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This document presents details of the Stormwater 
Management Plan for the proposed Ridgeside 
development.  
 
However, due to the nature and extent of the 
proposed development, time frames for completion 
will be long-term, with the ultimate development plan 
still being subject to numerous external factors, 
including property market drivers and granting of 
development rights (for the portion of the proposed 
development referred to as Precinct 4). 
 
Therefore, whilst this document provides general 
details of both the proposed macro and micro level 
stormwater management systems for the entire 
development plan, finite details are only provided to 
meet the short-term development goals for the 
portions of the proposed development referred to as 
the M41 Interchange, Precinct 1 and Precinct 3.  
 
Further finite details to meet medium to long-term 
development goals will be provided in due course. 
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A. EXECUTIVE SUMMARY 
 

This report sets forth details of the proposed stormwater management plan for the 

proposed Ridgeside development, to be situated on Portion of Rem of Lot La Lucia 

14634; Portion of Rem of 499 of Lot 31 No 1560; and Portion of Rem of 2 of Lot 31 

No 1560, Umhlanga Rocks. This stormwater management plan seeks to mitigate the 

adverse effects of development on downstream receiving waters and/or built 

environment through effective and sustainable run-off, sediment and pollutant control 

measures during construction of the civil works, the ensuing construction of the 

commercial and residential buildings (over a period of several years) and finally upon 

completion of all construction.  Of particular concern is the highly erodible nature of 

the Berea Red soils and the steep topography, as these exacerbate the threat to the 

stability of the natural landforms of Ridgeside.  Once initiated, erosion will occur 

extremely quickly and the resultant damage will seriously impact the site of the 

erosion and downstream receiving waters and/or built environment. 

 

In order to mitigate the above and better achieve the ideals of the stormwater 

management plan, it has been deemed necessary to compile a two-part document, 

as follows: 

 

 Part One: Catchment Management Strategy 

 Part Two:  Development Guidelines and Policy Document 

 

In combination, the documentation forms the stormwater management plan for 

review and approval by the relevant authorities. The latter, in conjunction with 

Annexures A to E, will be separated to form a standalone document for inclusion in 

the Ridgeside Development Manual. The latter provides clearly defined guidelines 

and policy, for use by owners, developers, other built environment professionals and 

contractors in developing individual sites within Ridgeside. 
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1. TERMS OF REFERENCE

Tongaat Hulett Developments (Pty) Ltd (THD) proposed the development of the area
referred to as Umhlanga Ridgeside (Portion of Rem of Lot La Lucia 14634; Portion of
Rem of 499 of Lot 31 No 1560; and Portion of Rem of 2 of Lot 31 No 1560, Umhlanga
Rocks) for a mixed land-use development, comprising of residential, commercial, retail
and hotel related activities and a conservation/recreation precinct. The mixed land-use
development is proposed on land currently zoned agricultural and used for sugarcane
farming.

A Record of Decision (ROD), authorising the abovementioned development proposal,
was issued by the KwaZulu-Natal Department of Agriculture and Environmental Affairs
(DAEA) on 31 May 2006.

The ROD was subsequently appealed by Interested and Affected Parties and DAEA
issued an Authorisation Letter (Appeal Decision) for the application on 6 November 2007
(refer Annexure G).

In response, THD appointed an Environmental Assessment Practitioner to undertake an
amendment application for the abovementioned Appeal Decision. The application
requested amendments to the Conditions of Authorisation relating to stormwater
management and the provision of bulk infrastructure associated with the phasing of the
proposed development. The amendments were found to have merit and DAEA issued an
Amendment of the Conditions of Authorisation, with respect to clauses 8.2.1.2, 8.2.1.3,
8.2.1.4 and 8.2.13, on 12 September 2008 (refer Annexure H).
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2. SITE DESCRIPTION

2.1 Surrounding Land Use

[This portion of the report should be read in conjunction with Figure 1]

The overall proposed Ridgeside development site comprises an area of some
144 hectares and is bound by the M41 highway to the south and southwest, the M4
highway and existing coastal forest to the east, Umhlanga Rocks Drive to the west and
north, as well as the existing Umhlanga Manors residential development to the north.

2.2 Receiving Environment - Predevelopment

[This portion of the report should be read in conjunction with Figures 1 and 2]

2.2.1 Topography

The topography comprises a seaward sloping hillside. Generally, the upper portion of the
site slopes moderately steeply (1:6), while the middle and lower portions slope gently
(1:10 to 1:20). A well defined valley bisects the site from West to East.

2.2.2 Geology

The regional geology of the Umhlanga Ridge area comprises Berea Red Formation
sands, underlain by clayey sands. Seasonal perched water tables are commonly
associated with such soils.

Erosion gullies are evident on the site, indicating the propensity for erosion of Berea
Red Formation soils.

A geotechnical investigation was undertaken by specialist geotechnical engineers
Thekwini Geocivils cc in April 2005. The concomitant geotechnical report, entitled
Report on the Geotechnical Investigation for the Proposed Umhlanga Triangle
Commercial & Residential Area (Reference No 50424) included geo-hydrological
investigations of the sites of the proposed stormwater attenuation dams and micro-scale
onsite stormwater disposal by way of infiltration methods (refer Annexure B).

2.2.3 Land Cover

The site is an isolated tract of land surrounded by urban development. The natural
habitat has been supplanted by agriculture, in the form of intensive, monoculture
sugarcane, with the exception of a 22ha strip of remnant coastal forest, situated
adjacent the M4, along the southeast boundary.

2.2.4 Existing Catchment Drainage Basin

The existing catchment drainage basin comprises four components, viz upstream
development that bypasses the site, upstream development that discharges onto the
site, site drainage and downstream pipe drainage systems.

Notably, past townplanning practices within the downstream Umhlanga Rocks
residential area have resulted in elimination of natural overland flow routes.
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The La Lucia Ridge Office Estate (A) bypasses the site via a recently constructed pipe
drainage system to Outfall 1.

Portion of the Main Road M41 / Umhlanga Rocks Drive interchange (B) discharges, via
a series of culverts, onto Area E of the site. Portion of Umhlanga Rocks Drive (C)
discharges, via a pipe drainage system, into the head of the central valley (F). Portion of
the existing Umhlanga Ridge residential area (D) discharges, via a 900mm dia pipe
onto Area H of the site.

Given the topography, sheet flow is prevalent over the site (Areas E and H), with the
exception of the central valley (Area F) and the adjacent Area G.

Four culverts provide relief drainage across the M4.

Three primary drainage outfalls exist. Outfall 1 was rehabilitated/upgraded when the
connection from La Lucia Ridge Office Estate (A) was constructed. The pipe diameter
varies from 1500mm to 1800mm.  Similarly, the upper portion of Outfall 2 has been
reconstructed. The pipe diameter varies from 900mm to 1800mm.  Outfall 3 has
recently been upgraded. The pipe diameter varies from 1200mm to 1500mm.

There is a large existing natural depression within the coastal forest, with an
approximate storage capacity of 26000m3.

2.3  Receiving Environment - Post Development

[This portion of the report should be read in conjunction with Figures 3 and 5]

The proposed Ridgeside development will ultimately consist of four precincts. In terms of
current development rights, Ridgeside will comprise some 3000 residential units, 250 000
bulk square metres of mixed use (retail, commercial and offices, etc) and a hotel resort of
80 000 bulk square meters. The precincts will be divided as follows:

 Precinct 1 – a mixed use precinct comprising commercial, residential and
hotel use;

 Precinct 2 – a residential precinct comprising General and Special Residential
developments;

 Precinct 3 – a commercial office precinct; and

 Precinct 4 – a residential precinct comprising General and Special Residential
developments.

The proposed development will be phased, as indicated on Figure 4. The timelines for
Phases 1 (M41 Interchange) and 2 (Precinct 3) are definitive, with Phase 3 (Precinct 1)
and the hotel site being dependant upon land sales. The timelines for Phases 4 to 6 are
tentative. Phase 7 (Precinct 4 and M4 Interchange) is subject to granting of development
rights.
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3. PROPOSED STORMWATER MANAGEMENT SYSTEM

[This portion of the report should be read in conjunction with Figures 3 and 5]

The broad ideals of the stormwater management philosophy account for the following:

 Reuse of the existing downstream drainage system;

 Compliance with the Standard and Specific Conditions of Authorisation of the
Department of Agriculture & Environmental Affairs Record of Decision (DAEA
ROD) for EIA/5554, as amended;

 Compliance with the eThekwini Municipality stormwater management policy;

 Compliance with the KwaZulu-Natal Department of Transport design
standards for provincial main roads;

 Compliance with the National Water Act (Act No. 36, 1998); and

 Current national and international best management practices.

3.1 Site Impact Assessment

Without appropriately designed stormwater intervention measures, the proposed
development plan could have the following detrimental effects:

Physical Impacts

 Hydrologic regime alterations - increase in discharge rate (volume per unit
time) due to increases in flow velocities along engineered channels and
conduits;

 Hydrologic regime alterations - increase in discharge volume due to
decreases in depression storage and infiltration;

 Groundwater recharge - decrease in groundwater recharge, critical to
sustaining the remnant coastal forest (refer Annexure F);

 Thermal - increased water temperatures of storm flows at the pipe outfalls,
due to runoff from heat absorbing pavements and discharge from attenuation
ponds, could impact temperature sensitive biota; and

 Other – an accumulation of trash and debris could result in loss of visual
amenity and possibly impact sensitive biota.

Chemical Impacts

 Increased nutrient(S), sediment(P), heavy metals(P), hydrocarbons(P),
pathogens(S), herbicides(S) and pesticides(S) could impact sensitive biota,
including persons.

(P) denotes primary impact
(S) denotes secondary impact
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Consequent damage could take the following forms:

 Inundation of the M4 provincial main road and properties within the Umhlanga
Rocks residential area;

 Increased beach erosion from high frequency low intensity storms events;

 Starvation of the coastal forest;

 Increased soil erosion and sediment loads;

 Loss of sensitive biota in receiving waters; and

 Loss of visual amenity.

3.2 Design Standards

The following general design standards have been adopted.

3.2.1 Guidelines for Human Settlement Planning and Design

In general, the proposed stormwater management system is designed in accordance with
the Guidelines for Human Settlement Planning and Design, compiled by CSIR Building
and Construction Technology & Department of Housing. In accordance with Section 6,
Tables 6.1 and 6.2, the following design standards were adopted:

Table 6.1: Design flood frequencies for major systems
LAND USE DESIGN FLOOD RECURRENCE INTERVAL
High Value Central Business District 50-100 years

Table 6.2: Design flood frequencies for minor systems
LAND USE DESIGN FLOOD RECURRENCE INTERVAL
High Value Central Business District 5-10 years

The underlined values have been used in the design as these correlate with those
prescribed in the eThekwini Municipality stormwater management policy.

3.2.2 eThekwini Municipality Stormwater Management Policy

Stormwater management policy is driven by the eThekwini Municipality Coastal
Engineering, Stormwater and Catchment Management Department, in conjunction with
the Environmental Management Department and essentially falls under the following
categories:

Water Quality

Policy dictates that adequate measures be instituted during the construction
phase to minimise transportation and deposition of silt from the construction
site during storm events.

Each development is individually assessed for other pollutants and toxicants,
based on proposed land use, and site specific requirements are prescribed.
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Water Quantity

Policy dictates that storm flows stemming from new developments shall not
exceed the flows prior to such development having taken place.  To this end,
the 1:10 and 1:50 storm recurrence intervals have been defined as the two
benchmarks.

Dual Drainage System

Policy dictates the application of a dual drainage system, with the minor
system (e.g. closed conduit systems) catering for frequent storm events and
the major system (e.g. overland flow routes) for less frequent but severe
storm events.

3.2.3 Department of Water Affairs and Forestry

In general, the proposed stormwater attenuation dams are designed in accordance with
the National Water Act (Act 36 of 1998), Section 39, General Authorisations, as published
in Government Notice 26/87 No. 399, dated 26 March 2004. The General Authorisation
mitigates impact and risk by limiting the maximum (combined) storage of dams on a site
to 50 000m3 and the maximum wall height of any structure to 5m.

3.2.4 KwaZulu-Natal Department of Transport

The KZN DoT prescribes the 1:20 year storm recurrence interval for all road prism
drainage.

3.3 Design Proposal

3.3.1 Hydrologic Concepts

Hydrologic concepts which are of interest with respect to the design of Best Management
Practices (BMPs) are related to the design objectives of the BMP.  Traditionally the
design of BMPs focused on peak discharge control and volume control centred around
flood event hydrology with focus on storms typically ranging from the 1:10 to the 1:100
year RI. Water quality  considerations ( ie pollutant removal & ground water recharge etc)
creates a shift from  flood events to annual rainfall volumes and pollutant loads
associated with these volumes, hence this has given rise to  rainfall frequency spectrum
(RFS)  and small storm hydrology.   As the small ( most frequent ) storms are responsible
for most of the annual urban runoff and  ground water recharge  the runoff volume is
hence the most important hydrological variable for water quality protection and design

The rainfall frequency spectrum is where all rain events ( ie depth(mm) over 24hr period )
are documented over an extended  period of  time and  then rated from lowest to highest
in terms of rainfall depth.  Generally the 90 percentile of all rainfall events is then used  to
establish the rainfall depth for calculation of the’ water quality’ ( first flush ) volume that is
to be contained & treated.  From recent studies undertaken locally ( viz. King Shaka
Airport International Site ) the rainfall depth for water quality considerations was found to
be in the order of 36mm , this figure is  also deemed  appropriate for Ridgeside.

3.3.2 Overview

Accounting for the significant impacts and risks identified in Section 3.1 and in
accordance with the general design standards described in Section 3.2, the design
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philosophy adopted for the proposed Ridgeside development can best be described as
follows:

Stormwater runoff shall not be concentrated to an extent that would result
in any damage to downstream receiving waters and/or built environment
during storms with a recurrence interval not exceeding 1:100 years but may
result in some damage during storms with a recurrence interval exceeding
1:100 years.

In compliance with eThekwini Municipality stormwater management policy the following is
proposed:

Water Quality

The on-site micro attenuation structures and attenuation ponds will address water
turbidity. The “first flush” will be routed via the attenuation ponds to the grassed swale,
which will perform the function of a vegetative biofilter. The mere fact that the “first flush”
will be diverted into the coastal forest buffer zone to recharge groundwater will mitigate
thermal pollution.

Water Quantity

The regional geology of the Umhlanga Ridge area comprises Berea Red Formation
sands, underlain by clayey sands. Seasonal perched water tables are commonly
associated with such soils.

Given the steep topography, high erodibility of the in-situ soils and the bulk of the
proposed development, it was deemed necessary to provide micro attenuation at source
(1:50 post development reduced to 1:10 post development) using on-site attenuation
tanks.

Whilst the central valley offers opportunity for placement of attenuation dams, the
topography of the site does not naturally gravitate to the central valley. Therefore, in order
to comply with eThekwini Municipality stormwater management policy, a composite
system is proposed, using on-site micro attenuation structures, to attenuate the peak
discharge rates for the 1:10 and 1:50 year post development storm recurrence intervals
down to predevelopment levels.

Thus, the design standard for the proposed pipe drainage system will remain as 1:10 year
post development storm recurrence interval, with the benefit of effectively passing the
1:50 year post development recurrence interval storm. Dams serve to attenuate road
flows only and provide flood relief up to 1:100 year RI. (1:50 pre approximates to 1:10
post)

The on-site micro attenuation structures will be constructed by individual developers as
part of the development of individual sites. These structures could take various forms,
including subterranean tanks, permeable pavement structures or attenuation ponds,
incorporated into the landscaping plan. More in Part Two documentation.

