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1 INTRODUCTION 

1.1 Background 

Royal HaskoningDHV (Pty) Ltd have been appointed by the Province of KwaZulu-Natal: 

Department of Transport (hereafter referred to as KZN: DOT) to undertake the engineering 

specialist studies, preliminary design, detailed design and the construction supervision for the 

rehabilitation of the existing Main Road P50-1 which is approximately 26,0 km in length. 

The rehabilitation of Main Road P50-1 comprises the relocation of services, the construction of 

bulk earthworks required for the horizontal and vertical alignment of the existing road formation 

and the construction of road layerworks and surfacing, including the associated ancillary works 

for the construction of the access roads off this main road to neighbouring communities. The 

required roadwork’s start at km 17,34 and continue to km 26,1 totalling a length of approximately 

8,760km. 

This portion (km 17,340 to km 26,100) of road will be rehabilitated and widened to a Class 2 

single carriageway 10,0 m wide surfaced road with surfaced shoulders but will be trimmed on 

the surfaced road edges with gravel rounding’s which are 1,0m and 0,5m wide in fill and cut 

conditions respectively including adequate stormwater drainage facilities being provided. Details 

of the typical cross-section can be seen in Appendix A. 

1.2 Site locality and description 

 

The project is located on Main Road P50-1 north-west of Eshowe in the UThungulu District 

Municipality (DC28) of the Province of KwaZulu-Natal.   

P50-1 links the communities of Entumeni Mission and Eshowe up to the intersection of P47-5, 

and in to P47-6 which connects to the National Route 2 (N2). The KwaZulu-Natal Department of 

Transport is responsible for the maintenance and operation of this road. The location of the road 

under investigation is shown in Figure 1.  
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Figure 1: Locality Plan 
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2 OBJECTIVE 

The primary objective of the report is to outline the stormwater management plan for the 

rehabilitation of Main Road 50-1.  The objectives include the following: 

 

 Protecting all life and property from damages by floods and stormwater; 

 Protecting the water resources in the catchment areas from pollution and siltation; 

 Protecting and enhancing the watercourses locally and downstream; 

 Conserving the natural flora and fauna in the environment; and 

 Preventing soil erosion by wind and water. 

This report has been prepared to provide details of the generic analysis to ensure that adequate 

drainage measures are implemented to promote the dissipation of stormwater run-off, during 

and after construction. 

 

2.1 Environmental Concern 

 
Poor stormwater management can result in stormwater becoming contaminated.  This can also 
result in flooding, erosion and damage to the environment and public property.  Soil erosion 
through poor stormwater management can result in loss of valuable topsoil, damage to public 
property through slope destabilization, collapsing of banks and in extreme cases, mudslides.  
Erosion can also result in silt depositions in watercourses and wetlands adding to the existing silt 
problem. 

 
Exposed soils are vulnerable to erosion by wind and water.  Soil erosion is more likely to occur in 
summer months due to higher rainfall and temperatures causing shrinkage and collapse of soils.  
Soils are particularly vulnerable to erosion during construction as they are exposed to the 
elements while changes in surface runoff patterns due to construction activities. 
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3 METHODOLOGY 

3.1 Introduction 

The main aim of the proposed stormwater system is to conserve the natural drainage system 

around the road alignment.  

 

The existing stormwater system consists of natural water ways, including streams, and seasonal 

wetlands.  The system includes existing devices constructed to control the stormwater.  The 

existing has drainage structures that forms part of this stormwater system. 

 

The management of stormwater runoff has been planned to militate against the effects of 

increased water runoff from hardened areas and to control the movement of sand and silt. 

 

Roads and associated embankments have been designed to ensure free surface drainage. 

 

The proposed stormwater system will be dependent on factors such as the topography (natural 

and artificial slopes), the zoning of the site and the natural soil conditions. 

