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1. INTRODUCTION 
 

1.1 Project Background and Description of the Activity 

 

Watercourses are valuable natural systems that perform numerous functions, both directly and indirectly 

beneficial to human well-being. However, these systems have a legacy of disregard, and in some catchments 

in South Africa over 50% of wetlands have been destroyed.  

 

Uninformed and poorly planned infrastructural developments in the vicinity of watercourses can rapidly 

degrade the system. A stormwater management plan is required for the proposed development in order to 

reduce the overall impact of nearby watercourses and prevent the risk of erosion or flood potential. 

 

A new housing unit has been proposed at either end of the site. The site is located at 30.870°E & 30.046°S 

(Figure 1). 

 

 
Figure 1 The Location of the proposed housing development 
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1.2 Terms of reference 

 

NatureStamp has been appointed to compile a storm water management plan (SWMP) for the proposed 

housing development. The SWMP is in accordance with Government Notice 704 (GN 704). 

 

The terms of reference are as follows -  

 

i. Site hydrological assessment, undertaken by the: 

 

a. Analysis of surface areas of the site; 

b. Analysis of existing storm water structures on site; and 

c. Determination of areas with clean and dirty water. 

 

ii. Hydraulic design analysis, illustrated by the:  

 

a. Determination of the design storm event (1:10, 1:50 & 1:100 year return period); 

b. Determination of the capability of existing structures; and 

c. Recommendation of mitigation options and improvements. 

 

iii. Consolidate results in a report with: 

 

d. Storm water maps; and 

e. A storm water management plan. 

 

 

1.3 Relevant Legislation 

 

The housing development itself will not be impeding or diverting flow of water, nor altering bed, banks, course 

or characteristics of water  - however, the developments are within the ‘regulated area of a watercourse’, 

which is described as (GN 509, August 2016) –  

 

 The outer edge of the 1:100 year floodline and/or delineated riparian habitat whichever is the greatest 

distance, measured from the middle of the watercourse of a river, spring, natural channel, lake or 

dam; 

 In the absence of a determined 1:100 year floodline or riparian area, the area within 100m from the 

edge of a watercourse where the edge of the watercourse is the first identifiable annual bank fill flood 

bench; or 

 A 500m radius from the delineated boundary (extent) of the wetland or pan. 

 
Table 2 Legislation that may be relevant to the housing development 

National Water Act (No 36 of 1998), Section 21  

 

Section Description Activity at Amanzimtoti 

i) altering the bed, 

banks, course or 

characteristics 

Changes that affect flood dynamics, such as developments 

occurring below flood lines altering downstream flood 

patterns , alteration of the bed and banks is usually needed 

for construction and infrastructure development near or 

across a river.  

Construction of 

infrastructure within 

watercourse. 

General Authorisations 

 

General Notice 1199 as 

published in the 

Government Gazette 

32805 of 2009 

Section 21(c) and (i) water use General Authorisation does 

not apply to 

 Any wetland or any water resource within a distance of 500 

meters upstream or downstream from the boundary of any 

wetland; and 

 Any estuary or any water resource within a distance of 500 

metres upstream from the salt mixing zone of any estuary. 

Development of 

infrastructure within 500m 

of a wetland. This is 

relevant to the 

development if a wetland 

is identified within 500 m of 

the development. 

 

Section 28 of the National Environmental Management Act, Act No. 107 of 1998 (NEMA) 
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Section 1. Places an obligation on all individuals to take due care of the 

environment and to ensure remedial action is instituted to 

minimize and mitigate environmental impact.  

Pre-construction, during 

construction and 

operational phase 

2014 Environmental Impact Assessment Regulations 

 

Activity 12 of GNR 983 The development of- 

(x) buildings exceeding 100 square metres in size; or 

(xii) infrastructure or structures with a physical footprint of 100 

square metres or more; 

 

where such development occurs- 

 

(a) within a watercourse; 

(b) in front of a development setback; or 

(c) if no development setback exists, within 32 metres of a 

watercourse, measured from the edge of a watercourse; - 

 

excluding- 

 

(cc) activities listed in activity 14 in Listing Notice 2 of 2014 or 

activity 14 in Listing Notice 

3 of 2014, in which case that activity applies; 

(dd) where such development occurs within an urban area; 

or 

(ee) where such development occurs within existing roads or 

road reserves. 

