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THE HELMSLEY DEVELOPMENT COMPANY 
 

HELMSLEY RESIDENTIAL COUNTRY ESTATE DEVELOPMENT 
 

STORMWATER MANAGEMENT REPORT 
 

 

1. INTRODUCTION 

 

1.1. Background and Terms of Reference  

 

With the current high growth in urban development along the north-coast of KwaZulu-

Natal and the continued urbanization of agricultural land which dramatically increases the 

stormwater runoff, it has become a necessity to do a stormwater management plan for 

each urban development project. 

 

Bigen Africa Services (Pty) Ltd have been appointed to deliver and attend to the 

consulting engineering and stormwater management master planning services in 

respect of the civil and electrical infrastructure for the proposed development.  

 

The following stand alone and/or separate reports and services agreements have been 

compiled by Bigen Africa Services (Pty) Ltd and /or their specialist Services Providers, 

and should be read in conjunction with this report: 

 

 Traffic Impact Assessment – dated August 2007 

 Determination of 1:100 year floodlines – dated August 2007 

 Geophysical Investigation and Borehole Siting Report – dated 30 August 2007, 

Ref No. 2007/155 (Geomeasure Group) 

 Reserve Determination and Water Use Licensing Report, dated …….2007. Ref. 

No. …….(Geomeasure Group) 

 Preliminary Bulk and Internal Services Report – dated November 2007 

 Kwadukuza Local Municipality Services Agreement (Roads, Stormwater and 

Electricity Services) 

 iLembe District Municipality Services Agreement (Water and Sanitation Services) 

 

1.2. Purpose of this Stormwater Management Report 

 

The purpose of this stormwater management report is to provide a practical plan of 

management in dealing with stormwater runoff generated by rainfall so as to ensure the 

protection of the environment from flood hazards, as well as the safe routing and 

discharge of stormwater from within the proposed development area. 
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The report also describes the existing drainage infrastructure and proposed infrastructure 

referring to the Red Book “Guidelines for Human Settlement Planning and Design”, best 

practise stormwater management is based on: 

 

 The need to protect the health, welfare and safety of the public, and to protect 

property from flood hazards by safely routing and discharging stormwater from 

developments; 

 The quest to improve the quality of life to affected communities; 

 The opportunity to conserve water and make it available to the public for beneficial 

uses; 

 The responsibility to preserve the natural environment; 

 The need to strive for a sustainable environment while persuing economic 

development; and 

 The desire to provide the optimum methods of controlling runoff in such a way that 

the main beneficiaries pay in accordance with their potential benefits. 

 

While these goals may be reflected in other disciplines and indeed may even be in 

apparent conflict with one another – specific objectives supporting these overall goals 

need to be identified for each specific project by the planning team. 

 

1.3. Management Responsibilities 

 

The developer, The Helmsley Development Company, will be responsible for the 

managing of the stormwater related activities on site during the implementation phases of 

the development. 

 

During the implementation stage the developer may delegate certain of the responsibilities 

to the appointed professional team and contractors to implement the stormwater 

management plan, but will retain overall responsibility.  Once the handover of the 

development is complete, the Body Corporate and/or the Local Authority (Kwadukuza LM) 

will be responsible for the management, operation and maintenance of the stormwater 

system, in accordance with this stormwater management plan. 

 

2. PROPOSED SITE AND DEVELOPMENT 

 

2.1. Locality 

  

The proposed development is located on Portion 161 of the farm Compensation No. 868, 

known as Helmsley farm within the area of jurisdiction of the Kwadukuza Local 

Municipality and on a district level within the area of jurisdiction of the iLembe District 

Municipality and is very close to the N2 (Level 1) multi-sectoral activity corridor and the 
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Ballito (Level 3) development node, which has experienced an extremely high growth rate 

during the recent years. The proposed development is placed approximately 3km west of 

the R102 between Tongaat and uMhlali and 1,2km from the D176/P387 road intersection 

on the proposed portion 161 of the farm Compensation No. 868, situated slightly inland on 

the north coast of Kwazulu-Natal, in the vicinity of Compensation approximately 6,5km 

north west of Ballito. The development site is located on a farm directly adjacent to the 

D176 District Road, which is currently under sugar cane cultivation and zoned for 

agricultural purposes. 

 

Kindly refer to Annexure A for the following drawings:  

 

 0938.00.AA.01A010 Locality Map Regional Context 

 0938.00.AA.01A011 Locality Map Local Context 

 0938.00.AA.01A013 Locality Map Street Context 

 

2.2. Description of the development 

  

The development will primarily be of a residential nature, comprising the development of 

various zones within the development and comprises of the following: 

 

ZONE % COVERAGE OF TOTAL AREA 

Special Residential 57,80 

Impact Residential 27,70 

Service and Maintenance 2,73 

Conservation 2,44 

Private open space 1,02 

Roads 8,31 

TOTAL 100 

 

Recommendations made by the various professionals regarding issues such as wetlands 

and other environmental issues, have been incorporated in the township layout.   

 

The proposed 19.327ha Helmsley Residential Country Estate development is planned for 

approximately 81 medium density and 57 special residential housing units; 4 low impact 

residential stands, 3 service and maintenance stands, 5 conservation stands and a 

number of private and open spaces as well as road reserves which will all form part of the 

luxury and leisure/retirement industry that will be part of a larger 170ha macadamia nut 

plantation/farm estate that will be established over a 7-10 year time frame/period. 

 

Refer to proposed development layout plan prepared by Helena Jacobs PSF, attached as 

Annexure B (dwg no. 0938.00.AA.01A012) of this report. 
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2.3. Accessibility 

 

Access to the proposed development area has been comprehensively addressed in a 

separate stand alone Traffic Impact Assessment Report that was compiled for the project, 

by ourselves Messrs. Bigen Africa Services (Pty) Ltd dated August 2007 

 

National road access is obtained via the N2 (north) multi-sectoral activity corridor in the 

region of the Ballito/Compensation interchange. 

 

Provincial road access from the N2 is obtained via the P445 past uMhlali Country Club, 

west towards the P2-2 (R102) T-junction between Tongaat and uMhlali. The P387 then, in 

turn, leads off the P2-2 (R102) in a westerly direction near the Compensation 

Station/uMhlali intersections. 

 

District road access from the P387 is obtained via the D176 located approximately 3km 

north west of P2-2 (R102), before reaching the development area approximately 1,2km 

north west of the P387 – D176 intersection. 

 

The proposed development area is considered relatively accessible from an existing 

national, provincial and district road network perspective and has been dealt with in a lot 

more detail in the Traffic Impact Assessment Report.  

 

3. TERRAIN DESCRIPTION 

 

3.1. Topography 

 

The prevailing climate conditions for the development area is classified as subtropical, 

comprising hot and humid summers between the months of October and March. Annual 

precipitation varies between 640mm to 1483mm for the region, with the highest recorded 

monthly rainfall being 519mm (September 1987) and the lowest being 105mm (July 

1984). The hot and humid summers contrasts with relatively mild dry winters. 

 

Refer to Annexure C for a copy of the climate statistics table for the closest weather 

recording Station No. 0241072 9 located at Mount Edgecombe. 

 

The site generally slopes from the north-west towards the south-east.  Drainage from the 

elevated hillock on which the development has been located is governed by three (3) non-

perennial streams within the valley lines that drain towards the south eastern corner of the 

farm where they converge into a single stream/tributary that eventually joins up and flows 

into the Wewe river approximately 3km south of the project area. 
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Apart from the three (3) drainage lines and demarcated wetland areas on the farm, there 

is no other natural vegetation present on the site other than some exotic species of trees 

that have been planted along the RoW access roads and around the abandoned labour 

treatment homesteads within the proposed development area.  The balance of the farm is 

currently under sugar cane cultivation at various stages of harvesting. 

  

A slope analysis of the entire farm (property) was undertaken by ourselves and the 

majority of the proposed development area was found to be within the 0 – 20% gradient 

range with small isolated areas reaching a maximum gradient of 25% along the lower 

edges of the elevated development footprint perimeter (refer Annexure C, for a copy of the 

slope analysis undertaken of the development area onto which the layout plan has been 

superimposed). 

 

Variation in elevation ranges between approximately 84m AMSL in the south eastern 

sector of the site to approximately 184m AMSL along the northern boundary of the farm.   

 

In terms of surface water resources of SA (1994) the development is situated in the “Mvoti 

to uMzimkulu” water management area, drainage region U, secondary catchment U3 and 

quartinery sub-catchment U30D. 

 

3.2. Geology and subsoil conditions 

 

A geotechnical investigation of the proposed development area was undertaken by 

Messrs. Groundwork Geotechnical Solutions cc during October 2005, who in turn, 

compiled a report, Ref. GS059/05 dated October 2005, which can be summarised as 

follows: 

 

3.2.1. Overview 

 

On the basis of field mapping in conjunction with a desktop review of Geoscience 

sheet 2930 “Durban” the site can be classified into 3 geological areas. 