The primary function of the upper dam is irrigation storage. However, the dam also serves
to attenuate storm flows from Umhlanga Rocks Drive (A) and portion of the hotel resort
site (B). The middle dam comprises a permanent water body for aesthetics and a flood
attenuation zone. The middle dam serves to attenuate storm flows from Precinct 1 (C),
portion of Precinct 3 (D), portion of Precinct 2 (E), portion of the proposed extension to
the Umhlanga Ridge New Town Centre (F) and the existing Umhlanga Ridge residential
area (G). The lower dam comprises a permanent water body for aesthetics, irrigation
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storage and a flood attenuation zone. The lower dam serves to attenuate storm flows
from Precinct 3 (H), and the proposed Main Road M41 interchange and will compensate
for the lack of attenuation to portion of Precinct 2 (I). Storm flows will be attenuated to the
benchmark pre-development levels. However, if investigations described in Section 4.3
prove that the capacity of the existing downstream drainage systems are still inadequate,
consideration will be given to attenuating flows to match the pipe capacities, if practicable.
Ownership and responsibility for operation and maintenance of the attenuation structures
will vest with the developer.

Portion of Precinct 2 (J) cannot gravitate to the attenuation dams. However, in the recent
past the existing downstream pipe drainage system (Outfall 3) was upgraded and has
sufficient capacity to accept the partially attenuated (on-site micro attenuation) storm
flows.

Dual Drainage System

Storm events of magnitude Q50<Q<Q100 will be safely conveyed to the lower reaches of
the site through a combination of the proposed roadways and open space systems.
Given that the layout of the existing Umhlanga Rocks residential area does not include
suitable overland flow routes, use will be made of the following:

 the grassed swale system and a large natural depression within the coastal
forest to attenuate these storm events on site. To this end, a 1:200 year storm
recurrence interval has been assumed.

3.3.3 Details of Micro Attenuation Structures

Refer Part Two

3.3.4 Details of Macro Attenuation Structures

Attenuation Dams

The sketch below illustrates a typical stormwater attenuation dam with permanent water
body (wet pool). The proposed structures are of similar design, offering both a permanent
water body and artificial wetland fringe (aquatic bench). These would promote
biodiversity. The forebays of the structures will perform a vital function as energy
dissipaters and silt traps. The presence of the permanent water bodies in conjunction with
the attenuation zones and concomitant controlled release of stormwater at pre-
development discharge rates will mitigate erosion of the valley. A secondary function of
the structures will be water harvesting, with the water being irrigated back onto the road
reserves and open spaces within the site, thus contributing towards ground water
recharge.



Stormwater Management Plan
Catchment Mangement Strategy

GOBA (Pty) Ltd Ridgeside Stormwater Management Plan 9

Source: USEPA – Stormwater Best Management Practice Design Guide: Volume 3

The proposed stormwater attenuation dams perform a pivotal function in mitigating the
environmental impact of the proposed development and will contribute towards
biodiversity. Alternate positioning would compromise the efficacy and functioning of the
structures and could inadvertently negatively impact the geo-hydrological functioning and
biochemical cycling of the purported wetland.

Grassed Swale

A grassed swale is proposed along the length of the coastal forest. The grassed swale
will serve to protect the forest from ingress of silt during construction and will be used in
conjunction with the attenuation dams to attenuate storm flows. Furthermore, it is
proposed that stormwater flows be diverted from the grassed swale to recharge
groundwater within the coastal forest.

Linear Park – Depression Storage Zone

The proposed stormwater management system will comprise on-site micro attenuation
structures, linked to a pipe drainage system, linked to three macro attenuation structures
in the central valley. Given the up-market high density character of the proposed
development and the topography and soils, use of surface water channels has been
restricted to the central valley and overland flow routes only and infiltration measures
were not deemed appropriate for use in Precincts 1 and 3. Other macro attenuation
systems include inter alia a grassed swale below Precinct 4 and a depression storage
zone under the guise of open parkland, referred to as “Linear Park”.

These flows are then piped to two attenuation   ponds in the watercourse, where macro
attenuation to predevelopment levels is effected.
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3.3.5 Summary

The stormwater system has the following general design characteristics:

On-site attenuation tanks: Inflow 1:50 post development
Outflow            1:10 post development

Stormwater pipe capacity: 1:10 post development
Stormwater inlet capacity: 1:10 post development
Emergency overland flow routes: 1:50 post development
Attenuation ponds: Outlet1 (Orifice)1:10 predevelopment

Outlet2 (Weir) 1:50 predevelopment
Spillway 1:100 post development

Lined channel in watercourse: 1:100 post development

3.4 Alternative Design Proposals

Within the context of the design proposal described in Section 3.3, two alternatives were
considered, viz use of on-site infiltration systems in lieu of micro attenuation structures
(Alternative 1a) and omission of on-site micro attenuation in its entirety (Alternative 1b).

A further alternative considered was no attenuation measures and upgrade/augmentation of
the existing downstream pipe drainage systems (Alternative 2).

These were discounted for the following reasons:

Alternative 1a

The bulk of the proposed development (lack of available space for infiltration systems), in
combination with the moderately steep topography of the upper portion of the site and the
possible seasonal perched water table conditions, precluded the use of infiltration systems.

Alternative 1b

The proposed pipe drainage system would have been required to be sized to accommodate
the 1:50 year post development storm recurrence interval and the storage capacity of the
proposed attenuation dams would also have had to be increased accordingly.

Alternative 2

This alternative contravenes eThekwini Municipality stormwater management policy and
consequently the DAEA ROD. This alternative could have resulted in starvation of the
coastal forest and increased beach erosion.

3.5 Other Mitigation Initiatives

3.5.1 Stormwater Outfalls Through Forest

Preliminary routes have been selected that will connect the proposed stormwater
management system to the existing culverts crossing the M4. These were cleared of
invasive vegetation and undergrowth, by a specialist landscaping company, under



Stormwater Management Plan
Catchment Mangement Strategy

GOBA (Pty) Ltd Ridgeside Stormwater Management Plan 11

supervision of a specialist environmental consultant. The environmental consultant then
identified all well established trees and trees of ecological value. The preliminary routes
were adjusted to avoid these. These adjusted routes and the identified trees were subject
to a detailed surveyed. The detailed survey will be used in the design of the stormwater
outfalls. Alternative materials and construction techniques are being investigated to
minimise the impact on the forest.

3.5.2 Groundwater Recharge of Coastal Forest

A specialist hydrologist will be employed to offer advice on groundwater recharge of the
forest.

3.5.3 Investigation of Existing Pipe Drainage System

The eThekwini Municipality and THD have entered into a Public/Private Partnership
agreement to undertake an assessment of all existing pipe drainage systems within the
downstream Umhlanga Rocks residential area. The assessment will determine the
condition and capacity of the existing downstream pipe drainage systems, thus informing
the detailed design and planning approval processes and assisting both parties in proactive
risk management, as described in Section 3.5.4.

3.5.4 PCSWMM Modelling

The eThekwini Municipality has adopted PCSWMM as the mandatory software platform for
submission of stormwater management system proposals. PCSWMM is a proprietary
graphical decision support system for the United States Environmental Protection Agency
(US EPA) Storm Water Management Model (SWMM) public domain software. SWMM is a
comprehensive computer model for analysis of quantity and quality problems associated
with urban runoff and is recognised as the international standard.

A comprehensive catchment wide PCSWMM model is in the process of being built. This
model will include the proposed development, all existing and proposed contributing
upstream development and the existing downstream pipe drainage systems. Further to the
model, the intention is for flow measurement devices to be installed at strategic nodes in
the system, by the eThekwini Municipality (nodes within the existing downstream pipe
drainage systems) and THD (nodes within the proposed development), to monitor
catchment response and efficacy of the stormwater management system. In order to
identify any potential future problems, the PCSWMM model will routinely be updated and
calibrated against flow measurement data, as development proceeds. Where necessary,
adjustments may be made to outflow control devices on the attenuation dams to negate
these problems.
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4. EXECUTION OF STORMWATER MANAGEMENT PLAN

[This portion of the report should be read in conjunction with Figure 4 and Annexure I -
Construction Environmental Management Plan]

This stormwater management plan seeks to mitigate the adverse effects of development
on downstream receiving waters and/or built environment through effective and
sustainable run-off, sediment and pollutant control measures during construction of the
civil works, the ensuing construction of the commercial and residential buildings (over a
period of several years) and finally upon completion of all construction.

4.1 Construction - Civil Infrastructure

4.1.1 Attenuation Structures

The grass swale in the Southeast catchment is to be constructed before any roads are
hardened or pipe systems are functional in this catchment. Likewise with the onset of
construction in the Northern Catchment the depression storage  zone in the Linear park is
to be created followed by the construction of the attenuation ponds

4.1.2 Site Clearance

Site clearance must be carried out with due care and attention to the effect, whether
short-term or long-term, that this removal will have on erosion potential.

4.1.3 Filter Barriers

Precautionary filter barriers such as silt fencing, straw bale barriers shall be installed on
the site at all times to contain soil erosion and prevent any eroded material from being
transported.

4.1.4 Forming of Embankments

Where embankments have to be formed, stabilisation and erosion control measures shall
be implemented without delay.

4.1.5 Trench Excavation

Trenching for services shall be programmed to commence immediately preceding
installation of the services and said trenches shall be backfilled and compacted, to a
density at least equivalent to the density of the adjacent in-situ soils, immediately
thereafter.  Where it is unavoidable that trenches remain open and unattended temporary
check dams shall be constructed in the invert of the trench.

4.1.6 Re-establishment of Vegetation

Landscaping and re-vegetation of areas not occupied by impervious surfaces shall be
programmed to commence immediately civil works have been completed, or have
reached a stage where newly established ground cover is not at risk from construction
activities.

4.2 Construction – Top Structures

Part Two of this document provides guidelines and policy for runoff, erosion and pollution
control measures during construction of commercial and residential buildings.
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4.3 Operation and Maintenance

Part Two of this document provides guidelines and policy for operation and maintenance
of runoff, erosion and pollution control measures for the commercial and residential
buildings.

Ownership of the macro stormwater drainage structures, including the three attenuation
dams, grassed swale and constructed depression storage zone in Precinct 2, shall vest
with the Ridgeside Management Association (RMA).  Therefore, all maintenance
functions in respect of the macro stormwater drainage structures, including periodic
desiltation of the attenuation dams, shall be performed by RMA.
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5. SUMMARY

It is our opinion that the prescriptive measures contained in Section 8.2.13 are
counterproductive. We would recommend the following amendments to the ROD:

 The “marginal” classification of the purported wetland be acknowledged and that, in
 accordance with the recommendation in LRI’s report, no protection or buffer be
 prescribed.
 The term “infrastructure”, used in error by LRI in their letter, be disregarded.
 Construction of the proposed stormwater attenuation dams be permitted in the lower

 reach of the valley.

 Essential bulk infrastructure be permitted to traverse the lower reach of the valley.
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1. HOW URBANISED AREAS AFFECT STORMWATER MANAGEMENT SYSTEMS 
 

Typically, a unit area of traditional central business district, comprising impervious 
surfaces such as roadways, parking lots and rooftops, could generate more than 5 
times the stormwater runoff of a comparative area of forest area. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: USEPA – Protecting Water Quality from Urban Runoff 
 
 
1.1 Increased Runoff 

 
The porous and varied terrain of natural landscapes like forests, wetlands and 
grasslands traps rainwater and allows it to filter slowly into the ground. In contrast, 
impervious (nonporous) surfaces like roads, parking lots and rooftops prevent rain 
from infiltrating, or soaking, into the ground. Most of the rainfall remains above the 
surface, where it runs off rapidly in unnaturally large amounts. Stormwater systems 
concentrate runoff into smooth, straight conduits. This runoff gathers speed and 
erosional power as it travels underground. When this runoff leaves the storm drains 
and empties into a stream, its excessive volume and power blast out streambanks, 
damaging streamside vegetation and wiping out aquatic habitat. These increased 
storm flows carry sediment loads from construction sites and other denuded surfaces 
and eroded streambanks. They often carry higher water temperatures from streets, 
rooftops and parking lots, which are harmful to the health and reproduction of aquatic 
life. The loss of infiltration from urbanisation may also cause profound groundwater 
changes. Although urbanization leads to great increases in flooding during and 
immediately after wet weather, in many instances it results in lower stream flows 
during dry weather. Many native fish and other aquatic life cannot survive when these 
conditions prevail. 

 
 

1.2 Increased Pollutant Loads 
 

Urbanisation increases the variety and amount of pollutants carried into streams, 
rivers, and lakes. These pollutants include: 
 

 Sediment; 

 Oil, grease and toxic chemicals from motor vehicles; 

 Pesticides and nutrients from lawns and gardens; 
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 Viruses, bacteria and nutrients from pet waste; 

 Heavy metals from motor vehicles and other sources; and 

 Thermal pollution from dark impervious surfaces such as roadways, parking 
lots and rooftops. 

 

These pollutants can harm fish and wildlife populations, kill native vegetation, foul 
drinking water supplies, and make recreational areas unsafe and unpleasant. 
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2. OBJECTIVES 
 

The stormwater management plan for Ridgeside is based on the following objectives: 
 

 To protect all persons and property from the harms of uncontrolled 
stormwater runoff; 

 To prevent erosion of soils by water; 

 To protect the watercourse against the harms of increased and uncontrolled 
stormwater runoff; 

 To protect and enhance the watercourse and downstream receiving 
environment (remnant coastal forest and Umhlanga beaches) by intercepting 
potential harmful silt, pollutants and toxicants carried in stormwater runoff; 

 To promote the Green Star SA voluntary green building rating system (refer 
Annexure C) through implementation of Low Impact Development (LID) (refer 
Annexure D) and Sustainable Drainage System (SUDS) (refer Annexure E) 
strategies. 

 

Thereby improving the quality of life for the Ridgeside and surrounding communities. 



Stormwater Management Plan  
Ridgeside Development Manual 

 

GOBA (Pty) Ltd│Ridgeside Stormwater Management Plan 4 
 

 
  

 
 
3. MAJOR RISKS 
 

In order to create proper stormwater management systems, major risks need to 
identified and the consequences of not creating such systems need to be 
understood. 

 
The soils of Ridgeside are highly erodible, unless bound by vegetation or otherwise 
protected.  In combination with the steep topography of the upper reaches of the site, 
a significant and constant threat is posed to the stability of the natural landforms.  
Once initiated, erosion will take place extremely quickly and the resulting damage will 
seriously impact not only on the site of the erosion but also on the downstream 
drainage systems, watercourse and downstream receiving environment (remnant 
coastal forest and Umhlanga beaches).  Erosion of the soils has two significant 
impacts on these elements, viz. siltation of the attenuation dams and a consequent 
reduction in irrigation storage capacity and pollution of runoff with minerals contained 
in the soils as a result of past farming practices.  Both effects are highly undesirable if 
allowed to take place at anything more than nominal predevelopment rates. A third 
potential catastrophic impact could be the saturation of the steep landforms and the 
formation of large land slippages. Correcting any form of damage will be substantially 
more expensive than the precautionary measures required to preemptively minimise 
the risk of such damage. 
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4. STORMWATER MANAGEMENT PHILOSOPHY 
 

In order to formulate appropriate stormwater management guidelines and policy, a 
clearer understanding of the overall stormwater management philosophy for 
Ridgeside is required.  It should be noted that this philosophy is applicable during 
design and construction of the civil works and naturally extends to include 
development of the commercial and residential sites. 

 
In general, stormwater runoff should not be concentrated to an extent that would 
result in any damage to Ridgeside during storms with an annual exceedance 
probability (AEP) of 2% (ie recurrence interval of 1 in 50 years). By definition, AEP is 
the probability that a flood of a particular magnitude will be equaled or exceeded in 
any given year.  The reciprocal thereof is the recurrence interval, which by definition 
is the average interval between floods of a particular magnitude. 

