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Start at the top

F R O M  T H E  C E O ’ S  D E S K

I LIKE GWEDE MANTASHE – for en-

tertainment purposes. I like him for his 

political rhetoric and talent for charm, 

camoufl age and counterfeit intelligence. 

But sometimes his rudder abandons 

him. And the tongue is already a slip-

pery place. At the ANC’s NEC meeting 

at Luthuli House a few weeks ago, 

Mantashe fl aunted the ANC’s humility 

over the mandate to take South Africa 

forward. He affi  rmed that the ANC was 

the best organisation to lead the country 

forward. Mantashe was doing well up 

until this point. 

But then, in reference to existing cadre 

deployment, he said, “… the country needs 

cadres to be competent.” Th e statement 

loaded with confession made me think 

he had lost his marbles momentarily. He 

recuperated valiantly, “… the appointment 

of individuals to top positions in munici-

palities must be based on competence and 

not on political connections.” He found 

his marbles again. 

Th en, to my utter dismay, “… it should 

not be ONLY political connections; 

cadres must be competent." He lost his 

marbles the second time. 

It’s unscrupulous that cadres were 

appointed to senior positions in the public 

sector in the fi rst place; it’s reckless that 

they were incompetent, but suicidal that 

the ANC, knowingly, chose to deploy 

them anyway.

I wish to examine the absurdity of 

Mantashe’s fumbling wit. 

Cadre deployment means that, 

without subscribing to the ruling party’s 

philosophies, it is unworkable to serve as 

a senior offi  cial in the public sector, ir-

respective of commitment to transforma-

tion or ability. By implication, non-cadre 

villains are regressive and cannot be 

trusted to advance the progressive ideals 

of democracy and equal opportunity for 

all. Put crudely – if non-ANC offi  cials and 

technocrats for example occupy senior 

positions in government, then the pros-

pect to revert to pre-1994 style adminis-

tration is high. 

Th is is hilarious. But the hilarity sub-

sides when the opposite message is con-

veyed to the skilled individuals we wish to 

attract back home, and the intelligentsia 

we wish to nurture within the borders. 

Th is morbidity perpetuates mediocrity 

and poor work ethic, and breeds a cul-

ture of entitlement. Quite frankly, cadre 

deployment, even with good intentions, 

reeks of nepotism and distortion. It will 

ultimately prove to collapse our economy, 

which is already being chauff eured on the 

periphery of recession.

Th e NDP has summoned the urgent 

need for South Africa to re-professionalise 

the public sector. How about we start at 

the top? 

In 2010, Newsweek stated that China’s 

ability to mould markets both locally 

and internationally was derived from its 

leaders being mostly engineers, who had 

been trained to build from a plan – eight 

of the nine top party offi  cials came from 

engineering backgrounds. Th ese ruling 

engineers presided over a system that was 

highly process-oriented and obsessed 

with performance metrics. 

Singapore, an island country with no 

worthwhile natural minerals, has pro-

gressed to having the third highest per 

capita income in the world since gaining 

independence in 1965. A short 49 years 

later, it features highly in world rankings 

for education, healthcare and economic 

competitiveness. I had the opportunity to 

mingle with prominent Singaporean engi-

neers, and learned that their ministers are 

highly educated professionals who attract 

premier salaries, exceeding even the 

salary of Barack Obama. Th e ruling party 

since 1965, the People’s Action Party, 

created a fundamental rule – Ministers 

are not allowed to have business interests 

while serving in government.

I think our government should 

follow suit.

Choosing a career in engineering is 

a bad move if one is motivated to make 

money. But it is the best career if one wants 

to serve society and be a custodian of our 

natural environment. Th e government 

– politicians and public servants – are 

installed by the people to serve the greater 

good of the people. Th e point I am making 

is this: Engineers and Government – we 

are on the same side. 
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ON THE COVER
The containerised plant assembled 

by Golder Associates Africa for the 

copper-cobalt mine complex in 

Kolwezi, acting as a single water 

treatment system. Golder specialises 

in the manufacturing of fully- and 

self-maintained containerised water 

treatment plants capable of treating 

various types of raw water to the 

standard required by the client.               
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Golder treats water for Africa’s largest copper-cobalt producer 

    Pressurised sand fi ltration control valves inside the container which houses the water 
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O N  T H E  C O V E R

KATANGA MINING LIMITED operates a large-scale copper-

cobalt mine complex in the Democratic Republic of the Congo 

(DRC) through two joint ventures, Kamoto Copper Company 

(KCC) and the DRC Copper and Cobalt Project. Th is mining 

operation has the potential of becoming Africa’s largest copper 

producer and the world’s largest cobalt producer.

During 2012 global consulting organisation, Golder 

Associates, was approached by KCC to assist them with their 

water treatment challenges experienced on site in Kolwezi. With 

the current upgrading and refurbishment of the existing mining 

complex, high-quality process water is required at various pro-

cess areas. Th e adjacent work force accommodation complex also 

requires a high quality of potable water which is acceptable for 

general human consumption.

