
 

 

4a Old Main Road, Judges Walk, Kloof, Kwazulu-Natal, South Africa, 3610 
PO Box 819, Gillitts, 3603, South Africa 
Tel:  +27 (0) 31 764 7130   Fax: +27 (0) 31 764 7140   Web: www.gcs-sa.biz 

GCS (Pty) Ltd.        Reg No: 2004/000765/07        Est. 1987 
Offices:        Durban         Johannesburg         Lusaka        Ostrava        Pretoria        Windhoek 
Directors:    AC Johnstone (Managing)    PF Labuschagne    AWC Marais    S Pilane (HR)    W Sherriff 
(Financial) 
Non-Executive Director: B Wilson-Jones 

www.gcs-sa.biz 

 
 
 
 
 
 

Hydrological Assessment for the Proposed Isundu 
Electrical Sub-station 

 
Final Report 

 

Version – 1 

May 2016 

 

Eskom 

GCS Project Number: 15-543 

Client Reference: GCS Isundu Hydrological Assessment 

 

 

 



Eskom Hydrological Assessment for the Proposed Isundu Electrical Sub-station 

15-543 May 2016 Page ii 

Hydrological Assessment for the Proposed Isundu Electrical Sub-station 
 
 

Final Report 
Version – 1 

 
 
 

May 2016 
 
 
 

Eskom 
 
 
 
 
 
 
 

15-543 
DOCUMENT ISSUE STATUS 

Report Issue Final 

GCS Reference Number GCS Ref - P.N.: 15-543 

Client Reference GCS Isundu Hydrological Assessment 

Title 
Hydrological Assessment for the Proposed Isundu Electrical 
Sub-station 

 Name Signature Date 

Author Craig Orchard  May 2016 

Document Reviewer 
Renee Janse van 
Rensburg  

May 2016 

Document Reviewer Robert Verger 
 

May 2016 

Director Pieter Labuschagne 

 

May 2016 

 

LEGAL NOTICE 
 
This report or any proportion thereof and any associated documentation remain the property of GCS until the 
mandator effects payment of all fees and disbursements due to GCS in terms of the GCS Conditions of Contract 
and Project Acceptance Form.  Notwithstanding the aforesaid, any reproduction, duplication, copying, adaptation, 
editing, change, disclosure, publication, distribution, incorporation, modification, lending, transfer, sending, 
delivering, serving or broadcasting must be authorised in writing by GCS.  



Eskom Hydrological Assessment for the Proposed Isundu Electrical Sub-station 

15-543 May 2016 Page iii 

LIST OF ACRONYMS 

Acronym Description 

DWS Department of Water and Sanitation 

GCS GCS Water and Environment (Pty) Ltd. 

IWULA Integrated Water Use License Application 

mamsl Metres Above Mean Sea Level 

m3/month Water consumption – cubic metres per month 

MAE Mean Annual Evaporation 

MAP Mean Annual Precipitation 

MAR Mean Annual Runoff 

MIPI Midgley & Pitman Method 

NWA 
The South African National Water Act, 1998 (Act No. 36 of 
1998) 

PFD Process Flow Diagram 

RM3 Rational Method Alternative 3 

RMF Regional Maximum Flood 

SDF Standard Design Flood 

SWMP Storm Water Management Plan 

TDS Total Dissolved Solids 

Tc Time of Concentration 

WR2012 Water Resources of South Africa 2012 

WMA Water Management Area 

WULA Water Use Licence Application 
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LIST OF DEFINITIONS 

Term Definition 

Catchment 
The area from which any rainfall will drain into the watercourse or 
watercourses or part of the watercourse, through surface flow to a common 
point or common points. 

Exclusion Zone 
The defined area from a water course based upon which of the 1:50 year 
and 1:100-year flood lines and the 100m buffer is the most far from the 
centre stream channel. 

Flooding 
Flooding is a result of heavy or continuous rainfall exceeding the absorptive 
capacity of soil and the flow capacity of rivers and streams. 

Hydrology  

Hydrology is used to estimate flood flow rates. Common methods are 
stream gauge analysis, rainfall-run-off models, or a combination of the two. 
Hydrology refers to addressing the occurrence, circulation and distribution 
of water. In floodplain management, hydrology refers to the rainfall – 
runoff portion of the hydrological cycle as it applies to extreme events. 

Infiltration The movement of water from the land surface into the soil. 

Runoff 
Surface runoff is defined as the water that finds its way into a surface 
stream channel without infiltration into the soil and may include overland 
flow, interflow and base flow. 

Watercourse 
Watercourse refers to a river or spring; a natural channel in which water 
flows regularly or intermittently; a wetland, lake or dam into which, or 
from which water flows and any collection of water. 

WR2005 

WR2005 describes the water resources of South Africa, Lesotho and 
Swaziland. It is the culmination of a number of water resource appraisals 
that have been carried out over the past four decades (WRC, 2005). It 
precedes 2005 

WR2012 
WR2012 describes the water resources of South Africa, Lesotho and 
Swaziland. It is the culmination of a number of water resource appraisals 
that have been carried out over the past four decades (WRC, 2015). 
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EXECUTIVE SUMMARY 

GCS Water and Environment (Pty) Ltd. (GCS) has been appointed by Engeolab C.C. 

(Engeolab), as a sub-consultant, to undertake a hydrological assessment for the proposed 

Isundu Electrical sub-station (Isundu), which is located six (6) kilometres (km) east of the 

town of Ashburton in the Province of KwaZulu-Natal, South Africa. The construction of the 

sub-station is part of Eskom’s infrastructure development and to improve the supply of 

electricity to KwaZulu-Natal. The main objectives of this study are to investigate the 

surface hydrology of the area surrounding the Isundu site as part of a Water Use Licence 

Application (WULA) and potential impact of the proposed Isundu sub-station on any surface 

water resources.  

 

Baseline Water Quality Assessment 

Two (2) surface water storage dams were sampled during the site visit. These were in an 

easterly direction from the site and downstream of the proposed site. Water from both 

localities can be described as neutral (pH), non-saline (Electrical Conductivity) and soft 

(Total Hardness) with elevated levels of bacteriological counts, iron and turbidity. Standard 

plate count provides an indication of all bacteria within a water resource and elevated 

counts of bacteria is expected in natural ecosystems. 

 

Baseline Hydrology and Climate 

The climate at the Isundu site is described as warm and temperate with a Koppen-Geiger 

climate classification of Cfa (fully humid and hot summer). Rainfall for the site is based on 

120 years of record at Camperdown (0240073_W) and historical records indicate a long term 

average of approximately 840 mm per annum. Evaporation data used for this site is based 

on the 1 200 mm per annum Symons-Pan evaporation and Evaporation Zone 21A (WRC, 

2005). 

 

Runoff from natural (unmodified) catchments in this area is simulated in WR2012 as being 

equivalent to 93 mm per annum over the surface area. The design rainfall depths were 

obtained for the Isundu Sub-station site in order to calculate the design flood peaks as input 

for the flood line calculations. 
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Flood Lines 

Flood lines were calculated for seven (7) sub-catchments surrounding the Isundu site for a 

1:50-year and 1:100-year recurrence interval. A 100m buffer surrounding the streams was 

also defined. For the small catchments, the delineated exclusion zone largely follows the 

100 m buffer. The sub-station does not fall within any of the plotted flood lines. Some parts 

of the sub-station site were found within the exclusion zone. 

 

Conceptual Stormwater Management Plan (SWMP) 

A conceptual Storm Water Management Plan (SWMP) was developed for the Isundu sub-

station. A channel needs to be installed on the perimeter of the substation which will direct 

the stormwater generated on the site to six (6) discharge points. At the six (6) discharge 

points, an energy dissipating structure will be required to install to decrease the energy of 

the stormwater. It is recommended that the energy dissipating structure comprise of a 

discharge chute which directs the flow of water into an area where stone pitching has been 

installed. 

 

Water Balance 

A Process Flow Diagram (PFD) was generated to provide insight into to water usage of the 

Isundu sub-station. Three (3) water balances were calculated for the Isundu sub-station. 

 

The pre-development rainfall-runoff generation from the catchments was 14%, however, 

due to the nature of the developed area, it is anticipated that this ratio post-development 

will change to 34%. 

