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 LIST OF ABBREVIATIONS 
 

�

Abbreviation Description 
CMA Catchment management Agency 
COD Chemical Oxygen Demand 
DACE Department of Agriculture, Conservation and Environment (North West 

Province) 
DTEEA Department of Tourism, Environmental and Economic Affairs (Free State 

Province) 
DWAF Department of Water Affairs and Forestry 
EC Electrical conductivity 
EIA Environmental Impact Assessment 
EMPR Environmental Management Programme Report 
IDP Integrated Development Plan 
 IRD initial rate of deposition” 
ISO International Standards Organisation 
MAE Mean Annual Evaporation 
MAMSL Meter Above Mean Sea Level 
MAP Mean Annual Precipitation 
MAR Mean Annual Runoff 
MBGL Meter Below Ground Level (i.e. depth) 
MRD maximum rate of deposition 
NGO’s Non-governmental organisations 
NWA National Water Act (Act no 36 of 1998) 
NWRS National Water Resources Strategy 
RQO’s Resource Quality Objectives 
SAPS South African Police Services 
SOP Standard Operating Procedure 
TDS Total Dissolved Solids (mg/l) 
tpd Tons per day 
TWQR Target Water Quality Range 
VDWHS Vredefort Dome World Heritage Site 
WMP Waste Management Plan 
WSA Water Services Act (Act no 108 of 1997) 
WTP Water treatment plant 
PSE Purified sewage effluent 
DSF Decision support framework 
ISD Institutional and Social Development 
MODSF Multiple objective decision support framework 
MODSS Multiple objective decision support system 
GRIP Groundwater Information Project 
NGDB National Groundwater Database 
WEIS Water and environmental information system 
VIP Ventilation improved pit toilet 
GQM Groundwater quality management index 

�

�

�

�
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 Executive Summary 
 
The term “Waste” in this document refers to any liquid or solid substance that 
are disposed of by any activity within the Vredefort Dome World Heritage Site.   
 
Solid waste in the VDWHS comprises of domestic waste from dwellings and 
lodges.  No industrial or mining waste are currently being generated.  The 
domestic waste is mostly disposed of in an informal way. This uncontrolled, 
informal disposal practise is common on farms where small volumes of waste 
is generated, but within the context of a World Heritage Site, it is undesirable 
and should be discontinued. 
 
Incorrect sewage waste disposal has a huge potential impact on water quality.  
In the case of the Vredefort Dome World Heritage Site, inadequate bulk water 
treatment plants adjacent to the site (at the towns of Parys & Vredefort), as 
well as site sewage disposal systems potentially impact on the Vaal River as 
well as on groundwater resources. The fact that the Vaal River is severely 
impacted upon by upstream users (the biggest impact is the result of return 
flows upstream of the Barrage) is of particular concern for the management of 
the VDWHS since this river is used for a variety of leisure activities in the 
Dome area such as fishing, swimming and rafting. The current state of the 
river is worrying since it poses a health risk to people who come in contact 
with the water. Exacerbating this situation, the water treatment plants of Parys 
and Vredefort are supposedly in a poor state and sewage from lodges 
(seepage from septic tanks close to the river) could under certain 
circumstances reach the river, thereby further reducing its potential. The 
functionality of the WTP of the town of Vaaloewer is unknown. Even deliberate 
illegal sewage discharges from lodges occur, as was demonstrated by the 
incident at one of the River Lodges near Parys during the night of March 5, 
2007 (Beeld, March 6, 2007, p.1).   
 
The following topics are further discussed in detail in the document: 
 

o Risk assessment 
o Information gaps  
o Legal and other requirements 
o Objectives and targets 
o Operational control 
o Resources, roles, responsibilities and authority 
o Training and awareness 
o Emergency preparedness and response 
o Monitoring and measurements 
o External audits 
o Non-conformities, corrective and preventative actions. 
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1. Introduction 

1.1. Site description of the VDWHS 
The “core area” of the VDWHS is bordered by the following provincial 
secondary roads:  Parys-Potchefstroom, Rooipoortje-Schoemansdrif, 
Schoemansdrif-Parys, Kopjeskraal  and a line connecting the latter two 
roads..  The area can be found on 1:50,000 Topocadastral Maps 2627CC 
Skandinawiëdrif and 2627CD Parys, with co-ordinates 26º56’ S; 26º52’ S; and 
27º11’ E; 27º26’ E.  It covers an area of approximately 30 000 hectares (ha) 
extending over 148 farms or subdivisions of farms..  The VDWHS straddles 
the Vaal River and falls within the management areas of three local 
Municipalities (Potchefstroom, Parys and Vredefort), two District Municipalities 
(Southern District Municipality and Fazile Dabi District Municipality) as well as 
two provincial authorities (Free State Province and North-West Province).  
The border of the VDWHS was arbitrary determined along the roads named 
above, with the result that some farms are bisected by the border.  For the 
purpose of this Waste Management Plan (WMP), farms or portions of land 
which are bisected by the border, will be deemed to be part of the VDWHS.  
Only 600ha of state owned land is included in the core area.  The small 
historical settlement of Venterskroon is situated at the centre of the VDWHS. 
 
A buffer zone of roughly 5km outside the boundary of the designated area, 
containing “crater event” sites of exceptional value, has been demarcated as 
an extension of the core area.  Although inhabitants of the buffer zone and of 
surrounding towns, such as Vredefort, Parys, Reitzburg and Potchefstroom, 
do not actually live inside the VDWHS, they do in one way or another form 
part of the broader “community” of the VDWHS.   
 
The borders of the Vredefort Dome World Heritage Site are shown in Figure 
1.1. 
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Figure 1-1: Boundaries of the Vredefort Dome World Heritage Site. 
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1.2. Structure of the  Waste Management Plan  
In this Waste Management Plan for the VDWHS, the following aspects are 
addressed: 
 

Components of Waste Management Plan 
 

 Guiding Principles:  Waste Management  
 ��� �   
 Description of the Status Quo   
 ��� �   
 Assessing risks associated with waste disposal  
 ��� �   
 Current Gap analysis – Research needs  
 ��� �   
 Legal and other requirements  
 ��� �   
 Developing a Waste management plan for the VDWHS  
 ��� �   
 Operational controls  
 ��� �   
 Monitoring and review of the Waste management plan   

 
This WMP consists of the following components: 
 

1.2.1. Guiding Principles: Waste Management 
A description of the guiding principles that are applicable when managing 
waste is given in Section 1. 
 

1.2.2. Status quo with regard to Waste Management i n the 
VDWHS  

An overview of current waste management in the VDWHS is provided in 
Section 2. 
 

1.2.3. Waste production in the VDWHS 
An estimation of waste production is given in Section 3. 

1.2.4. Risk assessment  
A Risk Assessment of the impact that current activities, situations and 
processes associated with waste management in the VDWHS have on 
sustainability is given (Section 4). 

1.2.5. Legal and other requirements 
The relevant international, national, provincial and municipal legal and other 
requirements applicable to waste management, with which the VDWHS 
management must comply, are listed, and their significance and implications 
for sustainable waste management are briefly discussed in Section 5. 
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1.2.6. Desired state of Waste management in the VDW HS 
How should waste management function within the VDWHS?  The following 
aspects are discussed in Section 6: 
 

(1) Solid waste (domestic) 
(2) Sewage from septic tanks 
(3) specific measurable targets for waste management in the VDWHS. 

 
1.2.7.  Waste management plan:  

The capital expenditure and operational control procedures which should 
regulate Waste Management in the VDWHS are discussed in Section 7.  The 
following aspects are covered: 
 

(1) Standard operating procedures  (SOPs) 
(2) Waste management principles 
(3) Capital expenditure projects 

 
Resources, Roles, Responsibilities and Authority are described in Section 8, 
while Training and awareness are dealt with in Section 9.  Section 10 details 
Emergency preparedness and response plans regarding waste. 
 

1.2.8. Monitoring and measurement 
Procedures are provided in Sections 11 & 12 to advise the VDWHS 
management on the following: 
 

(1) monitoring procedures and frequencies of waste management, in order 
to verify whether objectives and targets have been met, and  

(2) audits to verify the functionality of the management system as well as 
environmental performance 

 

1.2.9. Non-conformities, corrective and preventativ e actions 
A procedure to advise the management of the VDWHS on how they should 
react in cases of nonconformity, it is when it is found that the objectives and 
targets are not reached, and to institute corrective and preventative action is 
given in section 13. 
 
 

1.2.10. Review of the  Waste management plan  
Specification of time-frames and procedures for the review of the waste 
management plan are given in section 14. 
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1.3. Guiding Principles:  Waste Management 
A Waste Management Plan (WMP) is a sector plan requirement in terms of 
the IDP Process.  It is evident that waste is a contentious issue for all Local 
and District Municipalities in South Africa. Due to the lack of effective planning 
and insufficient information regarding the different waste streams and capacity 
of waste sites, various challenges arise for effective waste management. The 
purpose of an WMP for the VDWHS would be to serve as a decision support 
tool to assist in the strategic and project level decision making regarding 
waste management in the different relevant municipal areas.   
 
“Waste” is a complex and all inclusive term for different types of waste which 
can be classified as General waste and Hazardous waste.  Two types of 
waste are generated within the VDWHS, namely domestic (solid) waste and 
water-borne waste (sewage).  In the compilation of a Waste Management 
Plan, cognisance should therefore be taken of possible contamination of 
surface water and ground water by hazardous waste (sewage), as well as the 
handling of domestic waste (general waste).  It must be stressed that the 
volumes of waste generated in the VDWHS are very small and that the only 
significant waste sources are situated outside of the VDWHS.  Small volumes 
of general waste (domestic solid waste) are however generated and currently 
disposed of in an informal and uncontrolled way on individual farms in the 
VDWHS.   
 

1.4. Purpose of the WMP  
The purpose of the WMP is to provide the Authority with a strategic decision 
support tool to evaluate the current status of domestic solid waste as well as 
sewage in order to have a base line from where a comprehensive WMP could 
be compiled.  The WMP should contribute to a healthy environment by 
ensuring that strategic environmental issues associated with domestic solid 
waste and sewage generation are identified and that potential strategies for 
waste minimisation and prevention are proposed.  The WMP will thus serve 
as a basis to ensure strategic environmental performance monitoring and 
compliance. 
 

1.5. General approach and principles 
The general approach of the WMP would be: 

·  To ensure that all domestic solid waste generated is stored, transported, 
treated and disposed of in an environmentally safe and publicly acceptable 
manner. 

�  To ensure that all domestic solid waste is managed in accordance with 
current legislation and standards. 

�  To ensure that site specific sewage disposal doesn’t impact negatively on 
the water resources in the VDWHS  

Principles underpinning the strategy would include: 
 
�  Waste generation prevention  
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�  Waste minimisation 
�  Optimal resource recovery 
�  Effective waste treatment 
�  Effective waste disposal 
   
 

1.6. Public Participation 
A workshop on Water, Waste and Air quality management was held on 27 
February 2007 at Habula Lodge.  The workshop was attended by 34 people.  
A thematic task team was appointed during the workshop to assist in the 
compilation of the Water, Waste and Air Quality Management Plans.  The 
members of the Thematic Task Team are listed in Table 1.1. 
 
 
Name Affiliation Contact 

Numbers 
Cell 
Number 

Address 

Dragana 
Ristic   
 

DWAF (012) 
336 
8302 

082 904 
5636 

RisticD@dwaf.gov.za 

Susan 
Lipeere  
 

Community  076 224 
8216 8 

Renosterrivier street 
Mmabatho 

Nkwe - 
 

Ngwathe 056 811 
2131 

 PO Box 359 Parys 

Schalk 
Burger    
 

NW Dome 
DACE 

(018) 
291 
1055 

082 653 
4281 

P Bag X804, 
Potchefstroom 

Kleintjie 
Kleinhans   
 

City Council 
Potchefstroom 

082 299 
5404 

083 362 
4935 

kleintjiek@potch.co.za 

Paul 
Herbst  
 

DWAF (012) 
329 
1360 

082 804 
3002 

herbstp@dwaf.cov.za 

Johannes 
van der 
Merwe -  
 

Conservancy (056) 
818 
1489 

 info@thabelathabeng.co.za 

 

Table 1-1: Members of the Thematic Task Team on Wat er, Waste and Air. 