 
The stormwater management philosophy seeks to: 

 
 Contain potential soil erosion from construction footprints by preemptively 

constructing protection works to trap sediment at appropriate locations; 

 Re-establish adequate ground cover at the appropriate stage during 
construction; 

 Ensure that adequate ground cover is maintained at all places and at all 
times to negate the erosive forces of water, wind and all forms of traffic; 

 Avoiding situations where natural or artificial slopes may become saturated 
and unstable; 

 Reduce flows rates through the effective use of attenuation devices; 

 Prevent pollution of the watercourse by suspended and dissolved solids in 
flows; and 

 Ensure that all stormwater control systems are conceived, designed and 
constructed in a manner that is in keeping with the development theme of 
Ridgeside. 
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5. GUIDELINES AND POLICY 

 
All development within Ridgeside will be required to control stormwater runoff in 
accordance with the guidelines and policy of the Ridgeside Development Manual 
and, once constituted, the Ridgeside Management Association (RMA) or its 
successor in title.  The term RMA shall be read to include Home Owner’s 
Associations, governing the freehold sites, and Body Corporates, governing the 
sectional title developments. 

 
The following guidelines are intended to assist owners, developers, built environment 
professionals and contractors in the planning of site layouts, designing of stormwater 
control systems and to ensure that the objectives of the Ridgeside Stormwater 
Management Plan are met both during and after construction. 

 
Where prescriptive wording is used, the guideline is to be construed as policy. 

 
5.1 Stormwater Runoff Control 

 
Each individual freehold and sectional title site has been provided a single 
connection point into the Ridgeside pipe stormwater drainage system.   
 
Each site is to collect and convey all runoff to the Ridgeside pipe stormwater 
drainage system via a site drainage system consisting of surface channels and pipes.   

 
The site drainage system shall be designed strictly in accordance with the 
following eThekwini Municipality policy documents: 
  

 Design Manual: Guidelines and Policy for the Design of Stormwater 
Drainage and Stormwater Management Systems; and 

 Guidelines for Building Plans Approval in Respect of Trade Effluent 
Control and Water Pollution Prevention in Order to Comply with the 
Durban Metro Sewage Disposal Bylaws of February 1999 

Details of the design and as-built coordinates of the site connection points will be 
provided by Tongaat Hulett Developments as soon as practicable. The information is 
provided in good faith. However, it is incumbent upon all owners/developers to prove 
said connection points prior to commencing construction of the internal stormwater 
reticulation. 
 
A table of permissible maximum outflows from sites into the Ridgeside pipe 
stormwater drainage system is shown below. 
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Table of Permissible Maximum Outflows (Precinct 1) 
CADASTRAL 
DESCRIPTION 

Q10 Q50 

m3/s l/s m3/s l/s 

3144 0.322 321.7 0.502 502.3 
3145/1 0.048 47.7 0.074 74.4 
3145/2 0.040 40.3 0.063 62.9 
3146 0.088 88.0 0.137 137.5 
3148 0.220 220.1 0.344 343.6 
3149 0.121 120.8 0.189 188.7 
3150/1 0.048 48.5 0.076 75.7 
3150/2 0.056 55.8 0.087 87.2 
3151/1 0.078 78.4 0.122 122.4 
3151/2 0.089 89.0 0.139 139.0 
3152/1 0.172 171.7 0.268 268.2 
3153 0.104 104.4 0.163 163.0 
3154/1 0.058 57.6 0.090 89.9 
3154/2 0.073 72.6 0.113 113.4 
3176/1 0.293 293.3 0.458 458.0 
3176/2 0.362 362.2 0.566 565.6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Stormwater Management Plan  
Ridgeside Development Manual 

 

GOBA (Pty) Ltd│Ridgeside Stormwater Management Plan 8 
 

 
  

 

Table of Permissible Maximum Outflows (Precinct 3) 
CADASTRAL 
DESCRIPTION 

Q10 Q50 

m3/s l/s m3/s l/s 

3138/1 0.056 56.3 0.088 87.9 
3138/2 0.084 83.8 0.131 130.8 
3138/3 0.093 92.9 0.145 145.0 
3139/1 0.030 29.7 0.046 46.4 
3139/2 0.020 20.1 0.031 31.4 
3139/3 0.019 18.9 0.029 29.4 
3139/4 0.015 15.5 0.024 24.2 
3139/5 0.015 15.4 0.024 24.1 
3139/6 0.016 15.7 0.025 24.5 
3139/7 0.015 15.1 0.024 23.5 
3139/8 0.015 14.7 0.023 22.9 
3139/9 0.020 20.0 0.031 31.2 
3140/3 0.044 44.4 0.069 69.3 
3140/4 0.021 21.2 0.033 33.1 
3140/5 0.022 21.6 0.034 33.8 
3140/6 0.061 61.5 0.096 96.0 
3140/7 0.054 53.9 0.084 84.1 
3140/8 0.038 38.1 0.059 59.5 
3140/9 0.031 30.7 0.048 47.9 
3140/10 0.015 15.5 0.024 24.1 
3140/11 0.018 18.4 0.029 28.7 
3140/12 0.018 18.2 0.028 28.4 
3140/13 0.020 20.4 0.032 31.8 
3140/14 0.045 44.8 0.070 69.9 
3141/1 0.173 172.9 0.270 269.9 
3141/2 0.059 58.8 0.092 91.9 
3141/3 0.040 39.9 0.062 62.3 
3141/4 0.034 33.9 0.053 53.0 
3141/5 0.039 38.6 0.060 60.3 
3141/6 0.036 36.0 0.056 56.2 
3142/1 0.066 66.1 0.103 103.2 
3142/2 0.057 56.7 0.089 88.5 
3142/3 0.057 57.1 0.089 89.2 
3142/4 0.068 67.6 0.105 105.5 
3142/5 0.056 56.0 0.087 87.4 
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Attenuation Tank / Pond 
 

The site pipe drainage system shall be connected to the Ridgeside pipe stormwater 
drainage system via an attenuation tank or pond, to be sited within the confines of 
each site. The following guidelines are applicable to the design of attenuation tanks: 
 

 The attenuation structure is to be designed with a multistage outlet, so as to 
attenuate both the 1:10 and 1:50 year recurrence interval storms down to 
predevelopment levels; 

 The attenuation structure is to be so designed as to perform the function of a 
silt trap; 

 All runoff from the site, up to the 1:50 year recurrence interval storm, is to be 
routed through the attenuation structure; 

 Runoff in excess of the 1:50 year recurrence interval storm is not permitted to 
enter the Ridgeside pipe stormwater drainage system.  A suitable bypass 
system is required to safely convey the excess runoff to the roadways. 

 Responsibility for the design and construction of the attenuation structure 
shall vest with the owner/developer.  Responsibility for the maintenance of 
the attenuation structure shall also vest with the owner/body corporate. 

 
Roof Drainage 

 
All runoff from roofs and balconies shall be conveyed to the site pipe drainage 
system via gutters, rainwater heads and rainwater downpipes. 

 
Driveways, Parking Areas, Courtyards and Surface Hardened Areas 

 
All runoff from driveways, parking areas, courtyards and surface hardened shall be 
collected in gullies and conveyed to the site pipe drainage system.  Runoff from 
these areas shall not be permitted to discharge directly to the roadways. 

 
Swimming Pools 

 
Back-wash from swimming pools shall be discharged into the foul sewer system. 
 

Subsurface Disposal 
 

A geotechnical investigation was undertaken by specialist geotechnical engineers 
Thekwini Geocivils cc in April 2005. The concomitant geotechnical report included geo-
hydrological investigations of micro-scale onsite stormwater disposal by way of 
infiltration methods (refer Annexure B). 
 
Disposal of runoff from roofs and surface hardened areas, by means of infiltration 
measures, shall not be permitted within Precincts 1 and 3.  

 
 
5.2 Stormwater Erosion Control 
 

Attenuation Tank / Pond 
 

Attenuation structures are to be constructed before any other construction, including 
site clearance, commences.  Temporary berms, lateral cutoff trenches, etc are to be 
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constructed to divert all runoff from the site to the attenuation structure.  The site pipe 
drainage system should be constructed and commissioned as soon as practicable.   

 
Site Clearance 

 
Site clearance must be carried out with due care and attention to the effect, whether 
short-term or long-term, that this removal will have on erosion potential. 

 
Filter Barriers 
 
Precautionary filter barriers such as silt fencing, straw bale barriers shall be installed 
on the site at all times to contain soil erosion and prevent any eroded material from 
escaping the site. 
 
Forming of Embankments 
 
Where embankments have to be formed, stabilisation and erosion control measures 
shall be implemented as soon as practicable. 
 
Trench Excavation 
 
Trenching for services shall be programmed to commence immediately preceding 
installation of the services and said trenches shall be backfilled and compacted, to a 
density at least equivalent to the density of the adjacent in-situ soils, immediately 
thereafter.  Where it is unavoidable that trenches remain open and unattended, 
temporary check dams shall be constructed in the invert of the trench.  
 
Re-establishment of Vegetation 
 
Landscaping and re-vegetation of areas not occupied by buildings or paving shall be 
programmed to commence immediately building works have been completed, or 
have reached a stage where newly established ground cover is not at risk from the 
construction works. 
 
 

5.3 Stormwater Pollution Control 
 
Foreign Substances 
 
All owners/developers shall ensure that no foreign solid or liquid substances that 
could have a detrimental effect on the downstream receiving waters ecosystem enter 
the stormwater drainage system. 
 
Hazardous Materials 
 
The owner/body corporate of any site that is required to store any substance/s that 
could be regarded as hazardous to the environment shall notify Tongaat Hulett 
Developments (THD) or RMA (once constituted) and shall take all precautionary 
measures necessary to ensure that any spillage of the substance/s can be 
adequately contained to prevent contamination of water resources. 
 
Wash Water 
 
Wash water from activities such as car washing shall be discharged into the foul 
sewer system. 
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6. IMPLEMENTATION AND MONITORING PROCEDURES 

 
The following procedures are to be followed by owners/developers and their 
appointed agents and contractors. These procedures are a precursor to the 
procedures to be followed in gaining planning permissions from the eThekwini 
Municipality.  These procedures should not in any way be construed as holding 
precedence over the eThekwini Municipality guidelines and policy. 

 
Application for permission to build 

 
A copy of the latest Stormwater Management Plan shall be obtained from THD or 
RMA (once constituted). 

 
Site survey and investigations 
 
Anyone involved in site survey and investigation work shall be familiar with the 
contents of this document. 

 
Design Stage 

 
The professional team shall take into account the requirements of this document in 
their designs. 

 
Stormwater control plans are to be prepared, describing the temporary control 
measures that are to be implemented before and during the construction period and 
the permanent stormwater control measures.  Plans are to indicate who is 
responsible for the design of these control measures and who shall be designated as 
the responsible person on site during each stage of the implementation of these 
control measures. 

 
These stormwater control plans are to be approved in writing by THD or RMA 
(once constituted) prior to submission to the eThekwini Municipality. 

 
Construction Stage 

 
No work may commence without the prior written approval of THD or RMA (once 
constituted).  Such approval will be withheld in the event that the stormwater control 
plans have not met with THD or RMA (once constituted) approval. 

 
As construction progresses, the erosion control measures shall be monitored and 
adjusted to ensure effective erosion control at all times. 

 
THD or RMA (once constituted)  shall have the right to inspect any temporary 
stormwater drainage control facility at any time during construction and issue written 
instructions for any modification or maintenance deemed necessary, which 
instruction must be carried out within a period of 5 working days. 

 
Completion 
 
All permanent stormwater drainage control facilities must be regularly maintained by 
the owner/body corporate.   THD or RMA (once constituted)  shall have the right to 
inspect such facilities at any time and issue written instructions for any repair, 
maintenance or improvement deemed necessary, which instruction must be carried 
out within a period of 28 calendar days. 
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THD or RMA (once constituted) shall have the right to review the effectiveness of the 
stormwater management guidelines and policy and amend such guidelines and 
policy when necessary to meet the objectives of the Stormwater Management Plan. 
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7. RESPONSIBILITY FOR COMPLIANCE 
 

In the event of a failure to adequately implement the approved stormwater control 
plan, the owner/developer shall be responsible for making good all consequential 
damage at his own cost. Owners/developers are therefore advised to ensure that all 
members of their professional teams and their contractors are competent to 
undertake the development work and carry the necessary insurances. 
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8. COMPILATION OF STORMWATER MANAGEMENT PLAN REPORT 

 
Responsibility for preparation of a site specific stormwater management plan report 
shall vest with the owner/developer.  The stormwater management plan report shall 
be submitted to THD for approval. Upon receipt of written approval from THD, the 
owner/developer shall submit the stormwater management plan report to eThekwini 
Municipality for approval. The stormwater management plan report shall take the 
following form: 

 
 Description of the Site 

 Description of Stormwater Management System 

 Stormwater Modeling 

o Hydrology 

• Area of Catchment ‘A’ 

• Time of Concentration ‘Tc’ 

• Run-off Coefficient ‘C’ 

• Rainfall Intensity ‘I’ 

• Discharge ‘Q’ 

o Hydraulics 

• Synthetic Design Storm 

• Attenuation Tank / Pond Routing 

 Summary 

 Annexures 

o Annexure A – Calculation of Post Development Runoff Coefficient 

o Annexure B – Flood Hydrology 

• 1:10 Year Storm Recurrence Interval 

• 1:50 Year Storm Recurrence Interval 

o  Annexure C – Attenuation Tank / Pond Flood Routing 

 1:10 Year Storm Recurrence Interval 

 1:50 Year Storm Recurrence Interval 

 Figures 

o Figure 1: Locality Plan 

o Figure 2: Post Development Scenario 

o Figure 3: Details of Proposed Attenuation Tank / Pond 

 
Where infiltration techniques are employed, the format of the stormwater management plan shall be 
amended accordingly.
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8.1 Description of the Site 

 
Provide details of street address (if available) and cadastral description. 
 
 

8.2 Description of Stormwater Management System 
 
Provide a detailed description of the entire site drainage system. 
 
 

8.3 Stormwater Modeling 
 
8.3.1 Hydrology 

 
Area of Catchment  

 
Tabulate the total catchment area under the following post-development land uses: 
 

DESCRIPTION AREA (m2) PERCENTAGE 

Buildings insert calculate 

Roadways and open parking insert calculate 

Landscaping insert calculate 

Total calculate 100% 

 
Time of Concentration `Tc` 
 
The assumed times of concentration for the pre-development and post development 
scenarios are tabulated below. 

 

DESCRIPTION Tc (min) 

Pre-development 20 

Post-development (special residential) 15 

Post-development (other) 10 

 
Run-off Coefficient ‘C’ 
 
Calculate the post development run-off coefficient, using the prescribed DWA method, and 
tabulate the results.  
 

DESCRIPTION C 

Pre-development insert from Annexure A of this 
document 

Post-development insert 

 
Detailed calculations are to be provided in Annexure A. 
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Rainfall Intensity ‘I’ 
 
The approximate site latitude and longitude coordinates are as follows: 
 

Latitude: 29o 44’ South 

Longitude: 31o 04’ East 
 
The table below contains the design rainfall depths obtained from the ACRUcons Report 
entitled The Estimation of Design Rainfall for Durban Unicity (Nov 2002). The 20 minute data 
has been calculated by linear interpolation. 
 

DESIGN RAINFALL DEPTHS (mm) 

RI 5 
min 

10 
min 

15 
min 

20 
min 

30 
min 

45 
min 

60 
min 

90 
min 

120 
min 

240 
min 

2 8.9 13.9 18.0 20.1 24.4 29.1 33.1 39.5 44.8 55.5 

5 13.4 20.8 26.9 30.1 36.5 43.7 49.6 59.2 67.2 83.2 

10 16.9 26.2 33.9 37.9 46.0 55.0 62.4 74.6 84.7 104.8 

20 20.7 32.1 41.6 46.5 56.4 67.4 76.5 91.4 103.7 128.3 

50 26.3 41.0 53.0 59.3 71.9 85.9 97.5 116.6 132.3 163.6 

100 31.3 48.6 62.9 70.4 85.3 101.9 115.7 138.3 156.9 194.1 

200 36.8 57.2 74.0 82.8 100.4 119.9 136.1 162.7 184.6 228.4 
 
The rainfall intensities for the pre-development and post development scenarios are 
tabulated below. 
 