EXISTING MAIN WATER
TREATMENT PLANT
Th e existing main water treatment plant, which serves the 

smelter and metallurgical complex, has been in operation 

for almost 50 years. Th e treatment capacity of this plant is 

25 Ml/day. Th e original plant design made provision for pH 

correction with lime, fl occulation and coagulation, settling and 

clarifi cation in a peripheral drive clarifi er, gravity sand fi ltration 

fi lters, back-wash and treated water transfer pump systems, and 

chemical make-up and dosing systems.Th e original plant was 

still partly in operation, except for the original control system 

(complete with mimic panels) which had been by-passed for 

manual operation of the plant.

Golder’s specialists in water engineering design and con-

struction undertook a complete and thorough evaluation and 

inspection of the existing plant. Th e existing concrete structures, 

which include the clarifi er and gravity sand fi ltration beds, are 

still in an extremely good condition and it was proposed that 

they be reused with minimal refurbishment.

Water for the mine’s operations were previously sourced 

from the Luilu River in the vicinity of the mining complex. For 

the upgraded plant, however, the raw water will be pumped 

from an open pit which mainly stores water pumped from active 

mining pits, and from underground. Raw water will be pumped 

into the upgraded plant at an average rate of 1 050 m3/hr.  

Golder’s engineering team designed a detailed water treat-

ment process based on the water analysis of samples taken from 

the pit. Th is includes a new lime make-up and dosing system, 

the upgrading of the existing clarifi er, and the gravity fi ltration 

system. Th e upgrading of the clarifi er includes a complete new 

overfl ow launder system from 3CR12 sheet metal. Th e refurbish-

ment of the gravity fi ltration system comprises the replacement 

of all fi lter nozzles and fi lter media. Th e refurbished gravity 

fi ltration system will operate completely automatically, which 

includes the activation of the back-wash cycles of each fi lter 

bed. New fi lter back-wash pumps, air blowers and treated water 

transfer pumps are installed complete with new valves and pipe 

work. New electrical switchgear, instrumentation and control 

equipment are supplied to support the newly developed control 

philosophy of the plant. 

All the new mechanical and electrical equipment comply 

with the specifi cations and requirements applicable to the rest of 

the mine, which greatly facilitates maintenance. 

Th e new equipment was all delivered to the site in May this 

year and the installation and construction of the entire plant will 

be fi nalised towards the middle of July 2014. Th ereafter the com-

missioning of the works will proceed.

In order to ensure a successful roll-out, Golder is providing 

full-time on-site supervision during construction and the 

Golder treats water for Africa’s largest 
copper-cobalt producer

The container which houses the water treatment plant at the 
copper-cobalt mine complex near Kolwezi in the DRC Pressurised sand filtration control valves
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installation of equipment. Th is service off ering also includes 

communication with the project team, preparation of operating 

and maintenance manuals, commissioning of the works and 

training of the plant operators.

CONTAINERISED POTABLE WATER TREATMENT PLANT
At this copper-cobalt mine complex there is a well-established 

offi  ce and accommodation facility which houses a work force of 

nearly a 1 000 construction workers and mine employees.

Golder specialises in the manufacturing of fully- and self-

maintained containerised water treatment plants which are 

capable of treating various types of raw water to a standard and 

quality as required by the client. Th ese plants are designed as 

potable water treatment plants, sewage or wastewater treatment 

plants, or mine water treatment plants for use in remote mining 

camps and exploration sites.

For Katanga Mining, Golder’s engineers designed and 

manufactured a potable water treatment plant which is fitted 

completely inside two standard 12-metre freight containers. 

The two containerised units will be inter-connected on site 

to form a single operational unit. This system is designed 

to receive treated water from the refurbished main water 

treatment plant as raw water which is then treated further to 

deliver 14 m3/hr of potable water. The end-product will offer 

enough potable water for the needs of the employees and the 

work force at the mining complex.

Th e two container units were completely manufactured and 

permanently fi tted with all process and mechanical equipment 

under supervision of Golder’s design engineers. Th e fi rst con-

tainer houses the pre-treatment system, which comprises pumps, 

pressurised sand fi lter units, activated carbon contact vessels and 

pipework. Th e ultra-fi ltration, reverse osmosis treatment system 

and chemical dosing systems are housed in the second container 

together with the electrical and control system. 

Th e completed containerised units were then transported via 

road to the site in Kolwezi, in the DRC. Interconnecting pipework 

between the two containers, as well as external holding tanks, 

were assembled and installed on site. 

Th e permeate water from the reverse osmosis treatment 

system is delivered directly into the existing treated water 

holding tank where chlorine is added for disinfection. Th e po-

table water is then fi nally distributed to the offi  ce and accommo-

dation area with the existing distribution pumping system.

Th e successful implementation of these two major water 

treatment projects for Katanga Mining is not only due to Golder’s 

well-known expertise in water treatment processes and infra-

structure, but also to the client’s eff ective management and well-

established logistical systems. Th e transport of all equipment, 

for example, does not take more than 17 days from South Africa 

to the Kolwezi area in the DRC. Th e fact that the client has the 

fi nger fi rmly on the pulse of project activities, enables consult-

ants, and contractors like Golder, to seamlessly carry out the 

work, within time limits and within available budgets.