 
Risks and issues pertaining to sustainable Waste Management within the 
VDWHS that were raised during the workshop are the following: 

·  Incorrect land use can exacerbate poor water quality 
·  Slimes dams (heavy metals and cyanide) from gold mines end up in 

the Vaal River 
·  There is currently dangerous levels of TDS in the Vaal River, even for 

irrigation.   
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·  Take ownership of water (toxic water is the same as no water). Quality 
should be monitored 

·  Sewage lines of Parys and Vredefort- how old are they? Assess final 
effluent and networks of municipalities 

·  Upgrade of sewage systems at Parys and Vredefort   
·  Maintain sewage systems 
·  Identify how Venterskroon, SAPS (Buffelshoek), SUNWA handle waste 

and sewage 
·  Precisely what should be monitored? (metals, TDS, nitrification) 
·  Solid waste littering in the river, e.g. plastic bags 
·  Vredefort fish killing due to poor sewage handling  
·  Winter problem with algae in the Vaal River 
·  Uncontrolled, informal solid waste disposal  

 
Most of these issues are addressed in this WMP.  Those that are not 
specifically addressed should be considered by the Authority for future 
attention. 
 

2. Description of the Status Quo 
A proper WMP is required for the well-being not only of the physical- but also 
the human environments. Some of the problems associated with solid waste 
and sewage disposal that may affect the environment are: 
·  The physical size of waste disposal sites need to be minimised because 

more and more open space is continuously needed for this purpose. 
·  Toxic gases originating from the degradation processes, burning of waste 

as well as from environmentally unfriendly gases contained in waste are 
polluting the atmosphere. Methane and carbon dioxide can contribute to 
global warming, while methane is furthermore also flammable. 

·  Heavy metals are polluting soil and water resources. 
·  Vermin can spread from poorly managed waste sites and can pose a 

health threat. 
·  Unpleasant smells associated with waste can be unpleasant for residents 

living in the proximity of such sites. The problem of smoke emanating from 
such sites is also a factor to be reckoned with. 

·  Poorly managed sites are aesthetically unacceptable and such sites are 
frequently a place where poor people try to make a living by the 
reclamation of waste.  These people are exposed to unacceptably high-
risk levels.   

 
Due to these problems various challenges have arisen in connection with 
effective waste management by the Authority. There is a lack of sufficient 
information regarding the nature of waste streams and the exact position and 
size of waste sites. This has lead to an information gap, which hinders 
effective planning. 
As stated above, waste in the VDWHS can be classified into water-borne 
waste (which is mainly sewage), and domestic waste.  Initially the possible 
impacts of sewage on surface and ground water resources will be discussed, 
after which domestic waste management will be highlighted. 
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2.1.1. Water quality of the Vaal River: Main findin gs of DWAF  
The main findings of DWAF with regard to the quality of the water of the Vaal 
River were the following: 

·  Eutrophication (nutrient enrichment), caused by excessive inputs of N 
& P, was found to be an important threat to the water quality of the Vaal 
River system.  

·  The main sources of nutrients are: 
o The major contribution is from sewage treatment plant 

discharges 
o Runoff from urban and agriculture areas 
o Irrigation return flows 

·  This Eutrophication results in the increasing occurrence of algal blooms 
in the Vaal River. 

·  Toxic cyanobacterial blooms are also increasing in frequency and 
intensity exposing people to toxins through drinking water and 
recreation.  The problem is that conventional water treatment plants 
cannot remove these toxins safely.  This has relevance to water sports 
and leisure activities within the VDWHS such as white river rafting, 
canoeing, swimming and fishing.  

·  Algal growth is the Vaal River is increasing due to: 
o Increased salinity (improved settling) and lower discharges  
o The turbidity in the Vaal River has decreased significantly during 

the past ten years due to clearer water from transfer schemes, 
which implies increased light penetration 

o Increased retention times and surface areas exposed to sunlight 
due to impoundments change the growth conditions for 
organisms and promote opportunities for algal growth and water-
bloom formation. Thermal stratification is a key controlling factor 
of blooms. 

 
However, DWAF considers the Vaal River as a “working” river which to a large 
extent drives the economy of the country.  As such, the river will be managed 
to a “tolerable” state, which is just better than “unacceptable”.  According to 
DWAF, the Grootdraai Dam and Vaal Dam catchments do not need major 
interventions since ongoing management and local catchment management 
strategies are sufficient to maintain the water quality at acceptable levels.  
However, the Vaal Barrage and downstream needs an intervention strategy. 
The VDWHS Authority should therefore pressure DWAF to demand improved 
management of industrial and sewage water treatment plants upstream of the 
Dome, so that participants in water based leisure activities within the VDWHS 
will not be subject to health risks.   Controlled releases of water from the Vaal 
Dam are currently implemented to dilute bacteriological contamination, 
nutrient concentrations and TDS levels.  However, in some circles it is thought 
that desalination will be the only eventual recourse for downstream users. 
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2.1.2. Surface Water within the VDWHS 
Surface water in the VDWHS is comprised of the Vaal River and its tributaries.  
The fact that the Vaal River is severely impacted upon by upstream users (the 
biggest impact is the result of return flows upstream of the Barrage) is of 
particular concern for the management of the VDWHS since this river is used 
for a variety of leisure activities in the Dome area such as fishing, swimming 
and rafting.  The current state of the river is worrying since it poses a health 
risk to people who come in contact with the water.  Exacerbating this situation, 
the water treatment plants of Parys and Vredefort are supposedly in a poor 
state and sewage from lodges (seepage from septic tanks close to the river) 
ends up in the river further reducing its potential.  The functionality of the WTP 
of the town of Vaaloewer is unknown.  Even illegal sewage discharges from 
lodges occur, as was demonstrated by the incident at a River Lodge during 
the night of March 5, 2007 (Beeld, March 6, 2007, p.1).   
 
The current view of DWAF regarding the Vaal River is that the desired state of 
the river must be weighed up against the need for water for economic 
activities in Gauteng and beyond.  The Vaal River is therefore considered to 
be a “working” river and the management objective for this river is class T 
(“Tolerable”).  The fact that the Vaal River flows through a World Heritage Site 
therefore does not guarantee the water quality in the river to be “Ideal” or even 
“Acceptable”.    
 
Tributaries of the Vaal River are non-perennial and can therefore not be 
regarded as high-potential water resources.  However, there are several 
instances of land-owners constructing earth dam walls across non-perennial 
streams in order to create small dams.  This particular activity is illegal except 
if an authorization has been obtained from DWAF, since the disturbance of a 
water course is identified as a Water Use in terms of section 21 of the 
National Water Act.  Also, during the public participation process some 
complaints have been received of small volumes of raw sewage flowing into 
streams, e.g. at the Buffelshoek Police Station.     
 
 

2.2. Solid (domestic) waste 
Solid waste in the VDWHS comprises of domestic waste from dwellings and 
lodges.  Currently, this waste is mostly disposed of in an informal way on 
class 4 disposal sites (Class 4: Sites located on private property not generally 
accessible to the public.). This uncontrolled, informal disposal practise is 
common on farms where small volumes of waste is generated, but within the 
context of a World Heritage Site, it is undesirable and should be discontinued.  
In an attempt to locate all the dumping sites an aerial survey was done, but 
due to the nature of the topography and vegetation it was realised that some 
sites could not be observed from the air.  The VDWHS Authority should 
therefore carry out a thorough waste survey as soon as it assumes power.  
 
The size of a waste stream, which is the amount of waste deposited, is the 
criterion that is used by DWAF (South Africa, 1998:3-5) for site size 
classification.  The size of the waste stream is quantified as the ”maximum 
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rate of deposition” (MRD) which is defined as the projected maximum average 
annual rate of deposition expressed in tons per day during the expected life of 
a landfill. 

 

In order to calculate the MRD the “initial rate of deposition” (IRD) must be 
established. This factor is defined as the existing deposition of waste per day. 
This figure is then escalated based on the projected population growth rate 
over the estimated life cycle of the landfill. The maximum rate of deposition 
usually occurs in the final year of operation – which represents the MRD. For 
consistency the IRD is based on a five-day week. If deposition takes place 
over weekends it must be quantified and indicated, but the total must still be 
presented for a 260-day year.  

 

The IRD is ideally obtained from accurate measurements obtained from a 
weigh bridge located at the site. If this is not available it is suggested that 
tonnage is calculated either by counting the volumes and weight of vehicles 
depositing the waste or if that is not the case, tonnage can be obtained by 
applying per capita generation rates. In general these rates vary with the 
socio-economic standing of the population. The rates are taken as 0,5kg in 
poor areas and 3,5kg in affluent areas (DWAF 1998:3-4). However, 
monitoring in Gauteng has shown that an average of 2.2kg of waste per 
person is generated in affluent areas, and this figure will be used in this study.  
Off course it is impossible to obtain precise figures for waste production in the 
VDWHS since waste is not transported by truch so that it can be weighed at 
weigh bridges.  Therefore an estimation of water production has to done. 
 
There are approximately 500 land-owners in the VDWHS (some land-owners 
own more that one property).  However, the report submitted for WHS listing 
to UNESCO in 2004 found that based on the postal addresses of the 
landowners, it appears as if only 45% of the landowners are living 
permanently in the area (225 families), whereas 55% live elsewhere and visit 
their properties periodically. (This tendency however differs considerably 
between the portions of the area situated in the two provinces).  If it is 
assumed that the average number of people per household are 3, it means 
that there are 675 people in the higher income group living in the VDWHS. 
 
It is furthermore assumed that at least one worker with his family will reside on 
every property, with an average of three workers with their families on farms 
where the land-owner lives permanently, which gives a total of 950 workers in 
the VDWHS.  If every workers family consist of 5 people, this relates to 4750 
people in the lower income group.   
 
The volume of waste generated by the low-income group in the VDWHS (at 
0,5 kg generated per person per day) can therefore be calculated at 2375 kg 
or 2,375 tons per day (tpd), while the waste generated by the higher income 
group (at 2.2 kg generated per person per day) is equal to 1485 kg or 1,485 
tpd.  The total volume of waste generated in the VDWHS is therefore 
estimated to be 3,86 tpd.  It should be noted that waste generation by the 
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towns of Parys and Vredefort is excluded in this WMP due to the fact that 
these towns are situated outside of the borders of the VDWHS. 
 
In a study carried out by De Villiers (2000), the typical composition of 
domestic waste was established as: 
 
Paper & cardboard 24% 
Organic material 51% 
Glass 8% 
Metal 4% 
Plastic (hard & soft) 10% 
Rags 1% 
Building material 1% 
Batteries <1% 
Oil <1% 
Rubber <1% 
Ash <1% 

 
It can be seen that more than 50% of domestic waste consists of organic 
material which cannot be reclaimed.  Waste types that can however be 
reclaimed are paper & cardboard (24%), glass (8%), metal (4%) and plastic 
(10%).  This means that the following volumes of waste should be reclaimable 
in the VDWHS:  
 
Waste type % Volume of waste 

generated in VDWHS 
Potential recycleable 
volume 

Paper & 
cardboard 

24 926 kg per day 

Glass 8 308 kg per day 
Metal 4 154 kg per day 
Plastics 10 

3 860 kg per day 

386 kg per day 
 
However, it should be noted that currently these wastes are disposed of all 
over the VDWHS and only after effective waste collection has been 
implemented will it be possible to commence with a waste recycling 
programme.  The above calculation is probably conservative since waste 
production at lodges, guest houses and hunting farms is much higher.  It is 
therefore proposed that waste recycling has a potential to provide for a small 
number of jobs in the VDWHS, provided that measures proposed later in this 
plan be implemented. 
 
