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ne drainage

CECs   Contaminants of emerging concern

DPR   Direct potable reuse

IPR   Indirect potable reuse

R&D    Research and development

W
WRC    Water Research Commission

Abbreviations and acronyms 
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Foreword

Dhesigen Naidoo
WRC CEO
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local government, and other line agencies, in close 

and serves to remind municipal managers and local 

“The achievement of a higher level to 
water security and the expansion of the 
frontiers of dignity through accessible 
safe sanitation will require us as the 

water science and technology community 
to up the game. We need to accelerate 

our efforts to bring Knowledge to Action. 
This requires us to more actively package 

form that brings a much larger group of 
people into the conversation in a manner 
that strongly empowers participation and 

• 

decision-making; 
• 

• 

• 

• 
• 

and
• 

Introduction

 

Olwazi Amandla Awethu means the Power of 
Knowledge to the People
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and to the municipal technical managers on the ground, 

https://www.youtube.com/watch?v=wJwzO9MsiQU
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Thus, the Water Research Commission (WRC) 

technologies that can support the municipal sector 

• 

• 

• 

• 
advancement of WRC-recommended tools and 
technologies

• 
that can support the municipal sector, improve 

environmental health
• 

• 

• 
approaches

• 

Using drinking water wisely and 



PAGE 11

 
“Good risk governance is an essential 

requirement for sustainability and 
operational resilience of water utilities. A 
holistic approach to the management of 
risk is a fundamental requirement for the 

– Dr Nonhlanhla Kalebaila, WRC Research Manager 

The WRC is cognisant of the challenges facing municipal 

strategies and technologies, but urges them to consult 

• 
• 
• 
• Infrastructure management
• 
• 
• 

improvement 

 

contaminants (chemicals) and pathogens have been 

 There is more comprehensive 

 

climate change technologies and approaches for local 
governments are also important ingredients in the 

costs and recover all these costs from the clients that it 
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Municipal water and wastewater infrastructure are 
important contributors to communal health and well-being.

 
“Mounting evidence internationally 

suggests that the integrity of drinking 
water and wastewater infrastructure 
is at risk without a concerted effort to 

improve the management of key assets: 
pipelines, treatment plants, and other 

maintaining, rehabilitating and replacing 

– Jay Bhagwan, WRC Executive Manager: Water Use and 

Waste Management 

through understanding that it is not possible to manage 

Customer care is an integral part of municipal service 
delivery.

 



PAGE 13

Ongoing 

assessment can be based on learning from the best 

and economical processes that are informed 

Alternative water supplies

managers and planners are forced to look at other, 
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“Reuse, recycling and reclamation of 
water in South Africa has matured to the 
point where it can really be used now. 
The technology and systems have been 

where there are no longer any health 
concerns. In addition, the municipal 

engineer has access to comprehensive 
WRC monitoring guidelines and training 

– Chris Swartz, consulting engineer and chair of the Water 
Institute of Southern Africa’s water reuse division

of recurrent droughts in the medium to long-term 

Water reuse success stories

reuse or DPR), George (indirect potable reuse or 
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The low level of the Gamka Dam illustrates the importance of 
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https://www.youtube.com/watch?v=gPM9PJVjzm8
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Water reclamation for 
drinking purposes

the process relies on high-pressure pumping to 

barrier approach that also incorporates rapid sand 

the coast it can be discharged into the sea, but there 

• 

( )
• 

• 

)
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membranes needed for reverse osmosis are also 

Beaufort West DPR plant includes a pretreatment 
stage to reduce the loading on the membranes and 

The advantages of using reverse osmosis in potable 
reuse plants are that pathogens, dissolved salts 
and some dissolved organics can be removed using 

removing so-called contaminants of emerging 

• 

( )
• 

( )
• 

)
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Empowering local 
communities through water 
quality monitoring

The promise of groundwater

served, depending on province) have been served from 

launched a programme on the monitoring, 
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obtained from groundwater.

https://www.youtube.com/watch?v=LrwfBFGEpQ0
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cost savings in developing local decentralised 

“About 9% of the WRC’s total research 
investment over the last two decades 
has been in groundwater research. 
Greater use of groundwater sources 
does indeed hold great promise for 
accelerating sustainable access to 

improved water services and 
augmenting supply in many parts 

Study reiterates importance 

10 300 
million m3 a year
Renewable groundwater 

in South Africa*  

Current use between
2 000 and 4 000 
million m3 a year 

* 7 500 million m3 a year 
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services provider, or its appointed professional services 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

unreliable or undesirable, and that more expensive 
• 

• 

assistance
• 

in the long term
• 

• 
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Groundwater governance, 
protecting our hidden 
treasure

understanding the catchment processes and land-

 