 INFO

Hennie Cronjé

Manager: Water Treatment Products

Golder Associates Africa (Pty) Ltd

+27 12 653 0777

hcronje@golder.co.za

Golder Associates is a global employee-owned organisa-

tion with over 180 offi ces around the world. The organisa-

tion’s more than 8 000 employees help their clients fi nd 

sustainable solutions to the challenges that society faces 

today, including extraction of fi nite resources, energy 

and water supply and management, waste management, 

urbanisation and climate change. Golder in Africa is well 

established, with offi ces in Johannesburg, Pretoria, Cape 

Town and Durban in South Africa; Gaborone in Botswana; 

Maputo, Tete and Ncala in Mozambique; Lusaka in 

Zambia; Lubumbashi in the DRC and Accra in Ghana.

Golder specialises in the manufacturing of fully- 

and self-maintained containerised water treatment 

plants which are capable of treating various types 

of raw water to a standard and quality as required 

by the client. 

Activated carbon filter system

Activated carbon filter – internals                 



Civil Engineering  June 2014 7

WE OFFER THE FOLLOWING SERVICES:

Building cost estimation

On site delivery

Glass cutting

On site assistance

Paint mixing & tinting

Precision timber, board cutting,  

edging & potting

Quotations, special orders 

 & credit facilities

Truss design & manufacturing

COMPLETE
BUILDING SOLUTION
under one roof

your

Contact our Customer Care Line on 0860 284 533
or visit us at www.builders.co.za

Get to Builders. Get it done!



8 June 2014 Civil Engineering

DatumMate 
 
 

Datum Conversion (WGS 84)  
of Drawings 

PipeMate 
 

Sewer & Stormwater  
Design and Analysis 

SurfMate 
 

Survey/Digital 
Terrain Modelling 

RoadMate 
 

Urban/Rural  
Road Design 

AutoTURN 
 
 

Vehicle Manoeuvre 
Simulation/Analysis 

WaterMate 
 
 

Water Reticulation Design, Static 
Analysis & Time Simulation 

AeroTURN 
 

Aircraft Movement/ 
Space Analysis 

ParkCAD 
 

Automated Parking 
Area Layouts 

RebarMate 
 

Reinforced Concrete  
Detailing & Scheduling 

 www.technocad.co.za    • Tel    +27 11 803 8834 
 sales@technocad.co.za  • Fax   +27 11 803 3452 

AUTODESK AUTOCAD  
CIVIL 3D ® 

 
Site development & Transportation 

AUTODESK INFRASTRUCTURE  
DESIGN SUITE  ® 

 
 
 

Premium & Ultimate 



Civil Engineering  June 2014 9

I think the theme today of Civilution challenges us, because it 

speaks in many ways to the profession – how it thinks, what 

it’s learnt. Perhaps the hardest thing in any profession is how 

we unlearn bad things and relearn new things. The problem 

is not confined to this profession – it’s a general issue, and so, 

if for no other reason than to ask a series of questions of what 

we learn and how we learn, the theme of Civilution is one 

which we must encourage.

In the past fi ve years I’ve had to do some of this myself to 

some extent, because for 13 years prior I was Minister of Finance, 

thinking about matters fi nancial. And when the President asked 

me to take responsibility for the National Planning Commission, 

I found myself working with the Commission made up of diverse 

individuals bringing varied skills to the table, some of them engi-

neers, some of them who are here this morning.

I had to get out of this pigeonhole of the Minister of Finance. 

It was, in many ways, an interesting challenge, because I think 

part of my learning is to push up against the boundaries and 

training of fi nance. And in the course of this period, I’ve also had 

the privilege of serving on commissions that are rather inter-

esting. One of those that I serve on at the moment, in fact that I 

co-chair, is the Global Ocean Commission. 

Th e Global Ocean Commission is working towards fi nalisa-

tion, and there are a series of issues that we are trying to draw 

together as we close and think about drafting the report. Th e fi rst 

 F O R W A R D  W I T H  C I V I L U T I O N

Trevor Manuel, at the time still Minister in the 
Presidency, immediately grabbed delegates’ 

attention when he opened the Congress in his 
inimitable forthright and down-to-earth manner. 
We trust that our readers will enjoy the following 

lightly edited version of his address.

Civilution Congress (6 – 8 April)
Keynote address by Trevor Manuel
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of these is of course the place of the ocean in our lives as the fi lter 

for oxygen, and therefore the interconnectedness between the 

issues of planetary climate change and the ocean system. 

Th e issues concern high seas governance, because the high 

seas are truly a global ground, but there is no governance outside 

the exclusive economic zone. If there is no governance, questions 

about accountability arise. In the absence of governance, the 

capacity of certain countries to overfi sh, or the temptation to do 

this, means hardship for people in coastal communities. 

Th ere is also the issue of plastics in the ocean. Right now the 

world produces about 300 million tons of plastic per year, and 

roughly a third of this ends up in the ocean. I’m raising this not 

because I want to talk about oceans, but to merely draw attention 

to the fact that so much of what we do is linked, yet part of the 

challenge is to unlearn that which confi nes and separates us and 

relearn the way in which things are connected.

If we want to know how things are connected, we can think 

about the 100 million tons of plastic in the ocean. Just pause for 

a moment and refl ect on the many satellite pictures we have seen 

as the world searches still for that Boeing 777 of Flight MH370. 

Just refl ect on the amount of plastic and other fl otsam we’ve seen 

in the deep ocean, and then we begin to add not just the large 

islands of plastic that fl oat about, but the microscopic particles. 

