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1. INTRODUCTION 
 

Plans for a clay mine and brick manufacturing facility on Farm no. 51, Gannabosch Vlakte, near 

Robertson in the Western Cape, are being developed. An integral part of these plans is a storm water 

management plan (SWMP), which is a requirement for the water use licence as well as the 

environmental authorisation. The implementation and phasing in of the SWMP will be further detailed 

in the Mine Works Program (MWP). 

The farm Gannabosch Vlakte 51 is situated within the Breede Valley between Worcester and 

Robertson and falls within the H40H quaternary catchment (see Figure 1). The landuse on site is natural 

veld, while there are vineyards and other agricultural utilised areas in the wider area. Any surface run-

off would naturally drain towards the Vink River in the south, owing to the slight slope of the 

landsurface. The property earmarked for development is drained by three north-south orinetated 

ephemeral drainage lines, which are denoted drainage line 1, 2 and 3 from west to east. Drainage line 

2 crosses through the proposed mining area (see Figure 2), before curving to the south-east and 

feeding into the Vink River.   

 

 

Figure 1: Map depicting the location, topographical and hydrological setting of the “Gannabosch Vlakte”.  
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Figure 2: Map of the proposed mining area with three naturally occurring ephemeral drainage lines crossing 
the farm from north to south. Drainage lines 1 and 3 are to be left unaltered with a 30 m buffer zone protecting 
them. Drainage line 2 is to be diverted.  

 
The hardened surfaces around the mine and factory will result in an increase in storm water runoff 

and an elevated concentration of suspended clay particles.  The SWMP ensures that all surface flows 

from the mine area are captured and deflected by berms and channels to be received in sump ponds 

situated in the southern, lowest portion of the mine trench areas and not be allowed to enter the 

ephemeral drainage lines or the Vink River as direct flow.  This attenuation of storm water flow will be 

of sufficient capacity to allow for the containment of a 1:50 year flood event.  It is intended that the 

captured water will be recycled via bowser or sprinklers for dust suppression.  In the unlikely event 

that flows exceed the sump storage capacity, the overflow will be discharged into drainage line 2.  This 

overflow will be directed through a vegetated swale prior to reaching the receiving water body to 

ensure it is turbulent free with reduced velocities.   
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2. HYDROLOGY 
 

2.1 PRECIPITATION  

2.1.1 Long-term records 

Farm No. 51, Gannabosch Vlakte, is located in the quaternary catchment H40H within the former 

Breede Water Management Area. According to the updated hydrology for South Africa (WR2012; 

(WRC, 2015)), H40H receives a mean annual precipitation (MAP) of 461 mm and has a mean annual 

run-off (MAR) of 15.64 million m3. 

 

Table 1: Catchment area (km2), mean annual precipitation MAP, mean annual evaporation rates MAE and 
mean annual surface run-off MAR of the quaternary catchments in the H40 tertiary catchment. The quaternary 
catchment of interest, H40H, is highlighted in yellow. (WRC, 2015) 

 
 

The monthly data for the rainfall zone as used in the WR2012 models, indicates the high variability of 

annual rainfall (see Figure 3). The area receives up to twice the average rainfall in wet years (maximum 

of 905 mm), while rainfall in dry years can drop to 200 mm. 

However, the rainfall within the valley is significantly lower, as shown by the daily records obtained 

from two DWS-owned rainfall station in Robertson (H4E001) and Brandvlei (H4E007). The MAP for 

these two stations over the 38 year records is 272 mm and 324 mm, respectively.  

MAR 

(WR2005)

MAR 

(WR2012)
Change

Gross Net evap
MAE 

WR2005
Rainfall Net Net

WR2005 to 

WR2012

(km2) (km2) zone (mm) zone (mm) (mcm) (mcm) (mcm) (percent)