The construction of the 

housing development. 

CSIR Guidelines for Human Settlement Planning and Design 

 

CSIR Building and 

Construction 

Technology, 2005 

 Steep slopes and gullies should be marked and avoided 

to prevent the surfacing of sewerage. 

 Sampling holes should be excavated to a depth of at 

least one metre below the bottom of proposed pit toilets 

or soakaways. Soil properties (such as texture, structure 

and type) should be determined. The presence of 

bedrock, gravel, groundwater or a layer with poor 

permeability should be noted. Soil mottling indicates the 

presence of a high seasonal groundwater table, which 

can affect soil percolation. 

 No stormwater from roof downpipes may be connected 

to the soakaway. 

 Percolation tests must be conducted on site to locate 

the best soakaway/evapo-tanspiration area. 

 Retention capacity of each system (storage/infiltration 

area) must be calculated according to design effluent 

loading, based on maximum occupancy. 

These guidelines must be 

taken into account when 

positioning the ablution 

facilities. Please note that 

this is not legislation but is a 

best practice guideline 

and is recommended for 

developments. 

 

 

  



 

Page | 8  

 

2. STUDY SITE 
 

The site is located within Quaternary Catchment U70F; falling under the uMvoti to Mzimkulu Management 

Area (WMA) and the uMgeni waterboard (uMgeni Water through the Ethekwini Metropolitan). The proposed 

area sits on a small catchment area of the Manzimtoti river (FEPA class B: Largely Natural). 

 

Rainfall in the Amanzimtoti region occurs in the summer months (mostly December to February), with a mean 

annual precipitation of 993 mm (observed from rainfall station 0239421 W). The reference potential 

evaporation (ETo) is approximately 1675 mm (A-pan equivalent, after Schulze, 2011) and the mean annual 

evaporation is between 1200 – 1300 mm, which exceeds the annual rainfall. This suggests a high evaporative 

demand and a water limited system. Summers are warm to hot and winters are cool. The mean annual 

temperature is approximately 20.1 ºC in summer and 11.7 ºC in the winter months (Table 2). The underlying 

geology of the site is Karoo dwyka tillite and the soils overlain are sandy-clay-loam ranging from Mispah to 

Glenrosa form in this particular area (although disturbed at the site). 

Tillite is mostly a very fine-grained, blue-grey rock comprised of clay matrix with inclusions (or clasts) of many 

other fragments picked up by glaciers during their travels. The tillite in KZN often weathers to a characteristic 

yellowish colour. In the Durban area, cliffs near the mouth of the Umgeni River, and quarries in the Westville 

area offer the best exposures of tillite. 

The Dwyka Formation is exposed in a number of terrain morphological classes. In the KwaZulu-Natal Interior 

Basin undulating hills and lowlands are encountered with a relatively high proportion of slopes less than 5 

percent (Kruger, 1983). These terrain classes commonly support plinthic and litho-solic soil patterns. Undulating 

hills and valleys of moderate relief are encountered in the Mistbelt Zone, commonly with red and yellow 

apedal soils located on these surfaces. The Dwyka Formation is extensively exposed in many of the river 

valleys. In the Mkuze, Mfolozi and Mkomazi River Valleys the terrain could be described as low mountains 

(Kruger, 1983), where lithosolic and duplex soil patterns are commonly present. Along the Coast Belt the 

Dwyka Formation is exposed, often with Basement Granites, in highly dissected hills and valleys. The Formation 

is also exposed on the northern fringe of the Highveld Plain where gentle to moderate slopes are present. 

Table 3 Mean monthly rainfall and temperature observed at Amanzimtoti (derived from historical data) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann 

Mean Rainfall (mm) 110 102 111 58 34 17 18 27 53 87 98 106 1009 

Mean Temperature (ºC) 23.5 23.8 23.2 21.1 19.1 17.1 16.8 17.6 19.0 19.9 21.2 22.6 20.4 

 

 
Figure 2 The upper extent of the Amanzimtoti site where the proposed development will be located  
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3. METHODOLOGY 
 

The following methodology was followed in order to meet the objectives as detailed in the terms of reference. 
 

