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ABSTRACT 
This paper reports on the outcome of a monitoring programme of SUDS in Scotland, and the recent 
shift in focus to retrofit now that SUDS implementation in new developments has become normal 
practice in Scotland.  Subsequent to the encouragement of SUDS implementation by SEPA in 1996, a 
group of academics commenced monitoring the systems that had been installed.  Since the first 
monitoring project in 1997, a range of studies have been carried out including: hydrological and 
water quality performance; amenity and appearance, including public perception; and design 
detailing.  The results of these studies, to date, have been collated and the applied outcomes presented 
in a report (Jefferies, 2003).  The principal conclusions of the monitoring programme are presented in 
this paper, with a comparison of SUDS performance and key design details. 
 
The force behind the SUDS promotion to date has been to prevent the deterioration of watercourses 
due to increasing urbanisation.  However, existing urban areas continue to impact watercourses, 
hence efforts are now shifting to SUDS retrofit.  This paper presents typical examples of retrofit SUDS 
in three areas of Scotland. 
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1. INTRODUCTION 
The policy to encourage implementation of Sustainable Urban Drainage Systems (SUDS) for new 
developments in Eastern Scotland was introduced in 1995 by the Forth River Purification  Board.  
This policy was adopted by SEPA on its formation in 1996 and it was extended to the whole of 
Scotland, being promoted by the inter-institutional Sustainable Urban Drainage Scotland Working 
Party (SUDSWP).  The Water Environment and Water Services (Scotland) Act 2003 has been created 
to enable the Water Framework Directive (WFD) to be implemented in Scotland, and SUDS have 
been included in the Act.  The inclusion of SUDS in the Act will result in the adoption of public 
SUDS systems by Scottish Water, and gives public SUDS the same legal status as traditional sewers.  
Key performance information is thus required to facilitate production of standards.  Private SUDS 
which are located entirely within the curtilage of a property, or SUDS which convey road drainage 
only, are not to be included in the Scottish Water adoption. 

In 1997, following encouragement by SUDSWP, a group of academics commenced monitoring the 
systems that had been installed.  This group, the Scottish Universities SUDS Monitoring Group, has 
since been very successful in securing support for SUDS research (principally SNIFFER, SEPA, the 
Environment Agency, Scottish Water and the Carnegie Trust) and thereby providing invaluable 
information on SUDS performance, costs and maintenance.  A report has been prepared by SNIFFER 
(Jefferies, 2003) on behalf of the Scottish Universities SUDS Monitoring Group presenting the results 
of the monitoring programme in Scotland.  The results from the report form the basis of this paper. 

A full range of SUDS systems are now to be to be found in Scotland including ponds and wetlands, 
detention basins, roadside swales, pervious pavements and filter drains/ infiltration trenches.  A 
database of sites, initially developed in 1999 has been extended and now lists 767 sites with 3913 
identifiable system components at the end of 2001 (Wild et al 2002). 
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2. SUDS MONITORING PROGRAMME  
The monitoring programme carried out in Scotland has encompassed a wide range of studies, 
mirroring the multidisciplinary skills in the development of SUDS.  In the SNIFFER report (Jefferies, 
2003) the outputs from the many different researchers has been collated and presented in a consistent 
form to encourage an informed debate on SUDS systems.  The report presents the applied outcomes of 
the range of studies, and provides directly applicable information on the performance and behaviour of 
SUDS systems.  The first of the monitoring programmes commenced in 1997 (Macdonald, 2003), and 
the report is based on the state of knowledge as of June 2003, although several of the studies are still 
ongoing.  Environmental research requires significant resources, particularly to undertake fieldwork, 
and it has been inevitable that a limited number of sites have formed the focus for the research.  
Investigations followed four key routes: full hydrological, water quality and sediment investigations at 
fourteen sites; routine visits supported by visual inspections and recorded on tick sheets; other 
information, observational and otherwise, on all types of SUDS in Scotland; and a selected number of 
laboratory investigations. 
 