PREDEVELOPMENT (Tc = 20min) 

Storm Recurrence Interval Rainfall Depth (mm) Intensity (mm/hr) 

10 year 37.9 113.7 (use 114) 

50 year 59.3 177.9 (use 178) 

 

POST DEVELOPMENT (Tc = 10min) 

Storm Recurrence Interval Rainfall Depth (mm) Intensity (mm/hr) 

10 year 26.2 157.2 

50 year 41.0 246.0 

POST DEVELOPMENT (Tc = 15min) 

Storm Recurrence Interval Rainfall Depth (mm) Intensity (mm/hr) 

10 year 33.9 135.6 

50 year 53.0 212.0 
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Discharge ‘Q’ 
 
Calculate the predevelopment and post development peak discharges using the Rational 
method and tabulate the results. 

 
Storm Recurrence Interval Predevelopment Post development 

10 year insert from Annexure A of 
this document insert 

50 year insert from Annexure A of 
this document insert 

 
8.3.2 Hydraulics 

 
Synthetic Design Storm 
 
Utilise the triangular unit hydrograph approximation to create synthetic design storms for 
routing through the proposed attenuation structure. The peak discharge is assumed to 
occur at Tc and the recession limb is assumed to return to zero at 2Tc.  
 

 
 
Detailed calculations are to be provided in Annexure B. 
 
Attenuation Tank / Pond Routing 

 
The area of the post development hydrograph above the predevelopment hydrograph 
yields an approximation of the required attenuation storage volume. Route the 1:10 and 
1:50 year recurrence interval post development storms through the attenuation structure, 
using the Storage-Indication Working Curve or Modified Puls method, to calculate the 
actual attenuation storage volume required and tabulate the results. 

 
Storm Recurrence 
Interval Inflow Outflow

(Permissible) 
Outflow    
(Actual) 

10 year insert refer pages 7 & 8 of 
this document insert 

50 year insert refer pages 7 & 8 of 
this document insert 

Pre vs Post Development Discharge - 1:10 year RI
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Detailed calculations are to be provided in Annexure C. 

Attenuation Pond Routing - Inflow & Outflow
1 in 10 year Rain Event
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9. DISCLAIMER 
 

The guidelines and policy contemplated in this document are intended to achieve 
the objectives outlined in Section 2, through the minimization of risk outlined in 
Section 3, in the interests of all owners/developers within Ridgeside.  Whilst 
approvals of stormwater control plans are required from THD or RMA (once 
constituted) this in no way limits the responsibility of owners/developers in 
effecting proper stormwater control measures and carrying the necessary 
property insurances.  Common Law shall prevail in respect of inundation by flood 
water and/or structural damage to properties. 
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ANNEXURE A 
SUMMARY OF DWA RATIONAL METHOD HYDROLOGY (PRE-DEVELOPMENT) 

 



ERF AREA        
(m2)

AREA        
(ha) C Flow Length  

(m) Slope (%) Slope        
(m/m) Tc I 10 Q 10 I 50 Q 50

3144 29027 2.903 0.35 124 9.3 0.093 20 114 0.322 178 0.502
3145/1 4180 0.418 0.36 81 3.4 0.034 20 114 0.048 178 0.074
3145/2 3533 0.353 0.36 81 9.0 0.090 20 114 0.040 178 0.063

3146 7722 0.772 0.36 100 6.5 0.065 20 114 0.088 178 0.137
3148 15795 1.580 0.44 169 14.4 0.144 20 114 0.220 178 0.344
3149 8480 0.848 0.45 107 14.9 0.149 20 114 0.121 178 0.189

3150/1 3403 0.340 0.45 59 14.7 0.147 20 114 0.048 178 0.076
3150/2 4899 0.490 0.36 87 5.3 0.053 20 114 0.056 178 0.087
3151/1 6879 0.688 0.36 124 5.2 0.052 20 114 0.078 178 0.122
3151/2 8032 0.803 0.35 101 6.2 0.062 20 114 0.089 178 0.139
3152/1 12326 1.233 0.44 107 11.8 0.118 20 114 0.172 178 0.268

3153 7328 0.733 0.45 89 16.0 0.160 20 114 0.104 178 0.163
3154/1 5050 0.505 0.36 61 5.4 0.054 20 114 0.058 178 0.090
3154/2 6370 0.637 0.36 63 7.3 0.073 20 114 0.073 178 0.113
3176/1 20584 2.058 0.45 153 13.0 0.130 20 114 0.293 178 0.458
3176/2 25419 2.542 0.45 112 11.9 0.119 20 114 0.362 178 0.566

SUMMARY OF DWA RATIONAL METHOD HYDROLOGY (PREDEVELOPMENT) - PRECINCT 1



ERF AREA        
(m2)

AREA        
(ha) C Flow Length  

(m) Slope (%) Slope        
(m/m) Tc I 10 Q 10 I 50 Q 50

3138/1 5229 0.523 0.34 95 7.8 0.078 20 114 0.056 178 0.088
3138/2 7782 0.778 0.34 118 7.1 0.071 20 114 0.084 178 0.131
3138/3 8378 0.838 0.35 116 9.6 0.096 20 114 0.093 178 0.145
3139/1 2132 0.213 0.44 88 10.1 0.101 20 114 0.030 178 0.046
3139/2 1442 0.144 0.44 67 11.6 0.116 20 114 0.020 178 0.031
3139/3 1353 0.135 0.44 57 10.7 0.107 20 114 0.019 178 0.029
3139/4 1397 0.140 0.35 56 7.8 0.078 20 114 0.015 178 0.024
3139/5 1393 0.139 0.35 52 7.1 0.071 20 114 0.015 178 0.024
3139/6 1416 0.142 0.35 53 7.8 0.078 20 114 0.016 178 0.025
3139/7 1358 0.136 0.35 51 8.0 0.080 20 114 0.015 178 0.024
3139/8 1324 0.132 0.35 51 8.7 0.087 20 114 0.015 178 0.023
3139/9 1435 0.144 0.44 52 10.6 0.106 20 114 0.020 178 0.031
3140/3 4004 0.400 0.35 67 6.6 0.066 20 114 0.044 178 0.069
3140/4 1520 0.152 0.44 51 12.2 0.122 20 114 0.021 178 0.033
3140/5 1553 0.155 0.44 46 11.1 0.111 20 114 0.022 178 0.034
3140/6 5547 0.555 0.35 120 4.9 0.049 20 114 0.061 178 0.096
3140/7 5864 0.586 0.29 113 2.4 0.024 20 114 0.054 178 0.084
3140/8 3438 0.344 0.35 73 4.5 0.045 20 114 0.038 178 0.059
3140/9 2768 0.277 0.35 46 6.9 0.069 20 114 0.031 178 0.048

3140/10 1394 0.139 0.35 50 6.9 0.069 20 114 0.015 178 0.024
3140/11 1661 0.166 0.35 53 7.4 0.074 20 114 0.018 178 0.029
3140/12 1641 0.164 0.35 58 8.7 0.087 20 114 0.018 178 0.028
3140/13 1838 0.184 0.35 62 8.7 0.087 20 114 0.020 178 0.032
3140/14 4039 0.404 0.35 93 3.3 0.033 20 114 0.045 178 0.070
3141/1 10110 1.011 0.54 115 32.0 0.320 20 114 0.173 178 0.270
3141/2 4223 0.422 0.44 82 21.4 0.214 20 114 0.059 178 0.092
3141/3 2334 0.233 0.54 60 36.7 0.367 20 114 0.040 178 0.062
3141/4 2434 0.243 0.44 70 21.0 0.210 20 114 0.034 178 0.053
3141/5 2772 0.277 0.44 74 16.1 0.161 20 114 0.039 178 0.060
3141/6 2584 0.258 0.44 66 11.5 0.115 20 114 0.036 178 0.056
3142/1 5966 0.597 0.35 107 9.9 0.099 20 114 0.066 178 0.103
3142/2 4069 0.407 0.44 72 10.9 0.109 20 114 0.057 178 0.089
3142/3 4098 0.410 0.44 87 13.0 0.130 20 114 0.057 178 0.089
3142/4 4849 0.485 0.44 94 12.0 0.120 20 114 0.068 178 0.105
3142/5 4016 0.402 0.44 102 11.8 0.118 20 114 0.056 178 0.087

SUMMARY OF DWA RATIONAL METHOD HYDROLOGY (PREDEVELOPMENT) - PRECINCT 3
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ANNEXURE B 
EXTRACT FROM GEOTECHNICAL INVESTIGATION 
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on the Geotechnical Investigation for the Umhlanga Triangle

3.0 SITE DESCRIPTION

Figure 3 shows the site layout and topography which comprises a seaward sloping hillside with

a general concave slope conformation.  The upper inland portion slopes moderately (± 1: 6) with

the lower portion gently sloping to almost flat (1:10 to 1:20).  Exception to the above general

topography is along the valley flanks of the main central valley draining the site where slope

gradients average 1:3 to 1:5, but steepen to 1:2 in places.  The road embankment of the M41 and

Umhlanga Rocks Drive is very steep and varies between 1:2 and 1:1,5.

The site is bordered to the north west by Umhlanga Rocks Drive (M12), west by the M41, south

east by the M4 and north east by upmarket residential dwellings.

The area is covered by sugar cane plantation with tree clusters generally following access roads

and around the perimeter.  Levelled areas (cut to fill) have been created for a few cane collection

stations.  A relatively wider strip of dense coastal bush is found adjacent to the M4.  An existing

sewer line runs below the proposed spine road as shown in Figure 3.

The main central valley draining the site from Umhlanga Rocks Drive down to the M4 varies from

relatively steeply incised in the north west becoming a minor depression approaching the M4.

No permanent surface or subsurface water was encountered during inspection pitting.  Seasonal

surface flow and subsurface seepage is hence only likely during periods of rainfall.  Geo-step

erosion protection structures have been placed across the valley at ± 30m intervals up the valley

line.   This has resulted in a stepped valley base due to silting up against the geo-step structures.

A gabion structure has been placed in the northern area of the site at the approximate position

shown in Figure 3, to control the stormwater runoff from Umhlanga Rocks Drive.  A donga has

formed at the end of this structure where concentrated flows occur directly onto the soil.

There are further minor valley depressions throughout the site which also generally dissipate

downslope into flat planar ground.  Although no permanent seepage zones are anticipated in

these valley depressions, seasonal seepage is likely during rainfall periods and generally in the

form of perched water tables with seepage flowing in the upper sandy soils overlying less

permeable clayey sands.

Dongas are evident on site, highlighting the erosive nature of the soils.

4.0 SITE GEOLOGY

The 1:250 000 geological map Durban 2930 shows the regional geology of the Umhlanga Rocks

Ridge to comprise Berea Red Formation sands and clayey sands.
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Inspection pitting revealed the site geology to vary according to the topography.  In essence, the

site is divisible into four geological zones of similar geology and hence geotechnical conditions,

as shown in Figure 3 and described below:

Geological Zone 1 - Upper slope - moderately steep slopes

0 - 0,5 to 2,0m - Brown/reddish brown/yellow, slightly moist/moist, loose, medium

to fine SAND, Hillwash/Recent Dune Sand.

0,5 - 2,0 to > 3,0m - Red, slightly moist/moist, firm/stiff/very stiff, CLAYEY SAND

(occasionally ferricrete gravels), Berea Red Formation.

Geological Zone 2 - Mid slope - gently sloping

> 3,0m - Red/reddish brown/brown, slightly moist/moist/very moist,

loose/medium dense, VARIES BETWEEN MEDIUM TO FINE

SAND AND SLIGHTLY CLAYEY SAND, Hillwash/Berea Red

Formation.

Geological Zone 3 - Lower slopes and valley lines - very gently sloping

> 3,0m - Yellow/orange/red, slightly moist/moist, loose/very loose, medium

fine SAND , Recent Dune Sand/Hillwash/Colluvium.

Geological Zone 4 - Steep slopes along central valley flanks

0 to 0,5 - 1,0m - Brown/reddish brown, slightly moist/moist, loose, medium to fine

SAND, Hillwash.

0,5 - 1,0 to 3,5 - 5,0m - Red, slightly moist/moist, firm/stiff/very stiff, CLAYEY SAND

BECOMING SLIGHTLY LESS CLAYEY WITH DEPTH,

Berea Red Formation.

> 3,5 - 5,0m - Yellow, moist, loose, medium to fine SAND, Berea Red

Formation.

Erosion has predominated on the upper slopes with shallow sandy hillwash cover overlying the

clayey sand Berea Red Formation.  Deposition has occurred on the mid slopes resulting in thicker

sandy and slightly clayey sand (originally derived from clayey sand Berea Red Formation)

hillwash profiles to in excess of 3,0m depth.  The lower slopes comprise very thick sandy Recent

Dune Sand/Hillwash/Colluvium also as a result of deposition.

The above is a general overview of subsoil conditions.  For a more detailed description of the

subsoils in each area reference must be made to the appended inspection pit profiles.
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5.0 RESULTS OF DYNAMIC CONE PENETROMETER TESTING

Appendix 2 shows the results of the DCP testing performed at positions shown in Figure 3.

Empirical conversion of DCP test results to CBR values occasionally  reveals very loose horizons

with low in-situ CBR values (< 3%) in the upper 1,5m of this profile).  Below 1,5m depth CBR

values exceed 3%.

6.0 GEOHYDROLOGICAL INVESTIGATION

The aim of the geohydrological investigation was to determine:

• The potential for on-site stormwater disposal via infiltration methods, i.e. soakpits.

• Percolation rates of subsoils in areas proposed for the upper pond (retention) and lower

pond (part retention/part detention - infiltration), i.e. the natural water-tightness of these

areas.

As mentioned, the site geology (and hence hydrogeology) varies across the site according to the

topography and generally comprises:

• An upper steep and moderately steep slope area (Geological Zones 1 and 4 in Figure 3)

with thin (0,5 - 2,0m) permeable sands overlying less permeable clayey sands.

• A gently sloping mid slope area (Geological Zone 2 in Figure 3) with permeable sands and

moderately permeable slightly clayey sands in the upper 3,0m of profile.  Clayey sands are

likely at depth.

• A very gently sloping lower site area including valley lines (Geological Zone 3 in Figure 3)

with very permeable sands in the upper 3,0m of profile.  Clayey sands are likely at

considerable depth.

Seasonal perched water tables (i.e. during high rainfall) are commonly associated with the sandy

Hillwash/Dune soils/Colluvium just above the less permeable clayey sand Berea Red Formation.

On the upper slopes (Geological Zones 1 and 4) this seasonal perched water table can be

expected at shallow depth (< 2,0m) whilst on the lower slopes (Geological Zones 2 and 3) it is

only expected at depth (> 3,0m).  In view of the general seaward slope, all groundwater is

expected to have a seaward flow direction.

No permanent seepage zones indicating shallow water tables were encountered during the site

investigation to ± 3,5m excavation depth.
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6.1 On-Site stormwater disposal via infiltration methods, i.e. soakpits

Percolation pits were performed throughout the site to determine the soils suitability for

stormwater disposal via soakpits.  Percolation tests were performed in accordance with

SABS 0400-1987 at positions shown in Figure 3.  Table 1 below summarises the results of the

percolation testing relative to the Geological Zone in which the percolation test was performed:

Table 1 - Results of Percolation testing

Geological Zone Geological Formation
Percolation

Test number

Percolation

Rate

Geological Zone 1

and 4 

Sands - Hillwash / Recent Dune soils

upper 0,5 - 2,0m of profile

PT33

PT35

156mm/hr

348mm/hr

Clayey Sands - Berea Red Formation

>0,5 - 2,0m depth

PT 23

PT 10

72mm/hr

108 mm/hr

Geological Zone 2 Sands and slightly clayey sand -

Hillwash / Berea Red Formation

PT 1

PT 25

PT 2

PT 8

PT 38

204mm/hr

204mm/hr

2250mm/hr

1800mm/hr

180mm/hr

Geological Zone 3 Sands - Hillwash / Colluvium / Recent

Dune Sands

PT 16

PT 36

PT 27

PT 19

3000mm/hr

3600mm/hr

1500mm/hr

2000mm/hr

Soakpits are generally designed as underground percolation trenches of the order of 1m deep and

1m wide with the length being dependant on the anticipated stormwater runoff flow to be

disposed of arising from a storm of 1:50 year return period.  A common rule of thumb is to allow

1m³ of percolation trench for every 40m² of paved or roofed area.  Table 1 above provides an

indication of infiltration rates (mm/hr) in each of the Geological Zones 1-4 shown in Figure 3.