 

Risk Assessment 
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The environmental impact assessment focused on the construction phase and operational 

phase of the Isundu sub-station. Impacts focussed upon the disturbance of the soils in the 

area; oil and fuel leaks; building rubble and the potential of the stormflow generated on 

the site to cause erosion after being discharged via the 6 discharge points. These impacts 

are likely to be of a temporary nature. The commissioning of energy dissipating structures 

at the six (6) discharge points will decrease concentrated runoff from the site and erosion 

of the receiving stream banks. 

 

Recommendations 

Continuous monitoring around the proposed site is recommended to determine seasonal 

variations in the data as well as the establishment of a baseline database enabling the 

process to determine possible impacts upon completion of the project.  

 

The exclusion zone incorporates portions of the sub-station site and it is therefore 

recommended that a GN704 exemption be applied for. 

 

If the recommended construction and operation mitigations measures are followed, all 

potential impacts will be reduced to low for the site. 

 



Eskom Hydrological Assessment for the Proposed Isundu Electrical Sub-station 

15-543 May 2016 Page viii 

CONTENTS PAGE 

1 INTRODUCTION .......................................................................................................................... 1 

2 SCOPE OF WORK ........................................................................................................................ 3 

3 METHODOLOGY ......................................................................................................................... 5 

3.1 SITE VISIT ..................................................................................................................................... 5 
3.1.1 Baseline Water Quality Assessment ................................................................................. 5 

3.2 BASELINE HYDROLOGY AND CLIMATE ............................................................................................... 10 
3.3 FLOOD LINES .............................................................................................................................. 10 

3.3.1 Legislative and Policy Framework ................................................................................... 10 
3.3.2 Design Flood Peaks ......................................................................................................... 11 
3.3.3 Flood Line Calculation ..................................................................................................... 12 
3.3.4 Limitations for the Flood Line Assessment ...................................................................... 14 

3.4 CONCEPTUAL SWMP ................................................................................................................... 14 
3.5 WATER BALANCE ......................................................................................................................... 14 
3.6 SURFACE WATER QUALITY MONITORING PROGRAMME ...................................................................... 16 
3.7 RISK ASSESSMENT ........................................................................................................................ 16 
3.8 SOFTWARE ................................................................................................................................. 16 

4 BASELINE HYDROLOGY AND CLIMATE ...................................................................................... 18 

4.1 CLIMATE .................................................................................................................................... 18 
4.2 CATCHMENT DELINEATION ............................................................................................................ 19 
4.3 DESIGN RAINFALL ........................................................................................................................ 21 
4.4 RUNOFF ANALYSES ...................................................................................................................... 22 

5 FLOOD LINES ............................................................................................................................ 24 

5.1 DESIGN FLOOD PEAKS .................................................................................................................. 24 
5.2 FLOOD LINE RESULTS .................................................................................................................... 25 

6 CONCEPTUAL STORM WATER MANAGEMENT PLAN ................................................................ 27 

6.1 DELINEATION OF CLEAN AND DIRTY WATER CATCHMENTS ................................................................... 27 
6.2 PROPOSED STORMWATER INFRASTRUCTURE ..................................................................................... 27 

7 CONCEPTUAL WATER BALANCE ................................................................................................ 30 

8 RISK ASSESSMENT .................................................................................................................... 33 

9 SURFACE WATER QUALITY MONITORING PROGRAMME .......................................................... 35 

9.1 PROPOSED MONITORING LOCATIONS AND MONITORING FREQUENCY...................................................... 35 
9.2 APPLICABLE PARAMETERS AND STANDARDS ...................................................................................... 36 

10 CONCLUSIONS .......................................................................................................................... 38 

10.1 BASELINE WATER QUALITY ASSESSMENT .......................................................................................... 38 
10.2 BASELINE HYDROLOGY AND CLIMATE ............................................................................................... 38 
10.3 FLOOD LINES .............................................................................................................................. 38 
10.4 CONCEPTUAL SWMP ................................................................................................................... 38 
10.5 CONCEPTUAL WATER BALANCE ...................................................................................................... 39 
10.6 RISK ASSESSMENT ........................................................................................................................ 39 
10.7 SURFACE WATER QUALITY MONITORING PROGRAMME ...................................................................... 39 

11 RECOMMENDATIONS ............................................................................................................... 40 

11.1 BASELINE WATER QUALITY ASSESSMENT .......................................................................................... 40 
11.2 FLOOD LINES .............................................................................................................................. 40 
11.3 CONCEPTUAL SWMP ................................................................................................................... 40 
11.4 CONCEPTUAL WATER BALANCE ...................................................................................................... 40 
11.5 RISK ASSESSMENT ........................................................................................................................ 40 
11.6 SURFACE WATER QUALITY MONITORING PROGRAMME .......................... ERROR! BOOKMARK NOT DEFINED. 

12 REFERENCES ............................................................................................................................. 42 



Eskom Hydrological Assessment for the Proposed Isundu Electrical Sub-station 

15-543 May 2016 Page ix 

 

LIST OF FIGURES 

Figure 1-1: Location of Isundu sub-station ............................................................................................... 2 
Figure 3-1: Water quality sampling locations for the Isundu site............................................................. 9 
Figure 3-2: Summary of the Flood Line Methodology ............................................................................ 13 
Figure 3-3: PFD for the proposed Isundu site ......................................................................................... 15 
Figure 4-1: Mean monthly rainfall and S-Pan Evaporation..................................................................... 19 
Figure 4-2: Subcatchment Locality Map of the Isundu site .................................................................... 20 
Figure 4-3: Simulate natural runoff for quaternary catchment U20J (WRC, 2015) ................................ 22 
Figure 4-4: Simulated runoff for the Isundu site .................................................................................... 23 
Figure 5-1: Flood line and 100m buffer extents for the Isundu sub-station .......................................... 26 
Figure 6-1 Example of a discharge chute ................................................................................................ 27 
Figure 6-2 Example of stone pitching to promote infiltration at the foot of a slope ............................. 28 
Figure 6-3: Conceptual SWMP for the Isundu site ................................................................................. 29 
Figure 9-1: Proposed Surface Water Monitoring Points ........................................................................ 37 

 

LIST OF PHOTOGRAPHS 

Photograph 3-1: D02 Sampling point ....................................................................................................... 7 
Photograph 3-2: D03 Sampling Point ....................................................................................................... 8 

 

LIST OF TABLES 

Table 3-1: Hydrocensus water quality data at proposed Isundu site measured against the SANS 241-
2015 potable water standards (SANS, 2015) and the South African Water Quality Guidelines for 
Livestock Watering (DWA, 1996). ............................................................................................................. 6 
Table 4-1: Climatic variables for the Isundu Electrical Sub-station ........................................................ 18 
Table 4-2: Catchment Areas and Stream Lengths .................................................................................. 19 
Table 4-3: Design Rainfall ....................................................................................................................... 21 
Table 5-1: Summary of the peak flows calculated for the study ............................................................ 24 
Table 7-1: Average annual water balance .............................................................................................. 31 
Table 7-2: Water balance for the average wettest month on average (January) .................................. 31 
Table 7-3: Water balance for the average driest month on average (June)........................................... 32 
Table 8-1: Surface water impact assessment for the Isundu site ........................................................... 34 
Table 9-1: Proposed monitoring programme and recommended sampling frequencies ...................... 35 
Table 9-2: List of parameters quarterly and bi-annual analysis ............................................................. 36 
Table 9-3: List of parameters for annual analysis ................................................................................... 36 

 

LIST OF APPENDICES 

APPENDIX A: IMPACT RATING TABLES ............................................................................................. 43 

APPENDIX B: PEAK FLOW CALCULATION SHEETS.............................................................................. 44 

APPENDIX B: SPECIALIST DECLARATION ........................................................................................... 46 

 



Eskom Hydrological Assessment for the Proposed Isundu Electrical Sub-station 

15-543 May 2016 Page 1 

1 INTRODUCTION 

GCS Water and Environment (Pty) Ltd. (GCS) has been appointed by Engeolab C.C. 

(Engeolab), as a sub-consultant, to undertake a hydrological assessment for the proposed 

Isundu Electrical sub-station (Isundu site), which is located six (6) kilometres (km) east of 

the town of Ashburton in the Province of KwaZulu-Natal, South Africa. The development is 

located in the Mvoti-Mzimkulu Water Management Area (WMA11) and within Quaternary 

catchment U20J. The location of the proposed sub-station is given in Figure 1-1. 