3.1 Catchment Assessment 
 

A site visit was conducted by Bruce Scott-Shaw of NatureStamp in June 2017. The pre-development conditions 

were assessed as follows -  

 The vegetation and surface characteristics of the watercourse were assessed for the determination 

of the Manning’s n-values; 

 The presence and dimensions of any stormwater structures, such as culverts, bridges, drains, berms 

and gutters that would divert flow during a storm event were noted; 

 The overall state of drainage channels, streams and nearby rivers was assessed;  

 The slope of the study site as well as evidence of erosion around the site were noted; and 

 The elevation throughout the site in order to verify contour data. 

 

In accordance with Government Notice 704 (GN 704), the main objectives of a SWMP were: 

1. To keep clean and dirty water separated;  

2. To contain any dirty water within a system; and  

3. To prevent contamination of clean water. 

A range of stormwater design events were considered. Detailed 2 meter contours obtained from the Ethekwini 

Metropolitan were obtained. Rainfall data was extracted using the rainfall extraction utility tool (Kunz, 2003). 

Contributing catchment areas were calculated using the 2 meter contours. Although these catchment areas 

have pre-existing stormwater culverts, they were still used in the design, assuming that large events would 

exceed these structures. 

 

3.2 Design Storm Determination 
 

The peak flows for the 1:10, 1:50 and 1:100 flood events were calculated for the catchments using the rational 

method, the Utility Drainage Programme model, the rational method and the Standard Design Flood Method 

as outlined in the SANRAL Drainage Manual (2013). The 1:10 and 1:50 year events were included for 

comparative reasons even though they were not a required output. The Rational Method becomes more 

accurate as the amount of impervious surface, such as pavements and rooftops, increases. As a result, the 

Rational Method is most often used in urban and suburban areas (ODOT Hydraulics Manual, 2014). 

 

 
Figure 3 Catchment delineation for the proposed estate at Amanzimtoti 
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4. LIMITATIONS AND ASSUMPTIONS 
 

In order to apply generalized and often rigid design methods or techniques to natural, dynamic environments, 

a number of assumptions are made. Furthermore, a number of limitations exist when assessing such complex 

hydrological systems. The following constraints may have affected this assessment: 

 

 Manning’s n - values (the channels roughness coefficient) was estimated on site. However, most of 

these values were general assumptions as much of the flow channels were under infrastructure. 

 

 There were no sub-surface servitudes identified on site. It was assumed which storm water 

concentrations points were joined to which pipes adjacent to the proposed development based on 

direction and height of the systems. 

 

 It was assumed that all storm water systems on site were 90 % unblocked. 

 

 It was assumed that all roofs and raods would have standard sized culverts and gutters. 
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5. RESULTS AND DISCUSSION 
 

The following results were used as input to the selected models and have been provided here. 

 

5.1 Climate Analysis 

 

A detailed assessment of the climate was undertaken. Rainfall stations were considered based on their 

proximity to the site, altitude and length/reliability of the data record. The long term mean annual rainfall of 

the site that was used in the design was 999 mm. 

 
Table 4  Comparison of values from some of the rainfall stations that were assessed during the data analysis 

Station No. Estimated MAP (mm) Years Reliable Altitude (m) Station Name 

0211467 A 919 6 95.2 85 Scottburg CR 

0211437 W 920 101 65.2 6 Scottburg (MUN) 

0211663 W 993 100 91.4 45 Amanzimtoti 

0211546 S 1039 126 33.8 58 Illovo Mill 

0211605 W 888 104 11.8 69 Panorama 

 

 

 
Figure 4  Long term synthesized annual rainfall values with the mean annual precipitation indicated in red 

 

Design rainfall differs from mean annual rainfall as it is rainfall associated with an events rainfall depth for a 

specified storm duration and a recurrence interval (frequency of occurrence). The design rainfall used is 

dependent on the method used to determine the peak discharge. The SCS-SA method uses 1 day-rainfall for 

various return periods while the Rational and SDF Methods use rainfall intensity linked to the catchments Time 

of Concentration (Tc) and Storm Duration. The Design Rainfall Estimation (DRE) tool which uses observed 

rainfall data was included for comparative purposes. The results of the design rainfall assessment have been 

provided in Annexure B. 