Table 1 shows the percolation rates increase substantially progressing downslope from Geological

Zone 1 down to Geological Zone 2 and Geological Zone 3 as a result of the thicker sandy material

on lower slopes.  The lower bound percolation rates of 72mm/hr in Geological Zones 1 and  4,

180mm/hr in Geological Zone 2, and 1500mm/hr in Geological Zone 3 are deemed indicative

of the minimum percolation rates to be expected in each Geological Zone.

6.2 Percolation rates of subsoils in pond areas and the south-eastern area immediately

above the forest

Figure 3 shows the position of the two ponds.  The upper pond is proposed to remain a wet pond

(i.e. permanent water) for aesthetics.  Stormwater overflow from the upper pond and stormwater

from the mid and lower site area will be conveyed to the lower pond which will be part

retention/part detention - infiltration.
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Testpitting in these areas revealed deep sandy profiles to in excess of 3,0m depth with DCP

probing indicating that the sandy profiles are likely to extend to considerable depth (> 6,0m).

Percolation test 16 and percolation test 19 performed in the vicinity of the upper retention and

lower infiltration ponds respectively also reveal very permeable soils with percolation rates in

excess of 2000mm/hr (refer Table 1).  There is no sign of seepage or water ponding in these areas

and hence no near surface perched water table is anticipated.

This indicates the ability of surface water to drain easily through the subsoils in each of the

proposed pond areas. 

The south-eastern area immediately above the forest line is also proposed as a detention area

with a grassed berm catchment promoting infiltration.  Percolation test 38 performed in this area

revealed a moderate percolation rate of 180mm/hr.

7.0 RESULTS OF LABORATORY SOIL TESTING

The following lists the laboratory soil testing performed on samples obtained during the site

investigation:

• Foundation Indicator, Mod AASHTO, CBR samples on representative material types in

each Geological Zone to determine its suitability for reuse as fill in cut to fill platforms or

road layerworks.

• Compactibility Factor testing on sandy material anticipated to be suitable for pipeline

bedding.

• Shearbox testing on undisturbed samples from areas where slope cutting is anticipated, in

order to provide in-situ soil shear strength parameters for cut slope stability analysis.

• Shearbox testing on re-compacted samples from areas which are likely to be cut and used

in fill slopes in order to provide re-compacted soil shear strength parameters for fill slope

stability analysis.

• Permeability testing on re-compacted samples from areas which are likely to be cut and

used for pond embankments.
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0 TO 0.5 - 1.0m - BROWN / REDDISH BROWN, SLIGHTLY MOIST / MOIST, LOOSE, MEDIUM
                            TO FINE SAND, HILLWASH.
0.5 - 1.0m TO 3.5 - 5.0m - RED, SLIGHTLY MOIST / MOIST, FIRM / STIFF / VERY STIFF, CLAYEY
                                           SAND BECOMMING LESS CLAYEY WITH DEPTH, BEREA RED FORMATION.
>3.5 - 5.0m - YELLOW,  MOIST,  LOOSE, MEDIUM TO FINE SAND, BEREA RED FORMATION.

>3.0m - YELLOW / ORANGE / RED, SLIGHTLY MOIST / MOIST, LOOSE / VERY LOOSE,
             MEDIUM TO FINE SAND, RECENT DUNE SAND / HILLWASH / COLLUVIUM.GEOLOGICAL ZONE 3

>3.0m - RED / REDDISH BROWN / BROWN, SLIGHTLY MOIST / MOIST/ VERY MOIST,
             LOOSE / MEDIUM DENSE, VARIES BETWEEN MEDIUM TO FINE SAND AND SLIGHTLY
             CLAYEY SAND, HILLWASH / BEREA RED FORMATION.

GEOLOGICAL ZONE 2

GEOLOGICAL ZONE 1

FILL - LIKELY TO VARY BETWEEN SANDS AND CLAYEY SANDS.

APROXIMATE POSITION OF DYNAMIC CONE
PENETROMETER TEST. 

APPROXIMATE POSITION OF INSPECTION PIT OR HAND AUGER.

APPROXIMATE POSITION OF PERCOLATION TEST.
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INFERRED GEOLOGICAL ZONES

0 TO 0.5 - 2.0m - BROWN / REDDISH BROWN / YELLOW, SLIGHTLY MOIST / MOIST,
                            LOOSE, MEDIUM TO FINE SAND, HILLWASH / RECENT DUNE SAND.
0.5 - 2.0m TO >3.0m - RED, SLIGHTLY MOIST / MOIST, FIRM / STIFF / VERY STIFF, CLAYEY
                                   SAND, BEREA RED FORMATION. 
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ANNEXURE C 
GREEN STAR SA BUILDING RATING SYSTEM 

 



Dean Walker 

From: Mark Weedon
Sent: 31 July 2008 08:44 AM
To: Dean Walker
Subject: FW: Official launch of Green Star SA - Office PILOT.

Page 1 of 2

12/15/2008

Dear All              

OFFICIAL LAUNCH OF GREEN STAR SA ~ OFFICE PILOT 

We are delighted to tell you that, after an indepth tool development process, the Green Building
Council of South Africa (GBCSA) has today released the first tool in the Green Star SA green
building rating system toolset:   
   
                                 Green Star SA  - Office PILOT   
  

                            
 
Green Star SA is a voluntary green building rating system under which developers may apply to
have their projects rated and certified by the GBCSA. The tool assesses the environmental
performance of buildings on a range of issues including energy, water, materials and
emmissions, and provides an objective assessment of how "green" a building is. It can be used
at the design phase ("Design" rating), or on building completion as well as post-construction
phase (As Built" rating). 
  
A Technical Working Group consisting of the GBCSA, GBC of Australia, an international
sustainability consultant, Arup Africa as well as 25 volunteer local experts worked on revising
the tool for South Africa. Each category and credit with the tool was scrutinised and adapted for
local conditions. Once finalised, the Green Star SA Office tool will allow for certification of office
buildings, based on the following levels of achievement: 
  

•         4 Star Green Star SA Certification - “Best Practice”  
•         5 Star Green Star SA Certification - “South African Excellence”  
•         6 Star Green Star SA Certification - “World Leadership” 

  
The  pilot  tool is now available for download on the GBCSA website at
http://www.gbcsa.org.za/greenstar/ratingtools.php, together with other helpful documents,
including Fact Sheets, Changes from the Australian Green Star system and guides for the use of
the various calculators within the tool.  
  
The PILOT phase will run until 1 September 2008, and the final version of the tool will respond
to the feedback received. The industry is urged to test the tool and submit comments through
the online form available at http://www.gbcsa.org.za/greenstar/officepilot.php. 
  
We look forward to your valuable inputs.  
  
The tool will be finalised and formally launched at the the GBCSA Convention from 2-
4 November, after which the GBCSA will begin accepting project registrations and submissions
for certification under Green Star SA.  
  
The first Green Star SA Accredited Professional training courses will take place the following day
on 5 November 2008 – this course trains property professionals in the use of the rating tool.



More information is available on this course at  
www.gbcsa-convention.org.za.  
  
                                                    
  
GBCSA MEMBERSHIP 
  
Support the GBCSA  by joining as a member - register online at www.gbcsa.org.za.   
  
  
  
GREEN BUILDING COUNCIL OF SOUTH AFRICA CONVENTION AND EXHIBITION 2008 
  
This promises to be one of the most exciting property events of the year. We have a line up of some 
of the worlds top practitioners and speakers in the green building field, with over 8 international 
speakers as well as local. There will also be an exhibition showcasing green building products and 
technology. You cant afford to miss this! 
  
PLEASE NOTE: Tomorrow is the last date to register at the early bird discounted rates!!! 
  
A further discount of 20% off of the early bird fees is available to all GBCSA members, simply fill 
in the online registration forms & provide your membership number in the field provided. Register 
now at  www.gbcsa-convention.org.za . 
   
  
Kind Regards 

THE GREEN BUILDING COUNCIL OF SOUTH AFRICA 
Tel: +27 21 659  5990 

Fax: +27 21 689 3737 

Spire House, Tannery Park,  

23 Belmont Road, Rondebosch 7700. 

P O Box 155, Rondebosch 7701,  

Cape Town.  
info@gbcsa.org.za  

www.gbcsa.org.za 

Page 2 of 2

12/15/2008
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ANNEXURE D 
LOW IMPACT DEVELOPMENT (LID) STRATEGIES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



What if you could ...
...preserve environmental quality...reduce infrastructure construction and maintenance costs

......enhance community awareness......and lower development costs?

Environmental
• Reduced wetland impacts & 

associated impact fees

• Multiple regulatory credits 
for environmental protection

• Reduced downstream erosion

• Improved groundwater recharge

• Reduced uplands habitat impacts

Costs
• Development cost savings as much as $5,000 per lot

• Reduced site infrastructure and associated costs

• Reduced infrastructure maintenance costs

• Potential gains in lot yields

Other
• Improved site aesthetics

• Enhanced public awareness

• Applicability to retrofit/urban
revitalization areas

• Potential for reduced 
taxes & fees

• Potential increases in 
property values

You can, if you apply the principles of ...

Low-Impact Development (LID) presents a new philosophy in site development and environmental protection. LID is not a growth management program. LID does not rely on density
restrictions or clustering. Instead......LID focuses on how the developed area of a site is planned and designed to minimize hydrologic impacts. LID uses a variety of site design
and pollution prevention techniques to create a hydrologically functional and environmentally sensitive landscape.

What are the benefits?

Runoff Retention Using On-lot Bioretention; 
Runoff Detention Using Modified Open Drainage Swale

Low-Impact Development, St. Mary’s County, MD

Plan View Schematic of Low-Impact
Development Residential Lot

Low-Impact Development for Commercial Property,
Prince George’s County, MD

Runoff Retention Using Rainbarrel

Public Participation Through Homeowner BMP Maintenance

Forest Conservation Through Site
Fingerprinting Reduced; Imperviousness
Through Narrow Road Widths; 
Open Drainage Swales

Runoff Retention Using On-lot Bioretention



W hat is Low Impact Development? Low Impact Development is a

new low cost effective alternative stormwater control technology. 

It combines resource conservation, a hydrologically functional site design

with pollution prevention measures to reduce development impacts to better replicate

natural watershed hydrology and water quality. Through a variety of small-scale site

design techniques, Low-Impact Development controls runoff discharge, volume, 

frequency and quality to mimic predevelopment runoff conditions. This unique 

micro-management source control concept is quite different from conventional 

end of pipe treatment or conservation techniques.

The Low-Impact Development Center is a non-profit organization formed in

1998 to serve as a technical clearinghouse for information and issues related to Low

Impact Development (LID), and to facilitate research, education, and strategies 

for the implementation of LID technology. This technology is based on site specific

approaches to maintain watershed viability by maintaining each site’s hydrologic

regime.  The Center’s mission includes research, development of models, stormwater

management regulations and ordinances, ecosystem monitoring plans, and 

development of public outreach and environmental protection strategies. This is 

done with an interdisciplinary approach that includes researchers, public officials, 

citizen groups, and practitioners so that practical solutions can be achieved.

Members of the Center have been instrumental in the development of LID technology

in the Mid- Atlantic Region (Prince George’s County, MD, LID Design Manual) and are

currently working on the development of the National Manual for LID technology which

is being prepared for the US Environmental Protection Agency. Other current and

future activities include the development of manuals for other regions of the Country

and international applications, monitoring of LID case studies, and application of LID

technologies to solving CSO and SSO problems.

SERVICES

❑ Training to Federal, State, local and private groups on the development and application
of LID technologies and related technical areas

❑ Technical assistance and guidance to state and local agencies interested in 
developing standards and guidance manuals 

❑ Development of strategies for effective use of infrastructure and rehabilitation of 
urban and rural watersheds

❑ Planning, Analysis and Design of solutions to CSO, SSO, NPDES and TMDL
program requirements including monitoring and watershed assessment.

❑ Civil Site Design services to developers and consulting firms interested in applying 
LID technology to their development site.

LOW IMPACT DEVELOPMENT 
DESIGN MANUAL (November, 1997)

This manual was prepared for the Prince George’s
County, MD, Department of Environmental Resources.
Members of the Center served as key personnel in the 
development of this document which involved a very
broad and significant effort including input from Federal
and state agencies as well as a countywide intera-
gency and interdisciplinary task force. The manual 
provides guidance on the following topics:

DESIGN MANUAL 
FOR USE OF BIORETENTION IN 
STORMWATER MANAGEMENT ( June 1993)

This manual was prepared for the Prince George’s
County, MD, Department of Environmental Resources.
Members of the Center served as key personnel in the
development of this manual which provides guidance on
the following areas:

Larry S. Coffman, President
Prince George’s County, MD

Steve Roy
Geosyntec, Inc. 

Douglas Siglin
Chesapeake Bay Foundation

Jennifer Smith, Secretary
Howard County, Maryland
Department of Public Works

Neil Weinstein
Executive Director

Balancing growth and environmental integrity

☎ For More Information: The Low-Impact Development Center
5010 Sunnyside Ave.  • Suite 200 • Beltsville, Maryland 20705
Phone: (301) 982-5559  • Fax: (301) 982 1994  • www.lowimpactdevelopment.org

This brochure developed and produced for the Low Impact Development Center by (visit our website at http:\\www

.PBSJ.com)

✔ LID Hydrologic Analysis
✔ LID Site Planning
✔ LID Site BMP’s
✔ LID Model Permit Processing

Residential and Commercial Case Studies
✔ LID Model Public Outreach Program

✔ The Bioretention Concept
✔ Grading Plan
✔ Planting Plan
✔ Soil, Mulch and Plant Materials Guidelines
✔ Maintenance Guidelines
✔ Peak Runoff Control and Pollutant Reduction
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For More Information
• Low Impact Development Center

http://www.lowimpactdevelopment.org

• Prince George’s County, Maryland
http://www.goprincegeorgescounty.com

• NAHB Research Center Toolbase Services
http://www.toolbase.org

• U.S. EPA
http://www.epa.gov/owow/nps/urban.html

Municipal Guide
to Low Impact
Development

Questions and Answers
Information on the most frequently asked low

impact development questions.
Public Safety
Q. I am aware that in some instances, LID advocates

the reduction of street widths and the reduced use
of sidewalks to decrease impervious surfaces. Isn’t
this a threat to public safety?

A. No. Studies have shown that reduced street widths
still provide all the functions of access, parking,
and circulation for residents and emergency
vehicles alike. Depending on density, minimizing
the use of sidewalks may help to reduce
development costs, increase housing affordability,
and reduce impervious surfaces.

Q. Don’t LID storm water management practices
increase the likelihood of flooding?

A. No. LID designs provide adequate conveyance of
storm water by using designs that maintain
predevelopment volumes and rates of runoff. Since
bioretention areas are designed to completely
drain within a specified period of time, they do not
provide breeding grounds for mosquitos. Overflow
controls within bioretention areas control the risk
of flooding.

Public Perception
Q. Aren’t homeowners concerned about maintaining

storm water controls on their properties?
A. Environmental stewardship is everyone’s

responsibility. Most homeowners view these
systems as additional landscaping and once they
are aware of the benefits that these systems
provide to local hydrology, few remain opposed.

Maintenance
Q. LID practices sound great, but who maintains all of

the open space and various storm water controls?
A. Communities designed using LID practices often

rely on a combination of homeowner stewardship
and maintenance agreements. When designed
correctly, most homeowners perceive these
systems as value-added builder amenities and
actively provide for their maintenance.

Would you be interested in saving upwards of $70,000*
per mile in street infrastructure costs by eliminating one

lane of on-street parking on residential streets?

Did you know that communities designed to maximize
open space and preserve mature vegetation are highly

marketable and command higher lot prices?