“While our aquifers have faithfully 
supplied us with water for hundreds 

of years, we have not always 
appreciated their value. It is now 

vital that groundwater protection and 
management features strongly in 

national and regional policy, planning 
and management agendas to overcome 
its past neglect and lay a foundation for 

its increasingly important role in ensuring 

– Water and Sanitation Minister Nomvula Mokonyane

Trends in groundwater 
governance

Groundwater 
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• 
and local level

• 
• 

important local level
• 

The actual management on the ground of hundreds of 

the private and academic sector to address this 

 

include the status of the resource in terms 

management should be introduced as ongoing 
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In 2015, the WRC released a report 

Meeting current priorities 
and future needs

Resources of South Africa

Recharge Strategy
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“South Africa certainly does not have 
a skills or capability shortage [in this 

sector] and most groundwater problems 
can be solved by local professionals. The 

challenge we do have is that most of 
these skills sit within the private sector. 
This does not necessarily bode well for 
implementation and enforcement. We 
have hundreds of local municipalities 
using groundwater – sometimes as 
a sole source – but they rarely have 
groundwater professionals in their 
employ. This is something that must 

change and is of great concern, 
especially if we want to unlock more 

groundwater for drinking water supplies 

or unsuitable pumping regimes that are related to lack 

of Groundwater Research

governance ( )

)

)

)
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Benchmarking success

measurement is crucial, and municipal services 

management at the local level since its establishment 

municipal engagement, support and events/forums; 

Optimising fog water 
harvesting

that can be used to supplement supplies in high 

• 
• 

at minimal cost)
• 
• 

• 

• 
can be used for small-scale agriculture
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such places must be accessible so that structures can 

recommended that some research is conducted before 

Data should be collected for a period of at least six 

 
“The amount of water that can be 

harvested is limited.  Maximum yields 
of around 10 litres per square meter of 

collecting surface per day were obtained 
from a site near Woodbush and Hanglip 
(Makhado) in Limpopo.  The size of the 
system would thus be dependent on the 

– Prof Jana Olivier, Geography, Geoinformatics and 

Meteorology, UP

Extracting water from thin 
air: SA case studies

collected at this site is from fog alone, as the region 
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shortage problems in the fog-prone mountainous 

 

https://www.youtube.com/watch?v=UJRMYkgO7Oo
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of slope and the presence of large topographic 

facing terrain so as to be exposed to moisture-laden 

found to consist of nine panels arranged in the shape of 

2

individual 6 mm-diameter galvanized cables anchored 
Recent developments

• 

are urged to consider fog as a viable and 

• 

• 
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group of Namibian architects have decided to make the 
most of this and have designed a green building for the 

of the courtyard.

Integrated water safety 
planning
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management approach from catchment to point of 

is dependent upon a comprehensive risk assessment 
based on sound science and a risk management 

Key components of Water 
Safety Planning include:

• 

• 

• 

upgrade and improvement), monitoring and 

 

• 
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Drop and Green Drop programmes 
• Planning must be integrated
• 

• 

Treatment and customer care, among other
• 

basis
• 

is thus of paramount importance to ensure the 

“Implementation of water safety plans 
is now the focus, rather than the 

development of plans. Water services 
institutions are now demonstrating how 
they are implementing and allocating 

– Unathi Jack, Emanti Management

• 
( )

• 

)
• 

( )

and translated web-enabled 
Water Safety Plan Tool (2013 version)

Unathi Jack & Philip de Souza

TT 581/13

Guidelines on Using the Web-enabled
and Supportive Spreadsheet-based

Wastewater Risk Abatement Planning
(W2RAP) Tools

Philip de Souza and Unathi Jack 
in association with Marlene van der Merwe 

TT 622/14
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save lives, improve child health, and ensure greater 

economic development, delivering social and economic 

Ground breaking improvements in toilet design, pit 

partners meet the enormous challenge of providing 

This chapter reminds the municipal managers and local 

• 

• 

• 

and technologies
• 

The Water Research Commission (WRC) aims to provide 

Solving the sanitation challenge
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“Research has shown the failure of 

sanitation infrastructure investment due 
to poor consultation; understanding of 

needs of those to be serviced; ineffective 
operation and maintenance; and lack 
of technological alternatives.  Through 
innovation, we can shift the paradigm 
in which we serve our towns and cities 
towards more responsible use of our 

water, energy and nutrients while 
achieving the main aim of sanitation: 

protecting public health and the 

– Dr Sudhir Pillay, WRC Research Manager: Sanitation 

Research Fund for Africa

on the cusp of bringing about a sea change in the 

New sanitation technologies

The WRC focuses on the provision of integrated 

discharge standards, developing acceptable non-

The challenge of providing safe and acceptable 
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toilet

