a 
ranked basis to determine whether SUDS solutions can be implemented for 
the proposed development without further recourse to BAA based upon AOA 
Advice Note 6. 
 
A copy of the SUDS Options Appraisal report is contained within Appendix A 
of this report. 
 
The outcome of this review was that SUDS treatment and attenuation across 
the site could be delivered in a number of ways but in order to achieve best 
practice it would not be possible to deal with this without further recourse to 
BAA based upon their own obligations under AOA Advice Note 6.  
 
Following this review and on the basis that due to the site constraints 
permanent wet areas of pond would continue to be required,  the SUDS 
calculations in terms of attenuation rates to green field run off and 
consequential required storage volumes were recalculated based upon the 
requirements of Ciria C697 and The Institute of Hydrology Report N0. 124.  
This report is contained within Appendix B. 
 
Fluctuation depths for the ponds is anticipated as an average of around 
250mm across the ponds and final levels will be subject to detailed design 
requirements. 
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4.0 Pond Treatments 
 
Following the SUDS review conclusions that SUDS options for the site would 
continue to require ponds with potential implications for BAA under AOA 
Advice Note 6, Redrow Plc and BAE Systems appointed a specialist 
consultancy, Ecological Restoration Consultants, to assist in developing 
SUDS pond solutions which would minimise attractiveness to birds. 
 
In December 2007, a meeting took place with BAA and their bird strike 
consultants, CSL, CASS Associates, Ecological Restoration Consultants and 
Upton McGougan to discuss the review findings.  Draft proposals for 
treatment options for the various SUDS Ponds were tabled and discussed 
along with the review findings. 
 
In general BAA were supportive of the work undertaken to minimise the 
impact SUDS for the development site could have on BAA at Glasgow Airport.  
The outcome of this meeting was that adjustments to the proposed treatments 
for some of the ponds were discussed and agreed and further discussions 
were arranged with CSL and Ecological Restoration Consultants to discuss 
and agree Bird Management Issues with a view to agreeing an outline Bird 
Management Plan for the proposed development to further mitigate risk to 
BAA. 
 
These discussions culminated in the release of a report by Ecological 
Restoration Consultants in March 2008 titled, “The design of SUDS ponds to 
reduce their attractiveness to water birds”. 
 
A copy of this report is included within Appendix C.  The report looks at the  
 

 background of the situation,  

 the legal and regulatory regime in respect to Bird Strike issues,  

 Reviews bird strike risk specific to BAA Glasgow Airport through bird 
strike and local bird population records 

 Reviews each major SUDS pond and proposes a treatment approach 
in line with bird strike management 

 Provides an outline Bird Management Plan 
 
The treatment proposals for the ponds contain options appropriate for the 
area in which the pond is situated, likely uses, etc and contain aspects of 
pond edge treatment, shape, maximum size, partial or full vegetative cover, 
etc. 
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5.0 Conclusions 
 
Following the concerns raised by BAA in respect to SUDS pond proposals in 
response to the detailed remediation earthworks planning application, a 
comprehensive update and review of the approach to the delivery of SUDS for 
the proposed redevelopment of RO Bishopton has been undertaken. 
 
This updates the original submission in support of the Outline Planning 
Application to reflect the current best practice techniques based upon Ciria 
C697, The SUDS Manual whilst considering the delivery of SUDS for the site 
against criteria contained within Airport Operators Advice Note 6.  It also 
reviews in accordance with current best practice the attenuation and storage 
requirements for the proposed development. 
 
The review concludes that due to the topography, ground conditions and 
hydrogeology of the RO Bishopton site alongside treatment and attenuation 
required to be achieved in respect of best management SUDS practice the 
use of ponds remains a requirement for the redevelopment of the site.  This 
did not allow preferred AOA Advice Note 6 solutions to be delivered without 
further recourse with BAA as the Operator of Glasgow Airport. 
 
Through discussion with BAA of the findings of the review for an ongoing 
requirement for SUDS pond features has been accepted and work has been 
undertaken to develop proposed treatments to each of the ponds which 
minimises bird strike risk whilst addressing other drivers, e.g. H&S 
requirements at a high level.  An outline Bird Management Plan to further 
mitigate bird strike risk has also been developed and agreed with BAA. 
 
The outcome of this process reflects a significant reduction in the proposed 
areas of open water across the site for the original Outline Planning 
Application for the development whilst continuing to deliver best practice 
SUDS proposals.  This has been achieved through a combination of design 
review and treatment proposals.  Treatment proposals have been developed 
in outline for the open water which requires to remain which mitigates risk 
associated with the attractiveness of the pond for birds. 
 
Whilst a further review of Best Practice both for SUDS and Bird Strike 
mitigation/ management will be required at detailed design stage for each of 
the proposed ponds, it is proposed that the agreed preliminary solutions will 
form the basis of the development of the detailed design.  Further consultation 
at detailed design stage is anticipated with BAA on this and Bird Management 
Plan issues. 
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 Introduction 
 
Upton McGougan prepared a surface water drainage strategy and Flood Risk 
Assessment in support of the outline planning application by BAE Systems and 
Redrow Plc for the proposed redevelopment of the RO Bishopton site. 
 
The surface water strategy developed is based upon the use of Sustainable Urban 
Drainage Systems for the treatment and attenuation of surface water run off for the 
site post development.  In discussion with SEPA and Renfrewshire Council it was 
accepted that for the outline planning application submission regional and site control 
measures would be identified to show a deliverable robust SUDS regime could be 
implemented for the site.  Source control measures were proposed to be addressed 
within the detailed applications following more targeted site investigations and 
development of the design within the individual development plots.  This resulted in 
proposals for regional and site control measures for SUDS in the form of retention 
ponds and conveyance routes being assessed as the most appropriate solutions at 
that time. 
 
Pre application discussions took place with SEPA, Renfrewshire Council and BAA, 
as safeguarding issues were involved, in respect to the proposed solutions.  It was 
understood at the time of these discussions that the proposals were acceptable in 
principle to all parties.  The outline planning application was lodged in June 2006. 
 
Detailed planning applications were subsequently made in respect to remediation 
earthworks proposals along with the new proposed junction on the M8 and the 
licensed waste facility proposed for part of the RO Bishopton site. 
 
Responses from BAA in formal consultation following submission of the detailed 
planning applications raised issues about the use of retention ponds for the site.  This 
followed a change in guidance from the Airport Operators Association in the release 
of their ‘Safeguarding of Aerodromes, Advice Note 6, Potential Bird Hazards from 
Sustainable Urban Drainage Schemes’ in August 2006. 
 
Further discussions took place with BAA, SEPA & Renfrewshire Council following 
which it was agreed that Upton McGougan, on behalf of BAE Systems and Redrow 
Plc, would revisit the surface water drainage strategy in respect to assessing the 
potential for alternative source control measures which could be implemented across 
the site and review with SEPA and Renfrewshire Council how regional systems could 
then be reduced taking account of the potential source control solutions. 
 
This process allowed current guidance on the design and implementation of SUDS to 
be considered as CIRIA Publication C521,  Sustainable urban drainage systems - 
design manual for Scotland and Northern Ireland has been superseded since the 
initial design was undertaken and replaced with CIRIA Publication C697, The SUDS 
Manual. 
 
This report reflects a review of the suitability of current SUDS options for RO 
Bishopton redevelopment based upon the advice provided in CIRIA Publication C697 
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but with an additional first stage filter of utilising AOA Safeguarding of Aerodromes 
Advice Note 6 to assess whether the option would be potentially acceptable under 
safeguarding criteria. 
 
The report represents an options appraisal on how SUDS could be provided for the 
site, reviewing initially the SUDS management train criteria for each proposed 
development use.   
 
A review of the generally available potential SUDS solutions is then considered in 
outline to remove any potential options which are inappropriate for the site 
characteristics or immediately removed as an option based upon AOA Advice Note 6.  
From this a review of the individual potential options is undertaken on a ranked basis 
to determine whether SUDS solutions can be implemented for the proposed 
development without further recourse to BAA based upon AOA Advice Note 6. 
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SUDS Management Train 
 
SUDS are designed to provide an approach to urban drainage that includes a long 
term view of the problems and opportunities.  A practical application of this is the idea 
of subsidiarity . i.e. that an issue should be dealt with as locally as is reasonably 
possible. Source control of runoff is a good example of both of these principles. If 
runoff cannot be managed effectively on site, where it arises, then it must be 
adequately conveyed to a point where it can be discharged to the environment 
without causing excessive problems for others. 
 
This principle of ensuring that any runoff that cannot be fully controlled at source is 
dealt with as soon as possible further down the surface water management train, is 
called residuarity. This is particularly relevant to the surface water management train 
which works in stages, each level building on the flow and pollution control provided 
by stages further up the drainage system. The impact from one sub-catchment may 
not be dramatic, but the cumulative effect should make a major contribution to runoff 
management. 
 
By managing the runoff as locally as possible, separate areas are being treated 
equally. If the water is conveyed off site as rapidly as possible, the problems are not 
only being moved to another area, but will become more polluted and may cause 
flooding problems on the way. 
 
In practice the SUDS management train requirements for a development are based 
upon the characteristics of the land use contributing to the run off and the quality of 
the receiving watercourse.  The more potential risk of pollutants entering the run off 
based upon land use and the higher the quality of the receiving waters then the more 
levels of treatment required before run off can be discharged. 
 
For the proposed redevelopment of RO Bishopton there are effectively four different 
land use characteristics which need to be considered these being 
 

• Residential Areas 

• Mixed Use Areas 

• Commercial Areas 

• Employment Areas 
 
The mixed use areas will combine residential areas with commercial areas and 
therefore in terms of the SUDS Management Train these will be considered at this 
time as commercial development areas.  Detailed design of these areas may allow 
closer definition of areas requiring higher treatment levels. 
 



RO Bishopton 
 
SUDS Options Appraisal 

  

 
 

 Page 5 185.0003 
RO Bishopton 

 

Within these areas there are basically three types of run off to be considered 
 

• Roof 

• Drive/ Yard 

• Roads 
 
The second criteria which requires to be considered is the quality of the receiving 
waters.  For the proposed redevelopment of RO Bishopton there are some minor 
watercourses which cross the development area, including the Craigton and Cordite 
Burns along with an existing network of drainage ditches, however each of these 
effectively discharges into the Dargavel Burn which runs through the site, although 
not the development area, from north to south.  On this basis the quality of the 
Dargavel appears the most appropriate to consider as the receiving water from the 
site. 
 
Public records issued by SEPA identify that the Dargavel Burn at Dargavel Bridge 
has a classification A2 in terms of water quality which is considered to reflect a 
medium quality receiving water in terms of Table 3.3 in C697.. 
 
The proposed levels of treatment within the management train to be considered for 
each area has therefore been based upon  
 
 
 Roof Drive/ Yard Highway 

Residential Attenuation Only 1 2 

Mixed Use Attenuation Only 2 2 

Commercial Attenuation Only 2 2 

Employment Attenuation Only 3 2 
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Criteria affecting SUDS selection 
 
CIRIA Publication C697 provides guidance on how site characteristics can impact 
upon the selection of alternative SUDS measures.  This includes 
 
 
Site Characteristic 

 
Required Drainage System Characteristic 
 

1. Soils The function of different SUDS is very dependent on the underlying soils. More 
permeable soils can enhance the operation of some practices, but adversely 
affect others, e.g. wet ponds or wetlands rely on a pool of water or saturated 
sub-soils to provide the basis for water quality treatment. Permeable soils will 
prevent the retention of a pool of water unless a liner is installed. Infiltration 
practices rely on the passage of water through the soil profile and more 
permeable soils transmit more 
water. 
 

2. Groundwater: minimum depth 
to seasonally high water table 
 

Infiltration devices will require at least 1 m of soil depth between the base of the 
device and the maximum expected groundwater level. This is to ensure that the 
system operates efficiently during periods of exceptional wet weather and that 
the risk of system flooding from high groundwater levels is minimised. 
 

3. Area draining 
to a single SUDS component 
 

Practices that rely on vegetative or media filtering of runoff tend to be more 
appropriate for smaller catchment areas, as large flows may overwhelm their 
ability to treat the runoff. Ponds can be appropriate for larger catchment areas 
although, by using effective source control and SUDS management trains, 
ponds will most usually feature at the bottom of a train of upstream components. 
It should be rare that areas >2 ha drain to a single SUDS component. 
 

4. Slope of contributing drainage 
area 
 

Steeper slopes may eliminate the use of some practices, may require other 
practices to be modified, but may have little impact on others. Depending on the 
design, it is usually more difficult to achieve higher pond/basin storage volumes 
on sloping sites. Swales may be adapted for steeper slopes if the swales are 
placed along the contours rather than up or down the slope. Biofiltration and 
filter strips require residence times that are generally only possible with gentler 
slopes. Infiltration practices are also limited to gentle slopes as they must 
provide storage of water until the water can soak into the ground. In addition, 
infiltration of water into a slope may cause saturation further down which could 
cause slope instability or re-emergence of stormwater. 
 

5. Head 
 

Elevation differences are needed from inflow to outflow to allow certain SUDS 
techniques to operate under gravity. If sufficient head is not naturally available, 
it can often be artificially created by excavation or by using embankments. 
 

6. Availability of space 
 

Some techniques require more land take than others, though this is not 
necessarily a barrier. In England and Wales, PPG 3 (DETR, 2000) calls for 
higher density housing developments, but also requires all developments to 
provide sufficient provision for open space and playing fields where such 
spaces are not already adequately provided within easy access of the new 
housing. A pond could be included in such an area, or the area could be used 
for extreme flood management, being designed to flood on rare occasions and 
for a short time during and after extreme storm events. In some instances, 
ponds have been located outside the development site on adjacent land. 
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Site Characteristics 
 
Ground Conditions 
 
From the preliminary geotechnical investigation undertaken by BAE Systems in May 
2004, ground conditions across the proposed development area generally comprise  
 
Wilderness Till Formation (WTFm) 
 
Variable in nature consisting of glacial boulder clay with occasional lenses of sands 
and gravels. 
 