The fourteen sites where systems were fully investigated for the monitoring programme are 
summarised in Table 1: 

Table 1 Summary of sites monitored 

Name Brief description 

Clayland Pond Pond serving busy motorway 

Newbridge Pond Pond serving busy motorway 

Hallbeath Pond Regional pond serving retail park 

Linburn Pond Regional pond serving mixed residential / commercial 

Stenton Pond Former flood pond serving housing estates 

NATS Permeable paving car park 

RBS South Gyle Permeable paving car park 

Detention Basin D/M Detention basin serving highway 

Detention Basin G Detention basin serving highway 

Lang Stracht Filter drain on a 750m stretch of busy urban road 

Broxden Filter Drain serving housing estate 

Walker Dam Filter Drain serving housing estate 

Emmock Woods (EW) Swale (roadside detention) 

West Grange (WG) Swale (roadside detention) 

 
Other additional sites were also studied for amenity and appearance, and for routine visual inspections.  
 
3. PRINCIPAL CONCLUSIONS OF THE MONITORING PROGRAMME 
The key conclusions on hydrological and water quality performance, and on the amenity and 
appearance of SUDS, drawn from the collation of all the studies are presented here. 
 
3.1 Hydrological Behaviour 
Hydrological performance was assessed at fourteen different sites representing five different types of 
SUDS systems or components.  The key conclusions from the hydrological studies are: 
 
• All SUDS systems monitored were found to operate effectively principally by flow attenuation 

even though there was a range of different arrangements. 
• The results of the monitoring show that the source control systems had a greater influence on 

flows than the site and regional control systems.   
• Within each category (source and site/ regional) there was little difference in hydrological 

performance between different types of SUDS system.  
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• No evidence was found to suggest that the SUDS studied will not continue to operate as designed 
provided they are maintained properly. 

 
3.2 Water Quality Behaviour 
Water quality monitoring was carried out at 8 sites.  The monitoring results for water qualities were 
less conclusive than for hydrology.  The prime reason was that funding limitations prohibited very 
extensive water quality monitoring programmes, in particular the amount of water analysis carried out 
had to be restricted.  Despite this, the following generalised water quality conclusions can be drawn: 
 
• The SUDS studied were chosen to reflect the range and diversity of installations in Scotland and, 

while minor levels of contamination were frequently noted, no cases of extreme pollution were 
observed during the monitoring period.   It is concluded that most SUDS in Scotland serve urban 
areas which would cause low, but in many instances chronic, levels of receiving water 
deterioration if not protected by SUDS. 

• The hydrological performance of many types (not necessarily ponds) is such that the flow of 
surface water is reduced.  This indicates that key pollutants (particularly those associated with 
sediments) are retained locally by the SUDS systems.   

• The volume of surface water discharged from SUDS was always found to be less than the inflow 
and, by inference, the pollutant load potentially reaching the environment must be significantly 
reduced.  

• All SUDS types appeared to contribute to retaining pollutants locally. 
• All observed pollutant peaks were reduced, in most cases significantly. i.e. pollutant concentration 

peaks were attenuated. 
 
3.3 Amenity and Appearance of SUDS 
In addition to the 2 regional ponds and 2 detention basins studied in detail, another 6 ponds and 5 
detention basins were investigated with routine visits to assess amenity and appearance.  The amenity 
of swales was also assessed.  A study on the public perception of SUDS ponds is also summarised. 
 
Integrated SUDS Systems 
Few examples of integrated SUDS treatment trains were found during the survey period, the principal 
location being the Dunfermline Eastern Expansion area development DEX, (sometimes also referred 
to as Duloch Park) and on new highway construction funded by the Scottish Executive.  At DEX, six 
ponds and a wetland form the regional SUDS facilities, and with two exceptions (both relatively small 
areas), every site also has a detention basin upstream.  Where there are also developments 
incorporating higher pollution risk activities (for example a superstore with filling station) there is a 
further level of SUDS upstream.  Studies from DEX are reported here with the permission of Wilson 
Connolly Homes. 
 