The clean form of the toilet removes the need for 

Water is discharged from a single point at the back of 

 
“When a municipality is specifying 

toilets for a new project, it is important 
that they consider the whole life cycle 

cost of a particular toilet, in other 
words, will it be prone to blocking 
and need frequent maintenance, 

will the cistern break or leak, 
how much water will it use?  
We believe that the Arumloo 

will prove to be a reliable solution 

– Jonny Harris, Isidima Design and Development

is to create products, processes, and 
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ceramic to cater for a broad range of users (private 

The Arumloo prototype.

Community collaboration to 
help O&M staff?

be less than the cost of repairs and clearing blockages 

https://www.youtube.com/watch?v=cvNP4OmTY1c
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alternative

to the house or building, making it safer and more 

“Our mantra is ‘We build toilets, not 
latrines’. The challenge in providing 

services to all households without basic 

right technology to properly suit the 
logistical requirements. It is also a social 
challenge related to user preferences. 

Through innovative approaches we 
actively pursue ways to meet both 

– Dr Sudhir Pillay, WRC Research Manager
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works.

developed through the WRC aimed at bridging the gap 

number of reasons. It is safer and more 
sustainable than the VIP. It is very popular 

and does not require more than 6 or 7 
litres per user per day (on average) and 
this does not have to be potable water. 

With a single leach pit, it is no more 
expensive than the VIP, but adding a 

second leach pit is a good idea for long 

 – Dave Still of Partners in Development, consulting engineers 

and project managers
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User acceptance

“Although an effective and sustainable 
option, I would not propose that the 

sanitation, as they will perceive it as 

would let users make that change at their 
own expense, and I would then insist that 

they have water meters. More water is 
used by leaking cisterns than is used for 

– Dave Still, Partners in Development, consulting engineers 

and project managers

P-Trap and the roll-out of 

Successful applications



PAGE 41

• Rural or urban schools
• 
• 
• 

• 

installed, pedestals and other parts are made available 

Off-grid systems that 
produce valuable by-
products

The WRC is also in the process of rolling out next-

https://www.youtube.com/watch?v=OOu2VlolZYc
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Towards sustainable free 
basic sanitation for informal 
settlements

Manual pit emptying can be quite challenging.

A woman washes clothes at a communal toilet block in 
eThekwini.

public toilets that are accessible to all, including other 

conclude that people using and/or providing toilets in 

• 

• 

residents to manage cleaning services
• 
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• 

• 
government levels needs to be rethought to meet 

have set a precedent in rendering local government 

services have been created and have proven to be 
needed also demonstrates that, in assuming that users 

 

design processes should take cognisance of those 

processes that take serious account of all stakeholder 

• 

• 

residents through social engineering
• 

facilitated dialogue at all levels
• 

• 

The report concludes that it is misplaced to depend 

or urban planning background, to achieve the goals of 
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Establishing a free basic 
public services standard

gap suggests an implicit neglect of or lack of concern 

  

• 
                                

•  

• 

(
• 

)
• 

)
• 

• 
public schools

Alvin Lagardien,  

Deborah Cousins  

and Christophe Muanda

TT 626/14 

Guide, Tools  
& Training Aids

Community-Led  
Total Sanitation  
in South Africa
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This chapter reminds the municipal managers and local 

• 

• 

and there is great scope for reducing these losses 

• 

• 

considered as a last resort and not a measure of 

• 

introducing some of the more expensive and 

• 

• 

• 
metering and billing

• 
approaches and implement

• 

• 

Reducing water loss in municipal water 
supply systems 

What is non-revenue water? 
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Status of non-revenue water 
in South Africa

“Many of the country’s municipalities 
are realising the value of undertaking 
a proper and reliable water balance. 

Unfortunately several municipalities were 
found to be operating in crisis mode. 
More than half of municipalities were 

revenue water, and many lacked even 
the most basic bulk meter readings, 
which means they do not know how 

much water they are consuming let alone 
how much is being lost through physical 
leakage or commercial losses. This was 

– Ronnie McKenzie, study project leader and MD of WRP 

Consulting Engineers

3

3
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stable and apolitical technical workforce 
looking after our infrastructure. Our 

people and economy need good 
infrastructure to be healthy and thrive. 