H40A 184 184 23A 1660 H4A 426 78 6.35 7.56 10% 19.1

H40B 241 241 23A 1645 H4A 578 139 2.85 4.21 3% 47.7

H40C 272 272 23A 1620 H4B 375 102 17.95 17.58 17% -2.1

H40D 182 182 23A 1500 H4B 557 101 20.77 20.69 20% -0.4

H40E 285 285 23A 1545 H4B 539 154 26.20 26.73 17% 2.0

H40F 340 340 23A 1560 H4B 293 100 8.23 8.65 9% 5.1

H40G 263 263 23A 1495 H4C 464 122 16.80 17.33 14% 3.2

H40H 208 208 23E 1605 H4B 461 95.89 15.70 15.64 16% -0.4

H40J 204 204 23E 1560 H4C 424 86 10.98 10.85 13% -1.2

1.45

3.13

4.04

H40K total 0 9.71 8.62 8% -11.2

H40L 159 159 23E 1555 H4C 381 61 5.02 5.33 9% 6.2

TERTIARY H40 2609 2609 1565 441 1149 140.56 143.19 12% 1.9

BASIC INFORMATION NATURALISED FLOW MARs 

H40K

Catchment area S-pan evaporation

MAP WR2005

Quaternary 

catchment

H4C149023E 406271271 9.71

Run-off / 

Rainfall 

Ratio

Rainfall

110
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Figure 3: Annual rainfall and peak month rainfall within Rainfall Zone H4B (WR2012) 

 

 

Figure 4: Daily rainfall for DWS rainfall station H4E001 (Robertson) and H4E007 (Brandvlei) 
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2.1.2 1-Day Design Rainfall Depths 

Singular, high rainfall events are quite common in the area. The available records indicate that monthly 

rainfall above 100 mm occurs regularly during the winter months in the wider catchment (H4B rainfall 

Zone). The rainfall station in Robertson (H4E001) recorded 8 months above 100 mm of rainfall over 

the 38 years of record, while the station at Brandvlei (H4E007) recorded 18 months. Daily rainfall 

exceeded 100 mm once in Robertson and twice at Brandvlei during the recorded period (see Figure 4). 

The exceedance curves for monthly and daily rainfall (see Figure 5) confirm that months of high rainfall 

events are common, but singular events above 100 mm are few. 

a)  

b)  

Figure 5: Exceedance curves for a) monthly and b) daily peak rainfall events 
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Design storm estimates for various return periods and storm durations were sourced from the Design 

Rainfall Estimation Software for South Africa, developed by the University of Natal in 2002 as part of a 

WRC project K5/1060 (Smithers & Schulze, 2002).  This method uses a Regional L-Moment Algorithm 

(RLMA) in conjunction with a Scale Invariance approach to provide site specific estimates of design 

rainfall (depth, duration and frequency or DDF), based on surrounding station records. WRC Report 

No. K5/1060 provides more detail on the verification and validation of the method.  

 

Table 2: 24-Hour Rainfall Depth  

Return Period (Years) 24 hour Rainfall Depth (mm) 

2 43 

5 62 

10 76 

20 92 

50 115 

100 135 

200 157 

 

2.2 SURFACE RUN-OFF  

The mean annual naturalised run-off for the H40H catchment is given in WR2012 (WRC, 2015) as 

15.64 million m3. This relates to an average run-off / rainfall ratio (or run-off coefficient) of 16% (0.16). 

Given the catchment for the mining area on Gannabosch Vlakte farm of about 150 ha and the MAP 

from the Robertson weather station (H4E001) of 272 mm, the expected average annual run-off from 

or across the mining area would amount to 65 390 m3. However, the run-off coefficient varies spatially 

across the catchment due to slope, vegetation cover and soil type, as well as temporal depending upon 

rain intensity and soil moisture content. 

The very low gradient of the land with many pond-like areas, the natural vegetation and possibly high 

retention in the soil would likely decrease the run-off coefficient for the Gannabosch Vlakte. On the 

other hand, the clayey soil inhibits infiltration of significant amount of water. Hence, during high 

rainfall events, a significantly higher run-off / rainfall ratio can be expected. 
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3. CONCEPTUAL STORMWATER MANAGEMENT PLAN 

The aim of this stormwater management plan is to fulfil the requirements presented in Government 

Notice 704 (Government Gazette 20118 of June 1999) which deals with the separation of clean and 

dirty water. The conceptual stormwater management plan will therefore form a necessary part of the 

Water Use License Application (WULA), to be submitted to the Breede –Gouritz Catchment 

Management Agency (BG-CMA) and Department of Water and Sanitation (DWS). This stormwater 

management plan also complies with the principles presented in the DWAF Best Practice Guideline G1 

Storm Water Management (Department of Water Affairs and Forestry, 2006). 