 

Silt and trash traps will need to be provided within the stormwater system to ensure that the 

water quality is not compromised.  Open ditches, drains and channels should be used instead of 

pipes, where conditions permit.  To prevent erosion of the channels, where the flow velocities 

are high, an appropriate lining should be provided to protect these channels. Types of lining 

include natural vegetation, stone pitching and reinforced concrete linings. 

 

The proposed road rehabilitation should not adversely impact the environment within its footprint 

and the surrounding areas by means of erosion and sediment deposition. The frequency of 

flooding and the runoff volume will increase unless adequate provisions are made to maintain 

the current natural rate of stormwater attenuation and infiltration in the catchment areas. 

 

The proposed storm water system will have mitigation measures against road drainage and also 

cross drainage, with the aim of eliminating blockage and to reduce erosion. Stone pitching and 

gabion structures have been designed in such a way that water velocities are reduced as much 

as possible. 

 
 

3.2 Stormwater Design Philosophy 

The design methodology used for the stormwater is in accordance with The South African 

National Roads Agency SOC Limited (SANRAL) Drainage Manual 6th Edition.  The stormwater 

design also complies with the KZN: DOT Standard Specifications, KZN: DOT Drainage manual 

and KZN: DOT standard drawings. 

 
The Rational Method Alternative 3 (SANRAL Drainage Manual 6th Edition) were used to 

calculate the flood peaks for the stormwater design, the individual catchment areas for the roads 

and minor culvert structures are less than 15km². 
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3.3 Stormwater Design Considerations 

3.3.1 Minor drainage culverts and Structures 

Design approach is to allow the stormwater to flow through the culverts aligned along the natural 

watercourse. The existing culvert capacity of 1: 20 year storm has been assessed in sizing of 

critical pipes. 

 

New 600mm or larger pipe culverts will be installed at intervals where required to disperse 

overland and road surface runoff collected in side drains.   

 

Outlet structures at a culvert or a natural watercourse were designed and equipped with energy 

dissipaters to reduce velocities to natural flow in order to mitigate the impacts of erosion in 

addition also protecting the unlined downstream channels against soil erosion.  

 

Each outlet condition has been assessed to control and minimise scour by installation of energy 

dissipaters and slope protection works. Larger concrete pipes will be installed on natural 

watercourses, while special attention is given to erosion protection. 

 

3.3.2 Roads 

The proposed road was designed and graded to avoid the concentration of water flow along and 

off the road.  Where the flow concentration is unavoidable, measures were incorporated in the 

road and stormwater system at suitable points. 

 

Concrete lined v-drains were provided along the edge of the road as necessary.  These drainage 

facilities will serve to channel the stormwater to the predetermined discharge positions.  

Stormwater will either be discharged directly onto the grassland or onto the gabion mattress 

structures stone pitching, depending on the discharge velocities. 

 

Concrete kerbing and channelling will be provided along the edge of the road as necessary.  

These drainage facilities will serve to channel the stormwater to the predetermined discharge 

positions.  Stormwater will be discharged directly onto the grassland. 

 

The flow depth along these side drains were designed to satisfy the criteria in Figure 5.2 of the 

SANRAL Drainage Manual 6th edition. The applicable KZN: DOT standard details for the kerb 

and channel elements shall be in accordance with SD0701/A. 

 

The applicable KZN: DOT standard details for the entire drainage elements are from SD0406 to 

SD0702/A. Details of the drainage elements can be seen in Appendix B. Table 1 outlines the 

options adopted for use as side drain outlets. 
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Table 1:  Options adopted for use as side drain outlets 

 