Linwood and Paisley Formation (LPFm) 
 
Very soft to soft grey organic clays and soils with occasional sandy zones 
 
Killearn Formation (KFm) 
 
Medium dense/ dense sands and gravels or loose silty sands. 
 
Groundwater 
 
Groundwater was encountered at variable depths in boreholes and trial pits during 
the investigation, commonly as seepage within the clay deposits, typically from 1-3m 
in depth.  Within the shallow granular deposits, associated with the Killearn 
Formation soils, rapid ingress was noted commonly around 1-1.5m below ground 
level. 
 
Groundwater information from water monitoring boreholes within the proposed area 
for development on site are provided in Appendix 2.  These indicate groundwater 
depths varying from as little as 0.3m up to around 2.6m below ground level with a 
median figure of around 1.1-1.2m. 
 
Permeability 
 
No specific permeability information is available at this time however based upon 
geotechnical descriptions it is likely that the clay/ silt based WTFm and LPFm soils 
could reasonably be classed as impermeable.  The KFm could more reasonably be 
assessed as permeable, particularly when noted that rapid ground water ingress 
occurred within trial pits. 
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Infiltration Techniques 
 
From the preliminary ground investigation it can be seen that the only soils likely to 
be considered suitable for infiltration techniques are those of the Killearn Formation, 
being mainly sands and gravels with some silty sands. 
 
The ground water level recorded at the time of the investigation indicated that the 
ground water level for these soils was in the region of 1-1.5m below ground level.  
With a depth of infiltration system being required, it is therefore unlikely that any 
infiltration techniques are suitable for the site, either through the generally 
impermeable characteristics of the clay soils or the groundwater level of the granular 
soils potentially amenable to accepting infiltration. 
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Options Appraisal 
 
An appraisal of SUDS Groups from CIRIA C697 against the criteria of AOA Advice 
Note 6 and site specific criteria results indicates the following SUDS techniques 
should be considered further 
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Retention Pond 1 Y Y Y Y Y Y Y Y Y Y N Y 
Retention 

Subsurface Storage  Y Y Y Y Y Y Y Y Y Y Y Y 

Shallow Wetland 1 Y Y Y Y Y Y Y N Y Y N Y 

Extended detention 
wetland 

1 Y Y Y Y Y Y Y N Y Y N Y 

Pond/ Wetland 1 Y Y Y Y Y Y Y N Y Y N Y 

Pocket wetland 1 Y Y Y N Y Y Y N Y Y N Y 

Submerged gravel 
wetland 

1 Y Y Y Y Y Y Y N Y Y N Y 

Wetland 

Wetland Channel 1 Y Y Y Y Y Y Y N Y Y N Y 

Infiltration trench  N Y Y N N Y Y Y Y N Y Y 

Infiltration basin 1 N Y Y Y N Y Y Y Y N N Y Infiltration 

Soakaway  N Y Y N N Y Y Y Y N Y Y 

Surface sand filter  Y Y Y Y N Y Y N N Y N Y 

Sub-surface sand filter  Y Y Y N N Y Y N N Y Y Y 

Perimeter sand filter  Y Y Y N N Y Y N Y Y Y Y 

Bioretention/ filter strips  Y Y Y N N Y Y N Y Y N Y 

Filtration 

Filter trench  Y Y Y N N Y Y N Y Y Y Y 

Detention Detention basin 1 Y Y Y Y N Y Y Y N Y N Y 

Conveyance swale  Y Y Y N N Y Y N Y N N Y 

Enhanced dry swale  Y Y Y N N Y Y N Y N N Y 
Open 
Channels 

Enhanced wet swale  Y Y Y N Y Y Y N Y N N Y 

Green roof  Y Y Y N Y Y Y Y Y Y Y Y 

Rainwater Harvesting  Y Y Y N Y Y Y Y Y    
Source 
Control 

Permeable pavement  Y Y Y Y N Y Y N Y Y Y Y 

 Precludes Use 
1 Requires consideration with Airport Operator before Considering Further 
 Potential Option Subject to local site criteria 
 Potential Option 
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Consideration of each potential solution is undertaken to assess it’s viability in ranked 
order for those options which do not require recourse to the Airport Operator prior to 
use. 
 
Sub surface storage. 
 
Sub surface storage is the only option which is defined as being suitable irrespective 
of the general site criteria.  As defined earlier, infiltration within the site is not practical 
and accordingly sub surface storage could be considered for attenuation purposes 
only. 
 
From a management train perspective, sub surface storage provides no treatment 
and consequently would be provided only for attenuation.  With median water levels 
across the site at around 1.1m below ground levels, it would be unlikely that 
significant volumes of storage could be provided without large areas of sub surface 
storage being provided. 
 
Alternative storage options are available which provide treatment for management 
train purposes and consequently sub surface storage is not considered appropriate 
for this development. 
 
Surface Sand Filter 
 
Surface and filters are single or multi-chambered structures designed to treat surface 
water runoff through filtration using a sand bed as the primary filter medium.  The 
filters can be designed with an impervious lining. Temporary storage of runoff is 
achieved through ponding above the filter layer. They are used where particularly 
high pollutant removal is required. 
 
Surface sand filters may be suitable for particular areas of the site where topography 
of the site allows a reasonable head between inlet and outlets to be achieved to 
ensure effective working.  Sand filters would be considered regional or site control 
measures. 
 
In practical terms, sand filters would provide little flow attenuation without flow 
restriction which, if resulting in long detention times, can result in algae growth and 
filter clogging.  Issues associated with smells have also been identified. 
 
Potentially suitable as a second or third stage treatment, potentially within the 
Employment zones or outwith the development area altogether adjacent to the 
watercourse although access would need to be provided for management purposes. 
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Sub Surface Sand Filter 
 
The placement of a sand filter below ground on this site is not considered particularly 
practical.  Whilst there may be very localised areas where a filter could be placed 
below ground level and above ground water level with the potential for the outlet pipe 
to convey discharge to a watercourse, these are likely to be sited at the higher areas 
of the site and in poor locations for the delivery of site or regional control level SUDS. 
 
Sub Surface Sand Filters are not considered appropriate for this development. 
 
 
Perimeter Sand Filter 
 
Perimeter sand filters are generally placed around areas of hardstanding or car 
parking and accept sheet run off through a series of inlet grates.  As such a perimeter 
sand filter could be considered an appropriate form of source control for areas 
requiring high levels of treatment and would be addressed on an individual site basis 
subject to levels of treatment required and local ground conditions as an alternative 
to a filter trench or swale or other source control measure. 
 
Consider as a potential for detailed design purposes as a source control option but 
not as strategic level SUDS. 
 
 
Bioretention Areas 
 
Bioretention solutions may be feasible as localised source control measures within 
any of the land use types under consideration however C697 identifies an invert 
depth of the outlet pipe of around 2m below ground level in order to allow planting 
areas.  It is therefore unlikely that bioretention areas could be considered feasible for 
the majority of the site. 
 
 
Filter Strips 
 
Filter strips are vegetated strips of land designed to accept runoff as overland sheet 
flow from upstream development. They lie between a hard-surfaced area and a 
receiving stream, surface water collection, treatment or disposal system.  They treat 
runoff by vegetative filtering, and promote settlement of particulate pollutants and 
infiltration. 
 
They are suitable for both source and site control measures.  Minimum slopes are 
gentle at 1 in 20 to 1 in 50 gradients.  Area requirements are approximately 1m width 
of filter strip for every 6m width of hardstanding subject to a practical minimum for 
treatment purposes of 6m and a typical maximum hardstanding length of 50m or so. 
 
Filter strips are not considered appropriate where pedestrian traffic is anticipated.  
Consequently the use of filter strips could be considered for the development in 
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areas of commercial or employment land, potentially between individual land plots as 
a source control treatment receiving yard or car park run off and discharging to a 
swale or other conveyance system as a second level of management train treatment 
at the bottom of the filter strip. 
 
Within areas of residential and mixed use development, the likelihood that most 
areas will be subject potentially to pedestrian trafficking effectively removes these as 
options. 
 
 
Filter Trench 
 
Filter trenches are generally considered as a means of source control and 
conveyance.  Filter trenches historically have a maintenance issue, particularly on 
sites with fine grained soils upstream as are generally present across the 
development area. 
 
On this basis it is therefore considered that filter trenches may be suitable for some 
areas of the site with limited pollutant load and limited potential for infiltration of fine 
soils.  Consequently the areas potentially best suited for filter trenches would be as a 
source treatment for residential driveways discharging into a surface water system 
through a silt trap.  The potential for use of filter trenches for roadsides as a first level 
of treatment may be possible however the potential in these areas for concentrations 
of fine particulates within the system is greater and maintenance may therefore be an 
issue but these may also be appropriate for car parking or roads in other areas 
subject to a detailed appraisal of particulate loads and local ground conditions. 
 
 
Conveyance Swale 
 
Conveyance swales can provide both treatment and conveyance and storage of 
stormwater to the next level in the management train.  Swales can produce good 
treatment of urban pollutants and work well in roadside areas.  Conveyance swales 
can be made to work with longitudinal gradients as shallow as 1 in 300 but below 1 in 
100 are at risk of becoming waterlogged.  Practical gradients for conveyance swales 
are therefore from around 1 in 100 to 1 in 25 however steeper longitudinal gradients 
can be accommodated through the use of check dams within the swales using check 
dams allowing gradients up to around 1 in 10.  As the maximum highway gradient 
normally acceptable is around 8% then swales can generally be made to work for 
most highways gradients. 
 
Piped outlets tend to be required for swales at the point of discharge into the next 
part of the management train. 
 
Conveyance swales would be appropriate means of treatment adjacent to highways 
or other sheet areas subject to local conditions.  Within the denser mixed use areas it 
is unlikely that the land take for a conveyance swale could be accommodated 
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however within less dense residential areas, commercial and industrial areas the 
potential exists for the use of conveyance swales. 
 
 
Dry Swales 
 
Dry swales include a level of filter material and under filter pipework.  Assuming a 
typical dry swale make up of say  
 
0.15m   freeboard 
0.5m   design water depth in extreme conditions 
0.6m   filter medium 
0.225m  pipe diameter 
 
Gives a total make up of around 1.4-.5m depth.  Considering water levels on site this 
form of swale may be appropriate on limited areas of site with lower water tables and 
higher filter requirements however it is generally unlikely  
 
Wet swales 
 
Similar to conveyance swales but with wet/ marshy conditions in base enhancing 
treatment and delivered through high water tables or shallow gradients. 
 
Outwith the northern and western areas of the site it is likely that wet swales will 
result by default of the shallow gradients and ground water levels required to 
discharge to the watercourses. 
 
These will act as receiving bodies within the management train from source control 
measures. 
 
Green Roofs 
 
Whilst these are feasible and in use within the UK, it is highly unlikely that their use 
will be widespread throughout the development.  In addition it is noted within AOA 
Advice Note 6 that their use is the least well understood in terms of risk and that a 
bird management plan would require to be implemented.  Decisions may be made on 
an individual development plot basis with management being agreed locally however 
it is not considered a sensible robust strategy to rely upon this form of roof for the 
whole development. 
 



RO Bishopton 
 
SUDS Options Appraisal 

  

 
 

 Page 14 185.0003 
RO Bishopton 

 

Rain Harvesting/ Grey Water. 
 
The use of water butts provides no treatment and a limited opportunity to restrict 
rainwater flows from a site.  It is not a realistic proposition to consider that strategic 
decisions for SUDS across the site would rely upon individual households retaining, 
using and maintaining a water butt type system and this will not form part of any 
SUDS strategy. 
 
Whilst grey water harvesting may be more suitable for use, it again effectively 
provides no treatment within the management train and only an opportunity to reduce 
rainwater flows.  Once the harvesting tank is full then discharge is unrestricted. 
 
Rainwater harvesting will therefore be left to individual development requirements in 
addition to the main SUDS strategy. 
 
Pervious Pavements 
 
Currently the use of pervious pavements is generally unacceptable for adoptable 
standard roads leaving the opportunities to adopt such a system to private car 
parking areas for commercial developments or within private drives. 
 
The opportunities for use as a source control measure are feasible for these areas of 
the development subject to suitable ground conditions and loading criteria. 



RO Bishopton 
 
SUDS Options Appraisal 

  

 
 

 Page 15 185.0003 
RO Bishopton 

 

Second Stage Filter 
 
The potential available solutions for delivery of the SUDS management train for the 
site which would not require recourse to the Airport Operator following the second 
stage filter are identified below. 
 
  

SUDS group Technique 

A
O

A
 A

d
v
ic

e
 N

o
te

 6
 

Retention Pond 1 
Retention 

Subsurface Storage  

Shallow Wetland 1 

Extended detention wetland 1 

Pond/ Wetland 1 

Pocket wetland 1 

Submerged gravel wetland 1 

Wetland 

Wetland Channel 1 

Infiltration trench  

Infiltration basin 1 Infiltration 

Soakaway  

Surface sand filter  

Sub-surface sand filter  

Perimeter sand filter  

Filter strips  

Filtration 

Filter trench  

Detention Detention basin 1 

Conveyance swale  

Enhanced dry swale  Open Channels 

Enhanced wet swale  

Green roof  

Rainwater Harvesting  Source Control 

Permeable pavement  

 
 Not considered appropriate 
1 Requires consideration with Airport Operator before considering further 
 Potential Option 
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With the exception of surface sand filters, each of the remaining viable SUDS options 
following the second stage filter is a form of source control. 
 