 

3.1 DWAF GOVERNMENT NOTICE 704 

GN 704 was established to provide regulations on the use of water for mining and related activities 

aimed at the protection of water resources. There are important definitions in the regulation which 

require understanding. 

3.1.1 Important Definitions in GN 704 

 Clean water system: This includes any dam, other form of impoundment, canal, works, 

pipeline and any other structure or facility constructed for the retention or conveyance of 

unpolluted water. 

 Dirty water system: This includes any dam, other form of impoundment, canal, works, 

pipeline, residue deposit and any other structure or facility constructed for the retention or 

conveyance of water containing waste. 

 Dirty area: This refers to any area at a mine or activity which causes, has caused or is likely to 

cause pollution of a water resource (i.e. polluted water) 

3.1.2 Applicable Conditions in GN 704 

The two main principle conditions of GN 704 which apply to this project are: 

 Condition 6 describes the capacity requirements of clean and dirty water systems. Clean and 

dirty water systems must be kept separate and must be designed, constructed, maintained 

and operated such that these systems do not spill into each other more than once in 50 years. 

 Condition 7 describes the measures which must be taken to protect water resources. All dirty 

water or substances which cause or are likely to cause pollution of a water resource either 

through natural flow or by seepage are to be mitigated. 
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3.2 CLEAN AND DIRTY WATER CATCHMENTS 

Clean and dirty water generating catchments, affected by the proposed project have been delineated 

and illustrated in Figure 6. The delineation of sub-catchment areas and subsequent calculations of 

peak flows for the different areas was based on the 1:50 000 topographic data, SRTM30 elevation data 

and available hydrological data and are considered conservative estimates. It can be expected that 

catchment size, peak flows and average annual volumes will be lower, once a detailed survey is 

undertaken for the final design. 

 

Figure 6: Clean and dirty water catchments  
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3.2.1 Clean Catchments 

Flood peaks for the clean catchments affecting the site were determined using the Rational Method, 

selected to be an appropriate method for these specific catchment characteristics, while average flows 

were determined using appropriate run-off coefficients. The catchment characteristics together with 

the calculated peak flow rate for the 1:50 year flood is presented in Table 3. 

Clear area A can be divided into an upper part, north of the dirt road, called A1, and a lower part 

between the mining area and the dirt road, called A2. It is expected that due to the elevated 

construction of the road, the upper part will not, or not fully, drain towards drainage line 2, but into 

drainage line 3. Hence, both areas are reported separately. However, this needs to be confirmed 

through a detailed field survey. 

 

Table 3: Clean catchment characteristics and peak flow rates for the 1:50 year Flood event 

Catchment Area  
(ha) 

Peak Flow Rate  
(m3/s) 

Peak Day Flow 
Volumes (m3) 

Peak Month 
Flow Volumes 

(m3) 

Average 
Annual Flow 
Volumes (m3) 

Clean A 113.0 7.4 65 000 84 750 53 550 

 A1 78 5.1 45 000 58 500 37 000 

 A2 35 2.3 20 000 26 250 16 550 

Clean B 7.0 0.6 4 025 5 250 3 320 

Clean C 2.3 0.2 1 325 1 725 1 090 

 

Clean area A will be diverted westwards towards Drainage line 1, while Clean area B will be diverted 

eastwards and back into drainage line 2 below the mining area. Alternatively, the water can be diverted 

directly into the Vink River at the existing road-river crossing. Clean area C is considered endoreic and 

does not need to be diverted. 

3.2.2 Dirty Catchments 

Flood peaks for the dirty catchments affecting the site were also determined using the Rational 

Method. Peak month and average flows were estimated assuming that all water enters the open pit. 

The catchment characteristics together with the calculated peak flow rate for the 1:50 year flood is 

presented in Table 4. 