Ponds have become rapidly integrated into landscapes and most housing developers locate the higher 
value properties in view of the ponds.  Surveys of flora and fauna show rapidly increasing species 
numbers and richness, evidence that they can provide a focus point of biodiversity.  The maintenance 
regime in place has a significant effect on the plant species.  However, at some locations the developer 
applies herbicides regularly and the numbers of plant species is restricted. Where only cutting and 
replacement of vandalised plants is practiced, native species tend to dominate rapidly.   
 
Some facilities have suffered from vandalism, newly planted trees and shrubs being frequently 
uprooted.  Temporary paling fences tended to be broken in places, but once low level, toddler fences 
have been erected, the level of vandalism dropped.  In general, after approximately two years, the 
vegetative barriers began to be established, vandalism reduced and at the same time, a more general 
use by the community increased (e.g. the anonymous planting of pink water lilies). 
 
At least one of the detention basins is seen as being of high visual importance by the developer who 
has invested considerable time and effort into landscaping maintenance, using it as a selling point.  
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The grass is cut and other vegetation maintained in most detention basins, giving the appearance of 
small, tranquil areas of parkland.  There is evidence that they support wildlife, particularly as 
temporary refuges. Unfortunately, during the construction phase, most developers showed little 
concern for the detention basins and many receive high sediment loads during the construction phase.  
This suggests that better control of building practice is desirable. 
 
Roadside swales represent a radical paradigm shift in the philosophy of drainage planning the UK 
because they encourage above-ground storage close to the point of runoff.  The runoff is visible whilst 
at the same time being in a constructed system.  Two forms of swales exist: ‘roadside detention’ which 
have raised outlets to detain runoff, not convey it; and larger swales with multiple lateral inlets 
incorporating an element of conveyance of flow.  There are several roadside detention swales installed 
around Scotland, which produce an undulating appearance to the road margins and are relatively easily 
maintained.  Surveys have shown that there is little resistance from residents even though they are 
periodically full of water.  From the larger conveyance swales assessed, the overall appearance has 
been excellent, however most have been in areas where development in the contributing areas is 
incomplete.  One had a problem with a small channel forming, which could be overcome with under-
drainage or a steeper gradient. 
 
Public Perception 
A number of surveys of public perception of SUDS ponds have been undertaken in the UK 
(Apostolaki et al, 2003)).  The surveys showed a clear belief that SUDS ponds add to the amenity of 
an area provided they appear to be natural.  In general, ponds are considered to be aesthetically 
pleasing when they resemble a natural pond as far as possible. Shallow slopes around a pond in 
combination with rich marginal vegetation serve a double purpose, acting both as a safety barrier 
reducing accessibility for young children and also improving the appearance of the pond.  Safety is 
only one of a number of concerns expressed during surveys, the perceived dangers from ponds ranking 
below the risks from a busy road or from a landfill site.  Residents in areas with well-established 
ponds tended to be fully aware of the risks posed by open water yet in spite of any danger there may 
be, they say the risks in a positive light since there were many benefits from ponds. 
 
The following design recommendations arose from the surveys of public perception: 
 
• Make the pond appear to be as natural as possible 
• Improve marginal vegetation 
• Introduce more vegetation (native preferably) 
• Introduce more wildlife or protect the species of wildlife already existing in the pond 
• Make shore slopes softer and introduce of natural barriers 
• Introduce signs warning only where there is deep water 
• Introduce benches and picnic tables 
• Create children playgrounds 
• Create walkways 
 
4. COMPARISON OF SUDS PERFORMANCE 
This section provides a comparison of the hydrological and water quality performance of the different 
SUDS sites studies.   
 
4.1 Comparison of Hydrological Performance 
The key conclusions from the hydrological studies are given in Section 3.1.  Results from studies at 
nine SUDS sites are summarised in Tables 2 (a) and (b) as averages of the many events monitored at 
each site.  The table has been separated into two section principally because of durations of events 
required to cause significant runoff are much greater with the second group.  Three examples of 
conventional drainage were monitored (Macdonald, 2003) immediately adjacent to SUDS locations, 
which enabled a direct assessment of the beneficial effect of the porous paving and swales. 
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Table 2 (a)  Hydrological parameters - Source Control SUDS - Mean Values 