Whilst sand filters can be used to provide a high quality treatment, as a final solution 
they do not inherently provide attenuation control, although this can be added, but in 
terms of the site conditions it would require a combination of acceptable ground 
water level criteria and local topography allowing these to be used which it is not 
considered are likely to exist throughout the development area. 
 
In terms of the SUDS management train to effect appropriate water quality 
improvements prior to discharge to the water courses on site it will not be appropriate 
to chain a series of effectively source control options together to provide the level of 
treatment required and consequently regional facilities will be required.  In terms of 
attenuation of surface water to meet the requirement to discharge at green field rates 
into the existing watercourses then regional facilities can provide this more effectively 
also. 
 
Consequently there will require to be consideration of solutions which require 
recourse to the Airport Operator to define the acceptable solutions. 
 
In terms of optimum solutions, consideration will be given to the use of regional 
control facilities for water quality/ attenuation control in the following order. 
 
Detention Basins 

 
Detention ponds being normally dry areas are an optimum solution in terms of not 
providing habitat.  AOA Advice Note 6 identifies that the risk associated with 
detention basins is related to their size and frequency of holding water.  

 
In addition site characteristics come into play in that there is a requirement for a 
basin to have shallow sides and combined with local topography on a relatively flat 
area of site may result in very large shallow pools of water being required. 
 
Retention Ponds 
 
Whilst retention ponds are permanently wet areas, they can offer lower areas of 
water coverage than detention basins or wetlands and can be placed with the 
permanent water body below existing ground level. 
 
Wetlands 
 
Wetlands offer effectively large areas of shallow water and are designed to 
accommodate principally water treatment and not to accommodate stormwater flows.  
As such they are unlikely to deliver the necessary minimisation of water bodies or 
attenuation requirements of the site. 
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1.0 GREENFIELD RUN-OFF RATES 
 
The greenfield runoff rates have been calculated in accordance with the 
methods set out in CIRIA C697 and in particular the Institute of Hydrology 
Report No.124. The following table gives the input data used for the IH 124 
greenfield run-off calculations for each development zone. 
 
SAAR = 1250 mm 

Hydrometric area = 2 
 

Zone AREA (km2) Average slope (°) SOIL 
H1 0.0357 2.862 0.47 
H2 0.0453 0.818 0.47 
H3 0.0648 4.086 0.47 
H4A 0.0137 1.469 0.47 

H4B 0.0139 3.180 0.47 
H4C 0.0069 1.081 0.47 
H5 0.0548 1.736 0.47 
H6 0.0340 0.881 0.47 
H7 0.0629 1.005 0.47 
H8 0.0429 1.273 0.47 

H9 0.0518 2.045 0.47 
H10 0.0561 0.744 0.47 
H11 0.0236 1.909 0.47 
H12 0.0571 0.674 0.47 
H13 0.0353 1.123 0.47 
H14 0.0437 1.909 0.47 
H15 0.0749 0.239 0.47 

H16 0.0695 0.455 0.47 
H17 0.0394 1.302 0.47 
H18 0.0269 0.735 0.47 
H19 0.0513 1.273 0.47 
        
M1 0.0069 3.180 0.47 
M2 0.0190 0.818 0.47 
M3 0.0108 2.291 0.47 
M4 0.0261 0.409 0.47 
M5 0.0135 0.424 0.47 
        
E1 0.0847 0.284 0.47 
E2 0.1460 0.208 0.47 

E3 0.1394 0.774 0.47 
E4 0.0330 1.432 0.47 
        
C1 0.0191 0.431 0.47 
 
Assumptions: 
All Areas: Soils commonly waterlogged within 40cm, but for less than 335 days within 70cm in 
most years 
All Areas: Permeability classes are SLOW 
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The 1 in 2 year green field runoff rates for each zone are provided below 
 

Zone QBAR (m3/s) 
Q (1 in 2 year event) 

(m3/s) 
H1 0.0340 0.0309 
H2 0.0431 0.0392 

H3 0.0617 0.0561 
H4A 0.0130 0.0119 

H4B 0.0132 0.0120 

H4C 0.0066 0.0060 
H5 0.0521 0.0474 
H6 0.0323 0.0294 
H7 0.0598 0.0545 

H8 0.0408 0.0371 
H9 0.0493 0.0448 
H10 0.0534 0.0486 
H11 0.0225 0.0204 
H12 0.0543 0.0494 
H13 0.0336 0.0306 
H14 0.0416 0.0378 

H15 0.0713 0.0648 
H16 0.0661 0.0602 
H17 0.0375 0.0341 
H18 0.0256 0.0233 
H19 0.0488 0.0444 
      
M1 0.0066 0.0060 
M2 0.0181 0.0165 
M3 0.0103 0.0094 
M4 0.0248 0.0226 
M5 0.0128 0.0117 
      
E1 0.0806 0.0733 
E2 0.1389 0.1264 
E3 0.1326 0.1207 
E4 0.0314 0.0286 
      
C1 0.0182 0.0165 
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2.0 DISCHARGE RATES AND STORAGE VOLUMES 
 
The greenfield run-off rates estimated from IH 124 from each development 
zone have been summed to determine the total allowable catchment 
discharge rate from each SUDS retention pond. 
 
The Microdrainage WinDes Package has been used to determine the 
maximum storage volume for each pond depending on the total hard paved 
area it serves, for a storm return period of 25 years. The M5-60 and ratio R 
values have been determined from the FEH CD Rom; these are 15.70mm and 
0.23 respectively for the site. 
 
The allowable discharge rates, together with hard paved areas served and 
maximum storage volumes for each retention pond are as follows:- 
 
  S1 S2 S3 A & B S4 S5 S6 

Q (l/s) 164.33 85.54 342.08 83.29 47.45 183.20 

Total Hard Paved Area 
(Ha) 

7.592 3.952 15.804 6.062 2.192 14.737 

Vs (m
3
) 1878 978 3909 1924 542 4960 

 
  S7 S8 & S9 S10 P1 & P2 P3 

Q (l/s) 101.90 79.74 63.20 63.98 N/A 

Total Hard Paved Area 
(Ha) 

10.005 7.829 6.205 5.320 N/A 

Vs (m
3
) 3750 2934 2326 1822 N/A 

 
These volumes are the level of temporary storage required above the pond 
outlet. 
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The following pages contain the input data used and the results from the 
Microdrainage quick storage estimate. 
 

POND S1 
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POND S2 
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POND S3 A & B 
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POND S4 
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POND S5 
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POND S6 
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POND S7 
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POND S8 & S9 
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POND S10 
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POND P1 & P2 

 
 

 
 
 
 



Upton McGougan Limited 
 

RO Bishopton  
Supplementary Note to Flood Risk Assessment Nov 2007  

185.0003/RB/sl/78038

3.0 TREATMENT VOLUMES 
 
The levels of treatment required for each development area have been 
identified within the FRA. 
 
The employment areas will require a treatment retention basin upstream of 
the retention pond to satisfy the criteria. The treatment volume (Vt) has been 
determined using the methods set out in the CIRIA C697. 
 
D has been determined at 15.70mm and SOIL has been estimated at 0.47 
from the FEH Catchment Description. 
 
The treatment volumes for the residential, employment and mixed use are 
76.44 m3/Ha, 125.09 m3/Ha and 141.3 m3/Ha respectively. 
 
 
The required treatment volume for each applicable SUDS feature is as 
follows:- 
 
  S6 S7 S8 & S9 S10 

Vt (m
3) 1703 1251 979 776 

 
The following table has been taken from the FRA and revised in accordance 
with the above figures and added to for clarify. 
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RO BISHOPTON 
SUDS SCHEDULE 

     

SUDS 
REF 

AREA SERVED 
TOTAL 
CATCHMENT AREA 

TOTAL 
HARDPAVED AREA 

TREATMENT 
LEVEL REQUIRED 

TREATMENT 
VOLUME (Vt) 

RETENTION BASIN 
STORAGE VOLUME (Vs) 

S1 
H15 (50%), H16 
(50%), H17, H18, H19 

18.980 Ha 7.592 Ha 1 STAGE 1451 m
3
 1878 m

3
 

S2 H3, H6 9.880 Ha 3.952 Ha 1 STAGE 755 m
3
 978 m

3
 

S3 A & B 
H2, H7, H8, H9, H10, 
H12, H13, H14 

39.510 Ha 15.804 Ha 1 STAGE 3020 m
3
 3909 m

3
 

S4 H1, H11, M3, M4 9.620 Ha 6.062 Ha 
H - 1 STAGE 
M - 2 STAGE 

975 m
3
 1924 m

3
 

S5 H5 5.480 Ha 2.192 Ha 1 STAGE 419 m
3
 542 m

3
 

S6 
H15 (50%), H16 
(50%), E3 

21.160 Ha 14.737 Ha 
H - 1 STAGE 
E - 3 STAGE 

2296 m
3
 4960 m

3
 

S7 E1, E4 11.770 Ha 10.005 Ha 3 STAGE 1472 m
3
 3750 m

3
 

S8 & S9 C1, E2 (50%) 9.210 Ha 7.829 Ha 3 STAGE 1152 m
3
 2934 m

3
 

S10 E2 (50%) 7.300 Ha 6.205 Ha 3 STAGE 913 m
3
 2326 m

3
 

P1 & P2 
M1, M2, M5, H4A, 
H4B, H4C 

7.390 Ha 5.320 Ha 
H - 1 STAGE 
M - 2 STAGE 

820 m
3
 1822 m

3
 

P3 N/A N/A N/A N/A N/A N/A 
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1. Introduction 
 
1.1 
The aim of this report is to describe proposals which will mitigate the possibility of 
increased bird strike risk to aircraft using Glasgow Airport due to the creation of SUDS 
retention ponds which are a part of the proposed development at Royal Ordnance 
Bishopton.  Retention ponds are an important element for delivery of SUDS scheme for 
the development site. 
 
1.2 
As part of the safeguarding process for UK civil airports that is in place to protect flight 
safety, planning applications within 13 kilometres of an airfield which may affect 
birdstrike risk, are reviewed and assessed by the airport owner.  Birdstrike experts 
advise the civil aviation industry whether a planning application may sufficiently 
increase birdstrike risk that an objection is lodged to the plans. 
 
1.3 
Our intention is to deliver proposals which do not compromise flight safety, mainly by 
designing out birdstrike risk but also by developing a bird management plan for the SUDS 
ponds and other areas of the Bishopton development which potentially could be part of 
an agreement which controls the way in which the site is managed.   
 
2. Objectives of the Masterplan and the strategy for surface water drainage 
 
2.1  
The approach to the Masterplan has been to use the sustainable drainage infrastructure 
in a positive way so that it also makes a visible contribution to the open space 
infrastructure of the development and helps to create an attractive environment for 
residents and business users located within the development.  The open space contains 
new open water (SUDS ponds) and in particular the retained historic ponds which are 
linked with the core village park providing a special identity to the development and a 
high quality of environmental experience.  There is also emphasis in the Masterplan 
approach to make the best possible use of the new habitat creation and to enhance 
ecological diversity. 
 
2.2 
The vision outlined in 2.1 has to take into consideration not only how surface water 
drainage is accommodated and constructed as part of the engineering works but also the 
safeguarding of aircraft using nearby Glasgow Airport and to address the need to 
minimise the bird attractant features of the landscape proposals. 
 
2.3 
The SUDS scheme developed for Royal Ordnance Bishopton has identified a viable SUDS 
option based on the constraints of ground water level criteria and local topography 
which requires the use of retention ponds as an important element for delivery of the 
SUDS management train for the site.  Therefore the possibility of increased bird strike 
risk to aircraft using Glasgow Airport has to be considered and acted on. 
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3. Legal and regulatory background to the management of birdstrike risk 
 
3.1  
It is crucial that there is an understanding of the legal and regulatory context of 
birdstrike risk management and the safeguarding measures which arise from 
implementation of policies designed to reduce birdstrike risk to the lowest practical 
probability when a new major development is proposed in the vicinity of an airfield.  
The following paragraphs contain the key elements of the legal and regulatory 
framework. 
 
3.2 
The UK is a signatory to the Convention on International Civil Aviation, Chicago 1944.  
The UK has adopted many of the provisions specified in Annex 14 to the Convention 
which is published by the International Civil Aviation Organisation.  Recommended 
practices address the risk of birdstrikes due to the presence or development of bird 
attractant features on, or in the vicinity (land or water within 13km of the aerodrome 
reference point) of an aerodrome. 
 
3.3 
It is stated in the CAA publication CAP 772 Birdstrike Risk Management for Aerodromes 
(CAA 2007) that ‘In the UK, aerodrome licence holder shall take all reasonable steps to 
secure that the aerodrome and the airspace within its visual traffic pattern is normally 
contained are safe at all times for use by aircraft’ (Article 128 (5) of the Air Navigation 
Order 2005):  Development and implementation of birdstrike risk control measures is a 
responsibility of the licence holder.  These measures are subject to audit by the CAA. 
 