Th en, if we think again about how we produce what we produce 

and ask about the paradigms we follow in decision-making, we 

will see that the consequences of engineering are pretty far-

reaching. And when SAICE brings together a new approach of 

thinking, as Civilution off ers, it compels engineers to think about 

the consequences of decisions that they take. 

Much of the infrastructure in the world is mega. If you look 

at land transportation, it was always built for larger engines, 

emitting CO
2
 at the rate of knots – the more the lanes, and the 

larger the vehicles, the happier the engineers. 

But it has never only been confi ned to land transporta-

tion. Let us pause and refl ect also on ports infrastructure, and 

the way in which we as Africans have never quite been able 

to capture what our forebears did much better. Our forebears 

were able to move down the east coast of Africa in dhows, stop 

off , trade and engage. If you go to Mapungubwe you’ll fi nd that 

there are remnants of trade between Africa and Asia that are 

exceedingly dated. But we don’t think like that. We never quite 

developed a maritime system as part of our thinking on ports 

in Africa, about how to trade and about how to reconnect, 

because we prefer road, and rail. Every African civil engineer 

should in fact feel shame when looking in the mirror, as the last 

big rail systems in Africa were built about 100 years ago. It’s 

a gift of British colonialism – Cape to Cairo – and we haven’t 

even maintained those systems. 

Th e new stuff  in telecoms is still largely underdeveloped. We 

have wonderful cables landing on the African continent, but in 

the main these are still underutilised. And if we look at the big, big 

challenges of waste and water systems, I think we must begin to 

unlock our minds to how, as African engineers, we relate to our 

environment and how we provide services on an ongoing basis. 

Part of the challenge is that much of what engineers are 

involved in, is done on commission, and much of the commis-

sioning of engineering on the continent and elsewhere was 

done at a time when sustainability appears not to have mattered 

as much as it does today. So engineers, when asked to design, 

design; when asked to build, build; when asked to supervise 

construction, do so, but do not ask questions about CO
2
 emis-

sions, do not ask questions about where tomorrow’s water will 

come from. 

Part of what I think Civilution off ers is a necessary opportu-

nity to engage outside of the discipline, outside of the pigeonhole, 

and ask in an interdisciplinary way what needs to be done to 

build a diff erent future for our people. If we unpack the situation 

in our country regarding energy, much of our industrial base was 

built on the idea that we had tons of cheap, high-sulphur, high-

ash coal and we could utilise this coal to produce electricity. In 

fact, we did not just have to use it for ourselves, we could even 

add value to Australia to build aluminium smelter plants. We 

could export this cheap coal and nobody would mind the fact 

that we were emitting CO
2
, making us one of the highest emit-

ters per unit of GDP. And we claimed this was low-cost. We built 

an entire industrial base on the fact that we had low-cost energy 

as a competitive environmental advantage. 

But the world has shifted. Shifting some of the battles fi nds 

resonance in everyday discussions around dinner tables and 

boardroom tables. What happens to the price of interest? How 

do we provide for the next power station and the one thereafter? 

Th e fact that the world is moving along a path of bringing more 

renewables into play in the energy debate (yet we are behind the 

curve because it is exceedingly diffi  cult to bring independent 

power producers into play) must speak to the way decisions are 

taken. It must also speak to the way we learn and unlearn, and 

how we challenge ourselves and arrange diff erent areas. 

Th ere are many ways in which to peak to the challenges of 

what we’ve become. What the National Development Plan does 

Geotechnical Drilling &
Investigative Specialists

JK Drilling specialises in Geological
Investigations with extensive experience in the 
extraction of information from Dolomite areas.

Serving the construction and mining industries,
we offer a wide range of 

services such as:

 Dolomite stability investigations.
 Sinkhole investigations.
 Water monitoring boreholes and 

 Burrow pit investigations.
 
bridge and building piles.

 

Phone: +27 (0)12 668 9905/6
Mobile: +27 (0)82 554 9443

Fax:  +27 (0)12 668 9907
Email:  info@jayk.co.za

w w w . j a y k . c o . z a



Civil Engineering  June 2014 11

STRAP is designed to provide you with the most
comprehensive structural analysis system

Powerful and versatile STRAP meets all your structural needs:
2D & 3D Frame Analysis; Finite Elements; Steel Design;

RC Design & Detailing; Bridge; Postten; Dynamics; Section
Properties Calculation; STAGE CONSTRUCTION and more...

Our affordable prices are designed to meet your
individual fi nancial need with both purchase and rent options

STRAPSA
t/a Pieter Louw and Associates

Contact us at : +27 12 804 6162 or
palouw@mweb.co.za | www.strapsa.co.za

in this context is not to speak to the President, but to speak to 

the future. Part of what the Plan does is that you do not have to 

carry the Plan around with you because you can download it as 

an App (NDP 2030)!

Another part of what we did as the Planning Commission 

was to invite people who had different skills. Amongst the 

Commission members are people like Mike Muller and 

Trueman Goba – these are engineers and the skills they 

have are empirical skills. The vision part of the National 

Development Plan speaks to what we ought to be capable of. 

If you know what you’re capable of, then you are also capable 

of asking a series of tough questions of yourself about the 

quality of life, of people and what you must do and how you 

align decisions. 