 
 

3. Risk Assessment 

3.1. Risk assessment matrix 
Risk assessment is done using a risk matrix.  The matrix used in this study is 
shown in Table 4.1.  
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Table 3-1: Risk assessment matrix 

Calculated significance of risk  
 

Effect on 
community 

Public 
reaction 

Environmental 
impact 

8 9 10 11 12 13 14 7 More than 10 
fatalities 

Demands to 
cease 
business 

Disaster 

7 8 9 10 11 12 13 6 More than 1 
fatality 

National 
pressure 

Unacceptable, 
widespread 

6 7 8 9 10 11 12 5 One fatality National press 
reaction 

Significant, 
widespread 

5 6 7 8 9 10 11 4 Hospitalisation Local press 
coverage 

Significant, local 

4 5 6 7 8 9 10 3 Illness / injury Minor local 
reaction 

Limited, local 

3 4 5 6 7 8 9 2 None Little reaction Insignificant 

2 3 4 5 6 7 8 1 

 
 
 
 
 

Severity 
of 

impact 

None None None 

1 2 3 4 5 6 7 Weight number 

 
Frequency of impact 

 

 

 

Highly 
unlikely 

Unlikely Rare Possible Often Likely Frequently Frequency for 
Safety, 
Environment, 
Emergencies 

1:100 1:50 1:20 1:10 1:5 1:1 10:1 Recurrence interval 

Interpretation of Matrix 
·  An impact with a significant rating of 12 or more is considered to be “unacceptable”.  Such activities should immediately be 

discontinued or altered to reduce the risk. 
·  An impact with a significance rating of between 9 and 11 is considered to be “significant” and management measures must be 

designed and implemented to lower the risk to “medium” or lower. If the rating of such an impact is caused by it often occurring 
(high frequency), training and awareness should be addressed.  However, if the rating is the result of an uncommon but severe 
incident, the process or management measures should be addressed to lower the risk.   

·  An impact with a significant rating of between 6 and 8 is considered to be “medium”.  
·  An impact with a significant rating of 5 and below is “acceptable”.  The management aim should be to manage all impacts with a 

higher rating to become “acceptable”. 
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3.2. Impacts and associated risks 
Impacts on surface water, ground water as well as waste related impacts identified 
from literature and during the public participation process as well as the risk rating of 
such impacts are shown in Table 4.2.   
 

Table 3-2: Water and Waste related impacts and asso ciated risk ratings 

 
Impact on water or waste Probability 

(frequency)  
Severity  Risk 

Rating 
Trace metal seepage from upstream gold 
mine slimes dams  

4 3 7 

Poor chemical water quality in the Vaal 
River 

7 6 13 

Poor biological water quality in the Vaal 
River  

7 6 13 

Poor quality effluent from WTP’s of Parys 
and Vredefort 

7 5 12 

Old, leaking sewage infrastructure of 
Parys and Vredefort 

6 4 10 

Water demand on ground water of new 
developments  

7 4 11 

Illegal waste water discharges 6 4 10 
Inadequate site sanitation – impact on 
ground water 

5 4 9 

Upstream sewage spillages 6 5 11 
Uncontrolled, informal solid waste 
disposal 

7 3 10 

Littering in Vaal River from recreational 
activities 

7 3 10 

Seepage from soakaways / fertiliser 
application enters the groundwater 

7 4 11 

 

3.3. Gap analysis – Research needs 
From the gathered information as well as issues raised during the workshops, the 
following information gaps were identified that need to be researched: 

·  Water quality data from DWAF indicate that the Vaal River as it flows through 
the VDWHS is in a “tolerable” state.  Yet, the consensus of the workshop was 
that the water of the Vaal River is of “acceptable” quality since there are still a 
lot of fish and birds.  The impact of the poor water quality on the biological 
health of the Vaal River in the VDWHS should be researched. 

·  The state of the sewage lines of Parys and Vredefort should be determined 
·  The level of functionality of the waste water treatment plants at Vaaloewer, 

Parys and Vredefort should be evaluated 
·  A survey of how waste & waste water is disposed of by each user should be 

done in the VDWHS 
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·  A sanitation survey should be done in the VDWHS to determine the extent of 
the bucket system, as well as the impact of on-site sanitation on groundwater. 
Determine distances from such sanitation to the groundwater sources (ie. 
Boreholes / springs) 

·  Identification of groundwater contamination sources. 
 

4. Legal and other requirements  
Waste in the VDWHS comprises of small volumes domestic waste originating at 
individual farms or small communities.  Higher volumes of domestic waste are 
generated at the few bigger resorts.  No industrial or hazardous waste are generated 
within the VDWHS.  The sanitary landfill of Parys was constructed in accordance 
with the “Minimum Requirements” published by DWAF (1998) and is permitted.  
Waste disposal management is however being transferred to DACE and the 
Authority will therefore liaise with the relevant Environmental sections of the North-
West and Free State provincial governments, as well as the three relevant local 
governments.  The Fazile Dabi District Municipality is going to compile an Integrated 
Waste Management Plan for the Northern Free State, in which the management of 
waste in the VDWHS will have a high prominence.  The compilation of this plan will 
commence in July 2007 and the Authority will have to participate in this exercise 
because in time they will have to co-operate with the district and local municipalities 
to implement the plan.  Waste infrastructure e.g. Transfer Stations will be designed 
and afforded by the District Municipality, while operational costs will borne by the 
local municipalities.     
 
The following are excerpts from the Government Gazette. January 12, 2007 No. 
29487 3: GENERAL NOTICE, NOTICE 1832 OF 2007, DEPARTMENT OF 
ENVIRONMENTAL AFFAIRS AND TOURISM of the PUBLICATION OF NATIONAL 
ENVIRONMENTAL MANAGEMENT: WASTE MANAGEMENT BILL  : 
 
10. Local standards 
(1) A municipality in terms of a by-law - 
(a) must  establish service standards and levels of service for the collection of waste; 
(b) may identify requirements in respect of the separation, compacting and storage 
of waste; 
(c) may identify requirements for the management of waste, including requirements 
in respect of the avoidance of the generation of waste and the recovery, reuse and 
recycling of waste; 
(d) the requirements in respect of the directing of waste to specific treatment and 
disposal facilities. 
 (2) If national or provincial standards have been passed in terms of section 8 or 9, 
the municipality may not alter the national standard or provincial, except to make the 
requirements more stringent. 
 
Each national department and province responsible for preparing an environmental 
implementation plan or environmental management plan in terms of Chapter 3 of the 
National Environmental Management Act must include in that plan an integrated 
waste management plan. Each municipality must include in its integrated 
development plan contemplated in Chapter 5 of the Municipal Systems Act, an 
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integrated waste management plan that is consistent with the relevant provincial 
integrated waste management plan. 
 
An integrated waste management plan must  - 
(a) contain a situation analysis which includes - 
(i) a description of the population and development profiles of the area to which the 
plan relates; 
(ii) an assessment of the quantities and types of waste that are generated in the 
area; 
 (iii) a description of the services that are provided, or that are available, for the 
collection, recovery, reuse, recycling , treatment and disposal of waste; and 
(iv) the number of persons in the area who are not receiving waste collection 
services; 
(b) within the domain of the relevant national department, province or municipality, 
set out how that relevant national department, province or municipality intends - 
(i) to give effect, in respect of waste management, to Chapter 3 of the National 
Environmental Management Act to the extent that that Chapter is applicable to it; 
(ii) to give effect to the objects of (ii) this Act; 
(iii) to identify and address the negative impact of poor waste management practises 
on health and the environment; 
(iv) to provide for the implementation of waste avoidance, minimisation, recycling 
and reuse programmes; 
(v) in the case of a municipal integrated waste management plan, to address the 
delivery of waste management services to residential premises; 
(vi)to identify measures that are required and that will be implemented to support 
municipalities to give effect to the objects of this Act; 
 (vii) to implement the Republic’s obligations in respect of any international 
agreements; and 
(viii) to give effect to best environmental practise in respect of waste management; 
(c) set out the relevant national department, province or municipality’s priorities and 
objectives in respect of waste management; describe how the relevant national 
department, province or municipality will give effect to its integrated waste 
management plan; and 
comply with such requirements as may be prescribed by (e) the Minister. 
 
13. Reporting on implementation of integrated waste management plans 
(1) The annual report which a national department or province must submit in terms 
of section 16(l)(b) of the National Environmental Management Act must contain 
information on the implementation of its integrated waste management plan, 
including information on - 
(a) the extent to which the plan has been implemented during the period; 
(b) waste management initiatives that have been undertaken during the reporting 
period; 
(c) the delivery of waste management services and measures taken to secure the 
efficient delivery of waste management services, if applicable; 
(d)the level of compliance with the plan and any applicable waste management 
standards; 
 (e) measures taken to secure compliance with waste management standards; 
(f) waste management monitoring activities; 
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(g) measures that have been taken to make any necessary amendments to the plan; 
(h) in the case of a province, the extent to which municipalities are complying with 
the plan and the reasons for any non-compliance with the plan; and 
(i) any other requirements as may be prescribed by the Minister. 
  
(2) The annual performance report which must be prepared in terms of section 46 of 
the Municipal Systems Act must contain information on the implementation of the 
municipal integrated waste management plan, including the information set out in 
subsection (1). 
 
General powers and duties of MECs and provincial departments 
(1) The MEC must  - 
(a) ensure that waste management in the province takes place in accordance with 
the National Waste Management Strategy and any national or provincial norms and 
standards; 
provide for the co-ordination of waste management in the province and for that 
purpose designate a waste management officer in terms of section 18; 
ensure that any other matter that is necessary for the implementation of the 
province’s waste management functions are given effect to. 
 
General powers and duties of municipalities 
(1) Every municipality must  - 
conduct municipal activities in accordance with the National Waste Management 
Strategy and any national or provincial norms and standards; 
compile an integrated waste management plan; 
ensure that waste management services are provided within the municipality in a 
manner which prioritises the recovery, re-use or recycling of waste and provides for 
the treatment and safe disposal of waste as a last resort; 
designate a waste management officer in terms of section 18; 
ensure that provision is made for the management and collection of litter; 
secure compliance with the objects of this Act that are in the domain of the 
municipality; and 
(g) implement any other measures that are necessary for securing the objects of this 
Act that are within the domain of the municipality. 
 
(2) A municipality may - 
(a) pass waste management by-laws and standards; and 
co-operate with another municipality in respect of the provision of joint waste 
management services. 
 
17. Co-operative governance 
In addition to the requirements of this Act, the different authorities shall cooperate 
and co-ordinate their activities through the mechanisms provided for in the National 
Environmental Management Act. 
 
18. Appointment of waste management officers 
The MEC must designate an officer in the provincial administration as the provincial 
waste management officer to be responsible for co-ordinating matters pertaining to 
waste management in the province. 
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Each municipality must designate a waste management  officer from its 
administration to be responsible for co-ordinating matters pertaining to waste 
management in the municipality 
 
25. General requirements for the storage of waste 
Any person who stores waste must at least take steps, unless specified otherwise 
in this Act, to ensure that - 
(a) the containers in which any waste is stored are not corroded or in any other way 
rendered unfit for the safe storage of waste; 
measures are taken to prevent aecidental spillage or leaking;  
the waste cannot be blown away; 
nuisances such as odour, visual impacts and breeding of vectors do not arise; and 
pollution of the environment and harm to health are prevented. 
 
Storage of general waste 
(1) Any person generates general waste that is collected by a municipality must 
place the waste in a container approved, designated, or provided by the municipality 
for that purpose. 
(2)Waste which is recyclable and which is managed in accordance with this Act or 
any applicable by-laws need not be placed in a container contemplated in subsection 
(1). 
 