3.4 
An aerodrome operator is required to develop a Bird Control Management Plan (BCMP) 
which will include the following elements. 
 

a) assess the birdstrike risk, 
 
b) design and implement the appropriate bird control measures, 
 
c) develop and implement risk mitigation measures, 
 
d) establish a safeguarding process with the local planning authority for 

consultation on developments that occur within 13km radius of the aerodrome 
reference point and which have the potential to act as a bird attractant, 

 
e) use appropriate means to influence land use and development surrounding the 

aerodrome so that the birdstrike risk does not increase and, wherever 
possible, is reduced, (note: the term ‘surrounding’ is not specifically defined), 

 
 
f) encourage landowners to adopt bird control measures and support landowners’ 

efforts to reduce birdstrike risks, 
 
g) implement procedures to conduct site monitoring visits and record the results 

of such visits.  
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4.0 Identification and assessment of birdstrike risk and its mitigation 
 
4.1   
In order to manage and reduce the risk of birdstrikes (on or close to an airfield) to the 
minimum possible probability, it is necessary to obtain a range of information which 
assists assessment of the risk.  The CAA publication CAP 772 describes the basic 
principles which inform and structure the assessment of birdstrike risk (Chapter 3).  In 
the context of the proposed development at Royal Ordnance Bishopton and birdstrike 
risk at Glasgow Airport the following information will be valuable in helping to formulate 
the risk assessment. 
 

a) Pattern of aircraft activity and flight paths into and out of the airfield. 
 

b) A review of existing birdstrike records which provide information about the 
number of collisions with the time and date of each incident plus 
identification of the species struck, 

 
 

c) A review of bird species observed on the airfield over several years, in the 
local vicinity of the airfield and at the Royal Ordnance Bishopton proposed 
development site, 

 
d) Utilising records obtained under b) and c) above, targeting those bird species 

which pose an important risk to aircraft and which are likely to cause 
significant damage in the event of an impact, such as larger species and 
species which occur in flocks or fly high in skeins, 

 
e) Where it is necessary for a new development to utilise retention ponds as a 

component of the SUDS options, to design in features which make the water 
body as unattractive as possible to water birds so that the mitigation measures 
help to reduce the birdstrike risk to an acceptable level, 

 
f) Any features designed to mitigate birdstrike risk nevertheless would have to 

adhere to human Health and Safety requirements and necessary engineering 
requirements. 
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5.0 Water bird populations at Royal Ordnance Bishopton and in the vicinity of 
 Glasgow Airport at Black Cart Water and White Cart Water 
 
The aim of section 5 is to present data for water bird populations which occur very close 
to Glasgow Airport at Black Cart Water and White Cart Water where there is ideal 
habitat for feeding and roosting and to contrast with evidence of the use of the existing 
fire ponds (P1, P2 and P3) at Royal Ordnance Bishopton.  This will enable an assessment 
to be made of the probable attractiveness of the proposed new SUDS ponds for the 
Bishopton development and the possible use of the new ponds by water birds and 
potential movement to and from the Bishopton site by particular species.  
 
5.1 Record of water birds at Black Cart Water and White Cart Water  
Records of water birds at Black Cart Water and White Cart Water are shown in Appendix 
2 for the period 2002 to June 2007 for Black Cart Water and from 2003 for White Cart 
Water. 
 
5.1.2  
Relatively large numbers of water birds congregate at Black Cart Water whilst White 
Cart Water supports smaller populations and fewer species.  At Black Cart Water there 
are substantial autumn and winter populations in most years of larger water fowl 
including Whooper Swan (Cygnus Cygnus), Mute Swan (Cygnus olor), and Greylag Goose 
(Anser anser) whilst Canada Goose (Branta canadensis) is an intermittent visitor in late 
summer and autumn whilst Pink-footed Goose (Anser brachyrhynchus) and Barnacle 
Goose (Branta lencopsis) are rare visitors.   
 
5.1.3  
Populations of dabbling ducks are very substantial with Mallard (Anas platyrhynchos) 
present throughout the year and a substantial population of Teal (Anas crecca) present 
mainly in autumn and winter.  Wigeon (Anas penelope) and Gadwall (Anas strepera) also 
occur in smaller populations. 
 
5.1.4 
Two other species of water bird, Cormorant (Phalacrocorax carbo) and the Grey Heron 
(Ardea cinerea) are present throughout the year with over 20 Cormorant recorded in any 
single month period and from 1 to 23 Heron. 
 
5.1.5 
At White Cart Water Teal and Mallard are the only species recorded in significant 
numbers during autumn and winter. 
 
5.1.6 
On Black Cart Water the autumn/winter population size in any one month, of some 
species (e.g. Whooper Swan >100; Mute Swan up to 50; Greylag Goose up to 500) and the 
overall concentration of water birds presents a continuous high risk of a bird strike 
incident due to the very close proximity to Glasgow Airport (less then 0.5 kilometre in 
places).
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5.2 Record of water birds at Royal Ordnance Bishopton 
 
5.2.1 
The existing fire ponds (P1, P2, and P3) were monitored by JDC Ecology Ltd on a 
monthly basis between November 2004 and March 2005.  The purpose of the visits was to 
identify the species present, population size and use of the water bodies and adjacent 
areas.  Table 1 lists the combined list of bird species recorded at the three ponds (P1, 
P2, and P3) between November 2004 and March 2005.  Greater detail of dawn and dusk 
counts and a breakdown of the numbers of males and females are given in Appendix 1. 
 
Table 1. Bird Records Winter 2004/5 
 

Common 
Name 

Scientific Name Pond 
Number 

Month 
Recorded 

Largest Number Recorded 
 on a Single Occasion  
(dawn or dusk)   

Cormorant Phalacrocorax carbo PI Nov, Dec, Jan 1 
Dipper Cinclus cinclus P2 Feb 1 
Goldeneye Bucephala cangula P1,P2, P3 Nov,   Dec,   Jan, 

Feb, Mar 
9  

Grey Heron Ardea cinerea P3 Nov, Dec 1 
Little Grebe Tachybaptus ruficollis PI Nov, Dec 1 
Mallard Anas platyrhyncos P1.P2, P3 Nov,   Dec,   Feb, 

Mar 
11 

Moorhen Gallinula chloropus P1.P2, P3 Nov,   Dec,   Feb, 
Mar 

2 

Mute Swan Cygnus olor P1,P3 Nov,   Dec,   Feb, 
Mar 

2 

Snipe Gallinago gallinago PI Feb 1 
Tufted Duck Aythya fuligula P1,P2 Jan, Feb, Mar 14 

 
5.2.2 
Both the range of species and the recorded number of any species at the time of the 
censuses were relatively low given that the combined surface area of the water bodies 
(3.98ha) was sufficiently large to support a wider range of species of water fowl.  At 
Black Cart Water a significant number of water fowl species occur approximately 3.5 
kilometres from the ponds P1, P2 and P3 but many of these species were not recorded at 
Royal Ordnance Bishopton.  For example, Canada Geese, Teal, Goosander and Wigeon 
occur commonly at Black Cart Water but were not recorded at the Bishopton ponds.  
Species known to breed at the fire ponds include Mute Swan, Coot and Moorhen.  Other 
species that potentially might breed (because they have been recorded at the site) are 
Goldeneye, Mallard and Tufted Duck.  However, based on existing evidence the 
population size for any particular breeding species would be very small. 
 
5.2.3 
The relatively low numbers of water fowl at the existing ponds P1, P2 and P3 probably 
reflects the impact of existing well developed vegetation which surrounds much of the 
perimeter of the ponds including native willows and a range of unmanaged emergent 
and bankside vegetation.  
 
5.2.4 
 It is the intention to create green landscape features around the perimeter (or part of 
the perimeter depending upon location of the pond) of the new SUDS ponds which will 
fulfil a similar role to the existing vegetation surrounding P1, P2 and P3 although the 
SUDS ponds will mainly be in a more formal setting (except S6, S6B, S7 and S10). 
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5.2.5 
An independent ornithological baseline survey of the entire Royal Ordnance Factory site 
was undertaken by Starling Learning during the autumn and winter 2004/2005 and some 
observations were made in years previous to this.  The results of this survey for fire 
ponds P1, P2 and P3 were consistent with data collected by JDC Ecology Ltd.  A single 
bird of Little Grebe and Cormorant was recorded feeding at the fire ponds and a pair of 
Mute Swans was present on most visits.  These swans are known to have reproduced in 
most years and did so in 2007.  Grey Heron were regularly recorded feeding at the ponds 
with a maximum count of 26 birds.  It is most probable that these heron were from the 
heronry which is present in a conifer plantation on the site.  The species of duck 
recorded were the same as those recoded by JDC Ecology Ltd; Mallard feeding in small 
numbers but up to 28 birds in winter 2004/2005 and up to 11 birds of Goldeneye 
recorded feeding on the ponds. 
 
5.2.6 
Other species of water bird recorded were Moorhen (one adult and one juvenile in 
2002), Coot (a few sightings) plus Herring Gull (Larus argentatus), Lesser Black-backed 
Gull (Larus fuscus) and Black-headed Gull (Larus ridibundus) which were occasionally 
seen in low numbers on the ponds. 
 
5.2.7 
The two ornithological surveys provide no direct evidence of the extent of possible 
transfer of water birds between the existing Bishopton ponds and the Black/White Cart 
Waters, the river Clyde estuary or other water bodies located in a direction away from 
Glasgow Airport such as Whitemoss Dam (north-western direction). 
 
6. Bird species that are hazardous to aircraft 
 
Many species of bird pose a potential risk to aircraft but some species are more 
hazardous than others.  The extent of risk created by a bird species is related to the size 
and density (mass) of a bird and whether the species has a tendency to form flocks (i.e. 
a number of birds that fly in tight formation).  Civil Aviation Authority records 
demonstrate that larger flocks (11-100 birds) cause damage in 40% of aircraft strike 
incidents in comparison to small flocks (2-10 birds; 14%) or single birds (8%). 
 
6.2 
The species of water birds which occur at Royal Ordnance Bishopton and in the general 
vicinity of Glasgow Airport which are of sufficient size to cause a serious risk to aircraft 
and which also may occur in small or large flocks are listed in Table 2. 
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Table 2. Priority species likely to cause a hazard to aircraft with mean weight (g)  
  based on RSPB data 
 

Bird species Mean weight(g) 
Black-headed gull 300 
Canada goose 4540 
Coot 800 
Cormorant 2350 
Goldeneye 925 
Great black-backed gull 1500 
Greylag goose 3300 
Heron 1750 
Mallard 1125 
Moorhen 335 
Mute Swan 11000 
Tufted duck 725 
Common gull 390 
Teal 300 
Wigeon 700 

 
6.3 
Other species of birds which occur at Royal Ordnance Bishopton and which are a 
potential hazard to aircraft are mainly woodland species such as wood pigeon, stock 
dove, Corvids and starling.  There will be a very substantial reduction in woodland cover 
within the proposed development area which will cause a significant reduction in bird 
species populations.  Thus the bird strike hazard for woodland species will be reduced 
rather than increased.  Using the principle of ‘no net detriment’ it is clear that post-
development in comparison with the current situation, there will be zero increase in 
bird strike risk. Therefore woodland bird species are not considered in this report.
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7.0 Identification of priority species which pose a significant bird strike risk  
 to aircraft using Glasgow Airport    
 
7.1 Recorded bird strikes at Glasgow Airport 
 
7.1.1  
A list of bird strike records for Glasgow Airport which cover the period 1997 to 2006 is 
shown in Appendix 3. Various species of gulls are by far the most common cause of a 
bird strike incident.  A total of 83 strikes by gulls have been recorded.  Often the 
particular species has not been identified but in cases where identification was possible, 
Herring Gull (Larus argentatus), Lesser Black-backed Gull (Larus fuscus), Black-headed 
Gull (Larus ridibundus) and Common Gull Larus canus) were recorded.  Strikes by duck 
involved two Mallard and one Goldeneye.  There was a single strike by Cormorant and a 
total of six strikes by wading bird species. 
 
7.1.2 
There were no strikes recorded for Goose, Swan, Heron or ducks other than Mallard and 
Goldeneye.  However, although there were no recorded bird strikes the large flocking 
water birds and the smaller flocking water fowl present a serious bird strike risk to 
aircraft particularly when sites for feeding, roosting or loafing are located close to any 
airport runway.  We were unable to refine the estimate of risk from existing bird species 
due to a lack of available data. 
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8.0 Design of ponds: general principles 
 
8.1 
The key principle is to design out water birds, as far as possible, at the master planning 
stage of a new development.  In order to discourage wildfowl and other species of water 
bird, easily accessible grazing at the edges and adjacent to the water body should be 
minimised and ideally completely excluded. 
 
8.2 
The attractions of a site can be reduced by planting trees around the water body (but 
not necessarily at the water edge) and areas of shrubs to disrupt sight lines and prevent 
birds from gaining easy access to grassland feeding areas.  Open water bodies should be 
small in total surface area and relatively narrow.  There should be no islands because 
these would be used as breeding sites because they are protected from predators. 
 
8.3 
Water birds are an inevitable component of wetland ecosystems and it is impossible to 
exclude all water birds, even in a residential and business development setting.  
However a range of options are available which would make open water sites less 
attractive to waterfowl. 
 
8.4 
Appropriate habitat design and management will help to exclude large birds and flocking 
birds which are particularly hazardous to aircraft.  Geese in particular require 
unrestricted 360 degree views in order to remain alert to possible predators and 
obstructions to sight lines can reduce their feeling of safety and thus reduce the 
attractiveness of a site. 
 
8.5 
The basic measures to reduce the attractiveness of a water body are as follows: 
 
a) Using dense areas of adjacent shrub vegetation and planting appropriate species of 

tree (e.g. willow species, alder species, field maple or birch) around the water 
body to restrict the bird’s view of the water or view out of the water. 

 
b) Planting trees in a position adjacent to the water body in such a way that this will 

deter species that prefer to use a shallow angle (i.e. 13-14º) to fly out of a water 
body (e.g. swans and several species of geese including Canada geese). 

 
c) Plant vegetation that is not palatable to waterfowl (e.g. ivy and dwarf gorse) and 

is very difficult to walk through (e.g. hydrangea, St John’s wort, dwarf gorse). 
There should be no open loafing areas around the pond perimeter where water 
fowl might congregate. 

 
d) Make water bodies linear and no wider than 30m (WWT Wetland Advisory Service).  