 

The construction of the sub-station is part of Eskom’s infrastructure development and to 

improve the supply of electricity to KwaZulu-Natal. 

 

The main objectives of this study are to investigate the surface hydrology of the area 

surrounding the Isundu site as part of a Water Use Licence Application (WULA) and potential 

impact of the proposed Isundu sub-station on any surface water resources.  
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Figure 1-1: Location of Isundu sub-station 



Eskom Hydrological Assessment for the Proposed Isundu Electrical Sub-station 

15-543 May 2016 Page 3 

2 SCOPE OF WORK 

The purpose of the hydrological assessment is to provide supplementary information to the 

WULA for the proposed Isundu Site. This hydrological assessment, as part of the specialist 

studies required for a WULA, included the following:  

1. Project Management:  

 Internal project management throughout the study. 

2. Information sourcing/literature review:  

 Acquisition and an assessment of existing literature will be undertaken. 

2. Field Work and Site Assessment were undertaken; 

 Hydrology: A climate and rainfall evaluation of the relevant catchment(s); 

 Catchment delineation of the relevant catchment(s), and 

 Runoff analyses. 

3. Flood lines:   

 Flood flow analyses, and 

 1:100-year flood line calculations were conducted using HEC-Geo-RAS and 

HEC-RAS software and displayed using GIS-Software. 

4. Water Balance Calculations: 

 Visio-based updated water process flow diagram will be generated based on 

the outcomes of a meeting with the client. The Water Balance Model was 

based on the client-approved water process flow diagram, and 

 An Average Annual Water Balance and Water Balances for a typical dry and 

wet month, on average (DWS spread sheet format) was compiled. 

5. Conceptual Storm Water Management Plan (SWMP):  The following was compiled: 

 Delineation of clean and dirty water catchments for the development site; 

 Determination of impacts of infrastructure on the mean annual runoff of 

the catchment; 

 Determination of storm water flows and volumes; 

 Calculations will be undertaken for channel and storm water attenuation 

ponds sizing; 
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 Indications and explanations of the placement of berms, channels and 

storm water attenuation infrastructure, and 

 Conceptual designs and illustrated using GIS software for the proposed 

infrastructure. 

6. A baseline water quality assessment of all water bodies within a 1km2 (flow and 

volume permitting) radius of the proposed Isundu site of the sub-station was 

undertaken. This was achieved by: 

 Chemical analysis for the following water quality chemical indicators: 

o pH; Electical Conductivity (EC); Turbidity; Calcium (Ca); Magnesium 

(Mg); Sodium (Na); Potassium (K); Chlorine (Cl); Sulphate (SO42-); 

Nitrate; Nitrite; Bicarbonate (HCO3-); Iron (Fe2+); Manganese (Mn); 

Fluoride (F); Aluminium (Al3+); Total Dissolved Solids (TDS); 

Ammonia as N; Total Coliforms; E. Coli; Chemical Oxygen Demand 

(COD); Biological Oxygen Demand (BOD); Standard plate count. 

7. Reporting 

 A project close-out report detailing the results of all of the activities listed 

above, and  

 Recommendations were made for additional work and data requirements, if 

needed. 
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3 METHODOLOGY 

The methodology that was used during this study is described below. 

 

3.1 Site Visit 

A site visit was conducted on the 9th of September 2015 to visually assess the area in terms 

of land use, topography and other factors which can affect the hydrological functioning of a 

catchment. These factors will ultimately affect the hydrological and hydraulic modelling of 

the catchment. 

 

3.1.1 Baseline Water Quality Assessment 

During September 2015 a hydrocensus was conducted by Jacques du Preez (Engeolab) 

around the proposed Isundu site. Due to low rainfall conditions in months preceding the 

fieldwork a number of drainage lines situated around the site could not be sampled as they 

were dry. Two (2) earth dams (D02 and D03) were identified. These dams are east as well 

as being downstream of the proposed site (see Figure 3-1).  

 

Samples taken from these localities consisted of a (1) litre unpreserved sample as well as a 

100ml bacteriological sample. All measures was taken to avoid contamination. Samples was 

stored at 4°C in a dark container and submitted to a South African National Accreditation 

System (SANAS) accredited laboratory for analysis (Talbot & Talbot – T0122). Table 3-1 

indicates the water quality results at the identified sampling points. 

 

Water from both localities can be described as neutral (pH), non-saline (Electrical 

Conductivity) and soft (Total Hardness) with elevated levels of bacteriological counts, iron 

and turbidity. Standard plate count provides an indication of all bacteria within a water 

resource and elevated counts of bacteria is expected in natural ecosystems. Escherichia coli 

(E. coli) bacteria are an indication of bacteria within the system from faecal source and this 

may be caused by livestock or wildlife within the area. Locality photographs (Photograph 

3-1 and Photograph 3-2) indicate that water is turbid and contains suspended solids – this 

might provide insight on the elevated levels of turbidity and colour which exceeded potable 

water standards (SANS 241:1 – 2015) 

 

Elevated metal concentrations are not expected within the neutral pH range, it could be 

assumed that the iron (Fe) content is in suspension rather than solution.  



Eskom Hydrological Assessment for the Proposed Isundu Electrical Sub-station 

15-543 May 2016 Page 6 

 

It is not expected that water from these localities will be used for human consumption, the 

possibility exists that livestock could use water (compared against the South African Water 

Quality Guidelines – Livestock (DWA, 1996)), and results indicate that at abovementioned 

concentrations it could be harmful to their health. 

 

Continuous monitoring around the proposed site is recommended to determine seasonal 

variations in the data as well as the establishment of a baseline database enabling the 

process to determine possible impacts upon completion of the project. Before construction 

it is important to determine the baseline water quality of the streams. A surface water 

monitoring programme will be further discussed in Section 9.1 

 

Table 3-1: Hydrocensus water quality data at proposed Isundu site measured against the 
SANS 241-2015 potable water standards (SANS, 2015) and the South African Water 
Quality Guidelines for Livestock Watering (DWA, 1996). 

Determinant Units 
SANS241-

2015 

SAWQG - 
Livestock 
Watering 

D02 D03 

Chloride mg/l 300 3000 24 14 

Colour mg/l 15 - 90 255 

Copper mg/l 2 1 0.004 0.006 

 Calcium mg/l - 1000 3.2 7.4 

Magnesium mg/l - 500 2.2 2.5 

Electrical Conductivity mS/m 170 - 13 9 

Fluoride mg/l 1.5 2 0.22 0.38 

Iron mg/l 2 10 2.04 10.35 

Lead mg/l 0.01 0.2 0.00 0.01 

Manganese mg/l 0.04 10 0.10 0.05 

Nitrate mg/l 11 100 <0.1 0.28 

Nitrite mg/l 9 - <0.1 0.02 

Combined Nitrate and Nitrite - 1 - <0.12 0.05 

pH pH units 5-9.7 - 7.8 7.6 

Sodium mg/l 200 2000 14 6.4 

Sulphate mg/l 500 1000 21.6 9.91 

E. coli 
colonies 

per 
100ml 

0 200 48 560 

Total Coliforms 
colonies 

per 
100ml 

10 - 510 650 

Standard Plate Count 
colonies 
per ml 

1000 - 2960 >10000 
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Determinant Units 
SANS241-

2015 

SAWQG - 
Livestock 
Watering 

D02 D03 

Total Alkalinity mg/l - - 29 50 

Total Hardness mg/l - - 17 29 

Turbidity NTU 1 - 46.5 149  

 

 

 

Photograph 3-1: D02 Sampling point 
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Photograph 3-2: D03 Sampling Point
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Figure 3-1: Water quality sampling locations for the Isundu site
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3.2 Baseline Hydrology and Climate 

Climatic data were obtained from the rain gauge located at Camperdown (South African 

Weather Service (SWAS) station: 0240073_W) and the WR2012 database (WRC, 2015). The 

specific data were quaternary scale runoff; mean annual rainfall which was disaggregated 

into mean monthly rainfall; mean annual evaporation (calculated using Symons-Pan data) 

again disaggregated into mean monthly values and naturalised flow data for the relevant 

quaternary catchment (U20J). 