Are you aware that most homeowners perceive
Low Impact Development practices, such as bioretention,

as favorable since such practices are viewed as
additional builder landscaping?

Did you know that by reducing impervious surfaces,
disconnecting runoff pathways, and using

on-site infiltration techniques, you can reduce
or eliminate the need for costly storm water ponds?

What is Low Impact
Development (LID)?

LID is an ecologically friendly approach to site
development and storm water management that
aims to mitigate development impacts to land,
water, and air. The approach emphasizes the in-
tegration of site design and planning techniques
that conserve natural systems and hydrologic func-
tions on a site. The practice has been success-
fully integrated into many municipal development
codes and storm water management ordinances
throughout the United States. Specifically, LID
aims to:
• Preserve Open Space and Minimize Land

Disturbance;
• Protect Natural Systems and Processes (drainage

ways, vegetation, soils, sensitive areas);
• Reexamine the Use and Sizing of Traditional Site

Infrastructure (lots, streets, curbs, gutters,
sidewalks) and Customize Site Design to Each Site;

• Incorporate Natural Site Elements (wetlands,
stream corridors, mature forests) as Design
Elements; and

• Decentralize and Micromanage Storm Water at its
Source.

Courtyard with Bioretention Areas

Buckman Heights Community
Portland, OR

*Assumes paving costs of $15/sq. yd. Printed on recycled paper with soy ink
Cover Photo: R. Arendt
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Hydrologic alterations within the landscape occur whenever land is developed.
Conventional development approaches to storm water management have used
practices to quickly and efficiently convey water away from developed areas.
Usually these practices are designed to control the peak runoff rate for prede-
termined storm events, usually the 2- and 10-year storms. While these systems
have worked to some degree, they still have not accounted for the increased
runoff rates and volumes from smaller, more frequent storms, nor have they
addressed the larger watershed functions of storage, filtration, and infiltra-
tion.

In contrast, LID utilizes a system of source controls and small-scale, decentral-
ized treatment practices to help maintain a hydrologically functional land-
scape. The conservation of open space, the reduction of impervious surfaces,
and the use of small-scale storm water controls, such as bioretention, are just
a few of the LID practices that can help maintain predevelopment hydrological
conditions.

Hydrologic Comparison between Conventional
Storm Water Management and LID

Somerset is an 80-acre development in
Prince George’s County, Maryland consisting of
199 homes on 10,000-square-foot lots. During
its creation, the developer used LID practices
to reduce the storm water management bur-
den. By using LID, the developer:
• Eliminated the need for storm water ponds by

using bioretention techniques saving
approximately $300,000;

• Gained six additional lots and their associated
revenues; and

• Reduced finished lot cost by approximately
$4,000.

LID Benefits
In addition to the practice just making good

sense, low impact development techniques can
offer many benefits to a variety of stake-
holders.

Municipalities
• Protect regional flora and fauna
• Balance growth needs with environmental

protection
• Reduce municipal infrastructure and utility

maintenance costs (streets, curbs, gutters,
sidewalks, storm sewer)

• Increase collaborative public/private partner-
ships

Developers
• Reduce land clearing and grading costs
• Potentially reduce infrastructure costs (streets,

curbs, gutters, sidewalks)
• Reduce storm water management costs
• Potentially reduce impact fees and increases lot

yields
• Increase lot and community marketability

Environment
• Preserve integrity of ecological and biological

systems
• Protect site and regional water quality by

reducing sediment, nutrient, and toxic loads to
water bodies

• Reduce impacts to local terrestrial and aquatic
plants and animals

• Preserve trees and natural vegetation

Description Conventional Bioretention
Design System

Engineering
Redesign 0 $110,000

Land Reclamation
(6 lots x $40,000 Net) 0 <$240,000>

Total Costs $2,457,843 $1,541,461

Total Costs
(-Land Reclamation
+ Redesign Costs) $2,457,843 $1,671,461

Total Cost Savings = $916,382

Cost Savings Per Lot = $4,604

Cost Comparison: Conventional Design vs. Bioretention
Bioretention with
Native Vegetation

Prairie Crossing
Grayslake, IL

Grassed Swale and
Narrow Street

Montgomery County,
MD

Bioretention Area and Open Space
Photos: Low Impact Development Center

Aerial View of Somerset Development Site Plan, Prince George’s County, MD
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Grassed Swale and Street without Curb and Gutter

Lot with Bioretention

Case Study



For More Information

Builder’s Guide
to Low Impact
Development

Would you be interested in saving upwards of $70,000*
per mile in street infrastructure costs by eliminating one

lane of on-street parking on residential streets?

Did you know that communities designed to maximize
open space and preserve mature vegetation are highly

marketable and command higher lot prices?

Are you aware that most homeowners perceive
Low Impact Development practices, such as bioretention,

as favorable since such practices are viewed as
additional builder landscaping?

Did you know that by reducing impervious surfaces,
disconnecting runoff pathways, and using

on-site infiltration techniques, you can reduce
or eliminate the need for costly storm water ponds?

What is Low Impact
Development (LID)?

Ever wish you could simultaneously lower your
site infrastructure costs, protect the environment,
and increase your project’s marketability? With
LID techniques, you can. LID is an ecologically
friendly approach to site development and storm
water management that aims to mitigate devel-
opment impacts to land, water, and air. The ap-
proach emphasizes the integration of site design
and planning techniques that conserve the natu-
ral systems and hydrologic functions of a site.

LID Benefits
In addition to the practice just making good

sense, LID techniques can offer many benefits to
a variety of stakeholders.

Developers
• Reduce land clearing and grading costs
• Potentially reduce infrastructure costs (streets,

curbs, gutters, sidewalks)
• Reduce storm water management costs
• Potentially reduce impact fees and increase lot

yield
• Increase lot and community marketability

Municipalities
• Protect regional flora and fauna
• Balance growth needs with environmental

protection
• Reduces municipal infrastructure and utility

maintenance costs (streets, curbs, gutters,
sidewalks, storm sewer)

• Increase collaborative public/private partnerships

Environment
• Preserve integrity of ecological and biological

systems
• Protect site and regional water quality by reducing

sediment, nutrient, and toxic loads to water
bodies

• Reduce impacts to local terrestrial and aquatic
plants and animals

• Preserve trees and natural vegetation

Residential Lot with
Bioretention

Somerset Development
Prince George’s County,
MDSo
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Case Study

*Assumes paving costs of $15/sq. yd. Printed on recycled paper with soy ink

Kensington Estates is a conventional devel-
opment on 24 acres consisting of 103 single-
family homes in Pierce County, WA. A study was
conducted to redesign the site using a new state
storm water model and to illustrate the full
range of LID practices and technologies avail-
able to developers.

Overall, the redesigned LID site could have:
• Resulted in construction cost savings of over

20%;
• Preserved 62% of the site in open space;
• Maintained the project density of 103 lots;
• Reduced the size of storm pond structures and

eliminated catchments and piped storm
conveyances; and

• Achieved “zero” effective impervious surfaces.

Cover Photo: R. Arendt

• Low Impact Development Center
http://www.lowimpactdevelopment.org

• Prince George’s County, Maryland
http://www.goprincegeorgescounty.com

• NAHB Research Center Toolbase Services
http://www.toolbase.org

• U.S. EPA
http://www.epa.gov/owow/nps/urban.html

Cost Comparison: LID vs. Conventional Development



LID Site Planning and
Design Concepts

Successful LID projects simultaneously reduce
land development and infrastructure costs while
protecting a property’s natural resources and func-
tions. During the development process, the de-
signer, developer, and reviewing agency should
work together to identify solutions that integrate
the following concepts:

■ Preserve Open Space and Minimize Land
Disturbance;

■ Protect and Incorporate Natural Systems
(wetlands, stream/wildlife corridors, mature
forests) as Design Elements;

■ Utilize Neo-Traditional Street and Lot Layouts
and Designs; and

■ Decentralize and Micromanage Storm Water
at its Source Using LID Storm Water
Management Practices.

LID and Storm Water Management
LID aims to mimic natural hydrology and pro-

cesses by using small-scale, decentralized prac-
tices that infiltrate, evaporate, and transpire rain-
water. Specifically, LID aims to:

• Minimize impervious surfaces;
• Disconnect hydrologic elements (roofs,

downspouts, parking areas);
• Maintain/increase flow paths and times; and
• Utilize decentralized treatment practices.

Bioretention Areas
Storm water directed to these shallow topo-
graphic depressions in the landscape is filtered,
stored, and infiltrated into the ground using
specialized vegetation and engineered soils.

Grassed Swales
Water moving through these systems is slowed,
filtered, and percolated into the ground. These
systems can act as low cost alternatives to
curbs, gutters, and pipes.

LID Lot Level Source
Controls

Preserve Open Space and Minimize
Land Disturbance

Community Open
Space

Bielinski Homes
Waukesha, WISo
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Protect and Incorporate Natural
Systems as Design Elements

Wetland System

Prairie Crossing
Grayslake, ILSo
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Utilize Neo-Traditional Street
and Lot Layouts and Designs

Bowman Park

Vermillion Community
Vermillion, NC

Decentralize and Micromanage
Storm Water at its Source using LID
Storm Water Management Practices

Grassed Swales

Somerset Development
Prince George’s County, MDSo
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From Conservation Design
for Subdivisions: A Practical
Guide to Creating Open
Space Networks, by
Randall G. Arendt.
Copyright (©) 1996 by
Island Press. Reprinted by
permission of Island Press,
Washington, D.C. and
Covelo, CA.
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ANNEXURE E 
SUSTAINABLE DRAINAGE SYSTEM (SUDS) STRATEGIES 



An introduction

Sustainable  
Drainage Systems
(SUDS)



We are the Environment Agency. It’s our job to look after 
your environment and make it a better place – for you, 
and for future generations. 

Your environment is the air you breathe, the water you 
drink and the ground you walk on. Working with business, 
Government and society as a whole, we are making your 
environment cleaner and healthier.

The Environment Agency – out there, making your 
environment a better place.

Published by: 

Environment Agency 
Rio House
Waterside Drive, Aztec West
Almondsbury, Bristol  BS32 4UD
Tel: 0870 8506506
Email: enquiries@environment-agency.gov.uk
www.environment-agency.gov.uk

© Environment Agency 

All rights reserved. This document may be reproduced with  
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Surface water drainage from developed areas is increasingly affecting 
our river catchments. As development intensifies, so more water 
runs rapidly into rivers and less filters through the soil. This sealing 
of the ground can and does lead to localised flooding and water 
pollution, and will only get worse as our climate changes. We need a 
new approach to drainage that keeps water on site longer, prevents 
pollution and allows storage and use of the water.

Sustainable Drainage Systems (SUDS) provide this alternative approach. These systems 
endeavour to mimic the natural movement of water from a development, reducing flood 
risk, improving water quality and often providing attractive features that can make towns 
and cities more desirable places to live in and enhancing the quality of life. In addition, the 
European Water Framework Directive requires us to manage water resources sustainably 
and to protect water quality. SUDS offer an integrated approach that could play a key part 
in delivering the Directive’s requirements.

We need to act now to improve the management of water in the urban setting. We cannot 
allow new developments to add to the risks of flooding and pollution of our rivers and 
streams. Rather than seeing water in the built environment as a threat, we should take 
the opportunity to protect and use it more carefully. For new developments, and any 
re-development, we must seriously consider using SUDS and gaining the benefits for 
ourselves, for society as a whole, for industry and for wildlife.

Surface water drainage  
– the need for change

Barbara Young
Chief Executive, 
Environment Agency

Richard W Rogers
Chief Executive, 
Environment and 
Heritage Service

Campbell Gemmell
Chief Executive, SEPA

This document has been produced by the Environment Agency working with the Scottish Environment 
Protection Agency (SEPA) and the Environment and Heritage Service in Northern Ireland.
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As our towns and cities have grown, green fields have been replaced by hard 
surfaces. Instead of soaking into the ground, rainwater is collected in pipes 
and carried as fast as possible to the nearest river or stream. This effect has 
become more pronounced with the increased pace of development. As a 
consequence, the Scottish Environment Protection Agency, the Environment 
and Heritage Service in Northern Ireland and the Environment Agency 
for England and Wales (referred to in this brochure as the Agencies) are 
working together to reduce pollution and flooding risk and to promote more 
sustainable drainage systems in Britain.

Introduction

We would like to highlight problems caused by 
conventional urban drainage systems and identify 
alternative approaches referred to as SUDS – 
SUstainable Drainage Systems (in Scotland, 
Sustainable Urban Drainage Systems).

We have been successful in controlling water 
pollution from major sources such as sewage 
treatment plants and factories. But there is a 
growing problem with diffuse pollution, which 
comes from a wide range of small sources in urban 
areas. These include drainage from roads, industrial 
and residential areas. Uncontrolled, rapid run-off 
from developments increases the risk of flooding 
from receiving watercourses and can damage the 
river habitat. It also decreases the amount of water 
soaking into the ground, reducing the water available 
for our use and to flow into our rivers. 

Rain falling on these areas is normally drained to 
watercourses via surface water outfalls. These 
discharges are often thought of as being clean but 
in fact contain a range of contaminants including oil, 
organic matter and toxic metals. Cross connections 
of foul sewers into surface water drains are also 
common. Urban rivers are often severely degraded 
as a result.

The environmental impact can be minimised through 
good design and practice. We aim to raise awareness 
of the environmental problems arising from 
conventional urban drainage and present design 
options that are effective in reducing them. It is  
part of the process of delivering more sustainable 
urban development.

The Salmon Brook in London is an example of an urban 
watercourse affected by urban drainage.
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Protecting rivers and groundwaters from the effects 
of these pollutants requires a new approach to 
drainage and a review of the need for treatment 
prior to discharge. A range of techniques known 
as Sustainable Drainage Systems are available to 
achieve this. These are a flexible set of options 
that allow a designer to choose the most suitable 
combination of techniques to fit the circumstances 
of a particular site. We also aim to provide you with 
an overview of the techniques that are available and 
show you where further information can be obtained. 

The techniques described are effective for reducing 
the impact of surface water discharges. It is 
our policy to promote the use of SUDS and the 
importance of including the SUDS approach in all 

developments at the earliest possible stage.  
We are encouraging local planning authorities to 
include reference to SUDS in strategic and local 
plans. Developers should consider SUDS in their  
land purchase negotiations. 

There is no need for the drainage from urban 
developments to damage our water resources.  
But, to protect our environment, we need the 
support and co-operation of a wide range of 
public and private organisations involved in urban 
development. These include planning and highway 
authorities, sewerage undertakers and developers. 
By working together, we can ensure that drainage 
from roads and urban areas is designed in a cost 
effective and more sustainable manner.

Well designed drainage systems can make a positive 
contribution to an attractive environment, as in this 
housing site in Dunfermline. 
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Development, drainage and 
the legal basis for control
Sustainable drainage can only be effectively implemented at a site if it is 
incorporated in a developer’s plans at the earliest possible stage, not least 
because its use may influence land purchase and decisions on site layout.

All proposals for development will require  
planning consent. The Planning System plays  
a major part in directing and shaping new 
developments as well as protecting and enhancing 
the environment. It therefore has a vital role in 
achieving sustainable development.

The Planning System is operated by local authorities. 
It has a legal basis supported by national 
planning policy guidance statements. The two 
main components are development plans and the 
consideration of individual planning applications 
through a development control process.

Local Development Frameworks (or Plans) set out the 
main considerations on which planning applications 
are decided. Development documents contained 
within them are of primary importance for shaping 
land use change. They provide an opportunity 
to prevent future problems arising as a result of 
development. In addition, local authorities may 
also produce separate site specific development 
briefs providing advice on a range of development 
issues, including appropriate means of surface water 
drainage. The Agencies and sewerage undertakers 
are usually consulted on major schemes and 
advise local authorities about appropriate surface 
water drainage systems and techniques. Specific 
requirements may be attached to any planning 
consent, as either a condition or as part of a  
legal agreement.

Local authorities will ask for an environmental 
assessment to be undertaken and an environmental 
statement to be produced for certain types of 
development. It is the responsibility of the developer 
to provide the statement; however, we and local 
authorities will offer guidance on drainage issues, 
particularly at the scoping stage.