  

0

200

400

600

800

1000

1200

1400

1600

1800

1
9

0
0

1
9

0
3

1
9

0
6

1
9

0
9

1
9

1
2

1
9

1
5

1
9

1
8

1
9

2
1

1
9

2
4

1
9

2
7

1
9

3
0

1
9

3
3

1
9

3
6

1
9

3
9

1
9

4
2

1
9

4
5

1
9

4
8

1
9

5
1

1
9

5
4

1
9

5
7

1
9

6
0

1
9

6
3

1
9

6
6

1
9

6
9

1
9

7
2

1
9

7
5

1
9

7
8

1
9

8
1

1
9

8
4

1
9

8
7

1
9

9
0

1
9

9
3

1
9

9
6

1
9

9
9

R
ai

n
fa

ll 
(m

m
)



 

Page | 12  

 

 

5.2 Water Balance 

 

The WR 2012 data was used as an input for the compilation of the site water balance. Most of the annual 

water that will be used on site will be through the municipal supply. As the catchment area is small and the 

amount of impervious surfaces on site will be relatively low, storm water volumes will be small. However, given 

the slope at the centre of the site, appropriate storm water structure will still be needed.  

 

 

Figure 5  Annual rainfall and evaporation depths for Amanzimtoti 

 

 

5.2.1 Water Balance 

 

The water balance report the only significant change in the water balance would be stormwater runoff from 

impervious surfaces and channelled through stormwater drains. 
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Figure 6  Water balance for an annual period, a wet month and a dry month at Amanzimtoti 

  



 

Page | 14  

 

 

5.3 Storm Water Design 

 

5.3.1 Rational Method using Surface Drainage Utility 

 

From the rational method, used in the calculation of peak flows and rainfall intensity, based on various basic 

spatial and descriptive input parameters pertaining to the site in question, average rainfall intensity per hour 

was calculated for the 2, 5, 10, 20, 50 and 100 year 1 hourly events. The results pertaining to this study are the 

1 in 50 year and 1 in 100 year events, showing 162.9 mm/h and 200.5 mm/h respectively. Peak flows show 

2.734 m3/s respectively and 3.731m3/s respectively. These outputs have then been used as inputs for the 

calculations in the following subsections. 

 

5.3.2 1 in 50 & 1 in 100 Year surface drainage calculations 

 

As per requirements the depth of flow over the road surface was calculated using the Utility programs for 

drainage suite (Annexure E) shows the inputs into the model, and based on these the depth of flows on the 

road surface, length of flow path, i.e. distance the water travels on the road, and the slope of the flow path 

will be calculated. The slope of this site varies from 4 – 10 %, with the majority of the site being closer to 4%, 

therefore a mean of 5 % was input as the slope of the roads on the site. The slope across the road was taken 

to be very low approximately 2% as the roadway in a flat area, hence the camber is likely to be low. The 

intensity of rainfall, mm/hour was calculated using the rational method with the result of 162.9mm/h for the 1 

in 50 year event. From the results of the model the overall slope of the flow path is 5.39 % and length of the 

flow path is 25.58 m and the depth of the water across the road for a 1 in 50 year event is 5.33 mm. 

 

Regarding the 1 in 100 year event, the only major change is the intensity, which increases to 200.5 mm/hour 

and the result is an increase in flow depth to 5.91 mm. All other inputs and outputs remained the same. 

 

5.3.3 Drainage Grid Calculations  

 

It is assumed that the drains that will be utilized with be of the open grid type which are recessed into the 

ground. Dimensions are assumed as these have not yet been provided. The grid is assumed to be 1 m in width 

and recessed below the level of the culvert / kerb by approximately 0.2 m. The proposed storm water 

infrastructure consists of five storm water drains within the Wade Rd units and nine drains within the Wanda 

Cele Rd units. Each drain would have a diameter of 375 mm. In order to determine whether the inlet of the 

drains can handle certain design events, the following calculation was used (SANRAL Drainage Manual 5th 

Edition): 

 

𝑄 = 1.77 × 𝐴√𝐻 

 

Where:  Q = Flow Capacity (m3.s-1) 

  A = Area of inlet (m2) 

  H = Submergence (m) 

 

Therefore A = (0.85 * 0.375) = 0.319 m2 

  H = 0.2 (assumed for the site) 

 

Drowned conditions were assumed and a blockage coefficient of 0.3 was assumed due to the small amount 

of debris likely on site. The equation 𝑄 = 𝐶𝐹𝐴√2𝑔𝐻 was used in this setting. 