27. Duty to provide collection services 
(1) Every municipality has an obligation to progressive ly ensure that efficient, 
effective and affordable waste collection services are provided in its area. 
This duty is subject (2) to - 
(a) the need for an equitable allocation of services to all people in the municipal area; 
(b) the obligation of people utilising the service to pay any reasonable prescribed 
charges; 
(c) the right of the municipality to limit the provision of collection services if there is a 
failure to comply with reasonable conditions set  for the provision of such services: 
provided that where the municipality takes action to limit the provision of services, 
the limitation must not pose a risk to human health or the environment; and 
(d) the right of the municipality to differentiate between categories of 
users and geographical areas when setting service standards and levels 
of service for the provision of municipal services. 
(3) Every municipality must, subject to the provisions of this Act, attempt as far as is 
reasonably possible to provide containers or receptacles for the collection of 
recyclable waste that are accessible to the public. 
28. Collection of waste 
No person may allow waste to be removed from his or her premises unless the 
waste is collected by - 
(a) a municipality or municipal service provider; 
(b) a person authorised by law to collect that waste, where authorisation is required; 
or 
(c) a person who is not prohibited from collecting that waste. 
Prohibition of unauthorised disposal 
(1) No person may - 
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(a) dispose of waste, or knowingly cause or permit waste to be disposed of in or on 
any land or at any facility unless the disposal of such waste is authorised by law; or  
(b) dispose of waste in a manner likely to cause pollution of the environment or harm 
to human health. 
 (2) It shall be a defence for a person charged with an offence under this section 
to prove that - 
(a) the waste was generated as a result of normal household activities and that the 
municipality does not render a collection service in that area and that the most 
environmentally and economically feasible option for the management of the waste 
was adopted; or 
(b) the disposal of the waste occurred as a result of an emergency beyond his 
control. 
 
Littering 
A municipality, or owner in the case of privately owned land to which the public has 
access, must ensure that sufficient containers or places are provided to contain litter 
which is discarded by the public. 

 

5. Objectives and targets 

5.1. Specific waste source water quality management  plans   

5.1.1. Waste Water Treatment Plants – Parys & Vrede fort 
The sewage treatment plants of Parys and Vredefort are rumoured to be in a poor 
state (according to all people that were present at the waste workshop).  However, 
the magnitude of this problem can only be established by sampling the quality of 
effluent to the Vaal River.  The Authority should commence with such a sampling 
programme in order to have the necessary data to request DWAF (and eventually 
the CMA) to force the local municipalities to maintain the quality of return flows from 
these facilities at acceptable levels.  However, at the time of compilation of this plan, 
a sum of R5 million is being spent on upgrading these WTP’s. 
 

5.1.2. On-site sanitation 
The Authority should assess the probable volume of sewage generated on each 
property.  A “honey sucker” truck should be made available to empty septic tanks 
upon request from land-owners.  The volumes of sewage removed as well as the 
frequency of removal should be monitored so that the Authority can identify 
deviations from the normal trend (which could be an indication of illegal sewage 
disposal).  Waste removal companies should have Certificates of Disposal.  The cost 
of this service will have to be negotiated with the land owners and should be similar 
to “Waste Discharge Charges”.  Under no circumstances should partially treated 
sewage effluent be allowed to enter the Vaal River as return flow. 
 
After a survey has been done to establish the nature of on-site sanitation systems in 
the VDWHS, a structured programme should be followed to upgrade all sanitation 
systems to site-suitable in order to prevent or mitigate any impact on groundwater 
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resources.  Such a structured approach has been researched by Vivier (2007) and is 
described in paragraph 7.1.1. 

5.2. Solid Waste (domestic) 
Since an Integrated Waste Management Plan will be compiled in the near future by 
the District Municipalities as well as Local Municipalities, the proposals that follow 
should be seen only as ideas.  The Authority  of the VDWHS should participate fully 
in the compilation of the Integrated Waste plans of the various municipalities.   
 
An ideal situation will be if solid waste (domestic) is temporarily disposed of at waste 
transfer stations for ultimate disposal at Parys municipal landfill site.  The location of 
waste transfer stations, the number of such facilities, the frequency and cost of the 
service, the maximum time that a land-owner will be allowed to store waste on 
his/her property as well as the way in which a land-owner should store waste before 
disposal should be negotiated between the District Municipalities, the Authority and 
the land-owners. It will be advantageous if small transfer stations are constructed at 
every point of entrance to the VDWHS so that land-owners will be able to dispose of 
domestic waste whenever they are travelling.  Alternatively as a job-creation 
exercise, a service such as the typical “Call-a-drum” services that are found in cities 
can be tendered for by contractors whereby they will collect domestic waste twice 
weekly for a minimal fee. Waste should be stored on properties for a limited time in 
animal-proof containers before collection.  The drum contractor can then transport 
the waste to the transfer station from where the nearest municipality can collect it 
twice weekly or even weekly, depending on the volume.  Transfer stations should be 
designed and constructed so as to prevent odours.  However, as stated the Authority 
will have to liaise with the local and district municipalities to finalise the design and 
operation of domestic waste management in the VDWHS. 
 
An annual aerial survey of the VDWHS should be done to identify and prosecute 
illegal waste disposal practices.  
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6. Operational control 

6.1. Standard operating procedures   
Standard Operating Procedures have been compiled to manage the issues detailed 
below.  These procedures are presented in conceptual form only since many of the 
management objectives, authorities and implementation schedules will only be 
finalised after the Authority has liaised with the provincial, district and local 
authorities.   
 

6.1.1. Procedure to select on-site sanitation syste ms 
Selecting the most appropriate sanitation option requires a thorough analysis of all 
factors including cost, cultural acceptability, simplicity of design and construction, 
operation and maintenance, and local availability of materials and skills (Vivier, 
2007).  Sanitation selection must also take into account the fact that good quality 
water is a scarce resource in the VDWHS.  The cost of sanitation services involves 
therefore not only costs of installation and maintenance, but also environmental 
costs, especially where water sources becomes polluted as a result of seepage from 
these systems  The value of sanitation services must be reflected in such a way that 
it does not undermine long term sustainability and economic growth.   
 
The most common definitions of sustainability are rather vague and imprecise.  It is 
therefore beneficial to use sets of criteria to make the concept of sustainability more 
operational and practically useful.  The proposed set of criteria can be divided into 
five main categories: (1) health and hygiene criteria, (2) social-cultural criteria, (3) 
environmental criteria, (4) economic criteria, and (5) functional and technical criteria. 
 
Decision support systems need input from stakeholders.  Ideally stakeholder 
participation should occur throughout the process, during problem identification, 
defining decision criteria and feasible alternatives, the selection of weights and 
scenario analysis.  This process must be interactive and the Decision Support 
Framework (DSF) must be sufficiently flexible to respond to the needs of specific 
users or groups. 
 
The demand-responsive approach has been promoted internationally by the World 
Bank as the alternative to the traditional supply-orientated or basic services 
approach.  The approach is summarised as one in which technology and services 
options are “based on willingness to pay – based on the principle that more 
expensive systems cost more i.e. that the level of service will ultimately depend on 
what rural consumers are able to pay”.  For successful demand-responsive projects, 
the community must play a role in designing programmes, selecting the type of 
facility as well as the level of service and conditions required.  The Department of 
Water Affairs (DWAF) has developed a framework of how institutional development 
could be established and capacitated.  Institutional and Social Development (ISD) in 
a project refers to a set of principles towards ensuring that a development approach 
is taken when planning, designing and implementing of projects.  Development is 
defined as a process of social economical and human empowerment through which 
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ordinary people gain greater control over the factors which control their lives.  It is a 
process where people are at the centre of their own emancipation with the support o 
others.  ISD requires that: 

·  Community participate in decision making and are actively involved in all the 
phases of the project cycle as well as the ongoing operations and 
maintenance of services 

·  Local capacity is build towards managing services and partnerships are 
development between communities, local government and service institutions 

 
The term community participation can be defined as the active involvement of the 
local population in defining their problems and making decisions concerning the 
project, the implementation and evaluation thereof.  It is further defined as an 
organized involvement of a community in development effort with all major groups 
being represented. 
 
The methodology proposed supports the principles of group decision-making and 
allows stakeholders to express their concerns and preferences prior to decision-
making.  This process include the following components: 

·  Objective statement/ situation assessment 
·  Identification of the stakeholders and technical team that need to be involved  
·  Defining feasible resource management options  
·  Defining the decision criteria to evaluate technical options 
·  Establish an issues matrix to quantify the technical and environmental 

constrains of each option 
·  Allow stakeholders to assemble the decision criteria into an order of 

importance 
·  Undertake MODSF analysis based on stakeholder scenarios 
·  Prioritise the options for further analysis 

 
It is proposed that the process involves two working groups, namely a stakeholder 
advisory group and a technical reference panel (which may include an engineer, 
geohydrologist, geotechnical specialist and social consultant).  The stakeholder 
advisory group typically involves representatives of communities and governmental 
organisations (Department of Water Affairs and Forestry, Department of Health, 
Department of Environmental Affairs and Tourism, Department of Health etc.).  
Within the process stakeholders are allowed to communicate their perspectives, 
express concerns and to define the decision criteria which should preferable include 
environmental, economic, social, technological and policy considerations.  Within the 
participatory process stakeholder representatives also rank the decision criteria and 
assign weights.   
 
The primary role of the technical panel is to quantify the effect of the options on the 
decision criteria and to assign scores based on these criteria. Quantification may rely 
on measured data, expert judgement or a combination of all these information 
sources.  In this way the matrix is populated based on the best available science in 
an objective way.   
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6.1.1.1. Objective Statement and situation analysis  
The first step should include the environmental problem definition and a review of 
available information and knowledge related to this problem.  Resource managers 
and other decision-makers are frequently required to make decisions about priorities. 
A common question is "Given limited resources (water, finances), what technology 
option proves most feasible to improve health, social well being and the 
environment.   Answering this question requires a clear understanding of the 
problem before actions are taken to protect valued resources, human health, or 
quality of life.  Objective statements can include the following: 

·  Reduced human health impacts 
·  Reduced environmental impacts 
·  Cost savings 
·  Reduced operational and maintenance requirements 
·  Optimum water re-use 
·  Improved social acceptability 

 
When defining the objective, it is also useful to consider time scales.  Economic 
considerations usually operate on a shorter time scale than environmental impacts.  
Considering a standard longer term time scale for the entire assessment can help to 
make the considerations more equal across different value systems. 
 

6.1.1.2. Data and knowledge acquisition 
Once the objectives are formulated, data collection and knowledge acquisition 
commence.  This stage involves electing, analysing and interpreting data and 
knowledge that allow proposing a solution to the problem.  This step includes 
developing or refining a conceptual model of the site.  Specific steps may include: 
site reconnaissance, data collection and data analysis or situation assessment.  The 
main objective of this step is to form a conceptual model of the area and to describe 
the status quo (baseline – Figure 7.1).  All alternatives should be evaluated against 
the status quo situation. 
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Figure 6-1: Conceptual model 

 

6.1.1.3. Site reconnaissance 
This step is more relevant to site specific assessments.  The objective of the site 
reconnaissance is to visually and physically observe the property and any 
structure(s) located on the site to determine the likelihood of environmental and 
health risks.  A sketch showing the site layout should be completed (site specific 
conditions).  Important parameters to be noted on the map include locations of 
various infrastructure and site utilities, including sanitation system in relation to the 
water supply, improvements and details on adjacent neighbours. 
 

6.1.1.4. Data collection and interpretation 
A proper site evaluation is fundamental to planning, design and evaluation of any 
sanitation system.  As data becomes available, the conceptual model of the site can 
be updated.  The survey may include both secondary and primary data.  Secondary 
data are obtained from existing reports, maps and statistics.  Primary data are 
obtained by direct and indirect observation, measurements, household surveys, 
interviews and informal conversations.  The following information sources can be 
used: 

·  Interviews with experts in water management, waste water management and 
treatment and experts in the ecological state of the receiving environment; 

·  Reviews from scientific and technical literature  
·  Data bases (GRIP, NGDB and WEIS) and questionnaires 
·  Graphical Information Systems 
·  Field Surveys (hydro census surveys etc) 
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A database has been developed in Visual Basic.NET into which the required data 
can be archived (demo version of the database available from AGES).  Specific 
fields include data on the physiographical setting, regional geological and 
geohydrological setting, pedology, existing on-site sanitation systems and water 
supply, other waste sources and social awareness. 
 