Discharge Type Standard Detail Name Condition for use 

Drop inlet and grid inlet SD 0702/A Deep fill > 3 m 

Kerb and Channel drains  SD 0701/A Shallow fill < 3 m 

Side drain outlets SD 0603/1 Shallow fill < 3 m 

1,5 m / 2,4 m v-drain grid inlet SD 0602/B In cuttings 

2,5 m Meadow drain  SD 0601/1 Flat terrain 

1,5 m concrete/grass v-drain SD 0601/2 Deep cuttings > 5 m 

0,75 m concrete v-drain SD 0601/3 Shallow cuttings < 5 m 

1,5 m concrete v-drain SD 0601/4 Shallow cuttings < 5 m 

1,5 m / 2,4 m v-drain SD 0603/1 Shallow fill < 3 m 

Side drain and grid inlet SD 0602/B In cuttings 

 

3.4 Stormwater Management 

Stormwater management encourages the engineer and contractor to conduct the following 

aspects: 

 

i) Maintaining adequate ground cover at all times and in all areas to negate erosion caused 

by wind, water and vehicular traffic: 

 Preventing the concentration of stormwater runoff where the soil is susceptible to 

erosion; 

 Adding devices to reduce the stormwater flows to acceptable levels; 

 Ensuring that the development does not increase the stormwater flow above that of 

which the natural ground can safely accommodate; 

 Ensuring that the construction of the stormwater devices is carried out in safe and 

aesthetic manner; 

 Preventing pollution of water ways and water features; 

 Containing soil erosion during construction; and 

 Avoiding conditions where the embankments may become saturated and unstable. 

ii) Poor stormwater management can result in the stormwater becoming contaminated and 

can also result in erosion, pollution and flooding.  These issues are discussed further in 

following sub items.  

 

3.4.1 Environmental management and mitigation measures 

(i) Erosion control 

 

Suitable erosion control measures shall be implemented at stormwater discharge points, 

exposed areas and high embankments.  These measures may include the following options: 

 

 Sand bags on trenches (trench breakers); 

 Bunds or grips adjacent to watercourses; 
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 Technologies similar to Soil Saver on embankments; 

 Planting of indigenous vegetation on embankments; 

 Minimise clearing and grubbing to necessary sections within the road reserve; and 

 Over-wetting, saturation and unnecessary runoff during dust control, curing and irrigation 

activities will be avoided. 

Sandbag berms will be placed at regular intervals on all steep slopes and on the trench line 

before and after backfilling in order to minimise erosion and the discharge of contaminated storm 

water runoff into water courses.  

If there is a scour risk or risks that potholes may form on the existing roads, it can be managed 

by using suitable gravel to temporarily repair the scouring or potholes  

 

(ii) Pollution 

 

Pollution and or contamination of the surface water and stormwater must be well controlled.  

This can be achieved by managing activities such as:  

 

 Mixing concrete on wooden boards in a plastic lined and leak-proof area; 

 Removing all surplus material from the watercourse; 

 Reducing spills of hazardous substances (e.g. Fuel); 

 Opening of frequent chutes on long steep grades with unlined drains; 

 Ensuring that banks are re-vegetated as soon as construction work is completed; 

 Avoid water contamination by construction as well as general traffic; and 

 Containing the first-flush runoff, collectively or individually. 

 

The stormwater system must be maintained to remove and reduce debris that may pose any 

pollution risk.  The lack of maintenance will lower the transportation of the runoff to the existing 

watercourses and which may cause flooding. 

 

(iii) Flooding 
 

The proposed development will not increase the stormwater runoff significantly as it is existing 

roads that are being rehabilitated.  Adequate attenuation of flood runoff will be provided as the 

latter may increase downstream flood damage. 

The design of the stormwater system addresses the above issues and was designed as such 

that the post-development flood risks are not greater than the pre-development flood risks. 
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4 CALCULATIONS 

4.1 Pre-Construction  

The stormwater catchment area of concern for the rehabilitation of P50-1 roads is divided into 

fifteen (15) catchment areas.  The schedule of the catchment areas is listed in Table 2. 