Linear water bodies are much less attractive to gulls, swans and geese particularly 
if relatively small and enclosed.  A water body with adjacent trees >7m in height 
combined with a width of <30m will restrict geese which attempt to fly out. 

 
e) Create a hard edge to the water body with an overhang and a minimum of 300mm 

of vertical wall which will deter waterfowl from moving easily to adjacent areas of 
land.  If birds are forced to fly out on every occasion that they move to adjacent 
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land, this will cause the pond to be less attractive.  In public areas Health and 
Safety considerations will preclude this feature. 

 
f) If Health and Safety concerns allow, the water body should have a water depth 

>2.0m, although a more shallow depth is inevitable around the perimeter.  A water 
depth > 2.0m will deter the establishment of submerged aquatic plants. 

 
g) The perimeter of the water body should not have bays, indentations or 

promontories which would provide sheltered refuges for water birds.  
 
h) Water bodies should be maintained without fish populations which might attract 

herons or cormorant. 
 
i) Any areas of grassland in the vicinity of the ponds (e.g. around areas of tree 

planting) should be managed as areas of long meadow grassland left uncut (except 
twice a year) and containing attractive wildflowers.  This will reduce the 
attractiveness of these areas for feeding for swans, geese and ducks such as 
widgeon. 

 
j) All parts of the water body should be accessible by predators such as foxes or mink 

which will further deter water birds. 
 
8.6 
Not all the above measures can be implemented for any particular waterbody.  The 
particular location and function of each SUDS pond will determine which combination of 
measures can be implemented for that particular SUDS pond.  Landscape design, 
engineering requirements for SUDS ponds, human Health and Safety risk assessment, 
consideration of birdstrike risk and ecological quality and biodiversity are competing 
interests with different primary agendas which have to be accommodated in the final 
design of the SUDS ponds and SUDS reed beds.  The proposed designs fulfil engineering 
requirements which are the primary objective whilst accommodating the other 
requirements to the maximum possible.  Reduction of birdstrike risk (to the minimum 
practicable level of probability) to aircraft using Glasgow Airport is an important 
element in the SUDS equation and as part of a compromise solution which is the Best 
Practicable Option.  This is the main issue addressed in this report. 
 
8.7 
A combination of the measures outlined above should make each pond less attractive to 
swans, geese and gulls but other species such as Teal, Mallard, Moorhen and Coot are 
unlikely to be completely excluded.  However a small number of these species would not 
pose a significantly increased risk to aircraft using Glasgow Airport.  The design of the 
SUDS ponds has been undertaken with due regard to Advice Note 3 and Advice Note 6, 
Safeguarding of Aerodromes, issued by the Airport Operators Association and the 
General Aviation Awareness Council. 
 
8.8 
Figure 1 depicts a generic design of pond which will be unattractive to water birds and 
which can be varied in size and shape (but within the constraint that a linear shape with 
a width <30m is a basic requirement) and which is appropriate for the design of 
waterbodies S1, S3a, S3b, S4 and S5. The generic design depicted in Figure 1 
incorporates a continuous linear dense prickly shrub cover which separates areas of 
grassland and the water body.  This will be repellent to water birds.  A fence 1.0m in 
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height could be embedded within the shrub cover to act as an additional barrier to 
geese, swans and ducks.  The fringe of the SUDS pond is planted with a mix of dense 
emergent aquatic plants which could include branched bur-reed (Sparganium erectum), 
soft rush (Juncus effusus), yellow iris (Iris pseudacorus), common clubrush (Scirpus 
lacustris) and greater tussock sedge (Carex paniculata) and lesser pond sedge (Carex 
acutiformis).  These species are generally inedible for water birds although the foliage 
of branched-burr-reed may be eaten.  The other species have spiky tough leaves but 
could provide nesting cover for dabbling ducks.  This issue is addressed in the Bird 
Management Plan (section 11.3.2.3). Figure 2 depicts a design appropriate for the 
waterbodies S8 and S9 which is a version of the Figure 1 design adapted for the site and 
situation of S8 and S9 whilst Figure 3 provides a schematic design for the reedbed sites 
S6, S7 and S10.  The design for the SUDS ponds with reedbeds involves creation of a 
continuous cover of common reed (Phragmites australis) over the entire water body.  
Maximum depth should not exceed 1.0m.  The reedbeds will all be situated in the 
Community Woodland Park area and public access would be an optional feature.  New 
planting of willow/alder carr would merge with the reedbeds extending into the margins 
of the ponds by up to 2.0m (but not continuously 2.0m) and would merge with terrestrial 
woodland within the Community Woodland Park area (either existing or new planting). 
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9.0 Design of SUDS ponds and reed beds: specific measures to reduce  
 attractiveness to waterfowl 
 
9.1 POND S1  
This will be created with a narrow shape and a hard edge (plus fringe emergent 
vegetation) on the north eastern perimeter adjacent to housing development where 
there will be intensive public uses: There is dense existing woodland on the western 
boundary. The pond edge and planting design will be as shown in Figure 1 on the 
northern perimeter, which will be adjacent to an intensively used public amenity area 
where dog-walking and recreational activity will be daily events.  In areas such as these 
human Health and Safety is an important consideration and therefore there will be 
planting and establishment of a fringe vegetation of emergent aquatic plants which will 
create a dense band of vegetation around the perimeter of the pond.  The proposed 
vegetation will grow to a height of 1.0-1.5m above the water surface during the summer 
months but some of the species proposed (section 8.8) will die back during the autumn 
and winter but leave persistent stems.  The combination of the physical design features 
and disturbance will deter target bird species and thus pond S1 creates no new 
significant bird strike risk. 
 
9.2 POND S2  
This small isolated pond will be hard-edged (plus fringe emergent vegetation) and 
entirely enclosed by housing development and roads.  Amenity shrub planting and some 
tree planting will fringe part of the perimeter.  Human activity will be considerable in 
the vicinity of S2 and this water body with a very small surface area will be highly 
unattractive to the target bird species.  Pond S2 poses a negligible impact on potential 
bird strike risk. 
 
9.3 POND S3A and S3B  
These water bodies are linear canals with hard edges (plus fringe emergent vegetation) 
and a curved shape which will restrict bird sight lines.  There will be continuous 
residential housing development along the eastern boundary with considerable public 
activity along paved areas.  Figure 1 illustrates the generic design which would be 
applied to S3 and S3B.  There will be public parkland on the south and south western 
boundaries which will be safe guarded against larger water fowl through plantings of 
dense shrubs preventing direct access to  park grassland plus an outer area of linear 
groups of trees such as willow, alder, birch and field maple which will grow relatively 
rapidly to a height of 6-7metres and thus restrict bird sight lines.  If necessary an 
additional protection will include a fence of 1.0m in height embedded within the shrub 
plantings (Figure 1).  The basic design features coupled with high levels of human 
activity and dog walking will reinforce the unattractiveness of these ponds for water 
birds presenting minimal new bird strike risk. 
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Figure 1. Generic design of SUDS pond appropriate for ponds S1, S2, S3, S3B and S4 
 

 
 

 
9.4 POND S4  
The context of S4 and its design will be almost identical to S3 and S3B.  The description 
in the paragraph above applies to S4 without exception.  Proximity to the village centre 
will result in even more intensive public use of the area adjacent to S4.  Tree and shrub 
planting on the southern and western perimeters will be further enhanced including 
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taller specimen trees such as larger maples and ash to provide sufficient buffer zone 
between S4 and the Central Park area.  It is concluded that S4 will combine a suite of 
features which make it unattractive to gulls and larger flocking waterfowl.  S4 will 
present a negligible increase in bird strike risk for target species. 
 
 
9.5 POND S5  
This is a small linear pond surrounded by built development with a hard edge (plus fringe 
emergent vegetation) and paved area on the eastern and south eastern boundary, 
adjacent to residential housing.  The north western perimeter will be planted with 
shrubs and groups of willow, alder and birch plus other non-berry bearing smaller 
ornamental trees similar to the design shown in Figure 1.  The small size and linear 
shape coupled with considerable human and domestic animal disturbance will cause S5 
to be a very unattractive site for water birds.  This pond creates no new bird strike risk 
for Glasgow Airport. 
 
9.6 POND S6A and S6B  
This water body will be developed as a reed bed, common reed (Phragmites australis) 
will be the dominant plant species, using a planting technique designed to achieve rapid 
cover.  The open water will become colonised by reeds quite rapidly unless the water 
depth is > 1.0m.  On the northern perimeter there is an almost continuous linear belt of 
woodland and large mature trees close to the water body plus a significant area of 
woodland close to the western edge of S6.  The southern and south western perimeter of 
the reed bed adjacent to the Community Woodland Park area will be planted with 
willow, alder and other amenity tree species.  Willow and alder will be situated 
immediately adjacent to or just within the reed bed to create some alder/willow carr 
which merges with the terrestrial planting.  The context of S6 is a significant amenity 
area with good ecological value which will be enhanced by the reed bed.  This will 
potentially attract small passerine bird species such as reed warbler, sedge warbler, 
grasshopper warbler, reed bunting and water rail which are relatively unusual species in 
the Bishopton locality. These species are not a bird strike risk (virtually zero risk).  Reed 
bunting is a Red List species of conservation concern.  The SUDS function of this and 
other reedbeds (S7 and S10) will be to further enhance water quality through reduction 
in suspended solids, capture of nitrogen and phosphorus and capture of any Potentially 
Toxic Elements (metal contaminants) which may be present in run-off water plus natural 
attenuation of any organic contaminants. S6B is a narrow meander of open water which 
connects S6 and S10.  This open water will be planted on both banks with alder and 
willow with a shrub and long grass under and around the trees which will prevent water 
birds from gaining access to any potential areas of grazing.  S6B is situated within the 
Community Woodland Park area and thus there will not be any area of managed short 
grassland near to this water body. 
 
 The creation of S6 will produce a valuable aquatic habitat which will also make a 
considerable contribution to biodiversity.  The site should attract water vole (which are 
known to occur at Royal Ordnance Bishopton) and possibly otter.  The created habitat 
will be valuable for amphibians such as common frog and common toad and also palmate 
newt and common (smooth) newt.  The value of the new water bodies with reed beds 
will be considerable for invertebrates, dragonflies and damselflies in particular but also 
water beetles and molluscs.   The design of S6 (see Figure 3) will virtually eliminate 
roosting gulls and occupation by swans and geese.  The potential enhanced bird strike 
risk from these species will be extremely small and not a significantly increased risk.  
There is the potential for starling roosts to form in new areas of reedbed and it will be 
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necessary to prepare and introduce a Bird Management Plan for starling as soon as the 
water body has been engineered and planted.  This issue is further discussed under 
section 10 Bird Management Plan.     
 
9.7 POND S7  
This water body is designed as predominantly reedbed.  The northern boundary will be 
adjacent to a paved area with built development nearby.  Emergent aquatic 
macrophytes vegetation will be placed adjacent to the boundary edge and will merge 
with the reed bed. On the south eastern boundary the adjacent vegetation is mainly 
existing native woodland which will provide an effective barrier for water fowl.  A short 
section of the south eastern perimeter is currently open habitat but this will be planted 
with trees to provide complete woodland cover on this side of S7.  The reedbed habitat 
will provide a significant addition to ecological diversity within an existing high quality 
ecological context as described for Pond S6. The water body will be unattractive to gulls 
and large water fowl although coot, moorhen a few dabbling ducks and the occasional 
heron or little grebe might occupy S7 periodically.  It is concluded that the additional 
bird strike risk created by S7 would be very small and not a significant risk. 
 
9.8 PONDS S8 and S9  
Ponds S8 and S9 are narrow canal-like structures which will be created immediately 
adjacent to commercial buildings in the business park area on the north western 
boundary and here will be contiguous with paved areas and beds planted with amenity 
shrubs.  There will be a main road on the south eastern boundary and the bank sides of 
S8 and S9 will have adjacent contiguous planting of shrubs unfriendly to water fowl 
which will create an uncomfortable environment (see Figure 2). 
Also there will be a retained strip of existing woodland on the south eastern boundary of 
S9 which will provide a substantial screen.  This feature coupled with general 
disturbance at this road side location will deter larger water fowl but might attract a 
few duck, coot or moorhen. It is unlikely that there would be any significant increase in 
bird strike risk for Glasgow Airport. 
 
Figure 2.  Generic design of SUDS pond appropriate for S8 and S9 
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9.10 POND S10  
S10 is designed as reed bed to fulfil the function described under S6A.  S10 is situated 
within the Community Woodland Park area and will be a wildlife conservation habitat in 
addition to a SUDS pond.  On the entire length of the northern boundary there is a solid 
block of good quality broadleaved woodland which will be retained because it is outwith 
the boundary of the new development.  The open areas between the woodland and reed 
bed will be planted with low density willow and alder and any damp grassland will be 
unmanaged once the period of establishment is completed (2 – 3 years).  There is 
another block of good quality mature broadleaved woodland on the southern boundary.   
On the south western, western and north western boundaries there is currently more 
open habitat.  The landscaping approach for these areas will be similar to the scheme 
illustrated in Figure 3 for the soft boundary.  Mainly willow and alder and some shrubs 
will be planted in linear groups close to the pond edge.  Some of this planting will 
encroach into the pond to provide a willow/alder carr habitat.  As described for S6 and 
S7 the intention is to create new valuable aquatic habitat which will enhance the 
biodiversity of the site to include small passerine birds, amphibians and aquatic 
invertebrates and to provide new habitat for water vole and otter.  Pond S10 will be 
included in the Bird Management Plan for starling.  This water body will not attract 
gulls, swans or geese although moorhen and coot and the occasional heron may use this 
habitat.  The bird strike risk is judged to be extremely small. 
 