NATS Emmock W Grange Parameter 
 

Royal 
Bank Tarmac Porous Road Swale Road Swale 

IRL (mm) 2.27 0.9 4.2 0.4 5 0.3 1.2 

Lag time (min) 83 9.59 180 9.2 11.6 3.7 14.3 

% Runoff 46.5 48.2 22.2 44.3 6.5 33.8 6.3 

% Reduction of Peak N/A N/A 77 N/A 52.2 N/A 65 

Benefit Factor (%) N/A N/A 75 N/A 82.4 N/A 80.1 

Events Retained (%)  N/A 60 N/A 52 N/A 40 

 
Table 2 (b)  Hydrological Parameters – Site & Regional Control SUDS – Mean values 

Parameter Broxden Walker Dam Lang Stracht Linburn DEX Halbeath DEX 

IRL (mm)   1.98   

Lag time (min)   203 130 100 

% Runoff   36 40.0 10.4 

% Peak Reduction 76 74   100 

 
Initial Runoff Loss (IRL) at the conventional sites were 0.9mm for the tarmac car park at NATS, and 
0.4mm and 0.3mm for the road runoff sites, the lower values due to the rapid runoff from conventional 
road drainage.  Losses in the SUDS facilities, in contrast, were significantly greater (good) with values 
between 1.2mm and 5mm.  This demonstrates that the SUDS components all produce increases 
surface runoff losses, with swales (roadside detention) at EW providing the greatest initial loss of 
runoff. 
 
Significant lag times were monitored at all SUDS monitored, although this was least marked at the 
swales.  It is clear that the permeable paving systems produce exceptional attenuation of flows, with 
lag times of up to three hours.  Lag times in the larger systems investigated were between 100–200 
minutes. 
 
Peak flows from the SUDS components studied were at least 50% of the peak flow from the 
equivalent paved surface.  By many criteria, this is key measurement since it is the peak flowrate 
which has the greatest potential for watercourse damage due to erosive forces (Gardiner, 1994 & 
Roesner et al, 2001).  The average reduction at EW was 50% and this rose to as great as 77% at the 
two other sites where this information was gathered.  The extreme value for Halbeath is explained by 
suspected leakage beside the outlet structure. 
 
The Benefit Factor (BF) is shown for the three sites at which conventional drainage was also 
monitored.  BF is a value calculated to summarise the hydraulic benefit gained by installing a SUD 
system.  It is a volumetric measure expressed as the total volume SUDS runoff compared to the runoff 
from the traditional system, and is calculated using only events producing SUDS runoff.  It must 
therefore also be considered in conjunction with the percentage of events for which the SUD system 
retains all the rainfall.  The three sites produced BF of at least 75% (higher value indicates bigger 
benefit).   
 
The percentage of events retained has been used to indicate the effectiveness of a SUDS component in 
reducing surface runoff, particularly during low flow events, and is an expression for the full event.  
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The events retained at NATS, EW and WG were between 40% and 60% i.e. runoff occurred from the 
SUDS components for only approximately half of the events which resulted in runoff from the 
conventional surface. 
 
4.2 Comparison of Porous Paving and Swales 
A detailed comparison of the performance of three source control SUDS (NATS, EW and WG) has 
been carried out (Macdonald, 2003), and this included modelling excercises to enable the systems 
performance and design to be tested and compared under a variety of conditions.   
 
Modelling exercises showed that surface water will pond on the porous pavement (hydraulic capacity 
exceeded) during high return period longer duration storms – due to the storage capacity being 
exceeded.  In contrast, the swale became full and spilled over the side banks (hydraulic capacity 
exceeded) with high return period medium duration storms – due to capacity of outlet pipe being 
sensitive to higher intensity storms. 
 
Porous paving prevents runoff from smaller events & attenuates flow longer than swales (due to 
storage in the sub-base).  However, once outflow commences the reduction of percentage outflow and 
peak runoff rates was greater at the swale sites.  The most significantly different performance 
parameter was the lag time which was much greater at the porous pavement indicating the attenuation 
achieved in the porous paving system. 
 