This is true irrespective of which 
political party or group of councillors 
are the current political leaders of the 

municipality. Technical staff should 
be held accountable for the quality 

of service provision, not anything else 
(e.g. political allegiance willingness to 

– Prof Kobus van Zyl, UCT sector at the moment include the fact that some 
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“Municipalities should always repair 
reported leaks within 48 hours of them 

being reported, as this is one of the 
most cost effective water loss reduction 

actions that can be taken.  In some 
municipalities, the response time of 48 

allocation of the maintenance/repair 
budgets. This is a short sighted approach 
and the repair of reported leaks should 

always be a top priority in every 

– Ronnie McKenzie, WRP Consulting Engineers

Responding to the challenges
 
It is heartening to note that the issue of non-revenue 
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methodical approach if real and sustainable savings are 

to search for unreported leaks using the latest hi-tech 

to inaccurate metering or even background leakage, 

from a larger data set or due to a real increase in the 

• 

and can run up a bill of hundreds of 

in introducing some of the more expensive 

• 

leaks, implement pressure management, 
sectorise (cut big areas into smaller, more 

the most important aspect of ensuring 



PAGE 51

revenue and to operate in a self-sustaining manner and 

An overlooked ‘source’ of 
water

• 

• 
( )

• 

                                 
( )

• 
( )

TT 522/12
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because technologies have improved over the last 

Driving alternative energy solutions 
with conduit hydropower

 

Pico  

Micro

manufacturing enterprises
Mini

Small 
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These encouraging developments are as a result of the 

R340 million per annum), and not taking into account 

“Various WRC research studies have 
now shown that conduit hydropower is 
viable and that it is technically possible 

to utilise existing water supply and 
distribution system to generate clean 
renewable electricity. A number of 

conduit hydropower plants have been 
constructed, showcasing the working of 

 – Marco van Dijk, water resource engineering specialist, UP

This chapter reminds the municipal managers and local 

• 

• 

• 

ensure that all relevant factors are considered (a 
WRC tool is available for this purpose)

• 

• 

Harnessing potential energy 
in water distribution systems

alleviate pressure on the infrastructure and resources 
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amounts to about 33 900 million m3

The Gariep is one of the few dams in South Africa equipped 
with a hydropower facility.
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Case studies

constructed at the Brandkop Reservoir in Bloemfontein 
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•
•

•

costs
•

•

small contractors to construct civil and mechanical 

 

https://www.youtube.com/watch?v=um4aIk53hrs
https://www.youtube.com/watch?v=S9xpnqhNzlA
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guidance on the data gathering procedure, describes 

Water demand for electricity 
supply up to 2030

“For water supply utilities introducing 

will alleviate, to some extent, dependency 
on the already stressed national grid 
and keep their energy costs down. It 

requires a small capital investment and 
has a short return on investment period. 
As long as people use water, renewable 

– Minister of Water and Sanitation, Nomvula Mokonyane at 
the launch of the Brandkop reservoir in 2015

• 
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• 

• 

grid
• 

• 

• 

• 
( )

• 
( )

• 
( )
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(building appropriate governance and co-management 

environmental governance that supports sustainable 

develop an understanding of the ecological processes 

• 

• 

• 

• 

• 

development 

Sustainable development remains a core principle of 

addressing enabling principles of sustainable 

Alternative technology for 
stormwater management

Municipalities and the aquatic 
environment
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for Stormwater Management 

Framework and guidelines

possible to link references to their sources; it is possible 

During 2015 the research team held seminars around 

management

• 

• 

management 
• SuDS can also help protect or 

• 
improvements, and prevent 

bodies
• 

results, and schedule maintenance of 

• Remember that the large number 

emphasises the need to control both 

WSD in SA 

sustainable, resilient and adaptable to change, 

http://wsud.co.za
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Why we need water sensitive 
cities, settlements and 
developments

 

approach to urban water management 
that unites the engineering concept of 
integrated urban water management, 
with the planning concept of urban 

design, creates what has been termed 
‘water sensitive cities’ where the most 

central considerations. WSD integrates 

 – Prof Neil Armitage, urban water management expert, UCT

urban areas makes it important that more serious 

• 
• 
• 

development
• 

• 
• 
• 

environment

Viability of stormwater 
harvesting



PAGE 64

“It would be far cheaper to desalinate 

sources of water. He points out that this 
is already done in several cities such as 