 

Table 2:  Schedule of Catchment Areas 

 

Catchment 
number 

Area 
(km

2
) 

 Catchment 
number 

Area 
(km

2
) 

18-1 0.360  22-3 0.008 

18-2 0.127  22-4 0.006 

19-1 0.380  23-1 0.002 

20-1 0.550  23-2 0.004 

20-2 0.780  23-3 0.012 

21-1 0.013  24-1 0.001 

22-1 0.013  25-1 0.001 

22-2 0.006    
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4.2 Rainfall Return Period and Intensity 

Three rainfall intensities that have been considered are listed in Table 3. 

Table 3:  Rainfall Return Period and Intensity 

 

Point of consideration Return period (years) Rainfall intensity (mm/hr) 

Surface drainage 5 100 

Critical points 20 56.13 

Cross drainage 20 55.71 

 

4.3 Design Principals 

The stormwater drainage systems will be designed based on the following parameters: 

 

 Mean Annual Rainfall : 

o 1167 mm average from TR102 

 Site characteristics: 

o C ≤ 0,207 to 0,300 

 Design used: 

o Rational Method:  Q=
CIA

3,6
 (equation 3.8, SANRAL Drainage Manual 6th Edition) 

 Time of concentration: 

o Varies for each catchment and 0.25hr if Tc<0.25hr or Tc>0.25hr. 

 Stormwater pipe material: 

o For buried pipelines: Class 100D prefabricated concrete pipe culverts on class C 

bedding; and 

o For subsoil drainage: 100 mm internal diameter perforated pipes. 

 Stormwater culverts: 

o Pipe sizes: 600 mm diameter. 

 Stormwater pipe gradient: 

o Minimum gradient of 2% for all prefabricated concrete pipe culverts. 

 Stormwater inlets: 

o For roads: kerb inlets. 

 Stormwater manholes: 

o Materials: concrete foundation, 230 mm thick masonry walls; and 

o Benching: smooth concrete channel formed to the soffit of the pipe. 

 Stormwater headwalls: 

o Materials: concrete foundation, 230 mm thick masonry walls. 
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4.4 Hydrology 

See Table 4 for the hydrological calculations analysis: 

 

Table 4:  Catchment Hydrological Calculations 

 

 

 

 

 

 

 

 

 

 

 

Catchment 
Area No. 

Overland 
Catchment 
Area (km²) 

Design 
Flow Rate 
Q20 (m³/s) 

18-1 0.360 1.97 

18-2 0.127 0.81 

19-1 0.380 1.95 

20-1 0.550 2.08 

20-2 0.780 2.95 

21-1 0.013 0.13 

22-1 0.013 0.28 

22-2 0.006 0.21 

22-3 0.008 0.30 

22-4 0.006 0.23 

22-5 0.003 0.12 

23-1 0.002 0.07 

23-2 0.004 0.06 

23-3 0.012 0.06 

24-1 0.001 0.02 

25-1 0.001 0.01 
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Table 5:  Catchment Hydraulic Calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Catchment 
Area No. 

Catchment 
Area 

(km²)  

Design 
Flow 

Rate Q20 
(m³/s) 

Existing 
Pipe Culvert 

Size 

Proposed Pipe 
Culvert Size 

18-1 0.360 1.97 unknown 2 x 900 dia. 

18-2 0.127 0.81 2 x 600 dia. 3 x 600 dia. 

19-1 0.380 1.95 unknown 2 x 900 dia. 

20-1 0.550 2.08 unknown 2 x 900 dia. 

20-2 0.780 2.95 unknown                                                     2 x 1200 dia. 

21-1 0.013 0.13 1 x 600 dia. 1 x 600 dia. 

22-1 0.013 0.28 1 x 600 dia. 1 x 600 dia. 

22-2 0.006 0.21 1 x 600 dia. 1 x 600 dia. 

22-3 0.008 0.3 1 x 600 dia. 1 x 600 dia. 

22-4 0.006 0.23 1 x 600 dia. 1 x 600 dia. 