 

3.2.2. Site Geology 

 

Due to the variable geology of the project area, the site has been divided into 

three geotechnical zones.  Therefore, the geology of the site is described by 

discussing the typical nature of each of the geotechnical zones in the following 

sections.   

 

All depths referred to in Sections 5.2.1 to 5.2.3 are in metres below existing 

ground level. 
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3.2.2.1. Alluvium 

 

“Which is formed as organic soils along the bottom of the valley terrain”. 

 

Alluvial sandy clays and silty clays are present typically along the outer 

edges and central portions of the valley bottom terrain. 

 

Seasonal and permanent standing water conditions are anticipated, 

resulting in organic-rich compressible soils. 

 

3.2.2.2. Berea Formation (Q6) 

 

“Presented as limited unconsolidated Aeolian (windblown) sandy to 

clayey deposits along the elevated northern and north-western slopes”. 

 

Former dune/Aeolian (windblown) deposits of the Berea Formation were 

mapped along the uppermost northern and north-western slopes. 

 

These soils are represented by brown and reddish brown slightly silty 

sands (hillwash/drift) and silty clayey sands and sandy clays (Clansthal 

Soil Form), to a maximum observed depth of approximately 1m.  It is 

possible though that deeper zones of the deposits may exist. 

 

From experience with similar soils on other sites, the above soils are 

known to be favourably permeable, highly erodible and prone to collapse 

settlement under loading when wet.  The soils can also become unstable 

within steep excavations eg. platform embankments. 

 

3.2.2.3. Vryheid Formation (Pv) 

 

“Comprising sandstone and siltstone bedrock and derived colluvial and 

residual clays / clayey soils”. 

 

Sedimentary siltstone and sandstone bedrocks belonging to the Vryheid 

Formation where encountered over the majority of the site. 

 

The bedrock was observed to occur as a light orangey brown / light 

brown, completely weathered, extremely soft to very soft rock, the 

hardness factor depending on the degree of weathering and nature of 

the landform underlain by the bedrock.  Measurement of the orientation 
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of the bedding planes shows a typical inclination of between 8º and 11º 

in a south-easterly direction. 

 

The sandstones are overlain by derived grayish brown, clayey colluvium, 

and residual orangey brown and yellowish brown, gravelly sandy clay / 

sandy silty clay, resembling the Waldene / Clovelly soil forms.  The 

clayey soil cover is assessed to be active, this feature manifesting as 

cyclical heave and shrinkage patterns consequent on moisture controls.  

Any sandy top-soils would also be susceptible to erosion through 

uncontrolled surface runoff. 

 

3.3. Groundwater 

 

The majority of the site area appears to be satisfactorily drained. 

 

Along the central valley bottom terrain where relatively low impermeable clayey and 

organic rich soils are anticipated, poor drainage characteristics and the risk of near 

surface saturation problems due to the low permeability of the clayey subsoils are typical.  

Weakly to poor drained slope conditions are therefore anticipated in the general area of 

the valley bottom terrain.   

 

It is recommended that subsoil drainage measures be provided where all services or 

roads cross these areas.  The design of the subsoil drainage measures should be 

concluded on-site during construction and in consultation with a geotechnical professional. 

 

3.4. Floodlines 

 

The two well defined drainage paths on either side of the development and their 

respective catchment areas have been used to determine the 1:100 year floodline.  It 

must be noted that the floodlines as indicated on the attached layout/contour drawing, 

situated along the water courses within the proposed development area, with catchments 

exceeding one square kilometre, represents the maximum flood levels that is likely to be 

reached on an average every 100 years by floodwater. 

 

Kindly refer to Annexure C (dwg. No. 0938.00.AA.04A001) for the calculated 1:100 year 

floodline. 
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4. OVERVIEW OF GENERAL PROBLEMS AND MANANAGEMENT PRACTICES 

 

4.1. Urbanisation and Runoff 

 

Urban development implies that large areas of natural vegetation are replaced with 

buildings, roads, and other forms of impervious surfaces.  The effect of this is that water 

runs from the new hard ground surfaces and enters streams or watercourses in greater 

volumes and over a shorter period of time. 

 

The volume of water generated within a watershed or catchment area increases steadily 

with development.  The presence of impervious areas such as roofs, parking areas and 

road surfaces limits the volume of water that can infiltrate into the soil and increases the 

amount of runoff generated.  Urbanised areas also tend to have reduced storage 

capacities for runoff because of large paved areas and the removal of the vegetative 

cover.  Decreases in infiltration and evapotranspiration and an increase in runoff are the 

result of urbanisation, with the runoff volume linked to the percentage of the impervious 

area. 

 

4.2. Peak Flow and Flooding 

 

Urbanisation increases the frequency and severity of flooding due to the increased runoff.  

Because of the decreased availability of previous, permeable surfaces, and the related 

decrease in storage capacity, smaller more frequently occurring storms can create 

flooding problems.  Hydrographs in urban streams peak higher and faster than streams in 

undeveloped areas, which indicate that both the runoff volume and peak discharge are 

substantially increased under developed conditions. 

 

Table 1 overleaf shows a comparison between runoff volumes and peak discharge for 

developed and undeveloped areas.  The figures of the table indicate that the estimated 

runoff for frequent rainstorms increases by almost five times in urban areas, whereas the 

increase for less frequent storms is double of that found in undeveloped conditions.  The 

estimated peak discharge for developed areas is ten times higher than for undeveloped 

areas for the more frequent storms.  It is approximately five times more for the less 

frequent or 10-year storms. 

 

 

 

 

 

 

 



 

Helmsley Residential Country Estate Development 

Stormwater Management Report 
 

 

c:\pw_workdir\vrenn\dms05513\stormwater report (revised) jan 2019.docx  Page 12 
 

Table 1: Comparison of Estimated Runoff Volume and Peak Discharge for Developed and developed 
areas 

 

Storm Frequency 
(Years) 

Undeveloped Conditions (Natural 
grassland) 

Developed Conditions (Large 
Residential erven) 

Estimated Runoff 
(mm) 

Estimated Peak 
Discharge 

(cm/s) 

Estimated 
Runoff (mm) 

Estimated Peak 
Discharge 

(cm/s) 

2 0.34 0.11 1.52 1.23 

10 1.32 0.60 3.39 2.91 

100 3.56 2.10 6.71 6.23 

Source: Horner et al, 1985 

 

4.3. Flood Hazards 

 

An integrated approach needs to be adopted to determine the extent of encroachment of 

development into flood prone areas and not just the floodlines, as has been the practice to 

date.  Depending on the specific flood area, decisions can be made whether to allow no 

development at all or whether to allow some development with special conditions.  For 

proactive planning of development of flood prone areas, stormwater servitude areas 

should be proclaimed prior to final layout planning. 

 

4.4. Stormwater Management Systems 

 

The methods to manage stormwater flow, both in terms of quantity and quality, depend on 

the characteristics of the relevant catchment.  The following are some of the methods that 

can be applied. 

 

4.4.1. Attenuation Dam 

 

A constructed stormwater attenuation basin may have a permanent pool of water 

or may be dry.  Runoff from each rain event is detained and treated in the dam 

through settling and biological uptake mechanisms.  A number of different 

attenuation dam types exist. 

 

 Dry Attenuation Dams 

 

Dry attenuation dams are basins designed to temporary detain runoff for 

some minimum time, releasing the stormwater slowly to reduce flooding.  

They are referred to as “dry detention” because these devices dry out 

between rain events.  Dry attenuation dams are particularly suitable for 

urban areas where the natural runoff cannot support a wetland system or 

where the runoff only occurs during rainstorms.  This allows for the 
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utilisation of the land for recreational purposes during the dry periods.  Dry 

dams can be constructed within open stormwater channels. 

 Wet Attenuation Dams 

 

Wet attenuation dams, also called wet basins or dams, maintain a 

permanent pool of water in addition to temporarily detaining stormwater.  

The permanent pool of water enhances the removal of many pollutants.  

These dams fill with stormwater and release most of it over a period of a 

few days, slowly returning to its normal depth of water.  Wet dams can be 

used in most locations where there is enough space to locate the dam.  

The large volume of storage in the dam helps to reduce peak stormwater 

discharges, which, in turn, helps control downstream flooding.  Construction 

costs for wet dams can be somewhat high because the dams must be large 

enough to hold the required volume of runoff and to contain the permanent 

pool of water. 

 

4.4.2. Wetlands 

 

Stormwater wetlands are practices that create shallow marsh areas to treat urban 

stormwater and often incorporate small permanent dams and extended detention 

storage.  As stormwater runoff flows through the wetland, pollutant removal is 

achieved through settling and biological uptake within the practice.  The wetlands 

can be constructed in various forms and combinations, depending on the urban 

layout and topography, and include shallow wetlands, extended detention 

shallow wetland, dam and wetland combined systems, and pocket wetlands. 