Physical factors that are important for sanitation selection are included below.  Of 
greatest importance is the local geology – the underlying rocks and the nature of 
soils, in particular, the ease of digging and how stable the soil remains after 
excavation.  It is also important to determine whether the soil is permeable so that 
water drains away, the depth of the top soil, how the soil varies with depth, the depth 
of hard rocks in which it is difficult to dig, and whether there are any fissures or 
boulders.  Natural gradients and the natural surface water drainage system should 
be noted, especially if there is local variation.  Areas that are prone to regular or 
occasional flooding should be noted.  Any information that can be obtained from 
groundwater is also useful, for example, the depth to groundwater table, whether 
there are any seasonal variation or long-term change, the direction in which the 
groundwater flows, and its quality. 
 
It is essential to obtain as much information as possible about existing sanitation.  
The methodology is intended to rectify any unsatisfactory situation and the extent of 
deficiency in sanitation provision is the baseline from which it starts.  Careful note 
should be made of all water sources in the community.  If possible, water sources 
should be visited and inspected.  Special care should be taken to check information 
relating to dependence on groundwater as a source of drinking water.  The depth of 
the water table and the location of boreholes and springs are particularly important 
because of the risk of pollution from pit latrines and soakaways.  An analysis of the 
groundwater, including bacterial counts and nitrate concentration should be 
obtained.  Comparison with analysis after the sanitation project has been 
implemented can then be used to monitor any future groundwater pollution. 
 
The need for improved sanitation may be gauged from information about the 
prevalence of excrete related diseases (for example cholera).  Sometimes records at 
local health clinics yield this information, particularly in relation to diarrhoeal and 
parasitic diseases.  However, the value of records depends upon the accuracy of 
diagnosis, the care with which records are kept, and the location of the health clinic 
relative to the area served.  Data obtained in a survey carried out before the 
implementation of the project can be compared with health data from another survey 
after implementation to monitor the effectiveness of improvements. 
 
Information obtained form the number of people and the number of houses to be 
served by the project should be verified and supplemented as necessary.  Trends in 
any migration patterns should be noted.  Aspects of houses that most affect 
sanitation are density, quality and level of occupancy.  While low densities overall 
are usual in rural areas, it is not uncommon for dwellings in villages, and even in 
isolated family compounds, to be clustered at high density. 
 
Customs that influence the selection of the most appropriate type of sanitation 
system include amongst other: 
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·  The preferred method of anal cleansing (water or solid material such as 
paper, leaves, stones, grass or corncobs);  

·  Whether it is customary to defecate squatting or sitting; the degree of privacy 
favoured;  

·  The preferred location of latrines in relation to dwellings; traditional use of 
human excrete or compost derived from human excrete as a fertilizer;  

·  Objections to handling excrete even when they have completely decomposed; 
·  Taboos on use of the same place for men and women, adults and children  

 
Ease of access by vehicles should also be checked, bearing in mind that many rural 
roads that are reasonably good in dry weather, may not be accessible for several 
weeks during the rainy season. Vehicle access to properties may affect the choice of 
type of latrine, for example, where full pits need to be emptied by vacuum tanker. 
 
An assessment should also be made of the likely contribution that beneficiaries will 
make to the cost of latrine construction and maintenance.  It should however be 
noted that statements made by individuals or community leaders regarding 
willingness to pay are often unreliable.  Responders usually answer questions in a 
way that they think will give them greatest benefit.  In some places it has been found 
that payments for improved sanitation by the poorest people should not exceed 1 % 
of their income, but up to 3 % is acceptable for other economic groups. 
 

6.1.1.5. Alternative Identification 
Knowledge obtained during the previous phase can be useful in the selection of the 
most appropriate technologies in consultation with the community representatives, 
governmental organizations and technical team.  Alternative treatment processes to 
the primary systems (cistern flush, poor flush and aquaprivie) can include: waste 
stabilisation ponds, wastewater storage and treatment reservoirs, constructed 
wetlands, upflow anaerobic sludge blanket reactors, biofilters, membrane 
bioreactors, aerated lagoons and oxidation ditches.  The most sustainable options 
for domestic waste water treatment in developing countries are likely to be: 

·  Anaerobic technologies, such as anaerobic ponds (especially high rate 
anaerobic ponds) and maybe upflow anaerobic sludge blanket reactors, and 

·  Photosynthetic technologies such as facultative and maturation ponds and 
maybe constructed wetlands. 

 
Generally these two “natural” processes are used in series, treating the wastewater 
first anaerobically and then photosynthetically.  Natural treatment systems are 
almost always the most appropriate option.  Higher technical systems are only 
appropriate when the land for natural systems is not available or when the cost of 
land outweighs the benefits.  
 
The challenge of a decision making process is to identify the best alternative when 
none of the alternatives are dominating.  In such circumstances, there is a necessity 
to have a scientific, reliable and consistent framework to identify the best alternative 
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given the decision criteria.  The general expectation is that any additional cost should 
provide additional risk reduction and better compliance with legislation.   
 

6.1.1.6. Primary Sanitation Selection 
The information and knowledge acquired during the previous step (data gathering) 
can be presented in a decision tree (Figure 7.2) as a prior step of the selection of an 
appropriate system and or alternatives.  During this stage, technologies which are 
not feasible from a technical perspective are ruled out.  Examples include: 
 

·  Off site water borne sewage is only financially viable for communities > 2000 
with water availability of more than 10L/person/day (regular supply). 

·  If the water supply is piped to each house, resulting in large volumes of grey 
water, aqua-privies, latrines, biogas digesters, septic tanks for excreta re-use 
and vaults are infeasible if the combined disposal of toilet and grey-water is 
required.  If the soil type is clay (impermeable), latrines cannot accept even 
small volumes of grey water. 

·  Cistern flush toilets are only suitable if there is piped water available in the 
houses (abundant supply required for flushing).  Water carriers suffice for 
pour-flush toilets.  If piped water to households is installed, the volume of grey 
water is probably too large for disposal into latrine, aquaprivies or vaults.  
Therefore if the combined disposal of grey and black water is desired, these 
alternatives are infeasible 

·  If bedrock is common < 2m below the ground surface, alternatives based on-
site soil absorption are infeasible. 

·  Composting latrines are unfeasible if there is no demand for the re-use of 
faecal waste or if there are any cultural beliefs against the handling of excreta. 
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Figure 6-2: Primary sanitation selection procedure 
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6.1.1.7. Secondary Sanitation Selection 
Wastewater treatment must be done for a specified purpose – for example, to 
produce an effluent suitable for agricultural re-use, or to produce and effluent 
that can be safely discharged into inland or coastal waters because the 
effluent quality requirements will vary accordingly and consequently the 
treatment costs. The effluent requirements and costs will vary accordingly.  
Final effluent disposal is usually based on the following three 
principles/processes: 

·  Seepage through the vadose zone (pit latrines, VIP’s, compost latrines 
and conventional septic tanks).  The main impact of this disposal 
method is mainly in the groundwater system. 

·  Irrigation (effluent from package plants, maturation ponds, oxidation 
ponds, constructed wetlands or combination).  Impact from this 
disposal method is mainly on the soils (salinity) and consequently 
groundwater quality.  Surface water may also be impacted on due to 
surface water run-off 

·  Discharge into inland waters (effluent from package plants, maturation 
ponds, oxidation ponds, constructed wetlands or combination).  The 
impact is mainly on the surface water quality and quantity. 

 
The Water Acts of 1956 and 1998 requires large industrial users of water in 
South Africa to return water to the point (or catchment) from which it is 
abstracted, in a condition suitable for re-use by down-stream users.  
Regulations in terms of the Health Act of 1977 lay down rules regarding 
whether the land application of sewage effluent for specific uses is allowed or 
not (Department of National Health and Population Development, 1978).  
Therefore, where it is not feasible to treat an effluent to standards required for 
return to the point of abstraction of the original fresh water, other options 
should be promoted, such as the re-use of effluent.  If the effluent is 
pathogenic the health regulations may be employed to help determine what 
reuse options are acceptable for the effluent in question.  By utilising moisture 
in effluent, fresh water which would normally be required for agriculture may 
be saved for other uses. 
 
Different levels and kinds of alternatives should be considered.  Examples 
include: 

·  Substitute technology  
·  Technology change 
·  Improved treatment technologies and  
·  Improved disposal technologies 

 
The worksheet detailed in Table 7.1 can be used to organise the functions 
and alternatives for the identification of alternatives.  These can be filled out 
by the project team (technical and stakeholder group).  One alternative which 
is usually a good idea to include is the “no go” option or “status quo” situation.  
This provides a useful comparison for the rest of the alternatives. 
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Table 6-1: Alternative selection 

Situation assessment - 
Screening 

Alternative Potential Alternative 

1. Technology change 1.1 Existing waste water 
treatment plant 
1.2 Alternative source of 
domestic water  

2. Improved treatment 
technologies 

2.1 Facultative waste 
water stabilization 
ponds (15 – 40 day 
retention time) 
2.2 Individual package 
plants (general 
standard) 
2.3 Communal package 
plant + ferri chloride 
2.4. Communal package 
plant + phoslock 
2.4 Wetland treatment 
system (2 to 5 day 
retention time) 
2.5. Overland flow 
treatment and disposal 
system 

3. Improved disinfection 
technologies 

3.1 Chlorination or 
ozone of effluent,  
3.2 Chlorination or 
ozone treatment of 
drinking water.   
3.3 Combined 
chlorination and 
ozonation of effluent 
and drinking water 

4. Improved disposal 
alternatives – effluent 

4.1Discharge to surface 
water  
4.2 Irrigation.   

High income, low 
density community (new 
development).  Water 
availability > 10 
L/person/ per day.  
Regular supply. 
Community utilised 
groundwater as drinking 
supply. Current practice: 
guest lodge with septic 
tank systems and soak-
aways 
Primary Sanitation: 
Cistern flush 

5. Improved disposal 
alternatives - sludge 

5.1 Land application 
(agriculture),  
5.2 Disposal or 
contractor 

 

6.1.1.8. Environmental Impact Assessment 

6.1.1.8.1. Aquifer vulnerability 

The following methodology was proposed in the groundwater protocol (DWAF, 
2003):  The assessment of risk of contamination is based on the vulnerability 
of the aquifer (within a regional context), contamination load (site specific) and 
the strategic value of groundwater as a resource.  Two approaches for 
groundwater vulnerability are proposed.  The first is based on a first order 
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approach and is useful if limited data is available – the confidence level is 
consequently also lower (groundwater protocol).  The second is more 
comprehensive and based on DRASTIC principles.  
 

Table 6-2: Aquifer Vulnerability (DWAF, 2003) 

Vulnerability Class Measurements Definition 
Extreme (usually highly 
fractured rock and/or 
high groundwater table) 

High risk and short 
distance (<2 m) to water 
table 

Vulnerable to most 
pollutants with relatively 
rapid impact from most 
contamination disposed 
of at or close to the 
surface 

High (usually gravel or 
fractured rock, and or 
high water table) 

High risk and medium 
distance (2 – 5 m) to 
water table 

Vulnerable to many 
pollutants except those 
highly absorbed, filtered 
and/or readily 
transformed 

Medium (usually fine 
sand, deep loam soils 
with semi-solid rock and 
average water table 
(>10) 

Low risk and medium to 
long distance to water 
table 

Vulnerable to inorganic 
pollutants, but with 
negligible risk of organic 
or microbial 
contaminants. 

Low (usually clay) or 
loam soils with semi-
solid rock and deep 
water table (>20 m) 

Minimal and low risk, 
and long to very long 
distance to water table 

Only vulnerable to the 
most persistent 
pollutants in the very 
long term 

Negligible (usually 
dense clay and/or solid 
impervious rock with 
deep water table) 

Minimal risk with 
confining layers 

Confining beds present 
with no significant 
infiltration from surface 
areas above aquifer 

 
The DRASTIC model is the most widely used for groundwater vulnerability 
assessment studies at regional scale.  The DRASTIC concept revolves 
around the following equitation: 
 

CrCwIrIwTrTwSrSArAwRrRwDrDwexDRASTICInd ++++++= , where 
r = rating for each of the seven parameters and 
w = weight for each of the seven parameters 
D = Depth to groundwater,  
R = Recharge rate, 
A = Aquifer media,  
S = Soil Media,  
T = Topography,  
I = Impact on the Vadose Zone, and  
C = Conductivity of the aquifer.   
 