 

Table 4: Dirty catchment characteristics and peak flow rates for 1:50 year Flood event 

Catchment Area  
(ha) 

Peak Flow Rate  
(m3/s) 

Daily Peak Flow 
Volumes (m3) 

Peak Month 
Flow Volumes 

(m3) 

Average Annual 
Flow Volumes 

(m3) 

Dirty A 17.0 3.5 19 550 25 500 50 360 

Dirty B 11.5 3.0 13 220 17 250 34 060 
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3.3 STORMWATER MANAGEMENT INFRASTRUCTURE  

Stormwater management infrastructure has been conceptually designed as per the requirements of 

GN 704 with the layout presented in Figure 7. The proposed stormwater management infrastructure 

has been indicatively sized and positioned and does not necessarily represent final detailed design 

sizes and locations, as a detailed survey would be required to confirm assumptions.  

 

 

Figure 7: Conceptual stormwater management plan 

 

3.3.1 Principles 

The hardened surfaces around the mine and factory will result in an increase in storm water runoff 

and an elevated concentration of suspended clay particles.  The SWMP ensures that all surface flows 

from the mine area are captured and deflected by berms and channels and directed into sump ponds 

situated in the southern, lowest portion of the mine trench areas. This is considered dirty water and 

will not be allowed to enter the ephemeral drainage lines or the Vink River as direct flow.   
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The attenuation of storm water flow in these sumps will be of sufficient capacity to allow for the 

containment of a 1:50 year flood event.  It is intended that the captured water will be recycled via 

bowser or sprinklers for dust suppression.  In the unlikely event that flows exceed the sump storage 

capacity, the overflow will be discharged into drainage line 2 below the mining area.  This overflow will 

be directed through a vegetated swale prior to reaching the receiving water body to ensure it is 

turbulent free with reduced velocities.   

Surface run-off from the clean areas upstream of the mining area will be directed around the mining 

areas either towards drainage line 1 or back into drainage line 2 by means of gravity. To achieve this, 

two berms with associated channels are to be erected along the northern boundary of the proposed 

brick manufacturing facility. The larger of the two berms will intercept drainage line 2 further north 

and redirect the run-off around the western corner of the mining area and into drainage line 1. To 

avoid sedimentation at the entry point a row of swales will be constructed upstream of entering 

drainage line 1 to trap any sediment transported in the diversion.  

A second berm will be constructed directly at the northern boundary of the mining area to divert the 

remaining part of drainage line 2 (Clean area B) towards and along the road. The diversion will end at 

the existing culvert, which initially channels the flows under the street back into drainage line 2.  Once 

mining occurs in the south-eastern area (southern corner of Dirty area B), the diverted water will be 

temporarily diverted into the sump of the mining pit. 

A strategically placed sump at the north-eastern edge of the proposed manufacturing facility following 

the natural gradient and course of drainage line 2 allows for slowing down the storm water and causing 

some of the excess suspended clay particles to be removed via settling.  

This approach allows for the incremental development of the storm water management system and 

infrastructure as mining progresses from the western area (Dirty A) to the eastern are (Dirty B). This 

would further reduce the impact of diverting drainage line 2, as a significant volume is diverted back 

into the lower parts of drainage line 2. 

3.3.2 Existing Infrastructure 

It is envisaged that the currently available storm water infrastructure on Gannabosch Vlakte is 

rehabilitated and utilised, where possible. According to the 1:50 000 topographic maps and field 

observations, the following is available (see Figure 8): 

 A canal or furrow is indicated on the map north of the mining area, stretching from the bend 

in the road towards drainage line 1 in the south-west. The condition of the furrow is variable, 

but the existing line could be utilised and the drainage function enhanced with berms and 

gabion packing. 

 Another furrow is indicated downstream of the small dam in the north-eastern corner of the 

property, draining into and then mainly following drainage line 3. This falls outside of the 

mining area but could be reinforced to protect the mining area from flooding in event the dam 

fails. 

 Currently a culvert allows storm water and run-off to drain underneath the road at the south-

eastern side of the proposed mining area, following drainage line 2. The culvert has a diameter 

of 0.75 m. Inflow is currently restricted due to the dirt road running parallel to the tarred road. 
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Figure 8: Location of existing drainage infrastructure; viz. canal or furrow north of the mine area and culvert 
under the road for drainage line 2 

 

3.3.3 Clean Water Berms/Channels 

Figure 9 illustrates a typical cross section through a clean stormwater diversion. The aim of the channel 

section is to divert upstream clean water which would otherwise flow into the dirty area, while the 

berm section will ensure containment of dirty water within dirty areas. Where possible, berm 

component should be constructed from the material excavated from the channel and supplemented 

by topsoil stockpiling if required.  