 

Wetlands are ideal stormwater retention systems in maintained open space 

systems or parks.  The water featured normally has a strong aesthetic element 

and the design can easily be accommodated in park strips and open space 

systems.  This is also a particularly suitable feature for golf course designs.  The 

spatial requirements of a combined wetland and dam system is high and the 

topography needs to be fairly level.  This system is more suitable for large estate 

developments and areas where the natural environment and the zoned open 

space system lend itself to it. 

 

A stormwater wetland can provide strong visual values, open space elements, 

wildlife habitat characteristics and green space by making use of proper water 

elevations and vegetation types.  Ornamental vegetation can be used to 

strengthen visual appeal.  The use of many species of plants is critical to proper 

design, allowing a more natural competition for survival to occur over time. 
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4.4.3. Infiltration and Filters 

 

Infiltration refers to the process of water entering into the soil, which indicates the 

predominant means by which these devices evacuate their treatment volume.  

Infiltration practices capture and temporary store water before allowing it to 

infiltrate into the soil over a two-day period.  It does not normally meet the 

detention or channel protection requirements and soil conditions must be suitable 

for this system. 

 

There are a number of devices used to treat stormwater that make use of 

infiltration to remove pollutants and to recharge or replenish the ground water.  

Infiltration devices include infiltration basins and trenches as well as porous 

pavements.  Properly designed infiltration basins and trenches can closely 

reproduce the water balance that existed prior to development, providing ground 

water recharge, control of peak flows from stormwater and protection of stream 

banks from erosion due to high flows. 

 

Filter strips should be located on near level or very gently sloping ground to 

enhance sedimentation and infiltration, and should be a minimum of 15 metres in 

width, but wider depending on the volume of overland flow.  Properly constructed 

forested and grassed filter strips can be expected to remove move than 60 

percent of the particulates and perhaps as much as 40 percent of the plant 

nutrients in urban runoff. 

 

Filter strips fail very easily if they are not maintained regularly and function best 

when they are level in the direction of stormwater flow towards the stream.  This 

orientation makes for the finest sheet flow through the strip, increasing infiltration 

and filtering of sediment and other solids.  To prevent erosion channel formation 

a level spreader should be situated along the top edge of the strip.  Level 

spreaders are designed to disperse concentrated flows evenly over a larger area.  

One type of level spreader is a shallow trench filled with crushed stone.  The 

lower edge of the level spreader must be exactly level if the spreader is to work 

properly. 

 

Filter strips can also act as buffer zones between urban developments, can form 

part of a multi use corridor, a section or delineation of parkland, or a protection to 

slopes and soils subject to erosion and channelling. 

 

4.4.4. Pollution and Litter Traps 

 

Pollutant traps are designed to trap litter, debris and coarse sediments in drains 
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and often are large concrete structures.  They sometimes incorporate a weir, and 

upstream swales may be provided along the stream bank to accommodate flows 

and impound water during heavy rainfall.  As with all litter removing devices, 

gross pollutant traps require regular maintenance, and good initial design.  They 

also require significant financial outlay and land areas. 

 

User of litter baskets in drainage systems is becoming common practice in 

certain urban areas.  Side entry traps are baskets that are placed inside the 

entrances to the drainage system from road gutters.  Stormwater passes through 

the baskets to the drain and material larger than the mesh size is retained.  They 

are to be placed on numerous drain entrances within an area selected for litter 

source control and can trap significant quantities of gross pollutants.  They are 

cheap to install and can be used to target specific areas because they can be 

installed on individual drainage entrances.  Although they cannot remove all 

gross pollutants from the drainage network, they can capture up to 85 percent of 

the litter load and up to 75 percent of the gross pollutant load entering the 

drainage system, if placed on public road entrances. 

 

Litter baskets have the following limitations: 

 

 Potential to aggravate upstream flooding if blocked by litter and vegetation; 

 Potential odours and health risk to workers when handling trash; 

 Previously caught material may be re-mobilised when overtopping occurs; 

and 

 Low capital cost but moderate to high maintenance costs. 

 

4.4.5. Open Channels 

 

Vegetation is often employed as part of a stormwater management system, to 

remove particulates and slow runoff.  The open channels or swales can be either 

dry or wet, depending on the local circumstances.  Dry swales are particularly 

suitable for residential areas, along roadways, and other permeable land use 

areas, whereas wet swales should be avoided due to the potential problems with 

stagnant water. 

 

The grass swales are open, grass-lined channels for conveying runoff from roads 

and other impervious surfaces.  They are essentially long shallow linear 

depressions with low sloping sides, broad width to depth ratio and gentle grades.  

Swales should be designed with a trapezoidal cross-section.  They may require 

small on-line dam walls to slow velocities and increase pollutant removal, with a 

slope gradient to prevent scouring.  Grass swales are used to infiltrate 
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stormwater, where soils are suitable, and to reduce runoff velocity.  Depending 

on their length and slope, swales are effective at retaining coarse sediments and 

can be used as part of a treatment train for stormwater management. 

 

Because swales have a limited capacity to convey runoff from large or intense 

storms, they often lead into concrete lined channels or other stable stormwater 

control structures. 

 

5. DESIGN PHILOSOPHY 

 

5.1. Terminology 

 

The run-off that is generated within a catchment through precipitation will depend on the: 

 

 characteristics of the storm event; 

 the response characteristics of the catchment; 

 and the influence of temporal storage on the run-off. 

 

The temporal distribution of the run-off is reflected in a hydrograph, such as plotted in 

Figure 1. The flood peak (QP) is reached as soon as the entire catchment contributes to 

the flood, which is also referred to as the time of concentration (Tc). 

 

 

    Figure 1: Typical flood hydrograph 

 

 

The potential damage that a flood could cause to human and other activities may be 

related to one or more of the following parameters: 
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 High flood level (HFL) - the maximum water level reached at a given point during 

the flood. 

 Peak discharge (QP) - the maximum flow rate during the flood. 

 Maximum flow velocity - the maximum calculated flow velocity associated with a 

given flow rate. 

 Flood volume - the volume of water that is released from a catchment, responding 

to a given storm event and catchment characteristics. 

 Flood duration - the period of time during which the discharge does not drop below 

a given limit. 

 

Peak discharge is the most useful parameter in the calculation of the required cross 

sectional area to convey a flood and to determine the backwater effect (upstream 

influence) of any structure that influences the normal flow conditions. The peak discharge 

is directly related to the characteristics and response of the contributing catchment area. 

 

Although the peak discharge does not remain constant as the flood progresses along a 

watercourse, changes are fairly gradual where there are no tributaries or local temporary 

storage. It could, therefore, be postulated that the peak discharge is independent of local 

changes in the watercourse, such as bed slope and cross sectional shape. With the 

peak discharge having been determined, the high-flood level (flood line) and associated 

flow velocities may be determined by means of hydraulic calculations (uniform or gradually 

varied flow relationships). The flood volume and temporal variance of the flow rate can be 

derived from the hydrograph. 

 

5.2. Stormwater Design Guidelines 

 

All developments within the development area will be required to control storm water 

runoff in accordance with this document. The following guidelines are intended to assist 

developers, property owners and their professional teams with the planning of site layouts, 

the design of the major and minor storm water systems infrastructure and to ensure that 

the objectives of this storm water management plan are met during planning, design, 

construction and operational phases of all developments. 

 

5.2.1. Factors Affecting Run-off 

 

In flood hydrology it is essential to be familiar with and to understand the 

influence of the various factors affecting run-off before an attempt is made to 

undertake hydrological calculations. Such factors may be broadly classified as: 

 topographical factors; 

 developmental influences and; 

 climatological variables. 
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These factors are mutually dependent. Only the most important factors in the 

above mentioned classes are discussed below. 

 

5.2.1.1. Topographical factors 

 

(a) Size of catchment 

 

The size of a catchment has an important influence on the 

rainfall/run-off relationship, and consequently on the suitability of 

calculation methods. In small catchments for example, the 

relationship between rainfall intensity and infiltration rate of the 

soil is very important, whereas in large catchments the quantity of 

rainfall relative to the water storage capacity of the ground is more 

important. The peak discharges of small streams within the same 

geographical area are approximately proportionate to the sizes of 

the catchments (catchment area < 10 km2). As the catchment 

becomes large, the peak run-off becomes proportionate to√A. The 

effect of other factors, however, often decreases the influence of 

size alone. 

 

Topographical maps (1: 50 000) are usually used to determine the 

area of a catchment. However, for small catchments the accuracy 

and contour intervals on these maps are not acceptable and 

topographic detail on a smaller scale, say 1: 10 000, should be 

obtained. Ortho-photographs should be used, if available. 