 
Figure 3. Generic design of SUDS ponds with reed beds 
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9.11 EXISTING PONDS P1, P2 and P3  
The existing fire ponds (P1, P2 and P3) appear to be stable aquatic ecosystems which 
have developed an emergent fringing aquatic vegetation which merges with bankside 
shrub and long grassland vegetation.  There are a considerable number of trees including 
willow (Salix spp) which are growing adjacent to the ponds, some of which overhang the 
ponds. 
 
The Landuse Master Plan (Drawing 715/268D 30/10/07) depicts a hard edge to the north 
western, northern and north eastern boundary of P1 with adjacent business and retail 
areas.  The perimeter here would have a fringing emergent macrophytes vegetation and 
a paved hinterland which would be intensively used by the public.  The rest of the pond 
boundary on the southern and western sections of the perimeter would remain 
undisturbed with existing vegetation and edge features intact. 
 
The northern boundary of P2 will be adjacent to an area of housing with an adjacent 
main road on the eastern boundary.  The section of boundary adjacent to the housing 
development will have a fringing emergent macrophytes vegetation and an adjacent 
paved area.  The remaining boundary will remain undisturbed with existing vegetation 
intact.  The southern and south western boundaries of ponds P1 and P2 adjacent to open 
public greenspace will be planted with additional trees (e.g. willow, alder, birch) and 
shrubs (non-berry bearing species). The planting scheme would be similar to that shown 
in Figure 1. 
 
Pond P3 will be entirely surrounded by public amenity greenspace.  The existing pond 
edges and fringing vegetation will remain intact and additional planting will be 
undertaken as described for P1and P2 according to the generic scheme shown in Figure 
1.  The intention would be to prevent water fowl gaining access to areas of mown 
grassland in the public amenity areas.  Grassland in and around tree and shrub planting 
would be managed as wildflower meadow with mown paths where appropriate.   
 
Given the combined size of the existing ponds P1, P2 and P3 the records of water birds 
using these ponds during the period November 2004 to March 2005, suggest that there 
are fewer numbers of water birds using these ponds than would normally be expected 
given their size and favourable habitat condition (refer to section 5.2 “Record of Water 
Birds at Royal Ordnance Bishopton).  The increased disturbance by public use of the 
adjacent areas, disturbance by dogs and the close proximity of business and retail areas 
is likely to reduce rather than increase bird use of P1, P2 and P3 water bodies.  
 
It is concluded that there will be no increase in bird strike risk from the presence of 
Ponds P1, P2 and P3 and the risk may become reduced in comparison with the pre-
development status. Note that the existing ponds will remain as three separate entities 
with no change to the terrestrial topography which separates the ponds. 
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10.0 Conclusions concerning SUDS pond design 
 
The design of the open water SUDS ponds has utilised an appropriate combination of all 
the possible measures to reduce attractiveness to water birds.  The location and 
function of each SUDS pond determined which combination of measures (as set out in 
section 8) was used.  We consider that feral Canada Geese and Greylag Geese (which are 
possible colonisers from the Clyde estuary area and Black Cart Water) will be virtually 
excluded by the design measures.  These species have not been recorded using the 
existing fire ponds P1, P2 and P3 which have a larger area than any of the proposed 
SUDS ponds.  It is possible that an occasional Mute Swan or pair of swans may become 
resident on some SUDS ponds given that a pair has used the fire ponds for several years.  
Whooper Swan would not use the SUDS ponds.  Dabbling ducks (Mallard, Goldeneye and 
Tufted Duck in particular) may use the ponds in relatively small numbers and may 
attempt to breed.  The proposed Bird Management Plan would deal with this issue. 
 
10.1 
Of other species likely to utilise the ponds, Grey Heron may move from the nearby 
heronry but this is most unlikely to create an increased bird strike risk and the 
occasional Cormorant may be attracted but would find little food.  The major bird strike 
hazard at Glasgow Airport, gulls, would not roost in large populations on the SUDS ponds 
which are too small in surface area.  It is possible that a few gulls would use the water 
bodies but in such small numbers that increased bird strike risk would be negligible.  
There are likely to be a few Moorhen and Coot utilising the ponds but breeding will be 
constrained as far as possible through active management. 
 
10.2 
The SUDS ponds which will be developed as reedbed will eliminate possible risks from 
Mute Swan, goose, Cormorant and gulls.  The intention will be to manage the reedbeds 
with predominant vegetation cover (once it has developed).  This will help to keep 
numbers of dabbling duck species to the minimum.  There is the potential for starling 
roosts to become established on the reedbed sites.  Therefore an important element of 
the Bird Management Plan will be to maintain a close check on starling and to 
implement measures to prevent a roost establishing before the population size builds 
up. 
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A Bird Management Plan for Royal Ordnance Bishopton SUDS ponds and adjacent 
areas 
 
11.1 Background 
 
11.1.1  
The design of SUDS ponds and adjacent areas within the Royal Ordnance Bishopton 
Master plan has very substantially reduced the risk to aircraft operating out of Glasgow 
Airport but has not completely eliminated the risk.  The Bird management Plan (BMP) set 
out in the following paragraphs will further reduce the risk to a level which is extremely 
small and therefore acceptable.   
 
11.1.2 
 The BMP for the Royal Ordnance Bishopton development site is focussed mainly on the 
SUDS water bodies and has both strategic and objective-based components.  The overall 
strategy has been to design SUDS ponds and adjacent landscaped areas so that they are 
as unattractive as possible to hazardous species of birds that threaten flight safety.  The 
approach was described in section 8.0 of this report.  Existing semi-natural aquatic 
habitats should be maintained and managed without undue change.  This is particularly 
important when the habitat is occupied by a protected species such as otter. 
 
11.1.3  
Specific objectives are proposed which focus on bird species that must be excluded from 
the SUDS ponds (the ‘target group’ listed under 11.2.1).  In order to achieve the 
objectives a suite of prescriptive actions are proposed which would be undertaken in 
particular circumstances to deter a particular species or a group of closely related 
species.   Threshold criteria are set out which require management action when the 
trigger population size for a particular species (or group of species) has been exceeded. 
 
11.1.4 
The main strategic approach has been to ‘design out’ unwanted birds that cause a high 
risk to aircraft operating out of Glasgow Airport.  This has been achieved using 
appropriate habitat modification, but using this approach alone will not completely 
deter high risk ‘target group’ species and therefore it will be necessary to implement 
the following procedures. First, to harass and scare away unwanted birds using regular 
and intensive disturbance, second to prevent the breeding of high risk species and as a 
final resort to kill high risk birds by shooting. 
 
11.2 Objectives of the Bird Management Plan 
 
11.2.1 
 
A suite of water bird species were identified based on local records and observations and 
consultation with CSL (advisor to the BAA) which are regarded as having the potential to 
present a hazard to aircraft operating in and out of Glasgow Airport. The suite of species 
‘the water bird target group’ are listed below. 
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Gulls   Larus spp 
Canada Goose Branta canadensis 
Greylag Goose Anser anser 
Mute Swan Cygnus olar 
Cormorant Phalacrocorax cinerea 
Grey Heron Ardea cinerea 
Mallard Anas platyrhyncos 
Tufted duck Aythya fuligula 
Goldeneye Bucephala cangula 

 
11.2.2 
Other species of dabbling and diving ducks, Coot and Moorhen may also present a less 
significant hazard although they are less numerous at Royal Ordnance Bishopton, or in 
the case of diving ducks Coot and Moorhen are more sedentary, and thus are  less likely 
to cause an unacceptable risk.  However, the main objective is to keep the number of 
water birds to the minimum wherever possible and because small numbers of less 
hazardous birds may attract other more hazardous species, the overall objective is to 
minimise the populations of all species of water bird. 
 
11.2.3 
Starlings (Sturnus vulgaris) flock and form roosts which can be measured in tens of 
thousands, which are a distinct potential hazard to aircraft because the birds form large 
roaming flocks just before dusk.  The formation of starling roosts on reed bed SUDS 
ponds would create a serious new hazard and must be prevented as an absolute 
requirement using appropriate techniques described under section 11.3.2. 
 
11.2.4 
The specific objectives of the Bird Management Plan are therefore, as follows: 
 

1. to  minimise the population and where reasonably possible exclude birds 
belonging to the ‘water bird target group’ from the SUDS ponds and adjacent 
areas of landscaped public amenity, 

 
2. to minimise the numbers of other less hazardous species of water bird, 

 
3. to prevent the formation of starling roosts at the reed bed SUDS retention ponds, 

 
4. to conduct any other bird management operations which may be agreed with the 

BAA and the local management of Glasgow Airport, if any new hazard were to 
arise, not encompassed by the present BMP, 

 
5. to regularly monitor bird populations, keep detailed records, provide a quarterly 

report and undertake an annual review and consequently amend the management 
strategy drawing on advice provided by the site owner’s (or site operator’s) 
consultant and the BAA.   
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11.2.5 
A key principle of the Bird Management Plan is that there should be no increase in the 
background population of the ‘target group’ species.  Existing semi-natural aquatic 
habitats will not compromise this principle providing that they are kept mainly in their 
present condition.  Failure criteria for each species (or group of species) are specified 
trigger level population numbers coupled with failure to reduce the population by 
normal dispersal procedures.  A specific objective is to implement remedial action in the 
event of a failure and to deploy additional resources when required.  Thus the BMP is 
adaptive and flexible so that new or intractable bird problems can be managed 
successfully.  Likewise birds that are shown to present a negligible risk over a period of 
time can be dropped from the species target group. A successful BMP combined with 
bird unfriendly landscape design features should result in a gradually reduced 
commitment in succeeding years. 
 
 
11.3  The water bird management strategy 
 
11.3.1  Bird management at different stages of site development 
 
Three phases of site development are recognised where the overall strategy and the 
tactics of bird dispersal will evolve as the physical characteristics of the site change and 
the bird habitats change.  The three phases are described in the following paragraphs 
and the selection and application of bird deterrent techniques are described under 
section 11.3.2. 
 

a) bird management during site clearance, site decontamination and creation of 
landforms 

 
b) bird management during construction of residential areas and commercial 

buildings and following construction of SUDS ponds and reed beds in the period 
until the ponds are at hydrological equilibrium (full) and the reed beds have 
become fully vegetated with > 95% vegetation cover 

 
c) bird management post-completion, encompassing residential, commercial and 

public amenity areas including parkland and sports pitches  
 
 
11.3.2  Bird deterrent techniques and their application at various phases of  
  site development 
 
11.3.2.1 Site clearance, decontamination and creation of landforms 
 
A variety of bird deterrent techniques will be selected depending on the bird species to 
be dispersed and the phase of site development (section 11.3.2.2).  During site 
clearance, site decontamination and site formation including the creation of the new 
land forms, there will be substantial regular disturbance which will deter most species 
of birds from using the site although gulls may be attracted to transient flashes and 
pools and open wet areas. 
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11.3.2.2  Construction phase and creation of SUDS ponds 
 
In collaboration with the site main contractor and sub-contractors, bird dispersal would 
concentrate on the ‘target group’ species and any less hazardous species that were 
present.  Most of the available bird dispersal and harassment techniques would be used 
(see 11.3.3).  Once SUDS ponds have been completed and have filled with water they 
will be immediately attractive to the ‘target group’ of water birds.  This will be 
particularly relevant for the reed bed SUDS ponds during the period when the cover of 
common reed is less than 100%.  This could be a time period of 2 years at least and 
probably longer.  During this period the future reed bed ponds will attract gulls, geese, 
dabbling and diving ducks and Grey heron and possibly cormorant.   The full spectrum of 
dispersal techniques should be undertaken according to which techniques are most 
appropriate for the water birds which are present. 
 
When the reed beds have become fully established and have developed a dense cover 
over the SUDS ponds they can provide excellent roosting sites for Starling. It is important 
that a Starling roost does not become established at any time, because once established 
they can become stable and long-term. Therefore weekly observation of the reed bed 
ponds should be undertaken and when no more than 1000 Starlings are using the 
development site as a roost, aggressive measures should be used to shift the roosting 
population before the birds become too well established. The full range of harassment 
and disturbance tactics should be used including laser guns, gas cannons and 
pyrotechnics. It is much easier to prevent a roost from developing than attempting to 
move it once a large population has become well-established. 
 
A fishery management policy will be necessary and will have to be agreed and 
undertaken in collaboration with SEPA.  The objective will be to ensure that fish 
populations do not build up so that they attract Heron, Cormorant and Grebe. Heron are 
likely to be attracted from the nearby heronry and any increase in flights would be an 
increased hazard. Liaison and formal agreement with local fishing clubs will be required 
to ensure that deliberate stocking does not occur.  If fish do colonise any of the SUDS 
ponds they will have to be removed, either by draining the ponds or using electric 
fishing. 
 
Public education about the need not to feed waterfowl will be essential.  Feeding 
encourages a population of ducks and geese to be maintained at a higher density than 
would occur naturally.  Appropriate interpretative signs which explain the problems 
caused by feeding geese and other water fowl could mention that human food is not 
good for waterfowl because it is nutritionally inappropriate; that droppings can harbour 
parasites such as E.coli and Salmonella.  
 
All public waste facilities should encompass lidded bins and the site maintenance teams 
will be required as a contractual responsibility assiduously to collect any discarded food 
waste and to provide public education reinforcement by advising the public about 
reasons for not feeding birds and the rationale for vegetation management in the public 
amenity areas. 
 