 

3.3 Flood Lines 

Flood lines on river sections were analysed to evaluate risks associated with potential 

flooding of infrastructure and protection of natural resources in the vicinity of the Isundu 

site. 

  

3.3.1 Legislative and Policy Framework 

One of the main and ever-continuing concerns in South Africa is the sustainability of water 

provision, and the costs associated with the prevention and remediation of pollution in a 

country with an average rainfall below international standards. The South African National 

Water Act, 1998 (Act No. 36 of 1998) (NWA); is one of the Government’s answers to some of 

these challenges and is based on the constitutional right to access to sufficient water 

(Section 27 of the Constitution of the Republic of South Africa, 1996). 

 

Land use, development or activities near watercourses and/or wetlands must be 

appropriate for the anticipated degree of flood risk. As a result the NWA regulates the use 

of water and any activities related to the use of water. Subsequently, certain guidelines 

should be followed for the Isundu site during the construction and design phase of the sub-

station to ensure the environmental impact on the receiving streams are mitigated.  

 

The flood lines were calculated to adhere to the Regulations set out by General Notice 704 

published in Government Gazette 20119 of 4 June 1999 (GN704) of the NWA. GN704 was 

chosen as the most appropriate regulation to use when establishing the determining the 

flood line calculations, as they are regularly implemented and used by the DWS when 

considering any licence applications for all developments.  
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Although, GN704 was created for use in the mining industry, the guidelines set out by 

GN704 are strict and reasonable. The GN704 states that no development may take place 

within the flood lines, indicating the maximum level likely to be reached by floodwaters on 

average once in every 100 years and 50 years as well as 100m from any water course. 

 

Legislation guided the minimum requirements for placement of infrastructure pertaining to 

the Isundu site in relation to a natural watercourse. 

 

3.3.2 Design Flood Peaks 

In order to produce peak runoff input, three (3) methods were used to determine design 

flood peaks for the delineated catchments at the Isundu site. These methods are the 

Rational Method Alternative 3 (RM3), Standard Design Flood (SDF) Method and the Midgley & 

Pitman (MIPI) Method. The Design Rainfall Estimation Software (Smithers, 2000) was utilised 

in the RM3 to calculate peak flows for the site. The rainfall depths with durations 

corresponding to the Time of Concentration (Tc) for each catchment were used to calculate 

peak flows for the particular catchments. The design rainfall depths were taken from Table 

6-2, which were obtained from the Design Rainfall Software (Smithers, 2000). The 

underlying assumption is that the largest possible peak flow is obtained when the storm 

rainfall event has a duration equal to the time required for the whole catchment to 

contribute runoff at the outlet. A short description of the above-mentioned methods is 

given below. 

 

Rational Method 

The rational method was developed in the mid-19th century and is one of the most widely 

used methods for the calculation of peak flows for small catchments (< 15 km2). The 

formula indicates that Q = CIA, where I is the rainfall intensity, A is the upstream runoff 

area and C is the runoff coefficient. Q is the peak flow. Point precipitation (for the 

designated T is taken from Table 6.2 of the Baseline Receiving Conditions of the site 

section. 

 

Standard Design Flood Method 

The standard design flood (SDF) method was developed specifically to address the 

uncertainty in flood prediction under South African conditions (Alexander, 2002). The 

runoff coefficient (C) is replaced by a calibrated value based on the subdivision of South 

Africa into 26 regions or Water Management Areas (WMAs). The design methodology is 

slightly different to that of the Rational Method and looks at the probability of a peak flood 
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event occurring at any one of a series of similarly sized catchments in a wider region, while 

other methods focus on point probabilities. 

Empirical Methods 

Empirical methods such as the Midgley and Pitman are based on correlation between peak 

flows and some catchment characteristics. Regional parameters are then mapped out for 

South Africa. These methods are mostly suitable for medium to large catchments (SANRAL, 

2013). 

 

 

3.3.3 Flood Line Calculation 

The river sections were modelled using the HEC-RAS software (US Army Corps of Engineers, 

1995) after creating cross-sections at various intervals using the HEC-GeoRAS ‘add-in’ 

within ESRI ArcGIS. HEC-GeoRAS enables the preparation of geometric features such as 

cross-sections and bank stations in ArcGIS (ESRI, 2012) in a format suitable for import into 

the HEC-RAS hydraulic model. The topography data used were obtained from a 5m contour 

topographic map provided by the client, as these were the best available data. 

 

The HEC-RAS model simulates total energy of water by applying basic principles of mass, 

continuity and momentum as well as roughness factors between all cross sections (US Army 

Corps of Engineers, 1995). A height is calculated at each cross-section, which represents 

the level to which water will rise at that section, given the potential peak flows. This was 

calculated for the 1:50-year and 1:100-year peak flows on all river sections. 

 

Analyses are performed by modelling flows at the sub-catchment outlet of particular 

stream or channel sections first, moving upstream. Manning’s roughness coefficients (n) for 

the channels were set at 0.02, and those for river banks were determined to be 0.03. These 

coefficients were selected based on the Cowan Theory (Cowan, 1956) according to the 

following equation:  

 =(  + 1+ 2+ 3+ 4)      (3.1) 

 

Where nb is a base value of n for a straight, uniform, smooth natural channel: 

 n1 is a correction factor for the effect of surface irregularities; 

 n2 is a value depicting channel cross sectional area variations in shape and size; 

 n3 is a value for flow obstructions in the channel; 
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 n4 is a value for vegetation and flow conditions, and 

 m is a correction factor for the meandering of the channel. 

Physiographic characteristics of assessed channels were used to estimate roughness 

adjustment factors, as described in the aforementioned equation (Cowan, 1956). The 

physiographic conditions for the channels were visually on site (to be discussed in Chapter 5 

of the report, which deals with the Site Visit). 

 

A summary of the methodology used in the hydraulic modelling process can be seen in 

Figure 3-2. 

 

 

Figure 3-2: Summary of the Flood Line Methodology 
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3.3.4 Limitations for the Flood Line Assessment 

The following limitations were experienced and assumptions have been made in this 

specialist study: 

 No flow data against which the runoff calculations might be calibrated were 

available. The runoff volumes were therefore calculated theoretically; 

 Since no flow data were available for estimation of the roughness coefficients, the 

Manning’s ‘n’ coefficients were estimated by comparing the vegetation and nature 

of the channel surfaces to published data (Hick & Mason, 1991) (Chow, 1959). 

 

3.4 Conceptual SWMP 

The basic principles of a SWMP include and can be found in the DWA Best Practice 

Guidelines for Stormwater Management (DWA, 2006a). A SWMP is also a statutory 

requirement for mining and related activities in South Africa and is defined by GN704 and 

Regulation 77 of the NWA (South Africa, 1998). These guidelines and regulations were 

adopted as guideline when sizing all storm water infrastructure as these are most relevant 

to the site activities. No water use licences in terms of this act will be granted without an 

approved SWMP.  

 

The basic principle of a conceptual SWMP that was applied in this study is separation of 

clean and dirty water areas. Water from clean water areas should be diverted away from 

dirty water areas and should be allowed to pass through to downstream users. Potentially 

dirty water must be contained and captured on site. 

 

Using this input, including the site visit and conversations with the team, recommendations 

of proposed storm water infrastructure were made where necessary. For the purpose of the 

SWMP, it was assumed that the Isundu site will be levelled and a platform surface 

constructed. 

 

3.5 Water Balance 

The purpose of this part of the study (see Section 7) was to investigate water flow linkages 

between the facilities in order to assess water usage at the Isundu site.  
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A Process Flow Diagram (PFD) was generated in conjunction with provided information from 

the Client to give insight into the flow linkages within the present infrastructure and future 

developments and presented in Figure 3-3. This information was then used to guide and 

calculate the average water balance: 

 There will be an estimated 80-100 contract workers employed at the Isundu site for 

the construction phase and it was provided that 25 litres per person per day will be 

supplied; 

 Water will be sourced from a municipal supply pipeline that passes through the 

area; 

 According to the Department of Public Works’ Guidelines for the Designs of Civil 

Services (Department of Public Works, 2004), a household will produce 0.9 m3 of 

sewage per day; 

 All sewage and waste water generated on-site will be stored within a conservancy 

tank; 

 Runoff generated on the Isundu site is an approximate 35% of rainfall per annum 

(see Section 4.4); 

 Water from the site will be directed to discharge points where the energy of the 

flowing water will be dissipated using an energy dissipating structure, and 

 The water balance was based on techniques used by the DWS (previously the 

Department of Water Affairs, now the Department of Water and Sanitation) Best 

Practice Guidelines (BPG) G2: Water and Salt balances (DWA, 2006b). Whilst these 

guidelines were compiled for use in the mining industry only, they have been 

successfully applied in other scenarios and developments. 