However, it is considered essential for the designer to visit a 

catchment personally to obtain an impression of developments and 

other important characteristics of the catchment. 

 

(b) Catchment shape 

 

Even if all other characteristics are the same, fan-shaped 

catchments will give rise to higher peak flows than long, narrow 

catchments. The slope of the main watercourse and other factors 

may, however, neutralise this influence. When reduction factors 

are used to adjust rainfall intensities, the movement and intensity 

of a storm passing over the catchment should be considered, 

because using only the size of the catchment could be misleading 

as is illustrated in Figure 2. 
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Figure 2: Catchments of the same size, but producing different peak discharges 

 

 

(c) Catchment slope 

 

The slope of a catchment is a very important characteristic in the 

determination of flood peaks. Steep slopes cause water to flow 

faster and to shorten the critical duration of a flood-causing 

storm, thus leading to the use of higher rainfall intensities in the 

run-off formulae.  On steep slopes the vegetation is generally less 

dense, soil layers are shallower, and there are fewer depressions, 

which cause water to run off more rapidly. The result is that 

infiltration is reduced and flood peaks are consequently even 

higher. 

 

Generally there is a good correlation between the slopes of the 

main watercourse, tributaries and the surrounding landscape. The 

slope of the main watercourse is usually determined from 

topographical maps in the manner described in Paragraph (a). 
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(d) Stream patterns 

 

Well-drained catchments have shorter times of concentration and 

consequently give rise to larger peak flows. The hydraulic 

effectiveness of a watercourse, whether it is natural or man-

made, affects the flow rates and, therefore, has to be taken into 

account. 

 

Some streams have numerous tributaries, and others may have 

only one main watercourse, which receives run-off from overland 

flow. The meandering of watercourses, marshes and flows outside 

of river banks affect the flood's progress and increase attenuation 

of flood peaks. 

 

(e) Infiltration 

 

Infiltration is the movement of water through the ground surface 

into the soil. Usually the infiltration rate is considerably higher at 

the start of precipitation than a few hours later. Soil moisture 

tension in the upper layers beneath the surface initially reinforces 

the effect of gravity to draw water into the soil. In time, however, 

the soil becomes increasingly saturated so that the tension 

decreases, capillary spaces become filled with water and 

infiltration takes place more slowly. Once the soil has become 

saturated, the surface infiltration rate becomes equal to the 

deeper infiltration rate to ground water (with interflow and 

evapotranspiration not considered). 

 

(f) Soil type and geology 

 

Soil type has an important influence on the run-off, mainly 

because of the effect of the infiltration rate. The effect of the soil 

type also often depends on the volume, duration and intensity of 

rainfall. The condition of the soil at the onset of a storm will affect 

run-off. Freshly ploughed or unsaturated soil, for example, will 

produce a smaller run-off volume and peak discharge than 

compacted or saturated soil of the same type. 

Underlying rock formations and other geological factors, such as 

riverine deposits, may have significant effects on run-off. Medium 

to large catchments with underlying dolomite, for instance, result in 

considerably reduced run-offs. 
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(g) Seasonal effects of vegetation 

 

Seasonal vegetation and falling leaves retard the flow of water and 

increase infiltration. Normally no provision is made in road 

drainage calculations for such seasonal effects. 

 

5.2.1.2. Developmental influences 

 

(a) Land use 

 

Since human activities may well have a considerable effect on 

the run-off characteristics of a catchment, present and future 

conditions should be properly taken into account, particularly with 

regard to urbanisation. The effect of urbanisation depends on the 

percentage of the surface area that is made impermeable and on 

changes in the drainage pattern caused by storm water 

systems. Urbanisation usually increases the size of flood peaks by 

20 to 50 per cent of those under natural conditions. Where there is 

industrial or other high-density building development, this figure 

may rise to 100 per cent or more. Examples of the influence of 

urbanisation on the peak discharge from a catchment as a function 

of impermeable surface area, return period and percentage area 

with storm water drainage are given in Tables 2 and 3). The type 

of urban development in South Africa, where wall boundaries are 

common could, however, reduce the peak discharge rate while it 

increases the flow volume. Preliminary results support this 

conclusion. This is however dependent on the topographical 

characteristics as discussed in paragraph 5.2.1.1 and is site 

specific. 

 

Table 2: Possible influence of % of impermeable surface area on peak flow, for different return 
periods, expressed as multiples 

 

Return 
period 
(years) 

Percentage area consisting of man-made impermeable surfaces 

 
 

1 10 25 50 80 

2 1,0 1,8 2,2 2,6 3,0 

5 1,0 1,6 2,0 2,4 2,6 

10 1,0 1,6 1,9 2,2 2,4 

25 1,0 1,5 1,8 2,0 2,2 

50 1,0 1,4 1,7 1,9 2,0 

100 1,0 1,4 1,6 1,7 1,8 
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Table 3: Possible influences on peak flow of % of impermeable surface area and % area with storm 
water drainage, expressed as multiples 

 

Percentage area with 
storm water drainage 

Percentage of impermeable surface area 

 
 

0 20 40 60 80 100 

0 1,0 1,3 1,5 1,8 2,0 2,4 

20 1,3 1,5 2,1 2,5 2,9 3,7 

40 1,4 2,1 2,5 2,9 3,7 4,7 

60 1,5 2,2 2,8 3,6 4,5 5,5 

80 1,6 2,3 3,0 4,2 5,0 6,2 

100 1,7 2,4 3,2 4,4 5,6 6,8 

 

(b) Storage 

 

Storage in a catchment occurs as detention storage (the filling up 

of small depressions in the ground surface), storage in overland 

(sheet) and river flows, as well as in pans, lakes, vleis and 

marshes. Storage could have a considerable effect on the 

attenuation and translation of flood peaks. 

 

(c) Reservoirs 

 

Reservoirs may intercept large volumes of run-off and thus 

considerably reduce peak flows. Generally it is realistic to 

assume that reservoirs would be reasonably full when conditions 

that favour large floods (large catchments) occur. The effect of 

interception by reservoirs can be investigated by assuming that 

the reservoir is full and conducting routing calculations. Chapter 

7 refers to the procedures (flood routing) that can be employed 

to undertake these calculations. Uncertainty regarding the 

operation of sluice gates during a flood, or prior to a flood event, 

to create storage volume for flood attenuation, complicates the 

assessment. The operational guidelines and policy for the release 

strategy should be investigated. A general assumption, however, is 

that the maximum controlled release from a dam should not be 

higher that the inflow peak. 

 

5.2.1.3. Climatological variables 

 

(a) Climate 

 

Climate has an important influence on many of the factors that 

affect run-off. Vegetation growth and soil formation, for example, 
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are strongly affected by rainfall and temperature. There is a clear 

relationship between rainfall intensity and mean annual 

precipitation in different regions of South Africa. The wetter parts of 

the country generally experience higher rainfall intensities. 

 

Areas with high rainfall generally also have wetter antecedent soil 

moisture conditions with correspondingly higher run-off from 

rainfall. 

 

(b) Rainfall as a flood parameter 

 

In South Africa, rainfall is the most important form of precipitation, 

and together with hail, is mainly responsible for flood run-off. 

 

Snow does not contribute significantly to floods in SA, but 

hydrologically speaking contributes to low flow in certain regions. In 

large catchments the quantity, intensity and distribution of rainfall 

are important factors, but in the determination of flood run-off for 

small catchments, rainfall intensity remains the dominant factor. 

 

The relationship between rainfall and run-off depends on many 

factors, which will be discussed later, and consequently cannot be 

simplified. Although the correlation between the rainfall return 

period and the resulting flood peak is poor, it has been found 

that when the peak run-off and rainfall are considered 

separately, the relationship between peak run-off for a given 

period and the rainfall intensity for the same return period remains 

reasonably constant for different return periods (3.3). Rainfall could 

thus be used to determine design floods, although a rainstorm of a 

given return period very seldom results in a flood peak with the 

same return period. 

 

(c) Time and area distribution of rain storms 

 

The run-off from a catchment depends not only on the intensity 

and quantity of rain, but is also affected by the duration, size, 

uniformity, velocity and direction of any storm passing over the 

catchment. Rain rarely falls evenly over a catchment, with the 

result that the rainfall inputs and flood run-offs vary across such an 

area. The point-to-point differences in the area and time 
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distribution of rainfall depend, in turn, on the type of rain, for 

example, convection, orographic, frontal or cyclonic rain. 

 

Convection rain occurs in the form of thunderstorms and tends 

to be extremely uneven and unpredictable; orographic rain also 

shows significant point-to-point differences but the distribution is 

more predictable; frontal rain is fairly evenly distributed along the 

longitudinal direction of the front, but there are marked differences 

in the direction of movement. 