 

The results show that each drain could handle 0.253 m3.s-1 after which water would exceed the inlet. 

Collectively 3.542 m3.s-1 would be accommodated by the proposed storm water infrastructure. This is 

approximately the amount of water that would be generated on site during a peak event. This indicates that 

attenuation of storm water on site is essential.  
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Figure 7  Storm water infrastructure along Wade Rd (Left) and Wanda Cele Rd (Right) 

 

5.3.4 Kerb Drainage Calculations 

 

The above is based on assumptions of the construction of the culverts / gutters and their dimensions, hence 

this may change depending on the design. In this calculation the gradient of the gutter is assumed to 

relatively low, hence the gradient was set at 0.15 m/m, as the road is relatively flat. The gutters will be made 

of concrete to speed up drainage, and thus the Manning coefficient will be low, in this instance 0.015. As 

illustrated above the gutter is triangular in shape, with the side adjacent to the road surface having a lower 

gradient than the opposite side. The depth of the structure is set to 0.1 m. Drainage utility program the average 

flow rate that can be estimated is 42.26 litres per second or 0.042 m3/s, well above the capacity of the drain 

and could result in pooling extreme events, indicating that the capacity of the drain is exceeded. The velocity 

of flow is 2.42 m/s which is reasonably fast due to the overall low gradient of the site and the volume of water. 

 

5.3.5 Freeboard Calculation for Kerb Discharge 

 

In all instances the freeboard needs to be calculated, as there must be a “reserve” for extreme events. In this 

instance the gutter was set to be trapezoidal in shape (unfortunately the model does not provide an option 

for a triangular gutter, which is what the kerb and berm calculations are based on and is more realistic for this 

type of development), the depth set to 0.1 m, the flow velocity set to 2.42 m/s as per previously calculated. 

Based on the calculation of a triangular channel with the same dimensions as indicated in Kerb and Berm 

calculation section, the calculated Froudes number is 4.03, i.e. it is super-critical, indicating relatively high flow 

rate. This is to be expected given the low gradient. This entered into the model provides an indicated 

freeboard of 0.03m, or 3 cm.  
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5.4 Storm Water Management Structures 

 

As there is no waste discharged at the site and that the catchment areas are small, there was no separation 

between clean and dirty water. It is assumed by the authors that all wastewater will be diverted to municipal 

lines. Furthermore, any water discharged from infrastructure is considered to be clean as it is assumed that 

spill contingency and pollution measures are implemented on site. 

 

During construction phase, spill contingency plans are essential. Temporary storm water structures should be 

put in place if pollution and spills are evident on site. Guidelines should be followed based on the 

wetland/riparian assessments and rehabilitation plan. 

 

5.5 Mitigation Measures and Recommendations  

 

The mitigation measures and associated recommendations are: 

 

 The housing development should take consideration of any area where dirty water flows through the site. 

These areas should be considered as critical areas. This is particularly important during construction. Drip 

trays should be used at all times and spill management kits should be readily available in the event of 

petro-chemical spillage. 

 

 Where possible, oil should be recycled which would reduce the volumes on site. Road surfaces should be 

regularly cleaned to avoid the build-up of oil leaks and gradual petro-chemical build up from vehicles. 

 

 In the event of a severe storm, construction activities should be temporarily stopped to avoid spills and 

potential contamination. 

 

 Plants should be planted and maintained in and around retaining walls to improve the structural stability 

of the site and to prevent erosion. 

 

 Any clean water paths (gutters etc.) should not be directed into dirty water systems. 

 

 Flow paths adjacent to roads and from houses must be adequately protected from erosion and 

roughened to decrease the kinetic energy of the flow to that of a pre-development state. 

 

 Roads should be managed in such a way that infiltration is allowed in certain areas, this will aim to restore 

sustained contributions to the watercourse located in the centre of the site. 