 

Figure 3-3: PFD for the proposed Isundu site 
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3.6 Surface Water Quality Monitoring Programme 

A surface water monitoring programme is recommended at the proposed Isundu site in 

terms of the Best Practice Guidelines G3: Water Monitoring Systems (DWA, 2006c). The 

monitoring programme will assists with overall water management at the site, including but 

not limited to: 

 Preventing pollution and thereby protecting the receiving water environment; 

 Developing an understanding of the current water quality on site and monitoring 

how it changes over time, and 

 Assessing performance of pollution prevention measures, i.e. compliance with any 

license conditions that may be imposed in the future. 

 

The monitoring programme should be amended according to on-site operations and future 

WUL or other permit requirements. 

 

3.7 Risk Assessment 

The environmental impact assessment will focus on the construction of the Isundu site with 

levelled platform, implementation of an energy dissipating structure at discharge points(as 

part of the proposed SWMP) and the potential release of water from the site into the water 

course. The impact assessment is performed based on typical environmental impact rating 

tables and methodology is attached in Appendix A and the results are described in Section 

8. 

 

3.8 Software 

Software used in the study includes the following: 

 ArcView 10.1 (ESRI, 2012) for Geographic Information Systems (GIS) work and 

mapping; 

 Hec GEO-RAS software for preparation of hydraulic geometry input files for 

Hec-RAS model; 

 Hec-RAS V4.1.0 (US Army Corps of Engineers, 1995) modelling software for 

hydraulic calculation of flow depths, and 

 Results of the Water Resources of South Africa Study; WRC Reports TT 380 to 

382/08 (WRC, 2015) used for base-line runoff data. 
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4 BASELINE HYDROLOGY AND CLIMATE 

The proposed development is to take place in the Mgungundlovu District Municipality 

situated in the province of KwaZulu-Natal of South Africa. The development is located 

within the U20J Quaternary Catchment of the Mvoti and Mzimkulu Water Management Area 

(WMA). The predominant land use surrounding the site is mixed bushveld which in some 

areas has been cleared and used for commercial agriculture. The location of the Isundu site 

was shown previously in Figure 1-1. 

 

4.1 Climate 

The climate at the Isundu site is described as warm and temperate with a Koppen-Geiger 

climate classification of Cfa (fully humid and hot summer) (Conradie, 2012). The vegetation 

biome that dominates this area is Eastern Coastal Bushveld (Kruger, 2004). 

 

The area falls within the summer rainfall zone and receives most of its annual rainfall 

during the period October to March. The Mean Annual Precipitation (MAP) was determined 

at 840 mm by verifying Camperdown rainfall gauge (SAWS station: 0240073_W) and using 

WR2012. Mean Annual Evaporation (MAE) is 1 200 mm based on Symons Pan (S-Pan) 

evaporation (WRC, 2005) (See Table 4-1 and Figure 4-1). 

 

Table 4-1: Climatic variables for the Isundu Electrical Sub-station 

 Month Rainfall (mm) Evaporation (mm) 

Oct 81.73 113.64 

Nov 106.68 114.84 

Dec 119.86 135.24 

Jan 126.02 128.28 

Feb 110.07 112.92 

Mar 106.79 115.44 

Apr 50.22 86.76 

May 25.33 72.36 

Jun 14.88 61.68 

Jul 15.04 69.36 

Aug 26.43 88.92 

Sep 46.78 100.56 

 Total 840 1200 
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Figure 4-1: Mean monthly rainfall and S-Pan Evaporation 
 

4.2 Catchment Delineation 

The total drainage area of the site was divided into sub-catchments based on the 

topography of the area. A total of seven (7) catchments were delineated and the areas of 

these are presented in Error! Reference source not found. and Error! Reference source 

not found.. Catchments were selected on their proximity to the Isundu site. 

 

Table 4-2: Catchment Areas and Stream Lengths 

Catchment Area (km2) Length of Stream (km) 

A 3.651 1.344 

B 5.193 1.297 

C 0.463 0.591 

D 0.149 0.661 

E 3.859 1.09 

F 3.464 1.218 

G 3.302 0.9475 
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Figure 4-2: Subcatchment Locality Map of the Isundu site 
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4.3 Design Rainfall 

The design rainfall depths were obtained for the site in order to calculate the design flood 

peaks. These values were obtained using the Design Rainfall Estimation software (Smithers, 

2000). This software analyses all the rain gauges in South Africa for data and tabulates the 

design rainfall depths for various return periods. The design rainfall depths calculated for 

the rain gauge located at Camperdown (0240073_W) was used for this hydrological 

assessment. This station was chosen due to the long, accurate historical record for the rain 

gauge as well as the similar altitude that it has in comparison to the sub-station site. It was 

therefore decided that these rainfall records are representative for this study. The design 

rainfall depths used in the calculation of the design flood peaks can be seen in Table 4-3. 

 

Table 4-3: Design Rainfall 

Duration Return Period (years) 

(min/hr/day) 2 5 10 20 50 100 200 

5 min 11.2 16.4 20.7 25.6 33.5 40.7 49.3 

10 min 15.1 22 27.7 34.4 45 54.7 66.1 

15 min 17.9 26.1 33 40.9 53.4 64.9 78.6 

30 min 22.6 33 41.6 51.6 67.5 82 99.2 

45 min 26 37.8 47.7 59.1 77.3 94 113.7 

1 hr 28.6 41.6 52.6 65.2 85.2 103.5 125.3 

1.5 hr 32.8 47.7 60.3 74.7 97.7 118.7 143.6 

2hr 36.1 52.6 66.4 82.3 107.6 130.7 158.2 

4 hr 42 61.2 77.2 95.7 125.1 152.1 184 

6 hr 45.9 66.8 84.4 104.6 136.7 166.1 201 

8 hr 48.9 71.2 89.8 111.3 145.6 176.9 214.1 

10 hr 51.3 74.7 94.3 116.9 152.8 185.7 224.7 

12 hr 53.4 77.7 98.1 121.6 159 193.3 233.8 

16 hr 56.8 82.8 104.5 129.5 169.3 205.8 249 

20 hr 59.7 86.9 109.7 135.9 177.8 216 261.4 

24hr 62.1 90.4 114.1 141.5 185 224.8 272 

1 day 52.7 76.7 96.8 120 156.9 190.7 230.7 

2 days 66.9 97.4 122.9 152.3 199.2 242.1 292.9 

3 days 76.9 112 141.3 175.1 229 278.3 336.8 

4 days 83.1 121 152.8 189.3 247.6 300.9 364.1 

5 days 88.3 128.6 162.3 201.1 263 319.7 386.8 

6 days 92.8 135.1 170.5 211.3 276.3 335.9 406.4 

7 days 96.7 140.9 177.8 220.4 288.1 350.2 423.7 
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4.4 Runoff Analyses 

Runoff from natural (unmodified) catchments in this area is simulated in WR2012 as being 

equivalent to 93 mm per annum (mm/annum) over the surface area (WRC, 2015). This is 

equal to approximately 14% of the MAP. WR2012 simulated natural runoff for Quaternary 

Catchment U20J is distributed and shown in Figure 4-3. 

 

Figure 4-3: Simulate natural runoff for quaternary catchment U20J (WRC, 2015) 
 

On the Isundu site, it is considered likely that proposed activities will significantly modify 

this runoff pattern. Levelled surfaces and sub-surface compacted layers are likely to limit 

infiltration. Surfaces are smoother and will facilitate increased surface runoff from storm 

events. These factors were incorporated into a simulation of runoff for the Isundu site, 

which indicates a runoff pattern as shown in Figure 4-4.  