The side slopes for all berms and channels will be kept constant at 1 vertical: 3 horizontal. The channel 

component has been sized using Manning’s equation for trapezoidal channels, assuming a roughness 

coefficient of 0.03, sized to meet the requirements of the 1:50 year flood.   
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Figure 9: Example of typical cross-section through clean stormwater diversion 

 

The base of the trench and lower part of the berm should be covered with gabions or stone packing, 

and planted with grass and other small vegetation to slow down water movement and reduce 

turbulence and erosion. The trench could possibly be vegetated to resemble a natural drainage line 

and thereby create a substitute habitat for aquatic and semi-aquatic fauna associated with these. The 

design dimensions of the diversions are presented in Table 5. 

 

Table 5: Berm and channel dimensions for clean diversions 

Catchment a (m) b (m) 

Clean Water A 1 4 

Clean Water B 0.75 1.5 

Clean Water C n/a n/a 

 

 

3.3.4 Dirty Water Berms/Channels 

It is understood that dirty water as produced in catchments “Dirty A” and “Dirty B” will be self-

contained and routed to a low point within the pit. These low points or sumps have been clearly 

illustrated in Figure 7. Dirty water accumulating in the sump areas will be reused at the operation as 

process make-up water and for dust suppression on the mine.  

 

3.3.5 Dirty Water Capacity Requirements 

In the initial phase a sump or series of sumps must be excavated at the southern end of the quarry for 

collecting and storing run-off and groundwater from where it can be pumped and used for dust 

suppression (see Figure 10). Due to its low elevation this is the preferred location. Surface- and 

groundwater will naturally drain towards it. 
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Figure 10: Illustration depicting the proposed storm water management scheme. Surface run-off flows roughly 
from north to south across the property. Berms and sumps are used to redirect and gather storm run-off. A 
schematic cross-section shows the intended structure of the quarry including the storage sump at the southern 
edge. Note that the mine floor is sloped gently towards the sump. 

 

Based on the catchment areas of “Dirty A” and “Dirty B”, the volumes of water stipulated in Table 6 

will require storage to comply with the principles presented in GN704 (50 year flood). The sump for 

Dirty area B is sized to cater for additional inflow from the lower diversion of drainage line 2. It must 

also be understood that the minimum storage volume as presented in Table 6 is based purely on a 

single 1:50 year storm event and does not include the longer-term storage of water from any upstream 

catchment areas, process water, anticipated average rainfall/runoff, spillages, wash water or the like. 

To cater for any of the above, the sumps should be sized for at least 24 000 m3 of storage. 

It is anticipated that the two sumps are established subsequently, as a sump is only required, once 

mining operation commences on the specific section, either Dirty A or Dirty B. 

 

Table 6: Dirty water containment sump volume requirements for 1:50 year flood event 

Catchment Minimum Volume (m3) 

Dirty A 16 800 

Dirty B 17 700 

 

In the event that the storage volume in the sump exceeds the maximum capacity, water can either 

overflow into drainage line 2 or be pumped out into a broad, vegetated swale before entering into 

drainage line 2. The concentration of suspended particles will be reduced via settling in the sump and 

via filtration in the swale. The swale also reduces the flow rate and turbulence of water entering the 

natural drainage system.      

 

  



Gannabosch: Storm Water Management Plan   

  Page 15 

 

4. REFERENCES 
Department of Water Affairs and Forestry. (1999). Government Notice 704 (Government Gazette 

20118 of June 1999).  

Department of Water Affairs and Forestry. (2006). Best Practice Guideline No. G1: Storm Water 

Management. Pretoria: DWAF. 

Smithers, J., & Schulze, R. (2002). Design Rainfall and Flood Estimation in South Africa, WRC Report 

No. K5/1060. Prtoria: Water Research Commission. 

WRC. (2015). Water Resources of South Africa, 2012 Study (WR2012). Retrieved from 

http://www.waterresourceswr2012.co.za/ 

 

 

 
 

 

 

 

 

 