 

 
Figure 8  Existing servitudes around the proposed site  
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6. CONCLUSION 
 

The work undertaken for this report provides information on the storm water components at Amanzimtoti. 

The areas associated with the development are relatively small. All of the potable water on site is provided 

by the municipality. Furthermore, there is no abstraction on site for any usage. All wastewater on site will be 

connected to the municipal storm water and sewer lines. 

 

The water balance showed that much of the runoff will be from housing roofs and roads which would flow 

into stormwater drains. Although water flowing off surfaces could be potentially “dirty water” the impacts 

would be negligible. There is a potential for rainwater harvesting at the site. Given the slope of the site it is 

imperative that appropriate outlet structures are installed at regular intervals. This would reduce the erosion 

potential at the site. Pollution control measures should also be appropriately implemented for the  

 

From the stormwater design it was determined using the rational method and, assuming that approximately 

half the area would become urban / residential, while the remainder would be vegetated area i.e. lawns 

etc, and so would be permeable.  From this assumption and with the input information obtained from the 

design rainfall program a peak flow value for this estate could be determined for the 1 in 50 and 1 in 100 

year extreme events respectively.  This will allow for the size determination of major stormwater pipelines to 

facilitate the drainage of this volume of water from the site. 

 

With regards to the kerb and drainage design the Drainage utility suite of programs was employed, and the 

inputs for this program were based on onsite observations and the limited information available.  Therefore, 

this could be updated subject to the availability of new and more accurate information.  The depth of water 

on the surface of the road during 1 in 50 and 1 in 100 year events was determined in addition to the length 

of flow path and slope of flow path.  The proposed drains and intervals at which drains should are placed is 

adequate to accommodate peak storm events.  The capacity and design of the drain and kerb were 

determined which will assist in the construction of this infrastructure to ensure that the inundation of the road 

surface is minimal during extreme events, as well as assisting in determining the size of the pipe infrastructure 

beneath the pavement.  Furthermore, this assists in determining possible flow retardant structures that will be 

required to prevent erosion and downstream water quality degradation. Water storage tanks (JoJo tanks) 

could be used on site to further attenuate the peaks. 
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ANNEXURE B  Design Rainfall Values for Amanzimtoti 

 

 

Design Rainfall in South Africa: Ver 3 (July 2012) 

  

User selection has the following criteria: 

Station Number: 0211663 

Durations requested: 1 h, 2 h, 24 h 

Return Periods requested: 2 yr, 5 yr, 10 yr, 20 yr, 50 yr, 100 yr, 200 yr 

Block Size requested: 0 minutes 

 

Data extracted from Daily Rainfall Estimate Database File 

The station selected and the five closest stations are listed 

 

Station Name                SAWS      Distance  Record  Latitude Longitude  MAP Altitude Duration   Return Period 

(years) 

                            Number        (km) (Years)  (°)  (')  (°)  (') (mm)      (m)  (m/h/d)        2       2L       2U        5       5L       

5U       10      10L      10U       20      20L      20U       50      50L      50U      100     100L     100U      200     200L     200U 

  

  

Gridded values of all points within the specified block 

  Latitude Longitude  MAP Altitude Duration   Return Period (years) 

  (°)  (')  (°)  (') (mm)      (m)  (m/h/d)        2       2L       2U        5       5L       5U       10      10L      10U       20      20L      

20U       50      50L      50U      100     100L     100U      200     200L     200U 

 

   30    3   30   53  989       16      1 h     34.5     30.2     39.4     51.7     45.7     57.6     65.1     56.8     73.6     79.8     

67.1     92.8    101.7     81.3    121.9    120.6     92.6    149.0    141.9    104.3    181.5 

                                        2 h     46.5     40.9     52.9     69.7     61.9     77.3     87.8     76.9     98.9    107.5     90.8    

124.7    137.1    110.1    163.7    162.6    125.4    200.2    191.3    141.2    243.8 

                                       24 h     97.7     81.7    115.7    146.4    123.6    169.2    184.5    153.5    216.5    226.0    181.4    

272.9    288.1    219.9    358.3    341.8    250.4    438.1    402.1    282.0    533.5 
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ANNEXURE C  Design flow calculations for pre-development conditions 