4.3 Comparison of Water Quality Performance 
The objectives of the studies was principally to confirm that the behaviour of the Scottish SUDS sites 
was similar to comparable sites elsewhere in the UK and from the literature, hence there were only 
limited budgets for water quality monitoring.  The studies undertaken included both water sampling 
and quality monitoring using multi-probe sondes.  The majority of the sites were either of low 
contamination (suburban housing) or medium (large car parking areas) while only two sites had a risk 
of high levels (ponds at Clayland and Newbridge which serve motorways). The water quality from 
adjacent impermeable surfaces was monitored concurrently with the SUDS system at three of the sites.   
 
Inflow and outflow budgets were possible at four of the source control systems and an overview of the 
results are given in Table 3.  There is a paucity of data from the swale at Emmock Woods site, 
principally because flow at the outlet pipe only occurred on a very limited number of occasions, a 
reflection that source control swales have a very significant effect on smaller rainfall events – which 
are those that are potentially the most polluting.  Studies at four SUDS ponds produced assessments of 
reduction of peak concentrations and the results are shown in Table 4.  
 
The results from monitoring at source control systems shown in Table 3 indicate that the sites are 
located in inherently low pollution risk areas where the inflow concentrations of contaminants are low.  
This means that the performance of each system – expressed as reductions of concentrations – are very 
variable and there was actually an increase of concentrations (expressed as means over the events 
monitored).  This was particularly true for the heavy metals measured. The reductions of BOD5 and 
TSS concentrations were modest.  
 
The monitoring has shown that SUDS ponds studied deliver very consistent water qualities, the 
variability of concentrations at the inlets not being monitored at the pond outlets.   
 
 
5. DESIGN DETAILS 
Throughout the periods of site and laboratory monitoring and analysis, some key design details have 
become apparent.  Close observation of systems through time and in a variety of weather conditions 
results in a deeper understanding of what aspects of design – some very small and unobvious - do and 
do not achieve good SUDS performance results. 
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Table 3  Water Quality Parameters Source - Control SUDS (based on event mean concentrations) 

 NATS Emmock Woods W Grange 

 
Royal 
Bank Tarmac Porous +/- Road Swale +/- Road Swale +/- 

TSS (mg/l) 14.9 30 19 32% 1057* 299* 72% 343 96 54% 

BOD (mg/l) 2.2 4.8 1.7 49%    5.4 4.5 14% 

CU (µg/l) 5.2 5.05 10.9 +25%    28 52 +85% 

Ni (µg/l) 1.7 4.64 3.8 63%    6.3 3.1 50% 

Zn (µg/l) 22.2 29.5 42 +42%    82.1 93.7 +14% 

Hydrocarbons (mg/l) 1.97** 1.07 0.47 69%    1.4 0.9 36% 

+/- Values are reductions except where shown positive (+14% indicates increase of zinc in swale) 
Tarmac/ road are the conventional (non SUDS) surfaces at the respective locations 
* Only one event was sampled at Emmock Woods 
** From one event.  Data from a second event was all below detection limit 
 

Table 4  Water Quality Parameters - Site and Regional SUDS - Percentage Reduction 

Where values are available, these are indicated. 
 Stenton 

EMC 
Clayland 

Peak 
Newbridge 

Peak 
Halbeath 

Peak 
TSS (mg/l) 83   99.92 

BOD (mg/l) 90   86 

CU (µg/l) 82 77 84  

Ni (µg/l) 87 61 -  

Zn (µg/l) 87 42 68  

Hydrocarbons (mg/l)  *   
      *  Below detection limits 

 
Ponds 
Most ponds appear to have been designed according to current advice, probably reflecting the greater 
concern about ponds which in turn has resulted in a greater input by experienced designers.  The key 
messages from the performance observations are: 
• Exert as much control as possible on the activities of contractors upstream – particularly in the 

amounts of sediment produced. 
• Sediment production rates after the initial construction phase are likely to be so low that 

significant reduction of storage is not likely.  Fill up rates of around 300 years have been 
predicted. 

• Mean metals concentrations of sediments in the SUDS ponds studied complied with most 
sediment standards. 