 

In contrast, cyclonic rains show fairly even distributions with the 

heaviest precipitation and intensity at the centre. The type of rain 

that would cause floods depends largely on the location and size 

of the catchment. 

 

In most of the methods of calculation used in road drainage, it is 

assumed that the flood-causing storm has a precipitation duration 

just long enough to allow run-off from all parts of the catchment to 

contribute simultaneously to the flood peak, hence the relationship 

between the critical duration of a storm and the so-called time of 

concentration (Tc) as well as other methods used to measure 

catchment response time. In large catchments heavy rainfall over 

only a part of the area may also cause flooding, but the design 

floods for large catchments are mainly obtained via statistical 

analyses of measured discharges. 

 

Storms that move over a catchment in the downstream direction 

often cause larger flood peaks than stationary or other storms, 

since in effect they shorten the time of concentration. Where the 

prevailing direction of storms is usually downstream, particularly 

within a long catchment, an indication of the possible effect of such 

storms could theoretically be obtained by shortening the time of 

concentration by the time the storm takes to move across the 

catchment. Whilst storms may move at speeds of up to 50 km/h, it 

is difficult to determine a design speed. Storms also rarely move in 

a straight line. Such adjustments are generally not made in 

practice. 

 

5.2.2. Stormwater runoff control 

 

Formal surface and underground stormwater systems are provided in the overall 
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development for the acceptance of stormwater drainage from private properties, 

but it is important that the peak runoff rate from private properties does not 

exceed the hydraulic capacities of the elements of the major drainage system. 

The following are general guidelines for stormwater control from private 

properties. 

 

5.2.2.1. Buildings 

 

a.) The developer / owner shall ensure that the flow path of the 

stormwater on his site is adequately protected against erosion and is 

sufficiently roughened to retard stormwater flow to the same degree 

as that found in the natural pre-development state of the site. 

 

b.) Where the construction of a building causes a change in the natural 

flora of the site that might result in soil erosion, the risk of soil erosion 

by stormwater must be eliminated by the provision of approved 

artificial soil stabilisation devices or alternative flora suited to the 

changed conditions on the site. 

 

c.) No building works, earthworks, walls or fences may obstruct or 

encroach on a watercourse inside or outside the site without 

approved plans that do not compromise the objectives of the 

stormwater management plan. 

 

5.2.2.2. Roof Drainage 

 

a.) Where ground conditions permit, rainwater runoff that is not stored or 

utilized on site must be connected to infiltration trenches designed to 

maximize groundwater recharge. Infiltration facilities must be large 

enough to contain at least the first hour of a minor storm’s runoff 

without overflowing. 

 

b.) Infiltration trenches must be aligned along the contour on the 

downstream side of the property such that any spillage during major 

storms results in sheet overland flow. 

 

5.2.2.3. Parking Areas and Yards 

 

a.) Any external parking area, yard or other paved area must be 

designed to attenuate stormwater runoff from a major storm to an 

acceptable degree. 
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5.2.2.4. Driveways 

 

a.) Driveways shall not be constructed to deflect or channel runoff onto 

a roadway, or to concentrate runoff along a particular path that is not 

a natural watercourse, without prior consent. 

 

5.2.2.5. Private Roads 

 

a.) The principle of overland flow should apply to roadways where 

possible and roads should be designed and graded to avoid 

concentration of flow and off the road. 

 

b.) Where flow concentration is unavoidable, measures to incorporate 

the road into the storm water system should be taken. 

 

c.) Outlet structures at a road culvert or a natural watercourse must be 

designed to dissipate flow energy and any unlined downstream 

channel must be adequately protected against soil erosion. 

 

5.2.2.6. Stormwater Storage Facilities 

 

a.) The sufficiency and effectiveness of on-site detention and retention 

storage to meet stormwater attenuation requirements within the 

minor or major stormwater systems is the responsibility of the 

respective landowner.  

 

b.) Any detention pond shall be integrated with the landscape on the site 

and maintained on good conditions. 

 

5.2.2.7. Subsurface Disposal of Stormwater 

 

a.) Any construction providing for the subsurface disposal of stormwater 

should be designed to ensure that such disposal does not cause 

slope instability. 

 

b.) Infiltration structures should be integrated into the terrain so as to be 

unobtrusive an in keeping with the natural surroundings. 

 

5.2.2.8. Channels 

 

a.) Lined and unlined channels may be constructed to convey storm 
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water to a natural watercourse where deemed necessary and 

unavoidable. 

 

b.) Channels must be constructed with rough artificial surfaces, or lined 

with suitable, hardy vegetation to be non-erodible and to provide 

maximum possible energy dissipation to the flow. 

 

5.2.2.9. Energy Dissipaters 

 

a.) Measures should be taken to dissipate flow energy wherever 

concentrated stormwater flow is discharged down an embankment or 

erodible slope and the resulting supercritical flow poses a significant 

risk to the stability of the waterway. 

 

b.) A means of dissipating energy must be provided at the outfall of any 

drop structure to ensure storm water flow is returned to a safe sub-

critical state, or to disperse the flow. 

 

5.2.3. Stormwater Pollution Control 

 

a.) All property owners / developers shall ensure that no materials, fluids or 

substances are allowed to enter the stormwater system that could have a 

detrimental effect on the flora, fauna and aquatic life in the watercourses, 

dams and wetlands. 

 

b.) No polluted stormwater, wash water or waste water may be directed towards 

any permanent water body or wetland without the installation of a suitable 

filtration system to prevent pollution, including silt, from entering such water 

body. 

 

5.2.4. Stormwater Erosion Control 

 

The local authority may, at its discretion, inspect the individual properties within 

the development area on a regular basis to: 

 

a.) Determine the effectiveness of the stormwater management policies and 

amend policy as and when necessary to meet the objectives of the storm 

water management plan. 

 

b.) Advise property owners of any repair, maintenance and improvements works 

required on the storm water system control elements within their jurisdiction. 
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5.2.5. Safety  

 

5.2.5.1. Inundation of Property and Buildings 

 

a.) No buildings are to be constructed below the 1:100 year flood line. 

 

b.) The 1:100 year flood line may not be altered by the development of 

the site, land forming or other means without the approval of the 

relevant authorities. 

 

c.) All risk of inundation by flood water is carried by the owner of the 

property. 

 

d.) No flood water may be diverted or concentrated such that a risk of 

flooding or inundation of any property or building is created. 

 

5.2.5.2. Structural Damage  

 

a.) The diversion or concentration of stormwater, whether on the surface 

or underground, must not increase the risk of structural damage to 

any development within the development area. 

 

b.) The above includes the undermining of structures due to erosion of 

soil by stormwater. 

 

5.3. Stormwater System 

 

It is a requirement that the development does not discharge stormwater runoff into 

adjacent properties at levels higher than the current peak discharges.  Discharge is to be 

made at relatively low energy levels to prevent damage to the downstream systems. 

 

Where concentration of stormwater into pipe systems is required, energy dissipaters will 

be utilised for discharging into watercourses. 

 

Detention dams will be located where required in the development.  The detention dams 

will vary in size depending on catchment size, response time and location. 

 

The detention dams may contain 1 to 2m of water in them for aesthetic reasons with 

attenuation occurring above this level. 
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The stormwater system will be designed in accordance with the “Red Book” (Guidelines 

for Human Settlement Planning and Design). 

 

5.4. Design Storm Frequencies 

  

Due to the sensitivity of the area and the probability of uncontrolled stormwater causing 

scour, the following design storm frequency is to be used: 

 

(i) Non-critical points  1 in 5 year frequency 

(ii) Critical points   1 in 20 year frequency 

 

Critical points in the development will include low points in the access road and detention 

facilities. 

 

The system is checked for the implications of a 1:100 year storm. 

 

5.4.1. Runoff Calculation 

 

The rational method was used in the hydrological assessment. This method is 

particularly suitable for the calculation of peak flows and runoff volumes for a 

catchment area smaller than 15 km².  Factors that influence the runoff, such as 

land use, precipitaton duration, soil type, prevailing moisture content, as well as 

size and character of the catchment area are taken into account. 

 

The two scenarios that were considered during the hydrological modelling were 

based on pre- and post-development land use of the area. 

 

Pre-development was based on the current surrounding land use which is 

predominantly sugarcane cultivation, whilst post-development took the change in 

land use as well as the increase in impervious areas into account. 

 

A statistical analysis was conducted to determine the volumetric changes in 

runoff for the dry, average and wet climatic conditions related to the pre- and post 

development scenarios as part of the hydrological assessment. 

 

Calculations indicate that there is an increase in the flow and stormwater runoff 

volumes from all the sub-catchment areas within the proposed development, 

which can be attributed to the removal of sugarcane from the area and the 

increase in open and impervious areas associated with the development. 