 

 
Description of Catchment Amanzimtoti Housing 

River detail Toti 

Calculated by B. Scott-Shaw & N. Davis Date 27-06-2017 

Physical characteristics 

Size of catchment (A) 0.35 km² Rainfall Region     

Longest Watercourse 0.2 km Area Distribution Factors 

Average slope (Sav) 0.15 m/m Rural (α) Urban (β) Lakes(γ) 

Dolomite Area (D%) 0 % 0.5 0.5 0 

Mean Annual Rainfall (MAR) 1009 mm   

Catchment Characteristics Flat/permeable %         

r - look up from Table 3C.3 Medium grass cover 0.4         

Rural (1)   Urban (2) 

Surface Slope % Factor Cs Description % Factor C2 

Vleis and Pans 0 0.05 - Lawns   

Flat Areas 20 0.11 0.022 Sandy, flat (<2%) 20 0.075 0.015 

Hilly 0 0.2 - Sandy, steep (>7%) 60 0.175 0.105 

Steep Areas 80 0.3 0.240 Heavy soil, flat (<2%) 10 0.15 0.015 

Total 100 - 0.262 Heavy soil, steep (>7%)   0.3 - 

Permeability % Factor Cp Residential Areas   

Very Permeable 0 0.05 - Houses   0.4 - 

Permeable 100 0.1 0.100 Flats   0.6 - 

Semi-permeable 0 0.2 - Industry   

Impermeable 0 0.3 - Light industry   0.65 - 

Total 100 - 0.100 Heavy Industry   0.75 - 

Vegetation % Factor Cv Business   

Thick bush and plantation 80 0.05 0.040 City Centre   0.825 - 

Light bush and farm-lands 20 0.15 0.030 Suburban   0.6 - 

Grasslands 0 0.25 - Streets 10 0.825 0.083 

No Vegetation 0 0.3 - Maximum flood   1.00 - 

Total 100 - 0.070 Total 100 - 0.218 

Time of concentration (Tc) Overland Notes:   

Overland flow Defined watercourse Pre-development Run-off       

 

  

 

 

  

 

    Latitude:   28°42' 

Tc =    Longitude:   32°02' 

0.28917627         

          

0.3 Hours 0.0 Hours           

Run-off coefficient 

Return period (years), T 2 5 10 20 50 100 Max 

Run-off coefficient, C1   
0.432 0.432 0.432 0.432 0.432 0.432 0.432 

(C1 = Cs + Cp + Cv)   

Adjusted for dolomitic areas, C1D   
0.432 0.432 0.432 0.432 0.432 0.432 0.432 

(= C1(1-D%)+C1D%(Σ(Dfactor x Cs%)) 

Adjustment factor for initial saturation, 
0.5 0.55 0.6 0.67 0.83 1 1 

Ft     

Adjusted run-off coefficient, C1T   
0.216 0.2376 0.2592 0.28944 0.35856 0.432 0.432 

( = C1D x Ft)     

Combined run-off coeffiecient CT   
0.21675 0.22755 0.23835 0.25347 0.28803 0.32475 0.32475 

(= αC1T + βC2 + γC3)   

Rainfall 

Return period (years), T 2 5 10 20 50 100 Max 

Point Rainfall (mm), PT           288.1 341.8   
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Point Intensity (mm/hour), PiT (=PT/TC) 0.0 0.0 0.0 0.0 996.3 1182.0 0.0 

Area Reduction Factor (%), ARFT         1.5 1.5 1.5 

Average Intensity (mm/hour), IT   
0.0 0.0 0.0 0.0 14.9 17.7 0.0 

(= PiT x ARFT)     

Return period (years), T 2 5 10 20 50 100 Max 

Peak flow (m³/s),   0.000 0.000 0.000 0.000 0.418 0.560 0.000 

 

ANNEXURE D  Design flow calculations for post-development conditions 

 
Description of Catchment Amanzimtoti Housing 

River detail Toti 

Calculated by B. Scott-Shaw & N. Davis Date 27-06-2017 

Physical characteristics 

Size of catchment (A) 0.55 km² 
Rainfall 
Region 

    