11.3.2.3 Post-completion residential, commercial and public amenity areas 
 
On-going management of water birds requires a different approach when new housing 
areas and commercial properties have started to be occupied and residents are using 
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local shops and amenities.  It will not be possible to use shotguns, noisemaking devices 
or loud distress calls as a means of dispersal.  Measures will be required to prevent 
breeding of water birds at the SUDS ponds.  A specific spring survey will be undertaken 
to detect nesting birds.  Target species will be feral geese, swans and dabbling ducks.  
Eggs can be coated in liquid paraffin oil or given a lethal injection.  This is preferable to 
destruction of nests because birds will often rebuild nests and lay another clutch of 
eggs.  Physical removal of some birds such as feral geese can also be undertaken 
although public perception would be an issue. 
 
Hand held laser equipment would be used to disperse water birds at dusk.  Public 
perception could be a problem in the use of this technique and laser dispersal would 
need to be undertaken when members of the public were not in the vicinity of a target 
SUDS pond or the area would have to be temporarily closed to public access.   
  
11.3.3  Available techniques for bird harassment and dispersal 
 
A range of harassment and dispersal techniques should be utilised which are appropriate 
to the current phase of site development at particular locations (see 11.3.2).  
Harassment and dispersal techniques rely mainly on visual or acoustic devices. 
 
Techniques which can be used by subcontractors are listed below.  Appropriate advice 
on the correct use of the technique should be sought where necessary from experts (CSL 
York). 
 

• Portable (hand held or vehicle mounted) distress call broadcasting units 
which are equipped with a standard set of calls (as used routinely at 
airports) will assist in the dispersal of Gulls, Corvids, Starlings and Ducks. 

 
• Eyespot balloons flutter tape, flags and streamers will give threatening 

visual stimuli over small areas.  Birds such as geese quickly learn to ignore 
these devices so that their use is very temporary.  The devices should be 
moved daily to maintain their effectiveness. 

 
• Noisemaking devices such as propane gas cannons, pyrotechnic pistols 

which fire shell crackers, whistle bombs or blanks will disperse geese, 
swan, ducks and gulls.  However if these devices are used regularly birds 
become accustomed to the fear-provoking stimuli. 

 
• Low-power long wavelength lasers (hand-held models are available) may be 

used for dispersing roosting birds in low light (dusk).The spot of laser light 
is disliked by birds and elicits an avoidance response.  Although the use of 
lasers is a relatively new technique which requires additional research, 
there is sufficient evidence available to demonstrate that the equipment is 
capable of dispersing gulls, Canada Geese, Mallard and Cormorant. 

 
• If available, properly trained dogs directed by a handler are an effective 

method of bird dispersal in large open areas and would be appropriate to 
use at Royal Ordnance Bishopton at least during the construction phase.  
Border collie is a useful breed for effective bird dispersal and regular 
harassment several times a day for one or two weeks causes water birds to 
move elsewhere. 



ERC 
December 2007 

26

 
• A shotgun with cartridges carrying shot suitable for humanely killing large 

birds such as Canada Geese and Greylag Geese, ducks or cormorant can be 
used during the construction phase or outside the development area (e.g. 
at reedbeds) outside operational hours (e.g. dawn/dusk) but during 
operational hours the firing of blank cartridges could be undertaken to 
reinforce lethal control measures. 

 
• At certain times of year it would be possible to catch feral geese and 

remove them from the site.  Canada geese moult every year during July 
and early August and at this stage have lost their flight feathers and thus 
will be easier to catch.  Once caught the birds can be taken a substantial 
distance (>200km) before release or can be given a lethal injection by a 
qualified veterinary practitioner. 

 
 

No single technique of bird dispersal will remain effective indefinitely.  A combination of 
appropriate techniques which are rotated or varied in duration and timing will be 
required to prevent birds becoming habituated and then not responding to the 
harassment stimuli.  It is recognised that static and automated delivery of dispersal 
mechanisms will only be effective for limited periods of time to disperse birds from 
relatively small areas and that the most effective bird dispersal and management will be 
achieved by human intervention. 
 
 
11.3.4  Patrolling and monitoring bird presence and activity 
 
As soon as development commences involving site clearance and decontamination a 
competent ornithologist will be employed to undertake regular patrolling and monitoring 
of the residential, amenity landscape and commercial sectors of development area and 
the reedbed SUDS ponds.  From the start of operations, through the construction phase 
and full completion of the site and thereafter whilst birdstrike risk is significant (see 
11.2.5) observations of adult birds will be undertaken regularly once per week.  During 
the breeding season for each species in the ‘target group’ a check will be made at all 
SUDS ponds to determine if breeding is occurring (nest building and egg laying).  The 
monitoring ornithologist will inform the site operator and bird control contractors in 
order to undertake measures to prevent breeding of water birds or if the monitoring 
ornithologist possesses the relevant license he/she can undertake the appropriate 
control measures. 
 
The frequency of patrolling may be reviewed formally following an annual report and 
adjusted to lesser or greater frequency depending on the evidence of bird occupancy, 
roosting, breeding or feeding activity and the assessment of significant bird strike risk. 
   
 
11.3.5  Monitoring, recording and reporting bird numbers 
 
The numbers of each species or group (e.g. gulls) should be recorded on each bird 
patrol.  The species included will be the ‘water bird target group’ listed under 11.2.1 
plus other less hazardous dabbling and diving ducks, Coot and Moorhen (11.2.2).  Notes 
on direction of movement of birds which fly in or out of the site should be made.  
Attempts to breed by target group species will be recorded and notified to the site 
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operator so that action to prevent breeding (e.g. coating eggs in paraffin oil) can be 
undertaken by the bird management contractor.  Starling roosts at the reed bed ponds 
will also be recorded.  Also recorded on each bird patrol will be date, time and duration, 
weather conditions including wind speed and direction.  Management actions to disperse 
birds will be recorded with details of bird species present, dispersal technique(s) used, 
success or failure of the bird dispersal action and action to prevent breeding plus 
number and location of nests. All bird count and other data will be regularly updated 
and available to Renfrewshire Council (on request) and an annual summary report should 
be produced for Renfrewshire Council showing bird counts, dispersal activities 
undertaken and other bird management actions undertaken.  These obligations should 
be implemented as a planning condition and implemented accordingly. 
 
 
11.3.6 Licensing of control operations 
 
All of the bird species that may require dispersal action (the ‘target group’ are fully 
protected under the Wildlife and Countryside Act 1981, with the exception of water-fowl 
during the open season.  For the purpose of protecting air safety, providing that they are 
not nesting or rearing young, they can be harassed by non-lethal methods at all times.  
However when it is necessary to undertake lethal control, destruction of nests and the 
taking or destruction of eggs, a special license is required.  The relevant license, 
General License NO SEGEN/10, is granted by the Scottish Executive (after consultation 
with the Scottish Natural Heritage).  The appropriate license(s) should be obtained 
before any new water bodies are created.  It is expected that BAE Systems would be the  
licensee and would delegate to a subcontractor. Alternatively an appointed 
subcontractor can apply directly to the Scottish Executive.  It will be necessary to obtain 
written evidence from any contracted bird control company that their staff have the 
necessary expertise to accurately identify the relevant specific bird species, have the 
necessary skill in the use of firearms and also full certification for their usage and have 
the appropriate Health and Safety policy.  
 
 
11.3.7  Threshold criteria which trigger management action and the   
  application of failure criteria 
 
11.3.7.1 
Criteria are defined against which achievement of the objectives of the BMP can be 
judged.  Threshold criteria are defined for particular species or species group covered 
by the ‘target group’ of water birds.  Threshold criteria include bird numbers which will 
trigger a dispersal and deterrence response and commencement of breeding (nest 
building and egg laying) which will trigger actions to prevent breeding (11.3.2.2).  
Failure criteria are defined as a failure to disperse or remove birds belonging to the 
‘target group’ or failure to prevent breeding. 
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11.3.7.2 Species criteria 
Note: the term’ development site’ in the paragraphs below refer to the residential, 
commercial, amenity landscape sectors and the  reedbed SUDS ponds.  
a) Gulls 
 There will be zero tolerance of roosting, feeding or loafing by gulls (all  species) 
 on SUDS ponds or playing field areas.  A group of more than 20 should be 
 dispersed. 
 
b) Cormorant 
 If more than 5 Cormorants are observed during a single patrolling episode on the 
 SUDS ponds they will be dispersed. 
 
c) Canada geese, Greylag geese and Mute swan 
 There will be zero tolerance of breeding by feral geese and Mute swan.  Eggs 
 will  be oiled and/or nests destroyed.  When the number of geese on the 
 development site exceeds 20, action will be taken to remove them from the 
 site or to disperse  them. This is particularly relevant to winter flocks which 
 may arrive at the development site suddenly and without warning, as well as 
 sedentary geese which potentially occupy the site throughout the year. 
 
d) Grey Heron 
 If more than 8 Grey Herons are observed during a patrol, action will be  taken to 
 disperse them. 
 
e) Starling 
 There should be zero tolerance of Starling roosts particularly in relation to 
 the reed beds.  Monitoring patrols should concentrate on dusk visits from 
 early  autumn and through the winter months.  When more than 1000  Starling 
 are  observed on the development site action will be taken to  disperse them.  
 If dispersal action fails, greater resources will be allocated  to ensure that 
 Starling flocks are eliminated from the site (see Failure Criteria – 11.3.8.3). 
 
f) Dabbling ducks 
 Based on existing knowledge these will be mainly Mallard, Tufted duck and 
 Goldeneye but may include other species. There should be zero tolerance of 
 breeding by  all species of dabbling ducks which are present on the SUDS 
 ponds. Dispersal would be necessary if the total number on the development 
 site were observed to exceed 50 during a patrol episode. 
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11.3.7.3 Failure criteria and remedial action 
 
Efforts to disperse birds may not always be effective using a single technique or a single 
(or several) attempt to disperse birds.  Therefore criteria are given below which define 
when a failure occurs and when remedial action is required. 
 
The suggested failure criteria are: 
 

• Any failure to disperse or remove ‘target group’ birds when a period of 4 hours 
has elapsed after commencement of actions to disperse the birds. 

 
• When an average of more than 5 separate dispersal actions have been required 

against any particular ‘target group’ species (or species group) per period of 24 
hours in any month. 

 
In the event of a ‘failure’ as defined above, Renfrewshire Council will be informed in 
writing within 7 days. 
 
Remedial action in the event of a ‘failure’ will depend on the individual circumstances 
of the failure event.  This might involve investment in additional deterrent effort or if a 
particular SUDS pond was so attractive to water birds, then additional modification and 
management may be required. 
 
11.3.8.4 Liaison and inspection 
 
The site owner/operator will allow access to nominated representatives of Renfrewshire 
Council and BAA to inspect bird management operations.  During the construction phase 
an agreement will be required with BAE Systems, Redrow Homes and their main 
contractor (or contractors) that whilst the site is open, no notice will be required for 
visits.  At other times, when the site is closed an agreed period of appropriate notice 
will be provided, to allow access. 
 
The site owner/operator will meet with Renfrewshire Council per annum to review the 
efficacy of the BMP and to make necessary changes.  Renfrewshire Council may invite 
represetatives of BAA/Glasgow Airport to attend the annual meeting.  The BMP is 
adaptable and flexible and changes in target species, trigger thresholds, habitat 
management or use of deterrent techniques are all possible following assessment and 
annual review (or more frequently if required by the planning authority). 
 
 
12. Conclusion 
 
The SUDS ponds and SUDS reed beds have been designed to reduce their attractiveness 
to water birds to the maximum possible extent taking into consideration engineering 
requirements and human Health and Safety issues.  The total area of open water has 
been substantially reduced in comparison with the earlier SUDS scheme.  It has not been 
possible to completely design out attractiveness to water birds and therefore a Bird 
management Plan is proposed which will be implemented as soon as work commences on 
the development site and construction of the SUDS ponds is underway.  The combination 
of the SUDS pond design and the Bird Management Plan will ensure that there is no 
additional risk of birdstrikes at Glasgow Airport created by the Royal Ordnance 
Bishopton  development.  
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Appendix 2 
BLACK CART WATER .SPEC Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec

2002

Black Cart Water LG Little Grebe 1 1
Black Cart Water GG Great Crested Grebe 1

Black Cart Water CA Cormorant 10 2 1 5 2
Black Cart Water H. Heron 2 1

Black Cart Water MS Mute Swan 42 50 2
Black Cart Water WS Whooper Swan 102 117 135 10 96

Black Cart Water PG Pink footed Goose 1
Black Cart Water GJ Grey Lag Goose 3 40 150 60

Black Cart Water CG Canada Goose 205 160

Black Cart Water WN Widgeon 54 6 60 1 24
Black Cart Water T. Teal 41 9 2 79 100

Black Cart Water MA Mallard 29 4 19 380 22 100
Black Cart Water PO Pochard 3

Black Cart Water TU Tufted duck 14 4
Black Cart Water GN Golden Eye duck 17 4 7 46 40

Black Cart Water RM Red Breasted Marganser 1
Black Cart Water GD Goosander 2 3 1 3

Black Cart Water MH Moorhen 2
2003

Black Cart Water LG Little Grebe 6 2 1 1 3 1

Black Cart Water CA Cormorant 14 9 14 5 10 1 6 12 10 21 15
Black Cart Water H. Heron 5 1 1 2 1 3 5 9 8 8 5 5

Black Cart Water MS Mute Swan 11 2 4 6 6 14 10 24 51 26 2 2
Black Cart Water WS Whooper Swan 100 100 170 10 21 2 3

Black Cart Water GJ Grey Lag Goose 500 350 1 107
Black Cart Water CG Canada Goose 220 13

Black Cart Water BY Barnacle Goose 1
Black Cart Water SU Sheld duck 1 3 2 1

Black Cart Water WN Widgeon 6 4 10 25 30

Black Cart Water T. Teal 84 76 144 46 25 70 52 117 105
Black Cart Water MA Mallard 52 57 42 34 28 65 34 168 181 87 58 73