Sustainable Drainage techniques were incorporated 
into the roadside service area on the M40 from the 
earliest planning and design stage. SUDS provided 
the most economic means of protecting the local 
watercourse from flooding and pollution.
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The Agencies, sewerage undertakers and many local 
authorities are now committed to promoting SUDS, 
and planning policies are now being included in 
development plans. Developers should consult local 
authorities about planning policies on sustainable 
urban drainage. For example, Gloucester City Council 
have produced Supplementary Planning Guidance 
that promotes this approach, and a number of local 
authorities in Scotland, including West Lothian and 
Falkirk Councils, have adopted policies in local plans 
which support SUDS.

We may also regulate discharges of site drainage 
under the law on water pollution in addition to the 
development control process. The legal basis of 
water pollution control differs between Scotland, 
Northern Ireland and England and Wales. But in 
practice, the control of surface water discharges  
is achieved by the application of similar principles. 
The regulation of surface water discharges is a 
discretionary power and we seek to encourage the 
adoption of good practice. This would do away  
with the need for formal discharge consents for 
smaller discharges.

We can use Prohibition Notices to impose controls 
on unsatisfactory discharges. They can be used to 
lay down conditions or require a full application 
for a formal discharge consent in cases were there 
is a failure to agree suitable measures. Soakaway 
systems for surface water discharges are subject to 
control under Water Pollution Regulations including 
the Groundwater Regulations 1998 (where List I or 
List II substances are present).  All discharges must 
be carried out in line with the appropriate Code  
of Practice.

Examples of sites where SUDS have 
been applied
In England, an increasing number of sites have been 
constructed with a SUDS approach to drainage. 
These include several sites in South Gloucester 
including St Mary’s RC School in Bradley Stoke where 
a range of techniques were employed including 
a pond which is being used as an educational 
resource. Surface water from the nearby Emersons 
Green housing development, to the north of Bristol, 
passes through a system of ponds and wetlands 
which provide an attractive amenity for the 
community.

The BedZed residential and commercial development 
in Croydon, South London, uses permeable paving, 
green roofs and rainwater harvesting to reduce 
the impact of the site on the water environment. 
SUDS were a key element in the construction of the 
Meteorological Office in Exeter with its water feature 
that runs through the site and permeable paving 
in parking areas. Other sites include the Oxford 
motorway service area on the M40 at Wheatley, 
Oxfordshire and the Hopwood Park services on  
the M42.

A large number of sites in Scotland use SUDS. A wide 
range of techniques were used in the construction of 
the Dunfermline East Expansion (DEX). The area is 
characterised by small wetlands at individual sites 
and swales (shallow grass channels) that direct rain 
water to ponds built to retain water all year round. 

In Northern Ireland, SUDS are being considered for 
a wide range of developments, including industrial 
sites and roads. The Newtownstewart by-pass, 
opened in 2002, was constructed using a SUDS 
approach to drainage. It incorporates filter drains  
and specially constructed ponds to maintain the  
high quality of the River Strule.

In Northern Ireland, during the construction of the 
Newtownstewart by-pass, this pond was excavated 
to prevent the discharge of silt and oil during the 
earthworks phase. After completion of the road, and 
cleaning, it became a retention pond in the SUDS 
treatment train.
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The environmental impacts 
of urban drainage
When the environment is modified by development, the effects can be seen 
in a number of ways.

Water quality
Rain falling on impermeable surfaces rapidly picks 
up contaminants such as dust, oil, litter and organic 
matter. The impact of this material being flushed 
into a watercourse can be dramatic. High levels of 
silt blanket stream life and organic matter rapidly 
reduces oxygen levels in the water. Numerous 
studies of the polluting nature of such runoff have 
been made (1, 2). Life in receiving streams may be 
severely restricted as a consequence of repeated 
discharges. Fish that venture into them risk being 
suffocated in the event of a storm.

The quality of groundwater may also be affected 
where discharges soak into the ground. Chemical 
and oil storage spillages, and transport activities add 
to pollution in both watercourses and groundwaters. 
A further problem arises when people pour used 
oil, garden chemicals, car washing water and other 
liquid waste into drains, unaware that most surface 
water drains discharge directly to watercourses and 
soakaways. This adds to the polluting load.

A related issue is the connection of foul drainage, by 
accident or ignorance, to the surface water drains. 
Householders who have no idea that two drainage 
systems exist, often have their toilets, washing 
machines and dishwashers plumbed incorrectly.

The increase in impermeable  
areas that accompanies 
development also results in 
less water being available for 
infiltration into the ground.

Flooding
Natural drainage patterns are disrupted as land 
is developed. In most cases, the amount of 
impermeable cover will increase as a result of 
development. Traditional drainage systems are 
designed to remove rainfall from these impervious 
surfaces as quickly as possible. This causes higher 
flow rates for shorter periods (see Figure 1) and can 
result in flooding further downstream. Balancing 
ponds, underground storage tanks or similar 
measures are often required to compensate for this.

Water resources
The increase in impermeable areas that accompanies 
development also results in less water being 
available for infiltration into the ground. This can 
reduce the volume of water stored in the ground, 
lowering groundwater levels and reducing the 
amount of groundwater available to feed into 
streams and rivers.

Too many urban rivers are both culverted and polluted 
by surface water discharges. This reduces water quality 
and biodiversity in our urban areas.
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Habitat
Changes in water flow patterns such as high flow 
rates for short periods and reduced flows at other 
times can dramatically alter the river habitat. 
Increased flow rates can erode river banks and 
beds, resulting in material being deposited further 
downstream. In some areas, rivers have been 
straightened and confined in concrete to control 
erosion but this has resulted in the loss of bankside 
habitat. These changes mean that rivers in urban 
areas are often unable to support a variety of wildlife 
and plants and become eyesores.

One further adverse effect of conventional drainage 
systems is amphibians getting trapped in road 
gullies. Frogs and newts often fall into road gullies 
and are unable to escape.

Car parks with impervious surfaces are a common 
feature in the urban environment. Permeable paving  
can be used to reduce the impact of car parks on 
flooding and water quality, without compromising  
the car park’s utility. The design and construction 
of porous surfaces must be in accordance with the 
manufacturer’s specification.

Flooding may occur for a number of reasons, including 
inadequately designed surface water drainage systems.

Figure 1   Impact of  urbanisation on runoff quantity
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Sustainable Drainage 
Systems
Many existing drainage systems are damaging the environment and are not 
sustainable in the long term. Techniques to reduce these effects have been 
developed and are collectively referred to as Sustainable Drainage Systems/
Sustainable Urban Drainage Systems (SUDS).

Sustainable drainage is a concept that makes 
environmental quality and people a priority in 
drainage design, construction and maintenance. 
The SUDS approach includes measures to prevent 
pollution, reduce surface water runoff at source and 
provide a range of physical structures designed to 
receive the runoff. 

Taking simple steps to educate people and providing 
facilities such as dog litter bins and oil recycling 
banks can help prevent pollution. Source control 
measures include permeable surfaces and rainwater 
reuse systems such as rainwater butts. Physical 
structures include swales, ponds and wetlands 
which should be located as close as possible to 
where the rainwater falls. This reduces the peak flow 
from the site and extends the duration of the runoff 

(attenuation) so reducing the need for larger  
systems downstream.

They may also be used to treat water prior 
to discharge, using the natural processes of 
sedimentation, filtration, adsorption and  
biological degradation. 

There are many SUDS design options to choose 
from and they can be tailored to fit all types of 
development, from hard surfaced areas to soft 
landscaped features. They can also be designed 
to improve amenity and biodiversity in developed 
areas. For instance, ponds can be designed as  
a local feature for recreational purposes and to  
provide valuable local wildlife habitat nodes  
and corridors. 

Figure 2. Surface water management train: addressing runoff quality at all stages of the drainage system.
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The surface water management 
train approach should be 
incorporated at all new 
development sites as a way to 
implement measures to attenuate 
flow and reduce pollution. 

This variety of options enable designers to think 
about local land use and the needs of local people 
when undertaking drainage design. It takes into 
account the traditional engineering components of 
designs such as peak flow and system capacity.  
The surface water management train is a useful 
concept in the development of a drainage system 
(see Figure 2). Just as in a natural catchment,
a combination of drainage techniques can be  
used to change the flow and the quality of the  
runoff in stages. 

SUDS provide a number of options for draining an 
area. The designer or engineer is free to choose the 
best option(s) for any given site. SUDS fall into three 
broad groups which aim to:

1.  Reduce the quantity of runoff from the site 
(source control techniques);

2.  Slow the velocity of runoff to allow settlement 
filtering and infiltration (permeable conveyance 
systems);

3.  Provide passive treatment to collected surface 
water before discharge into groundwater or to  
a watercourse (end of pipe systems).

The surface water management train approach 
should be incorporated at all new development sites 
as a way to implement measures to attenuate flow 
and reduce pollution. It is not usually necessary or 
desirable to use designs from the three groups of 
systems listed above to solve a specific drainage 
problem. These systems may be incorporated into 
drainage designs to take a portion of the runoff 
whenever it is not feasible to use SUDS for draining 
a whole site. Some SUDS  techniques fall into more 
than one group. For example, attenuating flow and 
providing treatment.

In considering a drainage system, it is beneficial to 
work through the surface water management train 
shown in Figure 2.

1.  The scope for minimising the quantity of water 
collected should be considered first, since 
this determines the sizing of downstream 
systems and can provide the greatest savings. 
Rainwater harvesting, the collection and storage 
of roofwater for reuse in flushing toilets or 
watering plants and landscaped areas should be 
considered. If the site groundwater protection 
considerations and soil conditions will permit 
it, infiltration would be a desirable option. Both 
should be considered at an early stage.

2.  Collected runoff should be removed from the site 
in a way that reduces the level of pollution and 
allows further infiltration and volume loss. 

3.  Finally, and only if necessary, further flow 
attenuation and passive treatment can be 
installed to control flood risk and improve water 
quality before final discharge to a watercourse.

Roadside swale, Whitburn, West Lothian.
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SUDS offer a combination of benefits that 
conventional drainage systems do not provide.  
For instance:

•  SUDS can protect and enhance water quality and 
biodiversity in local streams;

•  SUDS may maintain or restore the natural flow 
regime in streams;

•  SUDS may protect people and property from 
flooding, now and in the future;

•  SUDS can protect watercourses from 
pollution caused by accidental spillages and 
misconnections;

•  SUDS may allow new development in areas where 
sewerage systems are already at full capacity, 
encouraging new development within existing 
developed areas and protecting greenfield sites;

•  SUDS can be designed in a way that is 
sympathetic to their environmental setting and 
the needs of the community;

•  SUDS can allow natural groundwater recharge 
where this is considered appropriate;

•  SUDS may also simplify construction. Permeable 
paving will allow for the building of flat car parks, 
stopping puddles from forming and removing the 
need for gully pots. The need for pumps can be 
eliminated in low lying areas.

Developers need to include SUDS in their plans at 
the earliest stages of the process to ensure that they 
are successfully designed, built and maintained. 
It is important for developers to consult with 
planning authorities, highway authorities, sewerage 
undertakers and regulators (as appropriate), early in 
the development process, when SUDS options are 
being considered.

A range of organisations concerned with SUDS 
have worked with the Construction Industry 
Research and Information Association (CIRIA) to 
produce technical design guidance on SUDS. The 
SUDS Manual was published in 2007 and provides 
comprehensive coverage of SUDS issues. (3) The 
Scottish Environment Protection Agency (SEPA) and 
the Environment Agency have also collaborated with 
the Urban Design Alliance and the Institution of Civil 
Engineers to produce a DVD (4) entitled ‘Designs 
that hold water – sustainable drainage systems 
explained’. This explains the problems associated 
with existing drainage systems and identifies the 
benefits of SUDS using case studies from the UK.

The following pages describe in more detail 
examples of these SUDS techniques.

Developers need to include SUDS in their plans at the earliest 
stages of the process to ensure that they are successfully 
designed, built and maintained. 
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Source control and 
prevention techniques
Source control and prevention techniques are designed to counter increased 
discharge from developed sites, as close to the source as possible and 
to minimise the volume of water discharged from the site. This offers the 
benefits of reduced flood risk and improved water quality. It helps to restore 
underground water resources and maintain flows in surface watercourses 
during dry weather. 

Some of these techniques are familiar as in the use 
of rainwater-butts in gardens to collect the runoff 
from a roof. The water-butt fills when it rains (the 
water is collected at/near the place of the rainfall, 
hence it is collected at source), and the water is  
used on the garden during dry periods. This  
principle is applied for all source control techniques. 
But care is needed with infiltration techniques. In 
some circumstances, for example on contaminated 
land, close to water supply boreholes or where the 
groundwater is vulnerable to pollution, infiltration 
may not be appropriate. We recommend that 
developers seek our advice.

Good site design will maximise the use of areas such 
as gardens and parklands, which will continue to 
drain naturally and minimise paved areas. Where 
paving is required for drives, access roads and car 
parking areas, permeable materials can reduce 
the need to collect runoff in drains. Cost savings 
can be made through the reduction in size, or even 
elimination, of off-site surface water sewers.

Providing there is no danger of increasing 
downstream flooding risks, such installations need 
not be designed to receive very large storms. A 
system that is designed to accept a twice per year 
storm before an overflow or bypass takes effect will 
still have significant environmental benefits. It will 
greatly reduce the frequency of discharge, provide 
protection from the pollution resulting from the 
flushing of pollutants from paved areas  (the ‘first 
flush’) and delay the time of discharge. This will 
allow time for the flow in the receiving watercourse to 
increase. In most urban developments, downstream 
flooding will be a concern and additional storage will 
need to be provided.

The option of allowing a part of a development site 
to be flooded under some circumstances should also 
be considered. It may be acceptable to allow shallow 
flooding of a car park for short periods once or twice 
a year rather than building a much larger drainage 
system to cater for such infrequent events. 

With good source control techniques, runoff from 
new developments need have little impact on the 
natural movement of water within a catchment. 

Water is collected and drained beneath the permeable 
paving in this residential area (Photograph provided by 
Oxfordshire County Council).
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Green roofs
Green roofs can be used to reduce the volume and 
rate of runoff so that downstream SUDS and other 
drainage infrastructure can be reduced in size. They 
also have water quality and habitat benefits. They 
are widely used in Germany and other European 
countries and are being used more often in the United 
Kingdom.  Many conventional flat roof systems used 
in industrial buildings could be converted to green 
roofs without exceeding design loadings. There are 
additional benefits; green roofs improve insulation 
and extend roof life.

Permeable pavements
Permeable pavement is an alternative to conventional 
paving in which water filters through the paved 
structure rather than running off it. Both the surface 
and the sub-grade need to be designed with this 
function in mind. Water may be allowed to infiltrate 
directly into the subsoil where conditions are 
suitable. Alternatively, it can be held in a reservoir 
structure under the paving for reuse, infiltration or 
delayed discharge. The permeable paving can be 
made from materials such as gravel, grasscrete, 
concrete blocks designed for the purpose or  
porous asphalt.

The photograph below shows a supermarket car 
parking area where a porous covering overlies a 
sealed storage reservoir filled with graded stone. 
Rainwater passes through the pervious surface and 
is stored in the storage reservoir, which is about 
one metre deep. The stored water can then slowly 
discharge to a nearby stream. The access routes have 
been constructed using conventional asphalt, which 
can be clearly seen in the photograph. 

Overflows can be constructed on all these systems 
wherever surfaces must be kept free of water at all 
times or where the base needs to be sealed to protect 
the aquifer. Even if the overflow operates, storage 
and filtering of the runoff water has occurred, and 
environmental benefits accrue. The overflow can  
lead into a permeable conveyance system to  
increase further the benefit and reduce the need  
for pipe systems.

Permeable paving is effective in removing pollutants. 
High removal rates for sediments, trace metals and 
organic matter have been reported and a reduction in 
nutrients has also been measured.