For people who still read newspapers, there was a wonderful 

piece yesterday in the City Press [6 April 2014, Is a decent life 

enough?] authored by three of our Commissioners – Mike 

Muller, Bridgette Gasa and Karl von Holdt. Part of what they are 

asking is a question that we ask repeatedly in the NDP – what 

are the elements of a decent standard of living? Ask any South 

African what the elements of a decent standard of living are and 

a large part of it actually coincides with issues in the built envi-

ronment. Th ese are access to:

 ■ water

 ■ housing

 ■ sanitation 

 ■ electricity

 ■ safe, reliable and aff ordable public transport

 ■ education and skills

 ■ safety and security

 ■ decent aff ordable healthcare

 ■ employment

 ■ recreation and leisure

 ■ a clean environment and nutrition. 

All of these are elements of a decent standard of living. If we 

recognise that these are important and if we recognise that it is 

in the spirit of our constitution, I think part of what Civilution 

must off er engineers to think about is how we get there and how 

we are able to contribute to the provision of that decent standard 

of living to all of our people. As we engage in these tough issues, 

we are also constructing a conference between economic infra-

structure, social infrastructure, a re-engineered built environ-

ment and a series of social services that sometimes are enabled 

by quality engineering. 

It also means, of course, that our economy must be much 

more inclusive. As we think of an inclusive economy, the fi rst 

issues that arise are employment, youth and skills sustainability. 

We also recognise that the NDP is all about society. Th at is an 

interesting challenge. Certainly because I made the point earlier 

that so much of the engineering that has taken place across 

world history has been commissioned. Part of what we need to 

think about is how engineers are involved in the process of doing 

things diff erently – not just government, but all society. Th en 

skills and the engineering profession must be brought into play, 

and must resonate diff erently at a diff erent point in the decision-

making continuum. 

Th ere is an interesting debate surrounding skills and the 

contribution of experience in society. An article in the news-

papers yesterday talks about the large percentage of university 

professors who are approaching the age of 65, which is the cut-off  

If we want to know how things are connected, 

we can think about the 100 million tons of plastic 

in the ocean. Just pause for a moment and 

refl ect on the many satellite pictures we have 

seen as the world searches still for that Boeing 

777 of Flight MH370. Just refl ect on the amount 

of plastic and other fl otsam we’ve seen in the 

deep ocean, and then we begin to add not just 

the large islands of plastic that fl oat about, but 

the microscopic particles. Then, if we think again 

about how we produce what we produce and 

ask about the paradigms we follow in decision-

making, we will see that the consequences 

of engineering are pretty far-reaching. 
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age, and who then have to go out to graze somewhere. Last year, 

the Minister of Higher Education and Training, Dr Nzimande, 

announced, after due consideration, that professors should not 

have to leave at 65; in fact he’d like to see a cut-off  age of 80. Th e 

idea that at 65 people are old and must be put out to graze surely 

should not fi nd resonance. Th e way in which we value and ensure 

that we can replicate skills is fundamentally important. In the 

NDP we speak of a massive acceleration in university education. 

However, part of our problem in the higher education sector 

is that we are not generating suffi  cient people who remain in 

academia after qualifying. And if at the same time there is this 

idea that at 65 people must be put out of universities, we can an-

ticipate the huge risk. Rather we need to use the skills we have to 

ensure continuity and replication. Th at must apply in academia, 

but it must also apply in disciplines like engineering. 

I was speaking to a civil engineer the other day who was 

involved in the project side of the profession. He was refl ecting 

on a rather interesting point. He is 63 and reaching pensionable 

age, and he said: “I’m now working with an amazing group of 

young people. Th ey come through and they’re well trained and 

they can do the maths, read the plans, see issues and be involved 

– up to the point where there’s a problem. Th en they have to 

search around for the grey-haired to fi nd the people who’ve lived 

through similar problems before.” Ensuring that that applies 

across the entire spectrum of the profession is something that we 

must value, recognise as important and understand that it’s part 

of the impetus for transformation going forward. 

As I invite this gathering of engineering professionals to 

look at the NDP, I want to ask that you avoid the frequent 

myopia. Part of what we did when we drafted the Plan was to 

break things down into chapters. I know engineers tend to go 

to Chapter 4 – they don’t read the fi rst chapters. If they’ve read 

Chapter 4, which deals with economic infrastructure, they 

think they understand the Plan. But reading only Chapter 4 is 

a lousy idea, because it doesn’t allow you to understand that 

there has to be a connection between Chapter 3 (Economy 

and Employment), Chapter 5 (Environmental Sustainability), 

Chapter 6 (Inclusive Rural Infrastructure), Chapter 8 (Urban 

Infrastructure), Chapter 9 ( Education, Skills and Innovation) 

– you’ve actually got to take into account all of these issues. I 

plead, as you deal with this, do not pigeonhole yourselves into 

understanding Chapter 4 and being able to recite it at dinner. 

What we’d like to do is to encourage thinking about all of these 

issues, because one of the advantages the NDP off ers us is to 

think across the lines, across the silos and to think about the 

South Africa which we want to create. 

Part of what we need to focus on is what we call a capability 

upgrade. Part of dealing with this is to ensure that we avoid the 

debt traps. We need to look at what we have collectively owned, 

which includes our mineral wealth – how we mine, how we 

value, how we price, how much we extract at what point, and 

how we utilise these proceeds to pay for the capability upgrades. 