Black Cart Water PT Pintail 1
Black Cart Water TU Tufted duck 2 6 2 8 11 8

Black Cart Water SP Scaup 1
Black Cart Water GN Golden Eye duck 37 50 47 45 62

Black Cart Water RM Red-breasted Maerganer 3 4 2 2 2
Black Cart Water GD Goosander 4 3 5 9 1 3 6

Black Cart Water MH Moorhen 1 2 2 3 4 1

2004 2004

Black Cart Water LG Little Grebe 2 1
Black Cart Water CA Cormorant 6 8 2 8 7 8 3 8 12 8 23 15

Black Cart Water H. Heron 4 3 3 4 5 5 6 4 6 4 4 7
Black Cart Water MS Mute Swan 2 2 2 5 21 36 6 9 8 12 3

Black Cart Water WS Whooper Swan 38 72 57 2 7 39 112
Black Cart Water PG Pink-footed Goose 1

Black Cart Water GJ Grey Lag Goose 500 113 28

Black Cart Water CG Canada Goose 43 36 16 26
Black Cart Water SU Sheld duck 2 2 6

Black Cart Water WN Widgeon 21 72 40 104 117
Black Cart Water T. Teal 106 101 82 2 40 164 134 136

Black Cart Water MA Mallard 41 47 44 19 27 39 98 132 80 87 80 94
Black Cart Water TU Tufted Duck 6 6

Black Cart Water GN Golden Eye duck 37 25 12 8 15 11 71
Black Cart Water RM Red-breasted Maerganer 2 2 1 1

Black Cart Water GD Goosander 2 5 9 5 19 8 8 5 2
Black Cart Water MH Moorhen 1 1 1 1 5  
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2005

Black Cart Water LG Little Grebe 1 2

Black Cart Water CA Cormorant 2 3 7 11 9 5 3 10 18 21 18 22
Black Cart Water H. Heron 1 2 3 1 4 3 10 16 6 5 3 4

Black Cart Water MS Mute Swan 5 6 2 6 10 13 2 14 14 5 6 3
Black Cart Water WS Whooper Swan 105 59 82 25 2 5 70 112

Black Cart Water GJ Grey lag Goose 60 150 400 40 15
Black Cart Water CG Canada Goose 15 185 17 10 24

Black Cart Water BY Barnacle Goose 6
Black Cart Water SU Sheld duck 8 2

Black Cart Water WN Widgeon 70 65 95 1 10 3 52 75

Black Cart Water T. Teal 145 105 71 31 2 3 20 150 99 160
Black Cart Water MA Mallard 152 79 36 42 31 51 106 191 254 98 102 64

Black Cart Water SV Shoveler 2
Black Cart Water TU Tufted Duck 2 3 1

Black Cart Water GN Golden Eye duck 68 65 14 24 42
Black Cart Water RM Red-breasted Maerganer 2 1 1 7 2

Black Cart Water GD Goosander 1 11 5 5 14 2 5 6 4
Black Cart Water MH Moorhen 1 2 1 1 1

2006

Black Cart Water LG Little Grebe 2 1 1 3 3

Black Cart Water CA Cormorant 8 12 10 9 9 8 3 7 20 11 18 8
Black Cart Water SA Shag 2 1

Black Cart Water H. Heron 5 1 1 7 2 3 21 23 9 7 2 4
Black Cart Water MS Mute Swan 3 3 2 3 4 30 26 43 7 2 2 2

Black Cart Water WS Whooper Swan 70 63 70 11 2 78 75
Black Cart Water GJ Grey lag Goose 86 150 11 58 3

Black Cart Water CG Canada Goose 372
Black Cart Water SU Sheld duck 2 10 1 1 2

Black Cart Water WN Widgeon 70 152 60 8 2 3 13 57

Black Cart Water T. Teal 238 188 136 83 40 28 115 88 122
Black Cart Water MA Mallard 94 61 20 16 73 89 184 175 120 59 75

Black Cart Water TU Tufted duck 6 5 1
Black Cart Water GN Golden Eye duck 45 20 8 15 13

Black Cart Water RM Red-breasted Maerganer 1 1 4 1 1 1 3
Black Cart Water GD Goosander 3 2 18 1 5 1 1 4 1

Black Cart Water MH Moorhen 2 1 1 7 4 1 1 1

2007

Black Cart Water LG Little Grebe 1
Black Cart Water CA Cormorant 9 19 6 12 16 6

Black Cart Water H. Heron 9 7 1 2 4 3
Black Cart Water MS Mute Swan 2 6 14 5 43 28

Black Cart Water WS Whooper Swan 49 40 25 2
Black Cart Water GJ Grey Lag goose 60 26 150

Black Cart Water SU Sheld duck 1
Black Cart Water WN Widgeon 86 63 2

Black Cart Water T. Teal 214 162 102 24

Black Cart Water MA Mallard 76 67 14 20 25 109
Black Cart Water TU Tufted duck 7 2

Black Cart Water GN Golden Eye duck 21 13 6 1
Black Cart Water RM Red-breasted Maerganer 1 1 5

Black Cart Water GD Goosander 3 4 2 8 9 15
Black Cart Water MH Moorhen 1 1 3 1
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WHITE CART WATER .SPEC Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec

2003

White Cart Water (Netherton) CA Cormorant 3 1 1 1 1 1 3

White Cart Water (Netherton) H. Heron 1 1 1 1 3

White Cart Water (Netherton) MS Mute swan 5

White Cart Water (Netherton) GJ Grey lag goose 7

White Cart Water (Netherton) T. Teal 40 33 12 1 11 41

White Cart Water (Netherton) MA Mallard 25 12 2 12 6 4

White Cart Water (Netherton) GN Goldeneye 2

White Cart Water (Netherton) RM Red breasted merganser 1 2 1

2004
White Cart Water (Netherton) LG Little grebe 1

White Cart Water (Netherton) CA Cormorant 1 1 1 1 1

White Cart Water (Netherton) H. Heron 7 1 1 1 2 1 1

White Cart Water (Netherton) T. Teal 30 30 37 4 80 48

White Cart Water (Netherton) MA Mallard 11 8 5 3 2 8 7

White Cart Water (Netherton) RM Red breasted merganser 1

White Cart Water (Netherton) GD Goosander 1

2005
White Cart Water (Netherton) CA Cormorant 1 1 1 1 2 1 1

White Cart Water (Netherton) H. Heron 1 1 1 3

White Cart Water (Netherton) MS Mute swan 4 3 3 3

White Cart Water (Netherton) T. Teal 68 65 264 8 60 128 70

White Cart Water (Netherton) MA Mallard 4 4 3 6 6 12 15

White Cart Water (Netherton) GN Goldeneye 2

White Cart Water (Netherton) RM Red breasted merganser 1 3

White Cart Water (Netherton) GD Goosander 1

2006

White Cart Water (Netherton) CA Cormorant 2 1 1 2 1 3

White Cart Water (Netherton) H. Heron 1 1 2 3 1 2

White Cart Water (Netherton) T. Teal 290 242 91 4 13 32 74

White Cart Water (Netherton) TG 1

White Cart Water (Netherton) MA Mallard 4 7 2 2 7 11 2 3

White Cart Water (Netherton) GN Goldeneye 6

White Cart Water (Netherton) RM Red breasted merganser 1 1

White Cart Water (Netherton) GD Goosander 1 2

2007

White Cart Water (Netherton) LG Little grebe 1

White Cart Water (Netherton) CA Cormorant 1

White Cart Water (Netherton) H. Heron 1

White Cart Water (Netherton) MS Mute swan 3

White Cart Water (Netherton) WS Whooper swan 8

White Cart Water (Netherton) T. Teal 56 83

White Cart Water (Netherton) MA Mallard 4 4

White Cart Water (Netherton) GN Goldeneye 2

White Cart Water (Netherton) RM Red breasted merganser 3 1

White Cart Water (Netherton) GD Goosander 2  
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Appendix 3 
Date of strike Airline Location Species 
02/09/1998 NK Glasgow Black-headed Gull 
01/10/1998 Airtours Glasgow Black-headed Gull 
26/07/2000 NK Glasgow Black-headed Gull 
07/09/2000 Easy Jet Glasgow Black-headed Gull 
02/12/2000 Air France Glasgow Black-headed Gull 
09/01/2002 BA / Loganair Glasgow Black-headed Gull 
11/06/2003 Air 2000 Glasgow Black-headed Gull 
28/07/2003 Streamline Glasgow Black-headed Gull 
10/10/2003 Logan air Glasgow Black-headed Gull 
12/11/2003 BA Glasgow Black-headed Gull 
19/11/2003 nk Glasgow Black-headed Gull 
19/11/2003 British Midland Glasgow Black-headed Gull 
13/10/2004 British Airways Glasgow Black-headed Gull 
29/08/2005 BA Glasgow Black-headed Gull 
03/09/2005 BMI Glasgow Black-headed Gull 
31/12/2005 Loganair Glasgow Black-headed Gull 
30/07/2001 Britannia Glasgow Common Gull 
13/08/2003 British Midland Glasgow Common Gull 
15/03/2004 Easyjet Glasgow Common Gull 
04/08/2004 BA Glasgow Common Gull 
15/09/2006 Globsepan Glasgow Cormorant 
18/09/2003 NK Glasgow Golden Plover 
22/11/2004 My Travel Glasgow Golden Plover 
04/11/2004 BA Glasgow Goldeneye 
17/04/2006 Easyjet Glasgow Gull spp 
25/07/1997 Flying Colours Glasgow Gull spp 
21/08/1997 AirTours Glasgow Gull spp 
09/08/1998 British Airways Glasgow Gull spp 
21/08/1998 British Airways Glasgow Gull spp 
30/08/1999 British Midland Glasgow Gull spp 
23/11/1999 Airtours Glasgow Gull spp 
26/11/1999 Easy Jet Glasgow Gull spp 
30/06/2000 Jersey European Glasgow Gull spp 
08/08/2000 NK Glasgow Gull spp 
31/01/2002 NK Glasgow Gull spp 
19/02/2002 Loganair Glasgow Gull spp 
22/02/2002 JMC Glasgow Gull spp 
21/03/2002 NK Glasgow Gull spp 
05/08/2002 JMC Glasgow Gull spp 
26/10/2004 British Airways Glasgow Gull spp 
21/01/2005 BA Glasgow Gull spp 
17/04/2006 Easyjet Glasgow Gull spp 
17/04/2006 Easyjet Glasgow Gull spp 
05/08/1998 British Midland Glasgow Gull spp. 
06/08/1998 Air 2000 Glasgow Gull spp. 
29/08/1998 Airtours? Glasgow Gull spp. 
29/08/1999 NK Glasgow Gull spp. 
05/04/2000 NK Glasgow Gull spp. 
31/08/2000 NK Glasgow Gull spp. 
06/09/2001 British Regional Glasgow Gull spp. 
03/03/2003 Easyjet Glasgow Gull spp. 
17/03/2003 NK Glasgow  Gull spp. 
19/08/2003 BMI Glasgow Gull spp. 
19/12/2003 nk Glasgow Gull spp. 
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02/08/2004 nk Glasgow Gull spp. 
31/12/1997 Jersey European Airlines Glasgow Herring Gull 
21/05/1998 KLM Glasgow Herring Gull 
26/06/1998 British Midlands Glasgow Herring Gull 
21/08/1998 British Airways Glasgow Herring Gull 
29/07/1999 British Airways Glasgow Herring Gull 
27/07/2000 NK Glasgow Herring Gull 
20/09/2000 Air Holland Glasgow Herring Gull 
22/09/2000 NK Glasgow Herring Gull 
27/09/2000 Easy Jet Glasgow Herring Gull 
14/10/2000 BA Glasgow Herring Gull 
21/11/2000 UGAS Glasgow Herring Gull 
31/05/2001 NK Glasgow Herring Gull 
09/07/2001 British Midland Glasgow Herring Gull 
08/08/2002 Easy jet Glasgow Herring Gull 
10/02/2003 Saltire Glasgow Herring Gull 
07/10/2003 nk Glasgow Herring Gull 
15/11/2003 British Midland Glasgow Herring Gull 
24/08/2004 BMI Glasgow Herring Gull 
13/09/2004 British Midland Glasgow Herring Gull 
25/09/2004 Thomas Cook Glasgow Herring Gull 
06/02/2005 Flybe Glasgow Herring Gull 
03/08/2006 Gamma Glasgow Herring Gull 
30/08/2006 British Midland Glasgow Herring Gull 
14/11/2001 British Midland Glasgow Lapwing 
01/04/2002 BA Glasgow Lesser Black-backed Gull 
25/03/2003 British Airways Glasgow Lesser Black-backed Gull 
23/04/2003 BMA Glasgow Lesser Black-backed Gull 
09/08/2003 Logan Air Glasgow Lesser Black-backed Gull 
01/06/2004 First Choice Glasgow Lesser Black-backed Gull 
09/06/2004 KLM Glasgow Lesser Black-backed Gull 
27/07/2004 Easyjet Glasgow Lesser Black-backed Gull 
07/10/2004 BMI Baby Glasgow Lesser Black-backed Gull 
26/06/2005 British Midland Glasgow Lesser Black-backed Gull 
28/06/2005 Loganair Glasgow Lesser Black-backed Gull 
18/07/2005 nk Glasgow Lesser Black-backed Gull 
14/05/2006 British Midland Glasgow Lesser Black-backed Gull 
24/04/2000 NK Glasgow Mallard 
17/05/2006 BMI Glasgow Mallard 
11/02/2003 NK Glasgow Redshank 
04/03/2003 MyTravel Glasgow Ringed Plover 
18/07/2005 nk Glasgow Snipe 

    
    

Since 1997    
Since 1998 Gulls 83  

 Waders 6  
 Waterfowl 4  
 Total 93  
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