Proposed rating values for use in the DRASTIC concept are detailed in  
. 
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Table 6-3: Rating values for use in the DRASTIC con cept  

Range Rating 
<2 m 10 
2 – 5 m 8 
5 – 10 m 6 
10 – 20 m 3 

Dept to Groundwater(D) 
DW = 5 

>20 m 1 
  
0 – 5 mm 1  
5 – 10 mm 3 
10 – 50 mm 6 
50 – 100 mm 8 

Net Recharge (R) 
RW = 2 

> 100 mm 9 
  
Dolomite 10 
Intergranular 8 
Fractured 6 

Aquifer Media (A) 
AW = 3 

Fractured and 
weathered 

3 

  
Sand 10 
Shrinking and/or 
aggregated clay 

8 

Loamy sand 6 
Sandy loam 4 
Sandy clay loam and 
loam 

3 

Silty clay loam, sandy 
clay and silty loam 

2 

Soil Media 
SW = 3 

Clay loam and silty clay 1 
  
0 – 2 % 10 
2 – 6 % 8 
6 – 12 % 6 
12 – 18 % 4 

Topography (T) 
TW = 1 

> 18 % 2 
  
Gneiss, Namaqua 
metamorphic rocks  

3 

Ventersdorp, Pretoria, 
Griqualand West, 
malmesbury, 
Vanrhynsdorp, 
Uitenhage, Bokkeveld, 
Basalt, Waterberg, 
Soutpansberg, Karoo 
(northern), Bushveld, 
Olifantshoek 

4 

Impact of the Vadose 
Zone 
(Iw)  = 5 

Karoo (southern) 5 
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Table Mountain, 
Witteberg, Granite, 
Natal, Witwatersrand, 
Rooiberg, Greenstone, 
Dominion, Jozini 

6 

Dolomite 9 
Beach Sands and 
Kalahari 

10 

 
Since the minimum possible DRASTIC index using these parameters is 36 
and the maximum is 188, this range was divided into five equal classes.  
These classes were: (a) 36 to 66 (negligible), (b) 67 to 97 (low), (c) 98 to 128 
(medium), (d) 129 to 159 (high) and (e) 160 to 188 (Extreme).  The classes 
were also selected to correspond with the classes proposed in the 
groundwater protocol. 
 
The overall risk of contamination is a combination of aquifer vulnerability and 
expected contamination load.  This relates to the ability of soil to accept 
sufficient volumes and rates of applied effluent and is determined from a 
consideration of soil permeability, site drainage, depth to an impermeable 
layer and the presence of stones within the soil profile.  Permeability is the 
characteristic of soil which governs the rate at which water moves through it.  
It influences aeration, water flow, water retention, biological activities and the 
filtration of parasites and pathogens.  It is affected by texture, structure, 
degree of water saturation, degree of compaction, total pore space occupied 
by large pores, continuity of large pores and spatial changes in any of the 
variables.   
 
Generally, there is little risk of groundwater pollution where there is at least 2 
m of relatively fine soil between a pit or drainage trench and the water table, 
providing that the rate of application is not greater than 50 mm/day (equivalent 
to 50 litres per m2/day).  It should however be noted that in most instances 
there is less than 2 m of soil in most of the rural villages.  Fissures in 
consolidated rock may allow rapid flow of effluent to underlying groundwater 
with little removal of micro-organisms.  The cumulative impact of a number of 
systems may also be significant. 
 

6.1.1.8.2. Assessment of hydraulic and contaminant load 

In the evaluation of hydraulic load, two approaches are considered. The first 
approach is to consider a sanitation system like a pit latrine as a point source 
and to determine the load and migration potential to a receptor (borehole or 
spring). The second approach is to dilute the effect of all the sources on the 
development area.  The hydraulic load determines the strength of the source, 
which is the most important single aspect of contaminant transport. 
 

6.1.1.8.3. Point source approach   

When a sanitation system is considered as a point source, the volume of fluid 
that is generated is determined from conservative assumptions.  For example, 
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if the average number of people that occupy a stand is 4 and each person 
generates on average 2 L of fluid per day, then 8 L/day or 0.008 m3/d is 
generated at the point source. If it is further assumed that the pit latrine covers 
an area of 1 m2, then the source flux is 0.008 m/d.  
 
Comparing this flux with groundwater recharge from rainfall is important. In a 
typical fractured aquifer in the Free State Province where the MAP is 500 
mm/year and the recharge is 3 % of the MAP, the recharge expressed as a 
daily flux is in the order of 4.0E-05 m/d. This means that the point source flux 
from sanitation is almost 200 times higher than the groundwater recharge. 
This volume will be sufficient to saturate the vadose zone below the pit latrine 
during the operational phase. The Darcy flux for the point source is given by 
 

dl
dh

Kq =
 

Where, 
 
q = Darcy flux [L T-1] 
K = Hydraulic conductivity of the subsurface [L T-1] 
dh/dl = Head gradient (assumed to be 1 for vertical 

seepage) 
[1] 

 
In cases where the soil permeability is higher than the hydraulic load, the 
hydraulic conductivity should be replaced by the source flux. If the soil 
permeability is significantly lower than the hydraulic load, the pit latrine system 
my overflow with time and not operate properly. The fact that a normal pit 
latrine or soak away system needs to seep in order to work is an inherent flaw 
in the system.  The most important and often neglected parameter controlling 
the contaminant migration rate is the subsurface porosity. The advective 
contaminant migration is given by; 
 

q
q

v =
 

Where; 
 
V = Contaminant transport rate [L T-1] 
�  = Effective porosity [1] 
 
A small change in porosity can have a significant influence on the contaminant 
migration rate, especially in fractured aquifers.  The reactive contaminant 
transport rate or attenuation is determined by; 
 

R
q

v
q

=
 

R = Retardation factor [1] 
 
The retardation factor is determined from; 
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� b = Bulk density of subsurface [M.V-1] 
Kd = Chemical partition coefficient [V.M-1] 
 
From a point source perspective, the following are considered as low, medium 
and high: 

·  10 to 20 mm/day is low 
·  20 to 50 mm/day high and 
·  More than 50 mm per day is high 

 

6.1.1.8.4. Aerial Source Approach 

Whilst a low point source of 8 mm/day (0.008 m/d) may seem to have a low 
risk, it may not be the case for the cumulative impact associated with a 
number of stands.  For example, a case is considered where 300 stands is 
planned to be developed on a 10 ha site to house 1200 people (average 4 
people per stand). The average stand size is 300 m2.  The average source 
flux is 0.02 mm/day, which is 60 % of the recharge flux. This is much lower 
compared to the point source in the previous section. The cumulative flux is 
2.4 m3/d. 
 
The aerial or average source approach thus provides a lower unit flux but a 
higher cumulative impact. Based on the data obtained from the clinics in the 
Limpopo Province, where the data indicated that a high hydraulic and 
contaminant load causes groundwater pollution through all soil and geological 
media, the following criteria was developed where a number of point sources 
are assessed over a given area: 

·  <1 m3/d = low 
·  <2 m3/d  = medium 
·  >2 m3/d  = high 
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Figure 6-3: Schematic representation of the aerial and point source approaches 

 

6.1.1.8.5. Integration of point and aerial sources 

For the purpose of environmental management decision making, the point and 
aerial source approaches should be integrated (Error! Reference source not 
found. ).  
 

Table 6-4: Hydraulic load rating for point and cumu lative sanitation sources. 

Point load (mm/d) Rating 
Cumulative load 
(m3/d) 

<20 L <1 
20-50 M 1-2 
>50 H >2 
 
To test the rating criteria, an evaluation was made based on rural 
communities where low point sources and possible high aerial sources are 
important, as well as schools and clinics within the communities where point 
sources are more important. The rating was done by using a precautionary 
approach where the highest of either the point or the cumulative load is used 
for the rating. The point load in Scenario 1 is for example low at 8 mm/d, 
whereas the cumulative load is high at 6 m3/d.  The overall rating is therefore 
classified as high (Error! Reference source not found. ). 

Area = 10 ha   250 m 2 per stand   1200 people

point source Borehole 
receptor
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Table 6-5: Hydraulic load rating for point and cumu lative sanitation sources*. 

No Scenario 
Area 
(ha) 

No of 
people 

No of 
people 
per 
stand 

No of sanitation 
units per stand 

Density 
(persons/ha) 

Avg plot 
size (m2) 

Point 
load 
(mm/d) 

Cum 
load 
(m3/d) Rating 

1 

Rural 
community 
- high 
density 10 3000 4 1 300.00 133.3 8 6 High 

2 

Rural 
community 
- medium 
density 10 1000 4 1 100.00 400.0 8 2 Med 

3 

Rural 
community 
- low 
density 10 400 4 1 40.00 1000.0 8 0.8 Low 

4 Clinic 1 150 150 4 150.00 10000.0 75 0.3 High 

5 School 1 300 300 8 300.00 10000.0 75 0.6 High 

* Source of 2 L/person/day assumed 
 
The evaluation shows that the communities should be evaluated in terms of 
cumulative aerial loads while point sources are more important at focus areas 
like e.g. interpretation centres (Error! Reference source not found. ). 
 

6.1.1.8.6. Groundwater Risk Assessment 

Error! Reference source not found.  provides an overall assessment of the 
risk based on the aquifer vulnerability and the contamination load from the 
sanitation system. 
 

Table 6-6: Overall risk of groundwater pollution (G roundwater Protocol, 2003) 

  Contaminant load risk (hydraulic load) 
  High Medium Low 

Extreme Very High High High 
High High High Medium 
Medium High Medium Low 
Low Medium Low Low 

A
qu

ife
r 

V
ul

ne
ra

bi
lit

y 

Negligible Low Low Low 
 
The semi-arid nature of the country, the urgent need for large portions of the 
population to be supplied with safe drinking water, the lack of economically 
acceptable alternative water sources and large distances between the point of 
water source and the point of water demand highlight the high value of 
groundwater in parts of the country.  
 
The strategic value of groundwater revolves mainly around the following 
aspects: groundwater usage and groundwater potential.  Parsons proposed 
such a classification system which is mainly based on five classes i.e. Sole 
Source Aquifer System, Major Aquifer System, Minor Aquifer System, Non 
Aquifer system and Special Aquifer systems.  The definitions of each are 
detailed in Error! Reference source not found. .   
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Table 6-7: Definitions of Aquifer System Management  Classes  

Aquifer Classification Definition 
Sole Source Aquifer 
System 

An aquifer which is used to supply 50% of 
domestic water for a given area, and for which 
there are no reasonably available alternative 
source should the aquifer be impacted upon or 
depleted.  Aquifer yields and natural water quality 
are immaterial. 

Major Aquifer System Highly permeable formations, usually with a 
known of probable presence of significant 
fracturing.  They may be highly productive and 
able to support large abstractions for public 
supply and other purposes.  Water quality is 
generally very good (less than 150 mS/m). 

Minor Aquifer System These can be fractured or potentially fractured 
rocks which do not have a high primary 
permeability , or other formation of variable 
permeability.  Aquifer extent may be limited and 
water quality variable.  Although these aquifers 
seldom produce large quantities of water, they 
are important both for local supplies and in 
supplying base flow for rivers. 

Non Aquifer System These are formations with negligible permeability 
that are generally regarded as not containing 
groundwater in exploitable quantities.  Water 
quality may also be such that it renders the 
aquifer as unusable.  However, groundwater flow 
through rocks, although imperceptible, does take 
place, and need to be considered when 
assessing the risk with persistent pollutants. 