• Where the ponds were designed in accordance with current guidance (CIRIA 2000), a rich and 
virtually impenetrable vegetation barrier developed. 

 
 
Detention Basins 
The recommendations for detention basins are: 
• Inlet detailing – the inlet should incorporate a greater drop to accommodate sediment 

accumulations.  Access to the inlet area is critical to facilitate removal of sediment. 
• A sacrificial zone for sediment accumulation in detention basins should be considered. 
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• It is highly likely that the hydrocarbons are being trapped.  At one location, where accumulation of 
hydrocarbons is noticeable, there is no evidence of their being carried into the basin downstream. 

• Extended detention basins may give sufficient pollutant removal in a number of locations where 
retention ponds are currently recommended. 

• Outlets should stand proud of surrounding soil and vegetation where possible to prevent blockage 
during vegetation maintenance  

• Sacrificial detention basins have been used successfully for construction runoff at a number of 
locations. 

 
Further observations on detention basins are: 
• Dry weather ‘channels’ had noticeable sediment accumulations within 4 years.  This was even 

with no construction activity.   
• Planning constraints have led to exceptionally deep detention basins.  While these are not 

dangerous, they are generally unsightly.  Changed approaches to open space requirements would 
correct this issue. 

• The impression was formed that vegetation cutting at detention basins has no impact on water 
qualities.   This hypothesis will be tested in a currently ongoing monitoring project. 

 
Swales (Roadside Detention) 
The following detailing will improve the performance of swales (roadside detention):  
• Keep a shallow gradient and ensure full length of swale is utilised by modifying the gradient 

appropriately. 
• Use a gravel layer below the growing medium. 
• Install a raised outlet. 
• A rough base in the swale with natural vegetation probably improves the performance of the swale 

although some maintenance would be necessary to prevent malfunction 
• Use drop kerb entries - Clearway drainage inlets should be discouraged. 
 
Filter Drains and Infiltration Systems  
The examination of filter drains and infiltration trenches has shown clearly that the two principal 
causes of poor hydraulic performance (as SUDS) were as follows:  
• Poor design concept & detailing 
• The lack of post construction performance checks.   Such checks are necessary to initiate 

remediation maintenance. 
 
Where the design has been well thought out and precautions have been taken against construction 
stage runoff, filter drains and infiltration systems have been shown to be operating well, even in 
ground of low permeability.   
 
• Bad Practice/ Design 
Many systems had been put into service before construction was terminated and they have silted up.  
A number of installations were found where the storage volume cannot be utilised effectively due to 
the absence of flow control devices.  Trapped gully pots were installed at a number of sites alongside 
highways, but cleaning was found to be problematic due to poor detailing.  Offlet kerbs, a common 
detail, were found to be blocked at several locations.   One commonly used detail has been to 
terminate the outlet from trapped gullies in the filter media.  However, this detail has been found to 
block relatively quickly, particularly with leaves.  At Lang Stracht in Aberdeen, all 40 gully outlets 
became blocked within three years.   
 
• Good Practice/ Design 
A number of designs appropriate to soils of low permeability have been found.  A number of designs 
for end of pipe filter drains have been developed for use in soils of low permeability which include the 
facility for jetting. All filter drains and infiltration trenches should have a sediment sump at the inlet.  
This sump must be in an easily accessible location for suction equipment.  Notwithstanding these 
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improved details, filter and infiltration systems are being dropped in favour of surface systems where 
problems are more easily identified and rectified.  Most of the more recent systems have been sized to 
include the treatment volume Vt, and incorporate flow control devices to throttle the flowrate and 
ensure that the storage volume is used.  Flow monitoring at two sites showed good flow attenuation 
with an average 20% peak flow reduction.   
 
Porous Paving  
Three field studies of porous paving have been undertaken, results from which have been included in 
the CIRIA design manual for pervious paving (CIRIA, 2002).  Two site were of ‘live’ in-situ porous 
pavements used as car parks in Edinburgh constructed of Formpave blocks in 1997 and 1999 
respectively.  A further small scale study was undertaken at a purpose built pilot installation at Dundee 
airport to examine the removal of heavy metals.  All studies have shown significant attenuation of 
flows and retention of contaminants locally.  Observations have shown that lined systems perform 
almost equally to systems with no lining in soils of low permeability. 
 