 

Analysis of trends of runoff in the region estimated that runoff from the Isundu site is likely 

to have increased to an approximate 35% of rainfall per annum. 
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Figure 4-4: Simulated runoff for the Isundu site 
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5 FLOOD LINES 

The following describes a brief summary of calculated flood lines for the defined water 

course in the vicinity of the proposed Isundu site. 

 

5.1 Design Flood Peaks 

Peak flows for the 1:50-year and 1:100-year storm events were calculated for seven (7) 

delineated catchments. Calculations were based on current conditions at the project site 

which were verified during the site visit. The calculated peak flows can be seen in Table 

5-1 and calculation sheets are provided in Appendix B. 

 

Table 5-1: Summary of the peak flows calculated for the study 

Catchment 

Method 

Rational SDF 
Midgley and 

Pitman 

1:50yr 1:100yr 1:50yr 1:100yr 1:50yr 1:100yr 

(m3/s) 

A 96.90 141.89 168.00 228.17 51.07 64.50 

B 113.28 165.87 196.39 266.72 64.51 79.69 

C 17.67 25.86 30.63 41.58 11.92 18.68 

D 5.82 8.53 10.10 13.71 4.78 9.46 

E 100.73 147.50 174.63 267.22 53.18 66.68 

F 83.49 122.26 144.75 196.60 47.67 62.50 

G 88.84 130.11 154.02 209.22 49.47 60.73 

 

The design flood peaks for the SDF method (for all catchments) are higher than the RM3 and 

the MIPI method. It was decided to use the peak flows calculated by the RM3 method as 

input into the HEC-RAS model. This was due to the catchment area being smaller than the 

15 km2 size limit for the RM3 and the RM3 is very suitable for small catchment areas 

(SANRAL, 2013).  
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5.2 Flood Line Results 

The Isundu site does not fall within the flood lines plotted for both the 1:50 and 1:100 year 

peak flows. The Isundu site does, however, fall within the exclusion zone (as per the 

recommended GN704 regulation) for the stream of sub-catchment E fall (see Figure 5-1). In 

terms of the best practice guidelines (GN704), it would be recommended that an 

application for exemption in terms of GN704 be applied for to allow construction within an 

exclusion zone. 
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Figure 5-1: Flood line and 100m buffer extents for the Isundu sub-station 
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6 CONCEPTUAL STORM WATER MANAGEMENT PLAN 

A conceptual SWMP was developed for the Isundu and results are described below. 

 

6.1 Delineation of Clean and Dirty Water Catchments 

All the transformers will have an oil holding bund dam designed to catch all the oil should 

there be a leak from the transformers. This means the dirty water area of the site will 

already be isolated. All other areas of the site will be clean. 

 

6.2 Proposed Stormwater Infrastructure 

All stormwater generated within the area needs to be directed to six (6) discharge points 

with associated energy dissipating structures to minimise erosion of the receiving streams 

banks.. The stormwater generated on the site needs to be directed to the discharge points 

via a channel which needs to be installed on the perimeter of the substation site. The 

location of the discharge points and suggested channel is given in Figure 6-3. It is 

recommended that the energy dissipating structure comprise of a discharge chute and stone 

pitching at the foot/base of the structure. The discharge chute, as shown in Figure 6-1, is 

made of prefabricated blocks which are staggered in a stepwise manner to slow down water 

and promote infiltration. 

 

 

Figure 6-1 Example of a discharge chute 
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The stone pitching, as shown in Figure 6-2, comprises of a dug-out trench filled with stones 

of various sizes. The purpose of the stones is to dissipate any outstanding energy from the 

stormflow after it has flowed over the discharge chute. It is anticipated that all the energy 

from the stormflow will be dissipated. 

 

 

Figure 6-2 Example of stone pitching to promote infiltration at the foot of a slope 
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Figure 6-3: Conceptual SWMP for the Isundu site 
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7 CONCEPTUAL WATER BALANCE 

The following section investigated the average water balance taking into consideration the 

proposed developments on the Isundu site. 

 

Three (3) water balances were calculated based on the calculations and assumptions 

discussed in Section 3.5. These include an annual average water balance (see Table 

7-1Error! Reference source not found.), an average water balance for a wet month (see 

Table 7-2) and an average dry month water balance (see Table 7-3). These water balances 

provide general insight into the proposed water usage of the Isundu site linked with the 

predicted volumes of water to be discharged into the streams via the discharge points and 

water consumption on site. 

 

The calculated water balances show that it is necessary that water quality will comply with 

either water quality objectives (see Section 9) or water quality conditions as contained in 

an obtained WUL in order to release it into the neighbouring water course as no re-use 

purpose for this water can be recommended at this stage.  
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Table 7-1: Average annual water balance 

 

 
 
Table 7-2: Water balance for the average wettest month on average (January) 

 

 
 
 

From: Runoff 128 958       m3/yr To: Discharge 128 958                  m3/yr

Municipal Water Supply 913               m3/yr To: Consumption (losses) 91                            m3/yr

To: Conservancy tank 822                          m3/yr

TOTAL 129 871       m3/yr TOTAL 129 871                  m3/yr

KEY

Measured Values

Calculated Values

Assumed Values

Isundu Sub-station Conceptual Water Balance
ANNUAL

IN OUT

Discharge Points (Energy 
Dissipating Structures)

Isundu Offices

From: Runoff 19 584         m3/mo To: Discharge 19 584                    m3/mo

To: Consumption (losses) 8                               m3/yr

Municipal Supply 78                 m3/mo To: Conservancy tank 70                            m3/yr

TOTAL 19 661         m3/mo TOTAL 19 661                    m3/mo

KEY

Measured Values

Calculated Values

Assumed Values

Isundu Sub-station Conceptual Water Balance
JANUARY

IN OUT

Discharge Points (Energy
Dissipating Structures)

Isundu Offices



Eskom Hydrological Assessment for the Proposed Isundu Electrical Sub-station 

15-543 May 2016 Page 32 

 
 
Table 7-3: Water balance for the average driest month on average (June) 

 

 

From: Runoff 2 313            m3/mo To: Discharge 2 313                       m3/mo

To: Consumption (losses) 8                               m3/yr

Municipal Supply 75                 m3/mo To: Conservancy tank 68                            m3/yr

TOTAL 2 388            m3/mo TOTAL 2 388                       m3/mo

KEY

Measured Values

Calculated Values

Assumed Values

Isundu Sub-station Conceptual Water Balance
JUNE

IN OUT

Discharge Points 
(Energy Disspating 

Structures)

Isundu Offices
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8 RISK ASSESSMENT 

During construction and operations of the Isundu site the following impacts that have the 

potential to affect surface water quality or quantity were identified: 

 Disturbance of soils surfaces and watercourses could lead to concentrated runoff 

and potential localised soil erosion; 

 Oils and fuel could leak and spill into water resources during construction or 

operations, and 

 Litter and building rubble potentially ending up in a watercourse or obstructing a 

water course. 

 

These impacts are likely to be of a temporary nature. Litter, building rubble and potential 

fuel spills prevention require only adherence to good standard construction practices.  

 

If the recommended construction and operation mitigations measures are followed, all 

potential impacts will be reduced to low (see Table 8-1). 
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Table 8-1: Surface water impact assessment for the Isundu site 

POTENTIAL ENVIRONMENTAL 
IMPACT 

APPLICABLE  
AREA 

ACTIVITY 

ENVIRONMENTAL 
SIGNIFICANCE 

BEFORE MITIGATION 
RECOMMENDED 

MITIGATION MEASURES 

ENVIRONMENTAL 
SIGNIFICANCE  

AFTER MITIGATION 

ACTION PLAN PHASE  PERSON ANNUAL MANAGEMENT COST 

M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP 

CONSTRUCTION 

Footprint Clearance & 
Construction -  Soil 
disturbance during soil 
turning, building  levelled 
platform including access 
road, could cause 
concentrated runoff and 
erosion leading to siltation to 
the streams   

Sub-station 
site 

Construction 6 5 2 4 52 - M 

- Prevent siltation by 
construction planning 
(vegetation and drainage 
channels around site area) 
to avoid concentration of 
runoff with high suspended 
solid content to streams. 
 

2 5 1 2 16 - L 
Plan and design 
according to 
SWMP 

Construction 
Environmental 
Officer 

Included in construction costs 

Waste Handling - litter and 
building rubble potentially 
ending up in a watercourse or 
obstructing a water course 

Sub-station 
site 

Construction 
Vehicles 

3 4 2 4 36 - M 
Builder's contracts should 
stipulate planned disposal 
of builders' waste. 