Windhoek in Namibia and in Singapore, 
Southeast Asia, and “is perfectly safe if 
properly managed. Of course, it is not 

– Prof Neil Armitage, urban water management expert, UCT

South African case studies: 

monitoring of these case studies did not include 
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instrument

Green roofs

 increase the resilience of 

detained in source controls such as roof gardens and 



PAGE 66

Conclusions and 
recommendations for future 
research

has resulted in the erosion of natural channels and 

• 
• 

areas for all)
• 

live
• 

controlled to ensure that site management plans are 
in place to prevent contaminant spills and rubble from 

Ordinary South Africans 
helping monitor water 
resources 

are recognised as valuable organisms for biological 
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Through strategic partnerships, the WRC has ensured 

Adopt-a-River

Encouraging citizen science, 
contributing towards river 
health

complexity of SASS to a few aquatic 
invertebrate groupings (13 instead of 90) 
and forms a useful educational tool for 

also allows communities to play an active 
role in the monitoring of water quality of 

– Bonani Madikizela,
Ecosystems

 

health categories ranging from Natural to Seriously 
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“MiniSASS can be used as a valuable 
tool to assess river health – results are 

reliable, repeatable and robust. MiniSASS 
is a wonderful conduit that municipal 
managers can use to create networks 

and build community relationships with 
people who are monitoring their local 
rivers. The tool also helps communities 
to build capacity and understanding 

around river health – this active learning 
and building of understanding leads to 
advocacy by community members for 

– Kirsten Mahood, GroundTruth

  to serve as a dedicated 

biomonitoring tool; to promote its use; and to serve the 

Why use miniSASS?
• 

reliable, repeatable and robust
• Wonderful conduit that municipal managers can 

• 

managing
• 
• 
• 

 

that could improve the management of the rivers the 

municipal managers and decision makers can use to 

Recent developments

Ecological 
Categories
also been revised to provide a clean, fresh look and 

http://www.minisass.org
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“During their development and testing, 
we worked with citizens, ranging from 
young children to senior citizens, some 

with no formal education or background 
in the sciences. Citizens can use the 

tools to explore and learn about water 
resources and ecosystems. The tools 
can also be used to gather data and 

information, which will feed a national 
repository that can assist in the improved 

–Ntswaki Ditlhale, GroundTruth

2015/16, the WRC published the second instalment in 

is envisaged that this graphic novel and its characters 
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The Water Research Commission (WRC) has a dedicated 
thrust focused on the development of technologies 

• 

• 

• 

• 

• 
to avoid an overreliance on consultants

• 

campaigns to improve performance and address 

• Integrate social and local economic development 

• 

the municipal manager, technical manager and 

• 

Striving for excellence in wastewater 
management
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throughout the intended lifespan of the installed 

discharge standards, developing acceptable non-

encourages the development of technologies to 

also supports research aimed at informing future 

assessments, addressing emerging pollutants and 

“Municipalities need to embrace 

guidelines for policy development and 
decision making. They need to support 

the implementation of the tools and 

of municipalities, for example risk 
planning using W2RAP. They need to 

promote holistic continuous improvement 
through implementation of appropriate 

– Dr John Zvimba, WRC Research Manager: Wastewater 
Treatment and Management

Improving domestic 
wastewater treatment 
through dialogue and action

industrial, commercial or agricultural 
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lead to improvement in Green Drop scores and 

It was established that the main problem 
a disconnect between the WWTW 

frontline staff and local government’s top 
triangle: municipal manager, technical 

Interventions by national 
departments

• 

other technical parameters are not visible to these 

• The 

undertaken a 

• The  

compliance monitoring, and could itself trigger 
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SewPump tool to mitigate 
against pump station 
problems

management, and provides for basic training regarding 

criteria to enable stakeholders to decision support 
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• 

• 

• 
operators and technical management

• 

• Can transform to a training tool that can be used 

facilitate training
• 

Addressing pump station 
problems and underlying 
causes

problem classes, based on a degree of membership to 
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during the 2012 Biennial Conference of the Water 

• 
( )

• 

( )
• 

( )
• 

)

TT 405/09

Water Research Commission

A Simple Guide to the Chemistry, 
Selection and Use of Chemicals for 
Water and Wastewater Treatment

Peter Leopold & Sue D Freese
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www.wrc.org.za

http://www.wrc.org.za
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