It challenges us in a very direct way. We have lived through 

these challenges. Part of what happened under apartheid, and 

before, was that the owner of the surface rights was the owner 

of the mineral rights, so all you needed to do was to chase 

indigenous people off  the land, take control of surface rights 

and then you could control the mineral rights. Th at is what the 

1913 and 1936 Lands Act was all about. We changed that with 

the Mineral and Petroleum Development Act, where we took 

The idea that at 65 people are old and must 

be put out to graze surely should not fi nd 

resonance ... we need to use the skills we 

have to ensure continuity and replication.

I was speaking to a civil engineer the other 

day who was involved in the project side of 

the profession. He was refl ecting on a rather 

interesting point. He is 63 and reaching 

pensionable age, and he said: “I’m now 

working with an amazing group of young 

people. They come through and they’re well 

trained and they can do the maths, read the 

plans, see issues and be involved – up to 

the point where there’s a problem. Then they 

have to search around for the grey-haired to 

fi nd the people who’ve lived through similar 

problems before.” Ensuring that that applies 

across the entire spectrum of the profession 

is something that we must value, recognise as 

important and understand that it’s part of the 

impetus for transformation going forward. 
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all mineral rights and placed it in the state on behalf of all the 

people. So the rights belong to all of us collectively. How we ex-

tract wealth and how we use it to pay for the capability upgrades 

(which has to include a very signifi cant infrastructure upgrade) 

is part of the challenge we must be able to speak to, and the 

NDP invites us into this discussion, because in a way the NDP 

is a pretty high-level plan. It needs detail, it needs the minds 

of engineers to be able to bring it down to help us provide the 

granularity that will make for its success and allow for diff erent 

projects within the Plan to be detailed and planned for. 

It’s a very important challenge, because, to some extent, we 

in South Africa rest on our engineering laurels. How many times 

have we had guests from anywhere else in the world and they say: 

“What an amazing infrastructure endowment you have! Look 

at the quality of your roads.” We would take the Gautrain and, 

“Wow, this is fantastic!” Th ey would come through the airport 

and say how amazing all of this is. You can look at other parts of 

engineering, too, where we have made big breakthroughs. Take 

the heavy haulage rails (Sishen–Saldanha, Ermelo–Richards 

Bay) – unprecedented in the world – and the design of dolosse 

for construction of harbour walls. None of it had of course intel-

lectual property rights registered on them at the time, but they 

speak to the capability of a nation that wants to drive change. 

Dolosse and heavy rail were designed almost 50 years ago – 

where is our innovation of the moment? Th is is the challenge to 

the engineering profession right now. 

In some ways we think of ourselves as being great because 

we have great leaders, a great constitution and a great set of mo-

ments of how we drove change in this country. We did not need 

the United Nations to supervise what we were doing. We did not 

need Lancaster House. In fact our constitution was negotiated 

in this building. Part of our senselessness is that we have allowed 

that building to become a casino.

We need to rethink who we are and what we do. Th ere’s an 

author, Duncan Green, who has written a book about the em-

powerment of people, and he says that when a government and a 

people struggle together, they own the victories diff erently. One 

of the reasons why our constitution is so important to us is that 

we own that constitution as our own. 

I said earlier that Mike Muller and two other commissioners 

published this piece in the City Press yesterday, and part of 

what they are calling for is a compact – calling on government, 

civil society, and business and professional organisations to 

rethink what we do. Not so long ago, Ketso Gordhan [CEO of 

PPC Cement] made a call for the industry – government and the 

private sector – to come together to look at infrastructure needs 

of the future. Let us start making adult decisions. Let us start 

joining these things together. Let us begin to think in the longer 

term about who we are and where we want to be. And these ideas 

are exceedingly poignant now. We cannot have the separation 

of the breakdown we’re seeing in the platinum industry, for in-

stance. We need to start seeing our future together. Part of what 

Civilution off ers is an opportunity to do thinking like that. But 

it also means we have to rethink our range of issues. We need to 

rethink regulation, funding and ensure the security of things like 

energy supply. 

How do we get there? What are the skills that we need to 

get there? What we do have is this great nation, but with un-

derdevelopment in certain skills sets, as is evident when there 

is a shutdown at any of our refi neries. Part of the problem with 
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construction like that at Medupi is that we still need pipe welders 

from Korea or Th ailand. How do we begin that and how does the 

discussion that you want to undertake in Civilution compel us to 

think about these issues diff erently? How do we revisit issues like 

rail for mass transport? 

Th ere are interesting debates in rail. Some people who are 

more attached to European standards say that we cannot run rail 

more frequently on the Cape gauge that we use. Japan uses Cape 

gauge and in cities like Tokyo they run trains every 45 seconds! 

If you rethink this, your mind must take you to getting out of the 

traffi  c jams. Rethink it we must, and we look to this profession to 

rethink how we must deal with some of these issues. 

I want to say that the engineering profession is invited into a 

very diff erent discourse from what we’ve had so far. Tough ques-

tions about what infrastructure we need, how we prioritise it, 

how it is costed and how it is innovated have become important. 

We need to ask questions about how we change, what we change 

and how we modernise everything we do, but never letting go of 

that which brought us to this point. 