 



 

Helmsley Residential Country Estate Development 

Stormwater Management Report 
 

 

c:\pw_workdir\vrenn\dms05513\stormwater report (revised) jan 2019.docx  Page 30 
 

Stormwater outlet structures will be designed and constructed in such as way so 

as to reduce flow velocities in the natural watercourse and channels by means of 

velocity dissipaters and gabions, thereby decreasing the chances of localised 

scour around the stormwater outlets and limiting erosion in the channels. 

 

Attenuation dams and retention facilities will be designed and constructed to 

regulate the runoff, thereby ensuring that the post-development flow conditions 

and runoff discharge volumes closely reflect the pre-development conditions. 

 

The abovementioned facilities will be sized and positioned in such a manner so 

as not to have a negative impact on the general runoff conditions. 

   

5.4.2. Rainfall Catchment Area  

 

Three catchment areas were identified and referred to as catchment A, B1 and 

B2 depicted on the topographical map inserted below. 

 

Homogenous catchment characteristic, for each of the three sub-catchments as 

noted above, were used for calculation purposes as obtained from the 

appropriate 1:50 000 topographical maps of the study area.  Provision was 

furthermore made for post-development conditions within catchment B2. 

 

The specific sub-catchments as noted above are a part of quaternary catchment 

U30D (Wewe River).  Mean Annual Rainfall (mm) 971mm. 

 

Following on below, please find a copy of the topographical map indicating the 3 

sub-catchments A, B1 and B2 as determined for the purposes of the hydrology 

calculations. 

 

  Figure 3: Topographical Map indicating sub-catchment areas within project area 
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Catchment A for Tributary Section AE: 

 

Mean Annual Rainfall (mm)   - 971mm 

Catchment area (km²)    - 1,76km² 

Vertical difference in height of catchment (m) - 10/8590m 

Flow length of longest water course (km) - 4,08km  

Average slope of catchment (%)  - 2,21% 

Catchment run off co-efficient   - 0,441 

Time of Concentration (Tc)   - 0.85 hours - 51min 

 

Location of development area Longitude - 31º 09’54” 

     Latitude - 29º 29’05”   

 

Catchment B1 for Tributary Section CD: 

 

Mean Annual Rainfall (mm)   - 971mm 

Catchment area (km²)    - 1,77km² 

Vertical difference in height of catchment (m) - 10/8590m 

Flow length of longest water course (km) - 3,54km  

Average slope of catchment (%)  - 2,54% 

Catchment run off co-efficient   - 0,433 

Time of Concentration (Tc)   - 0.72 hours - 43min 

 

Location of development area Longitude - 31º 09’54” 

Latitude - 29º 29’05” 

 

Catchment B2 for Tributary Section BD: 

 

Mean Annual Rainfall (mm)   - 971mm 

Catchment area (km²)    - 0,31km² 

Vertical difference in height of catchment (m) - 10/8536m 

Flow length of longest water course (km) - 1,05km  

Average slope of catchment (%)  - 3,43% 

Catchment run off co-efficient   - 0,556 * 

Time of Concentration (Tc)   - 0.25 hours - 15min 

 

* includes provision for post sites development of the catchment 

 

Location of development area Longitude - 31º 09’54” 

Latitude - 29º 29’05” 
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Catchment for Tributary Section DE: 

Catchment area (km²)       2.08km² 

Catchment for Tributary Section EF: 

Catchment area (km²)       3.84km² 

 

Historical precipitation data from the following rainfall station was used and 

incorporated into the floodline calculation process. 

 

 Table 4: Frasers (241302) Rain Station Records 

 

Station name:  FRASERS  Station number: 241302 

Latitude:   29º 32’   Longitude:  31º 11” 

Mean annual rainfall: 971mm 

 

 Recurrence Interval (years) 

Duration 2 5 10 20 50 100 

1 Day 84 122 153 188 241 287 

2 Day 108 164 210 263   

3 Day 119 178 227 281   

7 Day 140 204 254 309   

 

The abovementioned data was obtained from the Hydrological Report TR102 – 

Department of Water Affairs and Forestry. 

 

The access roads within the development will act as a cut-off boundary to water 

draining from the higher lying areas and stormwater run-off will be conveyed on 

the streets as far as possible, where after it will be collected and channelled into 

a combination of surface and subsurface drainage systems. 

 

It is also proposed that stormwater cut-off drains and associated inlet and outlet 

structures be constructed along the perimeter of the development, thereby 

limiting stormwater ingress from the adjacent properties and providing a 

controlled and localised outlet point. 

 

The stormwater will be conveyed along the cut-off drains to low points away from 

properties within the development, and in cases where the stormwater cut-off 

drain cannot convey water away from the development, channels and pipe 

culverts will be installed to transport the stormwater to the low points and into an 

open area or into the closest watercourse. 
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Where required, and usually where the lowest points of roads results in the 

stormwater runoff draining through stands or between two erf boundaries, 

stormwater servitudes will be registered.  Stormwater flowing through these 

servitudes will be channelled into a surface or subsurface drain, and 

subsequently be discharged into the natural watercourses. 

 

5.4.3. Precipitation 

 

Rainfall data from the Frasers weather station (WB number 241302) located at 

Latitude 29°32’ Longitude 31°11’ was used in the hydrological assessment. The 

weather station is located closest to the proposed development area, and has 

rainfall record data for the past 30 years.  

 

The mean annual precipitation (MAP) recorded at this weather station is 971 mm, 

with a mean annual evaporation (MAE) of 1558 mm.  

 

5.5. Runoff Formula 

 

5.5.1. Background and principles 

 

The basis of the relationship is the law of the conservation of mass and 

the hypothesis that the flow rate is directly proportional to the size of the 

contributing area and the rainfall intensity, with the latter a function of the 

return period. The peak flow is obtained from the following relationship:  

Rational Method. 

 

𝑄 = 0,278 CIA 

 

Where:  Q  =   peak flow (m3/s) 

    C =   run-off coefficient (dimensionless) 

    I  =  average rainfall intensity over catchment (mm/hour) 

    A  =  effective area of catchment (km2) 

    0,278  =  conversion factor (convert mm.km2/hour to m3/s) 

 

The rational formula represents outflow in the hydraulic continuity 

equation, and its application is based on the following assumptions: 

 

- The rainfall has a uniform area distribution across the total 

contributing catchment. 

- The rainfall has a uniform time distribution for at least a duration 

equal to the time of concentration (Tc). 
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- The peak discharge occurs when the total catchment contributes 

to the flow, occurring at the end of the critical storm duration, or 

time of concentration (Tc). 

- The run-off coefficient, C remains constant throughout the duration 

of the storm. 

- The return period of the peak flow, T, is the same as that of the 

rainfall intensity. 

 

Although it is generally recommended that the method should only be 

applied to catchments smaller than 15 km2, it can in some cases be used 

by experienced engineers for larger catchments. 

 

5.5.2.  Run-off coefficient (C) 

 

The run-off coefficient in the rational method is an integrated value representing 

the many factors influencing the rainfall-run-off relationship. It reflects the part of 

the storm rainfall contributing to the peak flood run-off at the outlet of the 

catchment. There is no objective theoretical method for determining C, and as a 

result the subjective elements of experience and engineering judgment play a 

very important part in the successful application of this method. 

 

Table 5 Recommended values of run-off factor C for use in the rational method 

 

Rural (Ci) Urban (C2) 
Component Classification Mean annual rainfall 

(mm) 
Use Factor 

<600 600-
900 

>900 

Surface 
slope 
(Cs) 

Vleis and pans (<3%) 
Flat areas (3 to 10%) 
Hilly (10 to 30%) 
Steep areas (>30%) 

0,01 
0,06 
0,12 
0,22 

0,03 
0,08 
0,16 
0,26 

0,05 
0,11 
0,20 
0,30 

Lawns  
- Sandy, flat (<2%) 
- Sandy, steep (>7%)  
-  Heavy soil, flat 

(<2%)  
- Heavy soil, steep 

(>7%) 
Residential areas 
- Houses 
- Flats 
Industry 
- Light industry 
- Heavy industry 
Business 
- City centre 
- Suburban 
- Streets 
- Maximum flood 

 
0,05-0,10 
0,15-0,20 
0,13-0,17  

 
0,25-0,35 

 
 

0,30-0,50 
0,50-0,70 

 
0,50-0,80 
0,60-0,90 

 
0,70-0,95 
0,50-0,70 
0,70-0,95 

1,00 

Permeability 
(CP) 

Very permeable 
Permeable Semi-
permeable 
Impermeable 

0,03 
0,06 
0,12 
0,21 

0,04 
0,08 
0,16 
0,26 

0,05 
0,10 
0,20 
0,30 

Vegetation 
(Cv) 

Thick bush and 
plantation Light bush 
and farm lands Grass 
lands No vegetation 

0,03 
0,07 
0,17 
0,26 

0,04 
0,11 
0,21 
0,28 

0,05 
0,15 
0,25 
0,30 
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5.5.2.1. Rural areas 

 

In rural areas there are five main factors affecting the value of C, namely 

catchment slope, permeability of the soil, vegetation, mean annual 

rainfall and return period. 