4 2 2 3 24 - L 

Builders 
contracts and 
appropriate site 
supervision 

Construction 

Environmental 
Officer and Site 
Engineer 
(supervision) 

Included in construction costs 

Waste Handling - fuel and oil 
spills could pollute water 
resources 

Sub-station 
site 

Construction 
Vehicles 

4 4 2 4 40 - M 

Bunding of fuelling depot 
(if present) and regular 
maintenance of 
construction vehicles. 

4 1 2 3 21 - L 

Maintenance 
and emergency 
response plan 
during 
construction 

Construction 
Environmental 
Officer 

Included in construction costs 

OPERATION 

Increased runoff from levelled 
platform causing downstream 
soil erosion, damaged property 
and siltation 

Receiving 
surface water 
bodies 

Increased 
runoff from 
site platform 

8 4 3 3 45 - M 

Energy dissipating 
structures will decrease 
velocity of released water 
into the receiving surface 
water bodies. 

6 4 2 2 24 - L 

Design and 
maintenance of 
energy 
dissipating 
structures 

Establishment Site Engineer 
Included in construction costs 
and SWMP maintenance cost 
breakdown 

Leaking of oil from 
transformers 

Sub-station 
site 

Operations 6 3 3 3 36 - M 

- Drip-trays must be placed 
under transformers to 
capture oil, and 
- Emergency spill response 
protocols present at site. 

4 3 2 2 18 - L 

Appropriate 
design and 
emergency 
response plan 

Establishment 
Environmental 
Officer 

Included in construction costs of 
Drip-trays. 
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9 SURFACE WATER QUALITY MONITORING PROGRAMME 

This section describes the proposed surface water monitoring programme undertaken of the 

proposed Isundu site. 

 

9.1 Proposed monitoring locations and monitoring frequency 

Details of the proposed monitoring programme are presented in Table 9-1. Figure 9-1Error! 

Reference source not found. shows ten (10) proposed locations for surface water 

monitoring at the discharge points and receiving environment. 

 

It is recommended that any water discharge area and receiving environment close to the 

proposed site will be monitored for water quality to establish a baseline water quality 

situation by monitoring on a quarterly basis for the first year (see Table 9-1 and Figure 9-1).  

 

Continuous monitoring at the discharge areas and receiving environment around the 

proposed site is recommended after construction to enabling the process to determine 

possible impacts upon completion of the project (see Table 9-1 and Figure 9-1). This can be 

established by sampling on a bi-annual basis during the operational of the Isundu site at the 

proposed locations. In addition, annual sampling should be undertaken to test for potential 

hydrocarbons spills at the discharge points. 

 

Ad-hoc monitoring is recommended during storm events at the discharge points and in the 

bunded area(s) of the transformer(s). The implementation of ad-hoc monitoring is seen as a 

protocol to assess water quality in between the frequency based monitoring programme.  

 

Table 9-1: Proposed monitoring programme and recommended sampling frequencies 

Water Type Period Details Monitoring Frequency 

On Site Surface 
Water 

Baseline 
Determination (First 
Year Period) 

Sample points at the 6 discharge 
points (Figure 9-1). 

Quarterly 

Receiving 
Environment 

Baseline 
Determination (First 
Year Period) 

Sample points at the 4 in-stream 
downstream localities (Figure 9-
1). 

Quarterly 

On site Surface 
Water 

Continuous Monitoring 
Operations 

Sample points at the 6 discharge 
points (Figure 9-1) 

Bi-Annual 

Receiving 
Environment 

Continuous Monitoring 
Operations 

Sample points at the 4 in-stream 
downstream localities (see Table 
9-3 and Figure 9-1). 

Bi-Annual 

On site Surface 
Water 

Continuous Monitoring 
Operations 

Sample points at the 6 discharge 
points for hydrocarbons (Figure 9-
1). 

Annual 



Eskom Hydrological Assessment for the Proposed Isundu Electrical Sub-station 

15-543 May 2016 Page 36 

Water Type Period Details Monitoring Frequency 

On site Surface 
Water 

Storm and Discharge 
Events 

Sample points at the 6 discharge 
points (Figure 9-1). 

Ad-Hoc 

On site Surface 
Water 

Storm and Discharge 
Events 

Sample points at the bunded 
transformer area(s) 

Ad-Hoc 

 

 

9.2 Applicable Parameters and Standards 

The water samples should be analysed for the parameters (listed in Table 9-2Error! 

Reference source not found.) all samples should additionally be tested for hydrocarbons 

owing to potential spills from the transformers once a year (see Table 9-3). 

 

Table 9-2: List of parameters quarterly and bi-annual analysis 

pH at 22oC Potassium, K 

Conductivity mS/m 
Total Alkalinity as 

CaCO3 

Total Dissolved Solids 

(TDS) 
Bicarbonate, HCO3 

Calcium, Ca Chloride, Cl 

Magnesium, Mg (mg/l) Sulphate, SO4  

Sodium, Na Nitrate, NO3 

Aluminium (Al) Manganese (Mg) 

Iron (Fe) Total Coliforms 

 

The additional parameters which should be analysed for on an annual basis are presented in 

Table 9-3.  

 
Table 9-3: List of parameters for annual analysis 
 

Hydrocarbons 

The water quality results should be compared to the limits specified in the latest WUL. If a 

WUL is not available or limits for some parameters are not specified in the WUL, the 

following guidelines and standards should be used, based on the land uses described in 

Section 3.1.1.: 

 South African Water Quality Guidelines (2nd edition), Volume 5: Agricultural Water 

Use: Livestock Watering (DWA, 1996), and 

 SANS 241-1:2015, Drinking water Part 1: Microbiological, physical, aesthetic and 

chemical determinants. Specifies the quality of acceptable drinking water, defined 

in terms of microbiological, physical, aesthetic and chemical determinants (SANS, 

2015). 
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Figure 9-1: Proposed Surface Water Monitoring Points
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10 CONCLUSIONS  

The following conclusions were derived based on the findings of this study. 

 

10.1 Baseline Water Quality Assessment 

Water sampled from the 2 sampling locations can be described as neutral (pH), non-saline 

(Electrical Conductivity) and soft (Total Hardness) with elevated levels of bacteriological 

counts, iron and turbidity. On site observations indicated that the water is turbid and 

contains suspended solids. Elevated metal concentrations (Fe) were found. This is not 

expected within the neutral pH range, it could be assumed that the iron content is in 

suspension rather than solution. 

 

10.2 Baseline Hydrology and Climate 

Rainfall for the sub-station site indicates a long term average of approximately 800 mm per 

annum. 

 

Evaporation data used for this site is based on the 1 200 mm per annum S-Pan evaporation. 

 

Surface runoff from unmodified catchments in the area has been determined to be 93 mm 

which is 14% of the MAP.  

 

Runoff from the sub-station site after development will change. It is expected that runoff 

will increase to 35% of rainfall per annum. 

 

10.3 Flood Lines 

Some parts of the sub-station site fall within the exclusion zone of the streams surrounding 

the site. 

 

10.4 Conceptual SWMP 

 All the transformers will have an oil holding bund dam designed to catch all the oil should 

there be a leak from the transformers. This means the dirty water area of the site will 

already be isolated. All other areas of the site will be clean. A channel needs to be installed 

on the perimeter of the substation site. This will direct all stormwater generated within the 

substation site be directed to six (6) discharge points. 
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10.5 Conceptual Water Balance 

It is however imperative that the stormwater will be attenuated as much as possible before 

being released to the receiving streams. 

 

The substation will require 913 m3 of municipal water per annum to meet the domestic 

demands of workers on the site. 

 

10.6 Risk Assessment 

The commissioning of the energy dissipating structures associated with the discharge points 

will enable control of concentrated runoff and erosion into the receiving streams. Litter, 

building rubble and potential fuel spills prevention require only adherence to good standard 

construction practices. 

 

10.7 Surface Water Quality Monitoring Programme 

Ten (10) surface water monitoring points are required post-development. These being at 

the discharge points and downstream from the substation site in the receiving environment. 
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11 RECOMMENDATIONS 

The following recommendations were derived based on the findings of this study. 