Th en there are some diffi  cult issues which require critical 

appraisal. My sense is that the engineering profession has let 

go of the very need to oversee construction. I cannot for a mo-

ment believe why roads that are sealed in a few months break 

up. Where was the resident engineer? Should we not bring back 

some kind of capital punishment for REs who don’t do what they 

must? Or is it just that the world right now is facing too big a 

demand for asphalt and the price of petroleum is too high, and so 

nobody cares about quality anymore? Do we just wash our hands 

and walk away from the responsibility of ensuring sustainability 

of what we do? What is the role of the industry, the profession? If 

the only challenge this profession responds to is the retention of 

its integrity, then we have gone a long, long way. 

Traditionally the role of the state has been procurement 

of services, and the provider of long-term thinking. But it can 

only succeed if this industry, this profession, is strong, modern, 

engaged and unselfi sh in its thinking. I think that the big idea of 

Civilution is a wonderful idea. It needs to be advanced, and the 

people in this profession are best placed to advance this discus-

sion with vigour. 

I want to wish you well in these discussions, but I want to 

plead that they do not end when you leave. It must be internal-

ised, it must be owned, and it must reshape the way in which this 

profession engages every day in what it does and how it takes ini-

tiatives to ensure that the big ideas of the National Development 

Plan are not the ideas of the Planning Commission or of govern-

ment, but that they are owned collectively by all of us. 

I want to say that the engineering profession is 

invited into a very different discourse from what 

we’ve had so far. Tough questions about what 

infrastructure we need, how we prioritise it, how 

it is costed and how it is innovated have become 

important. We need to ask questions about 

how we change, what we change and how we 

modernise everything we do, but never letting go 

of that which brought us to this point. 
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For those who are unfamiliar with the CMP (Construction 

Management Programme), it is a continuing professional 

development programme initiated in 1976. It is presented in 

Stellenbosch over a continuous four-week period to approxi-

mately 40 middle-managers in the construction industry. More 

than 1 000 delegates have benefi ted from this programme, with a 

number of construction companies and other organisations sup-

porting the programme annually. Typically attendance consists 

of 70% delegates from construction companies, and 30% from 

client/owner organisations and consultants. Leadership develop-

ment, creativity and innovation form important components of 

the programme.

In order to keep the programme relevant to the current 

economic and industry environment, an annual theme is 

chosen after collaboration between the CMP Management and 

the CMP Advisory Committee. Th e theme for CMP 2013 was 

Bridging gaps constraining implementation of the National 

Development Plan.

As Trevor Manuel explained in his address, the National 

Development Plan (NDP), developed by the National Planning 

Commission in 2012, aims to eliminate poverty and to sharply 

reduce inequality in South Africa by 2030. Th e Plan is very broad 

and inter alia proposes to invigorate and expand the economic 

opportunities through investment in infrastructure, more in-

novation, private investment, and entrepreneurialism. It is clear 

from this vision that the construction industry has a leading role 

to play in achieving these aims. 

Th e delegates at the CMP initially collaboratively identifi ed 

26 gaps (or shortcomings) that constrain implementation of 

the NDP. Th is emerged from their in-depth discussions based 

on newly acquired knowledge, and their own experience from 

The annual theme for CMP 2013, held in 
Stellenbosch during June and July last year, was 

complementary to Trevor Manuel’s keynote address, 
delivered at the Civilution Congress. It was logical 

that the discussion following his address would 
provide an excellent opportunity for exploring the 
fi ndings of the CMP 2013. This proved to be very 

rewarding, as will be seen from this brief summary.

CMP bridging gaps constraining
implementation of the NDP
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working in the industry. Th ese gaps were then consolidated into 

the following 12 gap categories (shortcomings):

1. Fragmentation in the industry and related sectors

2. Finances

3. Suitable procurement models

4. Capitalising on existing infrastructure

5. A need for sustainable fl ow of work

6. Leadership gap at many levels

7. Gap between unions and industry

8.  Corruption

9. Distraction of local fi rms into Africa

10. Inferior education and lowering of standards, also resulting 

lack of capacity

11. Lack of holistic development of rural areas

12. Selling the industry.

It was not surprising that most of these gaps featured in the 

discussions that followed Trevor Manuel’s address. Th e extent 

of constraints was apparent and it is noteworthy to refl ect on 

aspects that have to be addressed, without assigning a priority 

to them: 

 ■ Suitable procurement models and the need for sustainable fl ow 

of work

 ■ Leadership gap at many levels

 ■ Corruption (and ethics)

 ■ Inferior education and lowering of standards, also resulting 

lack of capacity

 ■ Finances

 ■ Selling the industry.

From the debate it was apparent that, although some entities had 

already explored ways and means of successfully implementing 

the NDP, there was not a clearly formulated plan or plans. Th is 

provided the opportunity to present the proposed solutions for 

bridging the gaps, as had been formulated by the CMP 2013, to 

Civilution Congress delegates for consideration. Th e background 

to the formulated solution and outcome is as follows:

Proposed solution for bridging the gaps and enhancing 
the implementation of the NDP
Originally the CMP Management had in mind that the construc-

tion industry should seek ways and means to circumvent the 

existing gaps (shortcomings) which prevent implementation of 

construction projects and which would support the NDP. Th e 

CMP Management envisaged that the construction industry 

would be able to fi nd innovative and creative project identifi ca-

tion and execution methods to start the implementation of some 

NDP projects.