 

Accurate and time-consuming calculation of the slope is not necessary. 

It may be determined with sufficient accuracy by selecting a 

representative part of the catchment on a contour map and 

determining a slope according to these contours. Steeper slopes 

give rise to higher run-off percentages. 

 

The following classification could be used as a qualitative guide to the 

permeability of the soil: 

 

- Very permeable:  gravel, coarse sand 

- Permeable:   sandy, sandy loam 

- Semi-permeable:  silt, loam, clayey sand 

- Impermeable:  clay, peat rock 

 

The classification could be made from a visual inspection of the terrain 

and/or by using the soil maps, available from the Government Printers. 

Where dolomite occurs, the following reduction factors are 

recommended for the dolomitic parts of a catchment to be applied to Cs 

in Table 3.7 on a pro rata basis: 

 

- Steep areas (slopes >30%)        -   0,50 

- Hilly (10 to 30%) -   0,35 

- Flat areas (3 to 10%) -   0,20 

- Vleis and pans (slopes <3%)     -   0,10 

 

Vegetation could be classified as follows: 

 

- Forestry plantations 

- Dense bush or bushveld 

- Light bush and cultivated lands 

- Grasslands 

- No vegetation. 

 

As described, the run-off increases as the density of the vegetation 

decreases. The vegetation should be determined by inspections in loco, 
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although the publication by Acocks), "Veld types of South Africa" may 

also be useful. 

 

Where the periodic felling of trees in forestry plantations could have a 

considerable influence on the run-off from a specific catchment, the C 

value should be increased by taking into account the proportionate 

part that would be left without effective plant cover. Where this 

proportionate part is greater than about 30 per cent of the catchment 

area covered with trees, the return period should be re-determined. 

 

The mean annual rainfall also affects the run-off, as discussed 

previously. Recommended values of C in terms of slope Cs, permeability 

Cp and vegetation Cv are given in Table 6 for different classes of mean 

annual rainfall. 

 

The return period has an important effect on the run-off percentage. The 

relationship between rainfall and run-off is not linear and a catchment is 

often more saturated at the start of a storm with a long return period 

than is the case with storms of shorter return periods. It is thus 

recommended that the C value C1 = Cs + Cp + Cv be multiplied by the 

appropriate factor (Ft) from Table 6. 

 

The influence of initial saturation is, however, also dependent on the 

catchment characteristics. The influence of the return period will thus be 

smaller for steep and impermeable catchments than for flat permeable 

catchments. For these cases the factors are given in Table 7. 

 

Table 6: Adjustment factors for value of Ci 

 

Return period 100 50 20 10 5 2 

Factor (Ft) for steep and impermeable catchments 1,00 0,95 0,90 0,85 0,80 0,75 

Factor (Ft) for flat and permeable catchments 1,00 0,83 0,67 0,60 0,55 0,50 

 

For the probable maximum flood (PMF), Ci = Cs + Cpmax + Cvmax; C2 = 1; 

and Ft = 1. Where Cpmax and Cvmax are in this case the maximum 

values from Table7. 

 

5.5.2.2. Urban areas 

 

Recommended values of C for urban areas are given in Table 5. 

Because of the fairly large percentages of impermeable surface area in 



 

Helmsley Residential Country Estate Development 

Stormwater Management Report 
 

 

c:\pw_workdir\vrenn\dms05513\stormwater report (revised) jan 2019.docx  Page 37 
 

urban areas, it is normally not necessary to adjust the value of C 

according to the return period. Adjustment is, however, possible in 

accordance with Table 7. 

 

5.5.3. Rainfall intensity (I) 

 

The intensity of a design storm increases as the return period becomes longer 

and as the duration of the storm decreases. To obtain the largest possible peak 

discharge for a given return period using the rational method, the storm rainfall 

should have a duration equal to the time required for the whole catchment to 

contribute to runoff, defined as the time of concentration, Tc. If the storm has a 

shorter duration, it will not be possible for all the parts of the catchment to 

contribute simultaneously to runoff at the point of measurement. Consequently, 

the effective catchment area would be smaller than the actual area of the 

catchment. If the storm lasts longer than the time of concentration, it should have 

a lower intensity resulting in a lower flood peak per catchment area. 

 

5.5.3.1. Time of concentration (Tc) 

 

The time of concentration, Tc, is defined as the required time for a storm 

of uniform area and temporal distribution to contribute to the runoff 

from the catchment.   In calculating the time of concentration, 

distinction is made between overland flow (sheet flow) and flow 

in defined watercourses. 

 

(i)      Calculation of the time of concentration for overland flow 

 

This type of flow usually occurs in small, flat catchments or in upper 

reaches of catchments, where there is no clearly defined watercourse. 

Run-off, then, is in the form of thin layers of water flowing slowly over 

the fairly uneven ground surface. The Kerby formula is recommended 

for the calculation of Tc in this case. It is only applicable to parts where 

the slope is fairly even. 

𝑇𝑐  =  0,604 (
𝑟𝐿

𝑆0,5
)

0.467

                  

Where 

 

Tc =  time of concentration (hours) 

    r  =  roughness coefficient obtained from Table 7 

L  =  hydraulic length of catchment, measured along flow path  

       from the catchment boundary to the point where the flood  

       needs to be determined (km). 
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S =  slope of catchment    𝑆 
H

1000L 
  (m/m)   (See Figure 6) 

H  = height of most remote point above outlet of catchment  (m) 

 

 Table 7: Recommended values of r 

 

Surface description Recommended value of r 

Paved areas 0,02 

Clean compacted soil, no stones 0,1 

Sparse grass over fairly rough surface 0,3 

Medium grass cover 0,4 

Thick grass cover 0,8 

 

 
 Figure 4: Depth-Duration-Return period diagram of point rainfall 
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 Figure 5: Average annual rainfall in Southern Africa 
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  Figure 6: Slope definition for overland flow 

 

 

(ii)    Defined watercourse 

 

In a defined watercourse, channel flow occurs. The recommended 

empirical formula for calculating the time of concentration in natural 

channels was developed by the US Soil Conservation Service. 

 

 

𝑇𝑐  =  (
0,87𝐿2

1 000𝑎𝑣
)

0.385

                    

 

Where 

 

Tc  = time of concentration (hours) 

L = hydraulic length of catchment, measured along flow path  

   from the catchment boundary to the point where the flood  

   needs to be determined (km). 

Sav = average slope (m/m) 

 

The average slope may be determined graphically in two ways. The 

first procedure is based on the balance of areas obtained by balancing 

the areas above and below the line of average slope, as shown in Figure 

7. Alternatively the formula developed by the US Geological Survey, 

and referred to as the 1085-slope method could be used 

(Figure 8). 
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  Figure 7: Slope according to weighted area method 

 

 

In most cases the longest water path includes both overland and 

channel flow. In large catchments the channel flow is usually dominant, 

but in small catchments it may be necessary to determine Tc as the sum 

of the flow times, for overland and channel flow. To obtain a broad 

indication, it may usually be accepted that a defined watercourse exists 

when the average slope of the catchment is greater than 5 per cent, 

and the catchment itself is larger than 5 km2. 

 

 
 
  Figure 8: 10:1085-Slope according to "US Geological survey" 

 

The formula for determining the slope according to the 1085 slope 

method reads: 
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𝑆𝑎𝑣 =  
𝐻0,85𝐿 − 𝐻0,10𝐿

(1000)(075, 𝐿)
    𝑜𝑟    𝑆𝑎𝑣 =  

𝐻

(1000)(075, 𝐿)
             … . (3.11) 

 

where: 

 

Sav = average slope (m/m) 

H0.10L = elevation height at 10% of the length of the watercourse (m) 

H0,85L = elevation height at 85% of the length of the watercourse (m) 

L  = length of watercourse (km) 

H  = H0.85l - H0.10L (m) 

 

The height of waterfalls and high rapids are subtracted from the gross H 

value. 

 

(iii)    Urban areas 

 

In urban areas the time of concentration should be determined, where 

applicable, by means of the flow velocities according to the Chezy or 

Manning equation for uniform flow through representative cross 

sections with representative slopes. 

 

In road drainage the volume of water that runs off as a result of a 

storm of less than 15 minutes' duration is usually not large, and much 

of this run-off is absorbed in filling of the watercourses. Times of 

concentration of less than 15 minutes are thus generally not significant. 

 

It is sound practice to calculate the average flow velocity (V = L/Tc) 

after determining 

 

Tc in order to ensure that it falls within realistic limits. Typical values 

of the flow velocity range from 0,1 to 4 m/s, depending on the natural 

conditions. 