 

11.1 Baseline Water Quality Assessment 

Continuous monitoring around the proposed site is recommended to determine seasonal 

variations in the data as well as the establishment of a baseline database enabling the 

process to determine possible impacts upon completion of the project. 

 

11.2 Flood Lines 

The exclusion zone incorporates portions of the sub-station site and it is therefore 

recommended that a GN704 exemption be applied for to ensure that the sub-station is 

compliant with GN704. 

 

11.3 Conceptual SWMP 

It is recommended that an energy dissipating structure be installed at each discharge point 

so as to minimise erosion of the receiving streams’ channel. These energy dissipating 

structures should be comprised of a discharge chute and stone pitching at the discharge 

points. This should minimise the risk of streambank erosion caused by the discharged 

stormwater from the substation platform into the receiving streams. 

 

11.4 Conceptual Water Balance 

The stormwater generated on site and its associated energy needs to be dissipated as much 

as possible before being released to the receiving streams.  

It is necessary that water quality will comply with either water quality objectives or water 

quality conditions as contained in an obtained WUL in order to release it into the 

neighbouring water course as no re-use purpose for this water can be recommended at this 

stage. 

 

11.5 Risk Assessment 

If the recommended construction and operation mitigations measures are followed, all 

potential impacts will be reduced to low for the site.  
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APPENDIX A: IMPACT RATING TABLES 

 

Status of Impact 

+:  Positive (A benefit to the receiving environment) 

N:  Neutral (No cost or benefit to the receiving environment) 

-:  Negative (A cost to the receiving environment) 

Magnitude:=M Duration:=D 

10:  Very high/don’t know 5:  Permanent 

8:  High 4:  Long-term (ceases with the operational life) 

6:  Moderate 3:  Medium-term (5-15 years) 

4:  Low 2:  Short-term (0-5 years) 

2:  Minor 1:  Immediate 

0:  Not applicable/none/negligible 0:  Not applicable/none/negligible 

Scale:=S Probability:=P 

5:  International 5:  Definite/don’t know 

4:  National 4:  Highly probable 

3:  Regional 3:  Medium probability 

2:  Local 2:  Low probability 

1:  Site only 1:  Improbable 

0:  Not applicable/none/negligible 0:  Not applicable/none/negligible 

 

The maximum value that can be achieved is 100 Significance Points 
(SP).  Environmental effects were rated as follows: 

Significance Environmental Significance Points Colour 
Code 

High (positive) >60 H 

Medium (positive) 30 to 60 M 

Low (positive) <30 L 

Neutral 0 N 

Low (negative) >-30 L 

Medium 
(negative) 

-30 to -60 M 

High (negative) <-60 H 
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APPENDIX B: PEAK FLOW CALCULATION SHEETS 

 

 
 

Date

Size of catchment (A) 3.651

Longest watercourse (L) 1.344

Average slope (Sav) 0.0714 Rural (α) Urban (β) Lakes (γ)

Dolomite area (D%) 0 1 0 0

Mean annual rainfall(MAR) 903

% Factor Cs
Description % Factor C2

0.00 0.05 0.00 Lawns

50.00 0.11 5.50 Sandy,flat<2% 10 0.08 0.8

25.00 0.20 5.00

Sandy,steep>7

%
1 0.16 0.16

25.00 0.30 7.50
Heavy s,flat<2% 15 0.15 2.25

100.00
0.66 18.00

Heavy 

s,steep>7%
1 0.3 0.3

% Factor Cp

Residential 

Areas

0 0.05 0.00 Houses 40 0.5 20

80 0.1 8.00 Flats 5 0.6 3

20 0.2 4.00 Industry

0 0.3 0.00 Light industry 15 0.6 9

100 0.65 12.00 Heavy industry 5 0.7 3.5

% Factor Cv Business

7 0.05 0.35 City centre 5 0.8 4

40 0.15 6.00 Suburban 2 0.65 1.3

50 0.25 12.50 Streets 1 0.75 0.75

3 0.3 0.90 Max flood 1

100 0.75 19.75 Total (C2) 100 45.06

0.837 hours hours

Return Period (years) 2 5 10 20 50 100 PMF

0.498 0.498

0.498 0.498

0.83 1

0.413 0.498

0.413 0.498

Return Period (years) 2 5 10 20 50 100 PMF

53.4 64.9

232.11 282.10

0.997 0.997

231.394 281.226

Return Period (years) 2 5 10 20 50 100 PMF

96.902 141.89

Point rainfall (mm), PT

Point Intensity (mm/h), P it

Area reduction factor (%),ARFT

Average intensity (mm/hour),IT

Peak flow (m3/s)

Rainfall

Use Defined watercourse

0.230

Run-off coefficient

Run-off coefficient, C1

Adjusted for dolomitic areas, C1D

Adj factor for initial saturation, Ft

Adjusted run - off coefficient, C1T

Combined run - off coefficient, CT

Impermeable

Permeability

Very permeable

Overland flow Defined watercourse

Total 

Vegetation

Thick bush & plantation

Light bush & farm-lands

Grasslands

No vegatation

Total

Time of concentration (TC)

Vleis and pans (<3%)

Flat areas (3 - 10%)

Hilly (10 - 30%)

Steep Areas (>30%) 

Permeable

Total

Semi-permeable

Surface slope

Physical characteristics

km2 Rainfall region 2

km Area distribution factors

m/m

%

mm

Rural

Calculated by Craig Orchard 2015-03-12

RATIONAL METHOD
Description of catchment A

River detail -

URBAN

385.0
2

1000

87.0










AV

c
S

L
T

467.0

604.0















av

C
S

rL
T
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Date

Size of catchment (A) 3.651 9 days

Longest watercourse (L) 1.344 13.804 minutes

Average slope (Sav) 0.071428571

SDF Basin

2-year return period rainfall (M) 55

Weather Service Station MAP 903 mm

Weather Service Station no. Coordinates

2 5 10 20 50 100 200

45min 53.4 64.9

Return Period (years), T 2 5 10 20 50 100 200

53.4000 64.9000

0.9969 0.9969

231.3938 281.2258

Calibration factors C2 (%)

Return Period (years), T 2 5 10 20 50 100 200

0 0.84 1.28 1.64 2.05 2.33 2.58

0.72 0.8

168.00 228.17

C100 (%) 80

Run-off coefficient, CT

Return period factors (YT)

Peak flow (m3/s)

TR102 n-day rainfall data

Duration

Return Period (years)

Whitson

239138 27 °09' (Lat) & 30°35' (Long)

Rainfall

Area reduction factor (%),ARFT

Point precipitation depth (mm) Pt,T

Average intensity (mm/hour),IT

Run-off coefficient

10

Calculated by Craig Orchard 2015-03-12

STANDARD DESIGN FLOOD METHOD
Description of catchment A

River detail

mm

Time of 

concentration

, Tc 0.2301

m/m

25

Physical characteristics

km2 Days of thunder per year (R)

km Time of concentration, t
467.0

604.0















av

C
S

rL
T

C Q50 Q100

Catchment A 0.201672 51.07 64.50
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APPENDIX C: SPECIALIST DECLARATION 

I,  Craig Orchard      , declare that –  

 

General declaration: 

 I act as the independent specialist in this application; 

 I will perform the work relating to the application in an objective manner, even if 

this results in views and findings that are not favourable to the applicant; 

 I declare that there are no circumstances that may compromise my objectivity in 

performing such work; 

 I have expertise in conducting the specialist report relevant to this application, 

including knowledge of the Act, Regulations and any guidelines that have relevance 

to the proposed activity; 

 I will comply with the Act, Regulations and all other applicable legislation; 

 I have no, and will not engage in, conflicting interests in the undertaking of the 

activity; 

 I undertake to disclose to the applicant and the competent authority all material 

information in my possession that reasonably has or may have the potential of 

influencing - any decision to be taken with respect to the application by the 

competent authority; and - the objectivity of any report, plan or document to be 

prepared by myself for submission to the competent authority; 

 All the particulars furnished by me in this form are true and correct; and 

 I realise that a false declaration is an offence in terms of regulation 48 and is 

punishable in terms of section 24F of the Act. 

 

          

Signature of the specialist 

 

GCS Water and Environment (Pty) Ltd 

            

Name of company (if applicable) 

 

May 2016 

            

Date 

 