Longest Watercourse 0.2 km Area Distribution Factors 

Average slope (Sav) 0.15 m/m Rural (α) Urban (β) 
Lakes(γ

) 

Dolomite Area (D%) 0 % 0.5 0.5 0 

Mean Annual Rainfall (MAR) 1009 mm   

Catchment Characteristics Flat/permeable %         

r - look up from Table 3C.3 Medium grass cover 0.4         

Rural (1)   Urban (2) 

Surface Slope % Factor Cs Description % Factor C2 

Vleis and Pans 0 0.05 - Lawns   

Flat Areas 20 0.11 0.022 Sandy, flat (<2%) 10 0.075 0.008 

Hilly 0 0.2 - Sandy, steep (>7%) 40 0.175 0.070 

Steep Areas 80 0.3 0.240 Heavy soil, flat (<2%) 10 0.15 0.015 

Total 100 - 0.262 Heavy soil, steep (>7%)   0.3 - 

Permeability % Factor Cp Residential Areas   

Very Permeable 0 0.05 - Houses 20 0.4 0.080 

Permeable 100 0.1 0.100 Flats   0.6 - 

Semi-permeable 0 0.2 - Industry   

Impermeable 0 0.3 - Light industry   0.65 - 

Total 100 - 0.100 Heavy Industry   0.75 - 

Vegetation % Factor Cv Business   

Thick bush and plantation 80 0.05 0.040 City Centre   0.825 - 

Light bush and farm-lands 20 0.15 0.030 Suburban   0.6 - 

Grasslands 0 0.25 - Streets 20 0.825 0.165 

No Vegetation 0 0.3 - Maximum flood   1.00 - 

Total 100 - 0.070 Total 100 - 0.338 

Time of concentration (Tc) Overland Notes:   

Overland flow Defined watercourse Post-development Run-off       

 

  
 

 

  
 

    Latitude:   28°42' 

Tc =    
Longitude
: 

  32°02' 

0.2891762
7 

        

          

0.3 Hours 0.0 Hours           

Run-off coefficient 

Return period (years), T 2 5 10 20 50 100 Max 

Run-off coefficient, C1   
0.432 0.432 0.432 0.432 0.432 0.432 0.432 

(C1 = Cs + Cp + Cv)   

Adjusted for dolomitic areas, C1D   
0.432 0.432 0.432 0.432 0.432 0.432 0.432 

(= C1(1-D%)+C1D%(Σ(Dfactor x Cs%)) 

Adjustment factor for initial saturation, 
0.5 0.55 0.6 0.67 0.83 1 1 

Ft     

Adjusted run-off coefficient, C1T   
0.216 0.2376 0.2592 0.28944 0.35856 0.432 0.432 

( = C1D x Ft)     

Combined run-off coeffiecient CT   0.27675 0.28755 0.29835 0.31347 0.34803 0.38475 
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(= αC1T + βC2 + γC3)   
0.3847

5 

Rainfall 

Return period (years), T 2 5 10 20 50 100 Max 

Point Rainfall (mm), PT           288.1 341.8   

Point Intensity (mm/hour), PiT (=PT/TC) 0.0 0.0 0.0 0.0 996.3 1182.0 0.0 

Area Reduction Factor (%), ARFT         1.5 1.5   

Average Intensity (mm/hour), IT   
0.0 0.0 0.0 0.0 14.9 17.7 0.0 

(= PiT x ARFT)     

Return period (years), T 2 5 10 20 50 100 Max 

Peak flow (m³/s),   0.000 0.000 0.000 0.000 0.795 1.042 0.000 
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ANNEXURE E  Rational method results using the UPD tool 
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ANNEXURE F  Surface drainage calculations using the UPD tool 
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ANNEXURE G  Continued Surface drainage calculations using the UPD tool 
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ANNEXURE H  Grid capacity calculations using the UPD tool 

 

 
  



 

Page | 28  

 

ANNEXURE I  Kerb and berm flow calculations using the UPD tool 
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ANNEXURE J  Freeboard calculations using the UPD tool 
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ANNEXURE K  Drawings for the sewer, reticulation and stormwater structures at Amanzimtoti 
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ANNEXURE L  Long sections for the sewer, reticulation and stormwater structures at Amanzimtoti 

 

 