Special Aquifer System An aquifer designated as such by the Minister of 
Water Affairs, after due process 

 
 
A decision regarding the level of protection for an aquifer can therefore be 
based on the Aquifer Importance and Overall Risk of contamination.  By using 
a weighting and rating approach, sound decision making can be facilitated.  
The two ratings are multiplied to yield a groundwater decision-support index.  
The index is then linked to a management action guide table which would 
specify the most appropriate management action required.  For example, the 
proposed site is located on a sole source aquifer (weight is 6); the overall 
groundwater risk to pollution is medium (weight 2), the groundwater quality 
management index (GQM) is therefore 12; which is strictly non degradation 
according to Error! Reference source not found. . 
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Table 6-8: Ratings for the aquifer management class ification system  

 
Aquifer Classification Overall Groundwater Risk Groundwater Protection 

Level 
Class Weight Class Weight GQM Index Level of 

Protection 
Sole Source 
Aquifer 

6 High 3 <1 Limited 
protection 

Major 
Aquifer 

4 Medium  2 1 - 3 Low level 
protection 

Minor 
Aquifer 

2 Low 1 3 - 6 Medium level 
protection 

Non-Aquifer 0   6 - 10 High level 
protection 

Special 
Aquifer 
System 

   > 10 Strictly non-
degradation 

 

6.1.1.8.7. Surface water impact assessment 

Water quality management, in South Africa, has evolved from a pollution 
control approach, which essentially concentrated on source directed 
management measures, to the current approach where water quality 
management consists of an integrated source, remediation and resource 
directed management approach which recognises the receiving water users', 
as well as the aquatic ecosystem's water quality requirements.  
 
In order to counter the continuing deterioration of water quality and to meet 
the challenges of the future, the Department of Water Affairs and Forestry has 
adopted a Receiving Water Quality Objectives approach, consisting of a 
Receiving Water Quality Objectives approach for non-hazardous substances 
and a Pollution Minimization and Prevention approach for hazardous 
substances.  The Receiving Water Quality Objectives approach for non-
hazardous substances accepts that the receiving water environment has a 
certain, usually quantifiable, capacity to assimilate waste without serious 
detriment to the quality requirements of its recognised users. However, if 
applied without the necessary precaution, the Receiving Water Quality 
Objectives approach for non-hazardous substances will inevitably lead to the 
deterioration of water resources to the point where they will be less fit for use 
by the recognised water user sectors. To counter the limitations of this 
approach, a precautionary approach was accepted to avert danger and 
minimize uncertainty and potential risk of undesirable impacts on the 
environment. 
 
For those wastes that are hazardous and a threat to the environment due to 
their toxicity, persistence and extent of bio-accumulation, a precautionary 
approach aimed at minimizing or preventing their entry into the water 
environment, was adopted. 
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Without efficient and effective source directed controls, the water quality 
objectives set through resource directed water quality management will, in 
most cases, not be met. Prior to authorising a license application for a water 
use that may potentially impact on water quality, the applicant must conduct 
an impact assessment. Such an impact assessment has to demonstrate that 
the source directed controls proposed, are sufficient to ensure that the water 
resource remain fit for use by the recognised water user sectors, in 
accordance with the Receiving Water Quality Objectives approach. Impact 
assessments must also consider the cumulative effects of actions that in itself 
may not be significant, but may be significant when added to the impact of 
other similar actions. 
 
Sewage effluent is one of the most common types of pollution found in urban 
rivers.  Both the quality and quantity of the effluent result in various impacts on 
the receiving environment.  The most obvious of ecological impacts result 
from increases in nutrient loads in the receiving environment (with 
concomitants growth of algae and both floating and emergent plants) and 
changes in flow patterns.  From a social perspective, the discharge of effluent 
into the environment can have negative impacts on human health, primarily 
from bacteriological and other forms of pathogens.  These factors limit 
potential utilisation (fitness for use) of the downstream rivers.   
 
A challenge facing small communities (especially estate development close to 
surface water features), not connected to the sewer system, is the provision of 
effective wastewater treatment services.  Treatment facilities may range from 
individual septic systems loosely regulated by local or provincial/ territorial 
government which discharge to a surface water body, to advanced tertiary 
treatment systems.   
 
The General and Special standards (for listed water resources) have been 
imposed by the Department of Water Affairs for discharged effluent volumes 
which falls within the ambit of the General Authorisation.  These standards do 
not take into account the baseline quality and flow of the river.  It is 
administratively more convenient to enforce effluent standards than a stream 
or river standard.  The impact assessment model for surface water bodies 
takes cognisance of upstream water quality and flow and the impact of the 
proposed discharge on the surface water stream. 
 
The evaluation of the impact on the stream is done based on a simple 
chemical mixing model. The flow rate baseline water quality of an upstream 
point (1) is mixed with the Purified Sewage Effluent (PSE) (2) to determine the 
final quality immediate downstream at point 3 (Error! Reference source not 
found. ). 
 
If the flow in the stream at point 1 is Q1 at quality C1 and the flow from the 
discharge point is Q2 at quality C2, the final quality C3 can be obtained from: 
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The resultant quality C3 can be compared to the catchment or resource 
quality objectives (RQO) and also against the DWAF criteria for the specific 
downstream use. 
 

6.1.1.8.8. Irrigation Assessment 

The area that would be required for irrigation depends on a number of factors 
like the water use of specific crops, soils types etc. In a basic assessment, 
conservative (average) parameters are used e.g. 1100 mm/year (1.1 
m3/m2/year) water use. The irrigated area net water use (Qnet) is the 
difference between the mean annual precipitation (MAP) and the mean annual 
evapotranspiration. The area required for irrigation (Airr) is determined from: 
 

net

dis
irr Q

Q
A =

 
Where Qdis is the volume that will be discharged per year.  
 
If for example a volume of 200 m3/d (73 000 m3/year) would be discharged, in 
an area with MAP of 700 mm/year and mean annual evapotranspiration of 
1100 mm/year, the area required to balance this volume is: 
 

haAirr 25.18
4.0

73000
==

 
For crop rotation purposes, an area of 36.5 ha will be required for irrigation of 
purified sewage effluent (PSE).  
 
Important aspects to investigate if irrigation is the planned management 
option, is the soil types and crop types that can be irrigated with treated 
effluent. 
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Figure 6-4: Options for management of purified sewa ge effluent (PSE). 

 
The following is a summary of the most important guidelines relating to the 
irrigation of effluents which display certain characteristics: 

·  Effluents with high pathogen content require certain treatment stages 
and controls on crop irrigation practices to be specified, with the aim of 
protecting human health 

·  Effluents with significant quantities of potentially toxic trace elements 
need to be restricted in terms of annual application rates.  This is 
necessary to protect human health, animal and plant health via 
different food-chain pathways. 

·  Effluents with high nutrient loadings need to be restricted in terms of 
the amount that can be applied to land in terms of what crops need, 
and soil liming may be required to counteract the effects of soil 
acidification by organic and nitrogenous effluents. 

·  Effluents with significant concentrations of macro elements (TDS, Cl, B, 
Na) need to be applied to those crops and soils which are relatively 
insensitive to such concentrations, and sophisticated irrigation and soil 
management may need to be carried out to minimise the impact  of 
those macro elements on crops and soils. 

The value of land lost due to irrigation should also be taken into account when 
evaluating this option. 
 

6.1.1.9. Optimization 
The multiple objective decision-support (MODS) tool has been developed by 
the USDA-agricultural Research service in Tucson, Arizona and is available 
from http://facilitator.sourceforge.net.  The software is open source, generic 
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and can be tailored to a specific problem or issue.  The tool known as 
Facilitator is a generic decision support system designed to be built by the 
stakeholders and technical specialists through the process of involvement. 
 
The underlying assumption of the multiple objective decision support system 
(MODSS) tool is that the problem to be resolved can be formulated in terms of 
a matrix, in which the evaluation criteria represents one axis and the choice of 
feasible options represents the other axis.  The multiple objective decision 
support system is a computer based method to assist the decision-maker 
when multiple and possible conflicting objectives need to be addressed.  For a 
given number of alternatives to be evaluated using a set of decision criteria 
(eg. cost, environmental risk, health risk, operational and maintenance 
requirements, social acceptability etc.), the decision-maker is presented with a 
ranking of the alternatives based on an importance order of the decision-
criteria.  The importance order may be selected by the stakeholders or interest 
groups.   
 
Major components of the decision model within the MODSS are the score 
functions and their shapes, the calculation of best and worst composite scores 
and the method of ranking alternatives.  These components are described 
below. 
 

6.1.1.9.1. Score functions 

If measured or simulated data are available, score functions are used to scale 
the decision criteria or attribute from their original units into a dimensionless 
quantity or score within the range of 0 to 1.  This enables all decision criteria 
to be compared on a common basis.  The score functions are based on the 12 
score function shapes proposed by Wymore (1988) and reclassified to four 
basic score shapes and combined with decision rules.  The four score function 
shapes are: more is better (MIB); more is worst (MIW); a desirable range 
(DR); and an undesirable range (UDR).  Further refinement of each score 
function shape can be achieved by specifying whether the shape is 
constrained by and upper and/or lower threshold.  For example thresholds 
may be used where water quality results are known.  For decision criteria that 
are rated in qualitative terms (for example environmental risk), a user 
acceptable index is needed to convert the units of quality to a score value.   
 

6.1.1.9.2. Importance order of criteria 

Once each decision criterion is scored, aggregating the scores provides a 
means of ranking the current and alternative management and or sanitation 
systems.  This can be done by determining an importance order, allocating 
weights to each score and then summing the scores to determine the total 
composite score.  However assigning weights is a difficult and subjective 
process for the decision maker and may have a large impact on the outcome.  
The method of Yakowitz et al (1993), partially overcomes this problem by 
calculating the best and worst possible scores for all possible weights vectors 
for an importance order.  This importance or priority order is specified by the 
user or stakeholder group.  Without the need to assign explicit weights to the 
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decision criteria, the importance order can be re-arranged to undertake “what 
if” scenarios using the MODSS. 
 
Best and worst composite scores for each alternative are determined by 
solving two linear programs.  The best and worst composite scores reflect the 
most optimistic and pessimistic solutions consistent with the importance order 
for the criteria used for evaluation, and represent the full range of possible 
composite scores for the given importance order.   
 

6.1.1.9.3. Ranking alternatives 

Computation of the best and worst scores can be used to rank the alternative 
management systems.  By definition, Alternative j dominates all other 
alternatives if the worst score for Alternative j is greater than the best score for 
all other alternatives.  If clear dominance is not established between the 
alternatives, then a method to rank the alternatives is needed.  One method to 
select the preferred alternative is to rank, in descending order, the average of 
the best and worst composite scores for the management systems (Yakowitz 
et al., 1993).  The determination of the best and worst composite scores 
establishes the maximum and minimum overall score possible for any 
combination of weights consistent with the importance order.  In addition the 
difference between the best and worst composite scores is a measure of the 
sensitivity of the outcome to the weightings of the decision criteria.   Error! 
Reference source not found.  provides an example of an outcome from the 
MODSS analysis.  Here the average of the best and worst score for 
alternatives (Alt#1, Alt #2 and Alt #3) is better than the current practice, and 
so all alternatives are preferred to dominate the existing practice.  Alternatives 
#2 and #3 have and equal value, and so both would be preferred to 
Alternative #1.  However, the length of the bars is an indication of the 
sensitivity of the outcome to the importance order.  Consequently Alternative 
#2 is preferred to Alternative #3 as the worst composite score for Alternative 
#2 is better than the current practice, while there are some vector weightings 
in which Alternative #3 even compared to Alternative #1. 
 

6.1.1.9.4. Final selection 

The optimisation process is iterative.  The first run usually provides more 
information on how the matrix can be refined to develop a useful decision tool 
in which the people involved have confidence in.  Some criteria, alternatives, 
scores and rankings may need to be revisit several times before a final 
selection is being made on the best alternative for a given situation. 
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Figure 6-5: Outcomes of the MODDS analysis showing best, average and worst 
composite scores for three alternatives 

 

6.1.2. Domestic waste 
A conceptual waste management strategy has been described in par.6.2, with 
the provision that an Integrated Waste Management Plan is to be compiled by 
the local authorities in due course.  Final SOP’s for the management of 
domestic waste as well as septic tanks can only be written after the waste 
management strategy has been finalised by the district and local 
municipalities.    
 

6.2. Capital expenditure projects 

6.2.1. Surface water 
The state of the WTP’s of Parys and Vredefort need to be assessed and these 
plants should be upgraded if necessary. (Since the public participation, it has 
been brought under the attention of the consultants that a sum of R5 million 
has been awarded to upgrade the WTP of Parys). 