22-5 0.003 0.12 1 x 600 dia. 1 x 600 dia. 

23-1 0.002 0.07 1 x 600 dia. 1 x 600 dia. 

23-2 0.004 0.06 1 x 600 dia. 1 x 600 dia. 

23-3 0.012 0.06 1 x 600 dia. 1 x 600 dia. 

24-1 0.001 0.02 1 x 600 dia. 1 x 600 dia. 

25-1 0.001 0.01 1 x 600 dia. 1 x 600 dia. 
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5 CONCLUSION 

It is often impossible to make reliable predictions concerning the full extent of erosion protection 

likely to be required until the road drainage system is fully functioning and the slopes and 

drainage channels have responded to the new drainage regime.  

 

From the design principles specified in this report, it was seen that there was only a marginal 

increase in the run-off coefficient (C) hence resulting in a marginal increase in the run-off rate. 

 

Pipe culverts have been designed and strategically placed to ensure that cross and surface 

drainage is drained to the natural low lying areas, watercourses and valley lines without affecting 

the designed road. 

 

This roads rehabilitation project will include lane widening in certain sections of the surfaced 

road, which will result in reduced infiltration areas, loss of vegetation and evapo-transpiration 

potential. There will be a slight increase in surface runoff and peak flow rates. 

 

Side drains will be used to channel the stormwater away from the road prism. Gabion boxes and 

Reno mattresses will be used to retard the velocity of the stormwater and will allow the ground 

water to recharge and prevent scouring at outlet structures. In addition, stone pitching will be 

constructed at outlet structures to mitigate the scouring of the natural ground and simultaneously 

ensure efficient drainage of stormwater run-off from the outlet structures. 

 

Where possible, stormwater will be discharged into the nearest existing natural drainage path via 

headwalls. Soil erosion and scouring will be prevented by providing gabion boxes, Reno 

mattresses and/or energy dissipation splitter blocks at the inlet and outlet structures. 

 

Siltation of the stormwater systems will be prevented by ensuring that the drainage facilities are 

built such that the flow velocity is greater than 0, 25 m/s. 

 

Landscaping and the planting of indigenous plants will be carried out along the footprint of the 

proposed roads upgrade footprint to ensure the stabilisation of the embankments. 

 

Maintenance of the stormwater system must be carried out on a continuous basis to control and 

minimise pollution, blockages, siltation and scouring. 

 

The detailed designed drawings and contract document indicates the measures provided in the 

design to ensure that the stormwater management requirements are implemented. 

 

The contractor shall prepare a stormwater control plan that will ensure that all construction 

methods adopted on site do not cause, or precipitate, soil erosion. The contractor shall take 

adequate steps to ensure that the requirements of the stormwater management plan are met 

before, during and after construction. The contractor shall ensure that no construction activity 

commences before the stormwater control measures are in place and approved by the engineer 

on site. 
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APPENDIX A: TYPICAL CROSS-SECTION 
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APPENDIX B: DRAINAGE ELEMENTS 
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APPENDIX C: CATCHMENT MAPS









 

 

 With its headquarters in Amersfoort, The Netherlands, Royal HaskoningDHV is 

an independent, international project management, engineering and consultancy 

service provider. Ranking globally in the top 10 of independently owned, 

nonlisted companies and top 40 overall, the Company’s 6,500 staff provide 

services across the world from more than 100 offices in over 35 countries. 

Our connections 

Innovation is a collaborative process, which is why Royal HaskoningDHV works 

in association with clients, project partners, universities, government agencies, 

NGOs and many other organisations to develop and introduce new ways of 

living and working to enhance society together, now and in the future. 

Memberships 

Royal HaskoningDHV is a member of the recognised engineering and 

environmental bodies in those countries where it has a permanent office base. 

 

All Royal HaskoningDHV consultants, architects and engineers are members of 

their individual branch organisations in their various countries. 

royalhaskoningdhv.com 