 

5.5.4. Effective catchment area (A) 

 

This is that part of the total catchment which would contribute to the peak flow. 

Pans or areas that are artificially cut off should consequently be excluded. 

 

5.5.4.1. Simplified hydrograph for the rational method 

 

Although the rational method is not strictly suitable for determining 
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hydrographs, a simple triangular hydrograph could be used for low-risk 

application, such as flood routing through a culvert or the determination 

of the run-off volume. A typical triangular hydrograph is shown in 

Figure 9. 

 

 
  Figure 9: Simplified (triangular) hydrograph for the rational method 

 

This is a highly idealised hydrograph with a shape, which is only 

approached in a long catchment of uniform slope and width. It should 

also be noted that the run-off volume is greater than the proportionate 

part of the storm rainfall that runs off during the time of concentration. As 

a result, real storms are usually of lower intensity both before and after 

their theoretical durations. 

 

 

6. SITE ESTABLISHMENT AND PRELIMINARY ACTIVITIES 

 

The following must be adhered to and maintained during the site establishment and preliminary 

activities of the project: 

 

6.1. Existing Stormwater Systems 

  

Existing stormwater structures consist of the following: 

 

 Natural valleys / drainage lines, this is typically the perennial and non-perennial 

streams 

 constructed culvert crossing (typically were a drainage line crosses a road). 

 

All existing drainage lines are to be maintained by the developer in accordance with 

normal agricultural soil conversation practices. 
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All existing stormwater culverts should be kept free of vegetation / soil to ensure free flow 

of stormwater through these structures. 

 

Refer to Annexure E for photographs of existing stormwater structures. 

 

6.2. Access Routes 

 

Access routes to the construction site must follow the existing access roads or cane 

haulage roads, already established on the site. 

 

Prior to moving onto site, the Engineer and Contractor shall inspect the existing 

stormwater drainage measures along these access routes and repair or construct new 

drainage measures to limit point source run-off, prevent erosion and allow for the natural 

flow of water. 

 

The drainage measures shall include: 

 

 Side drains and mitre drains; 

 Scour check walls of rocks, wooden pegs or bundled brush, constructed in long runs 

of side drains for the following gradients: 

 

GRADIENT OF DRAIN SCOUR CHECK SPACING 

Less than 4% Not required 

5% 20m 

8% 10m 

10% 5m 

 

6.3. Contractors Site Camp 

 

The clearing of vegetation for the contractor’s site camp is to be limited to the site camp 

area only. 

 

The creation of hardened surfaces within the site camp area is to be kept to a minimum 

and is to be agreed to by the Engineer prior to construction. 

 

Stormwater run-off from the site camp is not to be channelled and concentrated at any 

one point. Temporary cut off drains and berms can be used to capture stormwater run-off 

and promote infiltration. 

 

Any soil or topsoil stockpiles created during site establishment are to be maintained as flat 

as possible, with no side slope greater than 1:4.  The stockpiles are to be covered with cut 

brush found on site to provide wind screening and prevent soil loss. 
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7. CONSTRUCTION STAGE ACTIVITIES 

 

7.1.  Programming 

 

Prior to any other construction activities occurring within a particular stormwater 

catchment, the contractor shall carry out and complete the bulk earthworks required for 

the attenuation facility associated with this catchment. 

 

The contractor shall immediately continue with shaping and completing these works in 

accordance with contract requirements.  These works can be completed in parallel with 

other activities within the catchment, but must be programmed to be completed in the 

shortest possible time after the completion of the bulk earthworks. 

 

The developer is to immediately topsoil and vegetate these areas on completion.  

Completion and handover of these works is to occur as progressively as possible to limit 

the time that stripped areas are left open. 

 

Construction of internal stormwater piped systems and detention dams are to be 

programmed for construction immediately on completion of the bulk earthworks for the 

road works. 

 

The detention dams are to be shaped, check measures constructed, topsoiling and 

vegetation completed in the shortest possible time after the completion of the bulk 

earthworks.  The completion and handover of these works is to occur as progressively as 

possible to limit the time that stripped areas are left open. 

 

7.2.  Stockpiles 

 

Any soil or topsoil stockpiles created during the construction phase is to be maintained as 

flat as possible, shall not exceed 2m in height and with no side slope greater than 1 in 4. 

 

Materials from stockpiles are to be used as soon as is practically possible or spread and 

spoiled in designated areas. 

 

7.3.  Haulage and Temporary Access Roads on Site 

 

Construction vehicles must be restricted to demarcated access, haulage routes and 

turning areas. 

 

Contractors shall ensure that all side and mitre drains and scour check walls on access 

and haul roads are functioning properly and are well maintained. 
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7.4. Exposed Surfaces 

 

To minimize the time that an area is exposed, the stripping of vegetation is to be carried 

out progressively and immediately prior to commencement of construction activities in a 

particular area. 

 

Topsoiling and re-vegetation of exposed surfaces is to commence immediately after the 

completion of all construction activity. 

 

All embankments or cut slopes, unless otherwise directed by the Engineer, shall be 

protected by a cut off drain to prevent water from cascading down the face of the slope. 

 

7.5. Stormwater Systems 

 

No dumping of construction rubble or spoil is to occur in completed stormwater drains, 

pipes, channels or natural drainage lines. 

 

Weekly checks are to be carried on the site’s drainage system to ensure that the water 

flow is unobstructed.  These are to be repaired or cleared of silt if required. 

 

7.6. Contract Completion 

 

All surfaces hardened due to construction activities are to be ripped, topsoiled and 

vegetated as soon as possible. 

 

8. STORMWATER DRAINAGE MAINTENANCE 

 

Following the completion of the works and the handover of the development, it will be the 

responsibility of the Kwadukuza Municipality to maintain the stormwater system in a safe and 

responsible manner. 

 

The following provides a guideline for the general maintenance of the system and an overview 

of routine inspections required. 

 

8.1. Maintenance 

 

It is good practice to reserve certain months of the year before the onset of the summer 

rains to carry out routine maintenance work on the stormwater system.  Serious problems 

should, however, receive immediate attention.  Work which is of a critical nature should be 

done under the supervision of a professional engineer or according to his instructions. 
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 Kerb Inlets 

 

Each kerb inlet needs to be inspected and cleared of any build up of silt, litter, 

vegetation or rubble that may impede the clear flow of water into the inlet.  It also 

needs to be inspected for structural damage and repaired if necessary. 

 

 Piped System 

 

Piped systems need to be checked in a systematic way to ensure they are clear of 

any obstructions and are able to flow at their full capacity.  Any build up of silt or 

other obstruction is to be removed by hand or by jetting. 

 

 Detention Dams 

 

It may be necessary to moderately raise or fill in low spots on the embankments 

surrounding the detention dams.  Filling should be carried out using a suitable 

material, compacted in thin layers. 

Open cracks, sink holes and pipe tunnels on the embankments surrounding the 

detention dams should be filled with a liquid bentonite mixture under the supervision 

of an engineer. 

 

Erosion should be repaired as soon as possible as described above. 

 

Where necessary, vegetation on the embankment should be maintained by replaing, 

regular pruning and watering. 

 

Any build up of silt within the pond is to be cleared by hand excavation or 

mechanical means and removed to an area outside of the detention pond. 

 

Blockages or damage to the detention pond outlets are to be cleared or repaired. 

 

8.2. Routine Inspections 

 

Routine inspection should be carried out every three months by a competent person 

appointed by the responsible body or association.  The required qualification for such a 

person is that they shall be well acquainted with the contents of this document, should be 

alert and be endowed with sound judgement so that he/she will know when to call for 

assistance, arrange for maintenance or immediate intervention. 

 

The inspection route to be followed should include the following: 
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(i) Kerb inlets for blockages or structural damage. 

(ii) The full length of the main drainage swales and piped outlets.  These should be 

inspected for erosion, poor vegetation, silt deposition, blockages or damages to 

structures. 

(iii) The full length of the crest, toe, upstream and downstream slopes of the 

embankments surrounding the detention dams.  These should be inspected for any 

signs of open cracks, sink holes or piped tunnels or poor vegetation. 

(iv) Inspect the inlet and outlet works from each of the detention dams, as well as the 

area around and downstream of the outlets, for blockages, signs of erosion, silt 

deposition or undercutting of structures. 

 

During the inspection, maintenance requirements are to be noted and arrangements 

made to complete these works. 
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Annexure A: Locality Maps 
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Annexure B: Development Layout Plan 
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Development Layout Plan 
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Annexure C: 1:100 Floodline 
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1:100 Floodline 
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Annexure D: Stormwater runoff and proposed infrastructure 
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Stormwater runoff and proposed infrastructure 
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Annexure E: Photographs 
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