6.2.2. Ground water  
After the initial surveys detailed in the previous section, a demonstration or 
experimentation phase is required.  The demonstration phase is a practical 
test of the feasibility of the recommended options.  This is followed by a 
consolidation period, primarily to organize the institutional aspects of the 
project, leading on to the mobilization or expansion phase, when most of the 
sanitation facilities are constructed (WHO, 1992).   
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Completion of latrine construction marks the beginning of the real sanitation 
program in that it is the point at which people can start to realize the benefits 
of their investment.  Continual health education and technical assistance are 
required to ensure that new systems function properly.  Responsibility for 
operation and maintenance must never be left undecided until the need 
becomes apparent.  Maintenance becomes a particular problem where an 
institution has been constructing sanitation systems for people without their 
full involvement in planning and design.  If householders are unsure of the 
ownership of the system, they are less likely to accept responsibility for 
looking after it.   
 
It is advisable to conclude the project with monitoring or evaluation in order to 
determine how effective it has been.  The time scale can vary according to the 
size of population to be served and financial resources available.  The World 
Health Organization had developed a minimum evaluation procedure for water 
supply and sanitation projects (WHO, 1983).  In this, evaluation is defined as 
a “systematic way of learning from experience and of using the lessons 
learned both to improve the planning of future projects and also to take 
corrective action to improve the functioning, utilization and impact of existing 
projects.  Using the minimum evaluation procedure (MEP), the first 
consideration is how effectively the facilities are working or functioning.  This 
is followed by an investigation as to how well the sanitation system is being 
used and maintained by the people; and finally the impact on health and 
welfare of the community is considered (WHO, 1983)..   
 
A monitoring plan should be developed and documented to evaluate the 
effectiveness of the chosen alternative and may consider the following: 

·  Parameters to be monitored 
·  Inspection requirements 
·  Sampling location and frequency 
·  Sampling methods and equipment 
·  Requirements for checking and interpreting results 
·  Defining responsibilities 
·  Documentation and records management and 
·  Reporting and communication requirements 

 
A communication program including both consultation and education should 
be designed to provide active, two-way exchange of information to ensure that 
the needs and expectations of the community is understood and are being 
satisfied.  A communication program is a long term commitment and should 
be established prior to a crisis occurring. 
 

6.2.3. Waste 
Transfer stations and their associated infrastructure for Domestic waste 
storage, removal and disposal should be created.  In addition to this, a “Honey 
sucker” for servicing septic tanks should be acquired with a suitably trained 
person to operate this equipment. 
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7. Resources, Roles, Responsibilities and Authority  
To effectively manage waste in the VDWHS, a specific person should be 
given the responsibility to monitor waste generation and to coordinate all 
waste-related actions and programmes with the local and district 
municipalities.  This person should have a civil engineering background and 
have assistance to monitor waste generation, transportation and disposal, 
water uses, ground water levels and quality as well as surface water usage 
and quality of return flows.  These persons can be employees of neighbouring 
municipalities if the Authority so desires.  Local by-laws will have to be written 
and enforced.  These by-laws will have to be aligned with the IDPs of the 
various municipal and provincial governments. 
 

8. Training and awareness 
All land-owners or contractors doing any work within the VDWHS will have to 
attend a short “Induction training” to inform them of the structure of the 
Authority, their mandate and powers, as well as SOPs with regard to e.g. 
waste management.  A training record should be kept. Furthermore, the 
Authority can conduct sector-specific training e.g. the impact of septic tanks 
on ground water and how to manage it, the impact of agriculture on water 
resources, the impact of mining on the environment, legal and other 
requirements, the intrinsic value of the VDWHS and other relevant topics to all 
interested and affected parties.   Training of the Authority personnel and 
handover of information gathered during the development of the management 
plan are also to be done. 
 

9. Emergency preparedness and response 
Emergencies regarding waste can be severe cases of pollution as a result of 
inadequate sewage disposal. A Disaster Management Plan is to be compiled 
by the Fazile Dabi District Municipality in the second half of this year (2007).  
The following should therefore be viewed as suggestions which could or could 
not be accepted in the final Disaster Management Plan for the VDWHS. As 
such, no SOP’s can be presented in this Integrated Management Plan. 
 
Periodic cases of severe contamination of the Vaal River is unfortunately a 
reality with incidents of fish deaths recorded from time to time.  Such incidents 
are to be reported to DWAF who investigates and mitigates the contamination 
through various measures e.g. blending of water or flushing by selective 
opening of sluice gates of the Vaal Dam.  Currently, the official responsible for 
the management of incidents is Mr. Paul Herbst. 
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10. Monitoring and measurement  

10.1. Water 
The Authority of the VDWHS should monitor the water quality of the Vaal 
River at the point where the River enters the VDWHS as well as the point 
where the River leaves the VDWHS in order to quantify the impact of the 
VDWHS on the Vaal River. 
 
Furthermore, a database should be compiled for surface and ground water 
addressing the following issues: 

·  What volume of water is discharged (if any)? 
·  What is the quality of this discharge? 

 
Monitoring sites should be situated immediately downstream of activities 
which could impact on the Vaal River.  
Representative aquifer monitoring boreholes should be sited and drilled ; and 
then monitored weekly for water levels and monthly for water quality.     
 
Analyses will be dependant on the extent and specific nature of the activity, 
e.g. for sewage disposal, samples should be analysed for pH, EC, COD, NH4, 
N, P and bacteriologic.  In addition to the above, effluent samples from lodges 
should be analysed for soaps and hydrocarbons.   
 
When implementing the waste management plan, the Authority should 
establish a base-line of the waste in the Dome, and agreements should be 
entered into with all land-owners regarding the volume and quality of any 
effluent.  Waste discharge charges should be implemented, and land-owners 
will have to demonstrate to the Authority that they comply with the conditions 
of the agreements.   
 
All sampling and analyses in the case of the surface water will be for the cost 
of land-owners.  When trend analyses of water quality data indicate that a 
specific land owner do not have a significant impact on the water quality of the 
VDWHS, the frequency of sampling and extent of analyses should be 
renegotiated with the Authority.   Water quality monitoring in the aquifer 
monitoring boreholes should be the responsibility of the Authority, however 
land users should be encouraged to enter into an agreement where they 
monitor sample the water quality in their own boreholes and report this 
information to the Authority to add to their database. There could be a 
financial incentive developed to encourage this activity. 
All of the above is detailed in the Procedure for monitoring of water from the 
Vaal River as well as the Procedure for monitoring of ground water. 
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Procedure for monitoring of water from the Vaal Riv er  
Aim:  To assess the water quality of the Vaal River at the position where it  
enters the VDWHS as well as where it leaves the VDWHS in order to 
determine the contribution of the VDWHS to pollution in the Vaal River 
Works instruction:  

·  Collect 1 liter samples from the Vaal River just upstream of Sunwa 
River Lodge as well as at the Schoemansdrift low water bridge.   

·  Samples must be collected, handled and transported in accordance 
with sampling guidelines obtained from the laboratory that will do the 
analyses. 

·  Samples should be analyzed for pH, TDS, COD, N, P, NH4 and 
bacteriological levels. 

·  Split samples should be submitted to an accredited laboratory once a 
year to ensure accuracy of analyses 

·  Data returned from the laboratory should be captured in a spread sheet 
and graphically displayed to observe trends over time 

·  The data should be compared to the allowed limit for each constituent 
as defined by DWAF  

·  Non-conformances should be communicated to DWAF, the eventual 
CMA, upstream Forums, local municipalities as well as district 
municipalities.   

 
Frequency:  Monthly 
 
 
Procedure for monitoring of groundwater quality  
Aim: To monitor the health of the aquifer unit 
 
Works instruction: 

·  Sample the borehole before purging in a 250ml glass, sterilised 
container for bacteriological components. Store on ice. 

·  Pump or purge the borehole for 30 minutes if it has been inactive or it is 
not equipped. 

·  Take 1L sample of the water from the borehole, taking care to close the 
cap tightly on the bottle afterwards. 

·  Store the water samples in an ice container or fridge immediately. 
·  Submit within 24 hours to a laboratory 
·  Submit the sample to a qualified laboratory for the following minimum 

constituents : pH, EC, TDS, Fe, B, Cl, NO3-N, SO4, HCO3, CO3, Na, 
Mg, Ca. The glass bottle sample should be analysed for Total 
Coliforms. 

 
Frequency: 

·  Monthly until water quality trend identified for one rain and one dry 
season (12 months). Thereafter it could be reduced on instruction of 
the Authority. 
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10.2. Domestic waste 
The Authority should enter into negotiations with local municipalities as well as 
all land-owners in the VDWHS to agree on domestic waste and sewage 
disposal.  A regulatory framework should be established with the Authority 
writing relevant by-laws to control waste disposal in the VDWHS.  A waste 
stream analysis should be done to establish the nature and size of waste 
streams.  Under no circumstances should partially treated sewage effluent be 
allowed to discharge to the Vaal River.  Liquid waste (sewage collected in 
septic tanks) should be removed on a regular basis with a “honey sucker”.  At 
the same time, domestic waste can also be removed to a licensed landfill site.  
However, the frequency of domestic waste disposal will probably be higher 
than for sewage disposal and therefore solid waste transfer stations can be 
considered by the Authority, where land owners will be responsible to 
transport domestic waste to the transfer stations from where it will be removed 
to registered landfill site by the Authority in collaboration with local 
municipalities.  The cost to render this service will be transferred to individual 
land owners.  
 
Procedure to monitor on-site sewage and domestic wa ste disposal  
Aim:   To verify that sewage from on-site sanitation systems as well as 
domestic waste are disposed of in accordance with all legal and other 
requirements. 
Works Instruction: 

·  A “honey sucker” truck should collect sewage effluent from all septic 
tanks in the VDWHS on a regular basis.   

·  Domestic waste should be transported to transfer stations by land 
owners, from where the Authority will dispose of the waste to a 
registered landfill.   

·  Volumes of sewage removed from on-site sanitation systems as well as 
volumes of domestic waste removed should be recorded. 

·  Trend analyses should be done to verify that all waste is disposed of in 
accordance with the regulations of the VDWHS. 

 
Frequency:  The frequency of collection should be established by assessing 
the volumes of sewage and waste produced on each individual property.  
Land owners should also take responsibility for this and contact the Authority 
whenever waste removal is needed. 
 
 

11. External audits 
The main aim of regular external audits is to verify that all components of the 
Water Management System are functional.  This audit should be done every 5 
years to determine whether the system has been properly implemented and is 
maintained.  During the audit the focus will be on whether targets and 
objectives are still relevant and legally compliant, whether the management 
strategies are successful in reaching the goals, and whether corrective actions 
are done in cases of non-conformances.  The results of the audit will be 
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communicated to the Authority so that they can implement measures to 
continually improve the quality and quantity of water in the VDWHS. 
 

12. Non-conformities, corrective and preventative 
actions 

If monitoring of any aspect indicate that targets and objectives are not met, 
the following procedure should be followed: 
 

·  Immediately correct the non-conformance (e.g. sewage spillage into 
the Vaal River, air pollution, overgrazing, etc.) by taking appropriate 
measures (corrective actions) to prevent the incident from continuing. 
Actions taken should be appropriate to the magnitude of the problems 
and impacts encountered. 

·  Once the incident has been controlled, rehabilitation or mitigation of the 
impact of the incident should be done. 

·  Mitigation / rehabilitation should be followed by a Root Cause Analysis 
to determine the underlying cause of the incident / non-conformance. 

·  Once the Root Cause has been determined, preventative actions 
should be taken to prevent a recurrence of the incident / situation. 

·  The results of corrective and/or preventative actions should be 
recorded to verify effectiveness.   

·  The Authority should ensure that any necessary changes will be made 
to documentation 

 

13.  Waste Management Review 
The Authority should regularly review the surface and ground water quality, as 
well as the waste disposal situation of the VDWHS.  These reviews should be 
monthly for monitoring data, annually for trends, and every five years for the 
waste management system as a whole.  This cycle is repeated with continual 
improvement as ultimate aim. 
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Quality 
 
 