System blockage was found at locations where there was soil and vegetation wash off from slopes 
higher than the paving system.  This is prevented by good landscaping practice, avoiding the transport 
of fine material, and by good construction detailing.  Typical points of detail for landscape architects 
are: 
• Slopes higher than the paving area (i.e. slopes which have been cut) should be protected; slopes 

below (i.e. embankments) are unlikely to impact on the paving. 
• A cut off drain at the base of the cut might assist in preventing high soil moisture which weakens 

and makes soils more easily eroded.  This will assist in avoiding easy mobilisation of  soils. 
• Use rapid, growing low vegetation to stabilise soil quickly. 
• Avoid rotovating vulnerable cut slopes. 
 
To avoid structural failure, the following guidance is being used: 
• Heavy goods vehicles and buses should be prevented from accessing porous block paving 

systems. 
• Only the actual car parking bays can be of porous construction since this permits the required 

treatment volume and surface area to be incorporated.  Access roads of ‘adoptable’ standard 
should be specified between the parking spaces in heavily used car parks. 

• Porous construction should be used for the full car park only where the turnover of vehicles is less 
frequent, and for office parking. 

 
Modelling exercises carried out for porous paving (Macdonald, 2003) have shown that the following 
changes to detailing will significantly enhance hydraulic performance.  They have minor cost 
implications, yet are not likely to be associated with issues of space. 
 
• Increase the depth of stone layer beneath the porous block (e.g. by as little as 10mm) 
• Increase the potential for storage in sub-base (e.g. by increasing the depth of sub-base by as little 

as 50mm, and raising the perforated outlet pipe from the base to height of 150mm) 
 
6. RETROFIT 
The implementation of SUDS in new developments has become normal practice now in Scotland.  
This is proof that the promotion of SUDS has worked.  The force behind the SUDS promotion to date 
has been to prevent the deterioration of watercourses due to increasing urbanisation.  However, 
existing urban areas continue to impact watercourses, hence the scope of efforts to promote and 
implement SUDS must shift to the retrofitting of SUDS in existing urban areas to reduce the ongoing 
impact to watercourses. 
  
The phrase retrofit SUDS is increasingly being considered where SUDS have to be ‘shoehorned’ into 
existing urban areas using a pragmatic approach to improving the drainage system.  Typically, the 
SUDS are being planned to be located in parkland, redundant space freed by demolishing old 
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buildings or the margins of roads.  The pressure to install retrofit SUDS is driven by watercourse 
issues, for example the bacterial quality of bathing waters close to urban areas fails standards due to 
excessive spills from combined sewer overflows.  Another scenario might be flooding and poor stream 
water quality due to excess flow which exceeds the watercourse capacity due to culverting. 
 
There are currently few examples of true retrofit systems since most applications to date have been in 
re-developments within city boundaries.  Most of the drivers for the re-development are social in 
origin, and stream quality improvements are secondary but highly desirable benefits.  Typical 
examples of retrofit SUDS in Scotland have been; 
 
• Dundee - where for social reasons, the city council has a policy of demolishing all public housing 

more than 4/5 stories high.  In time this will leave a series of open spaces within relatively densely 
urbanised areas.  Modifying the local drainage to incorporate local SUD systems will be possible. 

• Glasgow - where there are large areas with poor housing stock built in the 1960/70s.  Many streets 
in these areas are wide, and the street margins are also wide and grassed, presenting opportunities 
for re-routing of drainage systems.  This is generally being planned at locations where there has 
been selective demolishing of poor housing stock. 

• Ayr - where there are two beautiful sandy beaches close to the town.  Unfortunately, these 
beaches suffer from poor bacterial qualities due to frequent operation of combined sewer 
overflows which discharge into the local river.  Project money has been earmarked to introduce 
source control SUDS in selected catchment areas to reduce the CSO spills.  The next stage of this 
project will be to identify the specific locations where retrofit SUDS can be installed. 
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