Permeable pavements need to be protected during 
installation from the excessive mud that is usually 
present on construction sites. Design guidance on 
permeable pavements is available from CIRIA (5).

Rainwater harvesting
Rainwater from roofs and hard surfaces such as 
car parks can be stored and used in and around 
properties.  The simple rainwater butt, used for 
watering plants, is a familiar method of storage.

There has been a recent growth in the use of the 
collected water for a range of non-potable uses, 
particularly for flushing toilets. Stored water is 
generally held in a suitably sized underground tank 
and pumped to the point of use. A mains water  
supply is usually provided as a back-up if rainwater  
is not available.

Porous paving of the parking area, at a supermarket in 
Wokingham, Berkshire, is clearly visible.

The parking bays at this motorway service area has been 
built with porous blocks. The rainfall from the tarmac 
access roads runs onto these bays.
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Infiltration trenches
An infiltration trench is a shallow, excavated 
trench that has been lined with a geotextile and 
backfilled with stone to create an underground 
reservoir. Stormwater runoff flowing into the trench 
gradually infiltrates into the subsoil. An overflow 
may be required for extreme rainfalls that exceed the 
capacity of the reservoir.

The performance of the trench depends largely on 
the permeability of the soil and the depth to the 
water table. Infiltration trenches usually serve small 
catchment areas up to 2-3 hectares in common with 
other source control techniques. The closer they are 
to the source of the runoff the more effective they 
will be. The operational life of the trench may be 
enhanced by providing pre-treatment for the inflow, 
such as a filter strip, gully or sump pit, to remove 
excessive solids. Regular maintenance will  
be required for most pre-treatment designs.

This infiltration trench is incorporated into the landscape areas on a road embankment. The trench has an 
overflow into a stream.
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Infiltration trenches that are properly constructed and 
maintained can significantly reduce levels of solids, 
coliforms, trace metals and organic matter. Levels of 
nutrients can also be reduced.

Design guidance for infiltration systems can be 
obtained from the Building Research Establishment 
(6) and CIRIA (7).

Infiltration basins
Infiltration basins are shallow features where 
stormwater runoff is stored until it gradually 
infiltrates through the soil of the basin floor.  
An overflow may be required for extreme rainfall 
events which exceed the capacity of the basin.

The performance of the basin depends largely on the 
permeability of the soil and the depth to the water 
table. Infiltration basins can serve larger catchment 
areas than infiltration trenches because a larger 
volume of water can be stored on the surface. They 
can typically serve catchments of up to 10 hectares.

As with the infiltration trench, the life span of the 
infiltration basin may be increased by providing 
runoff pre-treatment, such as a filter strip, gully  
or sump pit to remove excessive solids. Larger  
basins need to be designed carefully to prevent 
sediment being washed out during storms.  
Regular maintenance will be required for most  
pre-treatment designs.

Properly constructed and maintained infiltration 
basins can be expected to remove a large proportion 
of solids and a lower proportion of soluble pollutants.

Infiltration trench at the edge of a minor road. Water is taken into the trench via off-let kerbs.

This gravel car park area in Fife has an inflitration trench 
in the centre.  Water soaks into the ground, but during 
high rainfall, the overflow takes excess flow from the 
trench to a nearby stream. 
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Permeable conveyance 
systems
Permeable conveyance systems move runoff water slowly towards a receiving 
watercourse allowing storage, filtering and some loss of runoff water through 
evaporation and infiltration before it reaches the discharge point. The main 
types of permeable conveyance systems are underground systems such as 
filter drains (or French drains) and surface water swales.

Filter (or French) drains
A filter drain is a trench lined with a geotextile  
and filled with gravel into which runoff water is led,  
either directly from the drained surface or via a  
pipe system. 

The gravel in the filter drain provides some filtering of 
the runoff, trapping sediment, organic matter and oil 
residues that can be broken down by bacterial action 
through time. The runoff rate is reduced, and runoff 
storage is also provided. Stored water can also pass 
through the geotextile membrane and some filter 
drains need not lead to a watercourse at all.

Filter drain systems have been widely used by the 
highway authorities for roads drainage and feature  
in the Design Manual for Roads and Bridges (8).

Hybrid infiltration systems and filter drains have 
been used for a variety of developments, including 
both residential and industrial sites.

Swales
Swales are linear grass covered depressions which 
lead surface water overland from the drained surface 
to a storage or discharge system, typically using 
road verges. Unlike a conventional ditch, a swale is 
shallow and relatively wide. It provides temporary 
storage for storm water and reduces peak flows.  
They are located close to the source of runoff and 
can form a network within a development linking 
storage ponds and wetlands.

A filter drain at the edge of a road in Stirling. There are 
no kerbs or gullies incorporated into the design.

Swale on A8000 near Edinburgh. No kerbs or gullies  
are required.
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Performance can be enhanced 
by placing check dams across 
the swale to reduce the flow 
rate which, in turn, reduces 
the risk of erosion in a swale

A swale is dry during dry weather but in wet weather, 
rainwater flows into it along its length and moves 
slowly through the grass area. The grass slows 
down and filters surface water flows. Sediment is 
deposited while oily residues and organic matter are 
retained to be broken down in the top layer soil and 
vegetation. The underlying aquifer can be protected, 
if needed, by placing an impermeable lining under 
the swale below the soil.

During a rainfall event a proportion of the runoff 
can be lost from the swale by infiltration, and by 
evaporation and transpiration. Overflows can be 
provided to allow conveyance during periods of 
exceptionally heavy rainfall. Swales should be 
designed to be dry between storm events to  
enhance their pollutant removal capability.

Swales work best with small gradients both for their 
side slopes and along their length. Performance can 
be enhanced by placing check dams across the swale 
to reduce the flow rate which, in turn, reduces the 
risk of erosion in a swale. The pollution load can be 
considerably reduced even where swales discharge 
directly to a watercourse. In addition, where runoff is 
conveyed via surface channels, wrong connections 
become obvious and can be fixed without the need 
for expensive surveys. 

Swales avoid the need for expensive roadside 
kerbs, gullies and related maintenance. They also 
reduce risk to amphibians such as toads and newts, 
which are often trapped in gully pots. Some regular 
maintenance is required to keep a grass swale 
operating correctly; chiefly, mowing during the 
growing season. The optimum grass length is  
around 150mm.

This picture shows a filter strip that has been integrated into the pond design in Livingstone. The gravel filter strip 
produces a rooting medium for plants between the two sections of the pond. 
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Passive treatment systems
Passive treatment systems use natural processes to remove and break down 
pollutants from surface water runoff. Small scale systems such as filter 
strips, can be designed into landscaped areas and are sited upstream of 
other SUDS. Larger, ‘end of pipe’ systems usually involve storage of water in 
constructed ponds where natural purification processes can be encouraged. 
Constructed wetlands and ponds also provide the opportunity to improve 
wildlife habitat in urban areas. Additionally, ponds can be made into amenity 
features for the local community.

Filter strips
Filter strips are vegetated sections of land designed 
to accept runoff as overland sheet flow. In order to be 
effective they should be 5-15 metres wide and they 
may adopt any natural vegetated form, from grassy 
meadow to small wood. The wider the strip and the 
more dense the plant cover the better the pollutant 
removal.

Filter strips are best employed at the upstream end 
of the drainage system, accepting runoff from small 
areas (up to 2 hectares) directly, for example, before 
it is concentrated in a drainage system. Road runoff 
can also be treated in this manner, provided the 
road/filter strip boundary is designed so that it does 
not become blocked by sediment or vegetation.

Filter strips can be used effectively to remove 
excess solids and pollutants before discharge to an 
infiltration system. They may preserve the character 
of riparian zones and prevent erosion along stream 
banks by reducing flow velocities and spreading 
the flow across a wide area. They also provide an 
excellent wildlife habitat when used in this way.

Detention basins
Detention basins are designed to hold back storm 
runoff for a few hours to allow solids to settle. 
Bypasses may be included to ensure the ‘first flush’ 
is detained. Detention basins drain via an orifice 
plate or similar hydraulic structure into a watercourse 
or surface water drainage system.

Detention basins are dry outside of storm periods. 
They are designed to retain flood events, reducing 
peak flows and limiting the risk of flooding.

The entire contents of the basin are drained down, 
and therefore they have a low level outlet orifice, 
which can lead to clogging by sediment. Careful 
location and design of the basin inlet and outlet 
prevents the washing out of sediment by high flows. 
This maximises the performance of the basin. The 
performance can also be enhanced by including 
small pools at the inlet and outlet to act as sumps  
to collect sediment.

Drainage from a lorry park crosses a filter strip to an 
infiltration trench at this site in the Midlands.
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Retention ponds
Retention Ponds retain a certain volume of water at 
all times. This means that the unsightly exposure of 
banks of collected sediment can be avoided. It also 
improves the process of removing nutrients, trace 
metals, coliforms and organic matter. Allowance for 
a considerable variation in water level during storms 
should be incorporated in the design, so that a 
significant storage volume can still be provided.

The permanent water may be visually more attractive 
although elevated nutrient concentrations may result 
in algal blooms. To be successful as an amenity, a 
retention pond should have a catchment of at least 
5 hectares and/or a reliable inflow of water in dry 
weather. Inlet and outlet sumps will, as for detention 
basins, improve performance by trapping sediment 
and preventing clogging of the outlet. Removal of 
collected sediment from the inlet sump may be 
needed although typically, this is not required at a 
frequency greater than once every seven years.

This pond is the final stage of the drainage system 
serving a major development at Elvetham, Hampshire.

This pond provides an attractive feature for this 
development in Greenwich, London.

Highway junctions provide land between slip roads that 
can be used for ponds or wetlands. In this case, land in 
the centre of a roundabout has been used as a detention 
basin, which releases rainwater at a fixed maximum rate, 
providing storage at times of intense rainfall.
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Ponds can be fed by a swale system, a filter drain 
network or a conventional surface water system. 
The last option will result in much larger peak flows 
reaching the pond and consequently require a bigger 
area. A typical retention pond will have at least 20 
days retention time to permit biological degradation 
of pollutants. For industrial sites, a pond provides 
a final opportunity to catch oils and chemicals from 
accidental spillages around the estate.

Wetlands
These are a further enhancement of retention 
ponds that incorporates shallow areas planted with 
marsh or wetland vegetation. They provide a much 
greater degree of filtering and removal of nutrients 
by algae and, to a lesser extent, by plants. Inlet 
and outlet sumps will improve performance and are 
recommended, since excessive sediment can quickly 
overwhelm the shallow area.

Only specially constructed wetlands should be 
used to treat surface water. It is not normally an 
acceptable practice to lead surface water into an 
existing natural wetland area.

Constructed wetlands have proven to be effective 
in many developed countries, providing moderate 
to high levels of pollutant removal throughout the 
year. Constructed wetlands, designed by specialist 
consultants, will enhance their performance and 
longevity. A review of constructed wetlands was 
published by CIRIA in 1997 (9).

SUDS such as ponds and wetlands provide 
additional green areas and interesting water features 
within developed areas. They are useful for urban 
recreation and pollution tolerant wildlife. They can 
also provide corridors for wildlife to move between 
suitable habitats in urban areas.

Water features can be incorporated into both rural and 
urban settings to improve amenity value. Roof water 
from the site flows to this attractive water feature at the 
Wheatley Services Area on the M40.

Retention pond beside the A92, Dundee.
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Conclusion
The traditional approach to draining developed areas 
is having a damaging impact on our environment 
and is not sustainable. Sustainable Drainage 
Systems offer a wide range of techniques which can 
be adopted for most new and redeveloped sites to 
give a reduced environmental impact from surface 
water drainage. To implement SUDS techniques 
effectively, developers need to consider their use 
at the earliest possible stage, as this may influence 
decisions on land purchase and the overall layout of 
the development.

They should consult with planning authorities, the 
Agencies and sewerage undertakers at the earliest 
stage of the development process. Widespread 
adoption of these techniques in new developments 
would see a long-term improvement in the quality 
of our urban rivers and a reduction in the risk of 
flooding. In addition, our urban environment would 
not only be more sustainable, but would also be 
more varied and attractive. Water features would be 
regarded as valuable assets instead of having water 
piped beneath the ground, out of sight.
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Glossary
Adsorption – The adherence of gas, 
vapour, or dissolved matter to the 
surface of solids.

Aquifer – A sub-surface zone or 
formation of rock or soil containing a 
body of groundwater.

Attenuation – The action of 
reducing a peak flow and increasing 
the duration of a flow event.

Base flow – The sustained flow in a 
channel or drainage system.

Basin - A ground depression that 
acts as a flow control or water 
treatment structure that is
normally dry and has a proper 
outfall, but is designed to detain 
stormwater temporarily.

Contaminated land – Ground that 
contains substances which, when 
present in sufficient quantities or 
concentrations, are likely to have 
detrimental effects.

Conveyance – The movement of 
water from one location to another.

Detention basin – A vegetated 
depression that is normally dry 
except following storm events.
Constructed to store water 
temporarily to attenuate flows.  
May allow infiltration of water to  
the ground.

Diffuse pollution – Pollution that 
comes from urban and rural land-
use activities spread out across a 
catchment or sub-catchment. It is 
not from an industrial process or 
municipal sewage effluent.

Filter drain – A linear drain 
consisting of a trench filled with a 
permeable material, often with a 
perforated pipe in the base of the 
trench to assist drainage.

First flush – The initial runoff from 
a site or catchment following the 
start of a rainfall event. As runoff 
travels over a catchment it collects or 
dissolves pollutants. The ‘first flush’ 
portion of the flow may be the most 
contaminated as a result. 

Geotextile – A plastic fabric that is 
permeable.

Green roof – A roof with plants 
growing on its surface. The vegetated 
surface provides a degree of retention, 
attenuation and treatment of 
rainwater. It promotes evaporation 
and transpiration, and contributes  
to local biodiversity. Sometimes 
referred to as an alternative roof.

Greenfield runoff  – The surface 
water runoff regime from a site 
before development, or the existing 
site conditions for brownfield 
redevelopment sites.

Groundwater – Water contained in 
the soil or rock beneath the ground.

Impermeable – Will not allow water 
to pass through it.

Infiltration – The passage of surface 
water into the ground.

Infiltration basin – A dry basin 
designed to promote infiltration  
of surface water to the ground.

Nutrient – A substance (such 
as nitrogen or phosphorus) that 
provides nourishment for living 
organisms.

Orifice plate –  Structure with a 
fixed aperture to control the flow  
of water.

Passive treatment – Natural 
processes used to remove and  
break down pollutants from surface 
water runoff.

Permeable pavement – A paved 
area that allows water to drain 
through the surface.

Rainwater butt – A small scale 
garden water storage device which 
collects rainwater from the roof via 
the drainpipe.

Soakaway – A sub-surface structure 
into which surface water is conveyed. 
It is designed to promote infiltration.

SUDS – Sustainable Drainage 
Systems: a sequence of management 
practices and control structures 
designed to drain surface water in a 
more sustainable fashion than some 
conventional techniques.

Swale – A shallow vegetated 
channel designed to conduct and 
retain water, but may also
permit infiltration. The vegetation 
filters and retains solid particles.

Transpiration – The loss of water 
vapour through plant leaves.

Wetland – A flooded area where the 
water is shallow enough to enable 
the growth of bottom-rooted plants.
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ANNEXURE F 
EXTRACT FROM FOREST MANAGEMENT AND RESTORATION REPORT
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ANNEXURE G 
KZN DEPARTMENT OF AGRICULTURE AND ENVIRONMENTAL AFFAIRS: 

AUTHORISATION AND RECORD OF DECISION (6 NOVEMBER 2007) 
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ANNEXURE H 
KZN DEPARTMENT OF AGRICULTURE AND ENVIRONMENTAL AFFAIRS: 

AMENDMENT OF THE CONDITIONS OF THE AUTHORISATION (12 SEPTEMBER 2008) 
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ANNEXURE I 
UMHLANGA RIDGESIDE: CONSTRUCTION ENVIRONMENTAL MANAGEMENT PLAN 
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FIGURE 2 M4 LONGITUDINAL SECTION 
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