It, however, became very clear through presentations by 

lecturers and captains of industry over the four-week period that 

a sustainable solution can only be found when all role players are 

involved in the process. Th e following three-tiered strategy was 

thus fi nally suggested for bridging the gaps (please also refer to 

Figure 1):

Initiative 1 consists of an all-inclusive eff ort where all par-

ties need to collaborate to fi nd a way to implement the NDP. Th is 

would include government, labour unions, construction industry, 

business, society and any other stakeholder. Th e general feeling 

was, however, that there is much work to be done to obtain buy-

in from all these stakeholders, and that it may take considerable 

time before implementation is realised. Th is process is presum-

ably under way, under jurisdiction of the National Planning 

Commission, but little is known or has been accomplished as far 

as we are aware.

Initiative 2 consists of an initiative where the construction 

industry takes the lead to identify projects, fi nd fi nances, obtain 

buy-in from local stakeholders and implement projects. Such an 

approach is functioning internationally, e.g. in Australia. Th is 

option is seen as potentially possible (there are already such local 

projects), but not sustainable and not necessarily achieving the 

NDP aims at the same time. An integral part of this component is 

a task group to lead and coordinate the initiative.

Initiative 3 is a result of the other two initiatives, and cannot 

stand on its own. It consists of a strategy which is necessary to 

manage and coordinate the concurrent activities of Initiatives 1 

and 2, to ensure that the execution and drive from Initiative 2 is 

consolidated with buy-in from all stakeholders. For this initia-

tive, an advisory group or steering committee is needed to direct 

Initiatives 1 and 2 towards a unifi ed eff ort for 2030.

Proposal for a resolution under the auspices
of the Civilution Congress delegates
In the presentation by the organisers of the CPM 2013 to the 

panel and delegates at the Civilution Congress, it was proposed 

that the above initiatives be taken as guidelines for the industry 

to follow. Th is should embrace all stakeholders within the 

industry, such as the business and fi nancial sectors, SAFCEC, 

CESA, SABTACO, construction industry, CIDB, education, trade 

unions, related government departments, etc. If this proposal is 

taken as the point of departure, it should be formally proclaimed 

and widely advertised.

CMP 2014
Based on the above proposal, and learning from the Civilution 

Congress, it has become clear that leadership is urgently needed 

to direct these eff orts towards 2030. For this purpose the theme 

for CMP 2014 has been formulated to do just that. Th e theme for 

CMP 2014 which will then be debated during the programme 

from 15 June to 11 July is Leadership towards implementing 

the National Development Plan. 

Figure 1: Initiatives required to bridge the gaps constraining the 
execution of the National Development Plan  
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W A T E R  E N G I N E E R I N G

HANS BLERSCH
Hans Blersch was born in Germany in 

1919, but moved to South Africa at the age 

of four, attending school and university 

in Stellenbosch. He obtained a BSc from 

Stellenbosch University in 1938 and a 

BSc in engineering from the University of 

Cape Town in 1941, both achieved cum 

laude. After serving four years in the 

South African Air Force during World 

War II, he returned to South Africa in 

1945 and married Th elma before starting 

his career as a civil engineer at Ninham 

Shand (now Aurecon) in 1946, focusing 

on bulk water supply and wastewater 

treatment.

On the bulk supply side, Hans was 

involved in the design of the original Idas 

Valley concrete arch dam in Stellenbosch, 

which was completed in 1950 and receives 

water mainly from the Jonkershoek 

Valley. He was also involved in the de-

sign of the 500 kW Ceres hydro-electric 

scheme commissioned in 1953, which met 

the electricity requirements of the town 

of Ceres for many years. Th e penstock 

between the dam and the power station 

in particular was a diffi  cult design, falling 

152 m over 2.8 km through a steep kloof. 

On the wastewater treatment side, 

Hans was a specialist in the treatment 

of sewage and industrial waste, and 

the expertise he developed led to him 

serving on a number of steering commit-

tees guiding research into wastewater 

processing, and ensuring that Ninham 

Shand was at the forefront of new tech-

nologies in this fi eld. At the Wildevoëlvlei 

Wastewater Treatment Works (WWTW) 

near Kommetjie, for example, Hans 

introduced the carousel-type biological 

nutrient removal process which has 

now become common practice. He also 

oversaw the design of Borcherds Quarry 

WWTW, the fi rst few phases of the Cape 

Flats WWTW and numerous other works 

across the Western Cape. 

Hans became a partner of Ninham 

Shand in 1963 and Senior Partner (and 

later Chairman) in 1969 when the com-

pany’s founder, Ninham Shand, passed 

away. Under Hans’s leadership the com-

pany grew from only 15 employees to 

over 500 by the time he retired in 1985. 

Many years ago it would have 
been the norm for children to 
follow in the footsteps of their 
parents. However, in the past 

20 years this has changed 
dramatically, with children now 

actively choosing to follow 
different paths. One place which 

seems to buck this trend is 
Aurecon’s water division, where 
three generations of the Blersch 
family have been working for the 

past 68 years. 

CatherineHans Peter

Three generations of Blersch water engineers
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After retirement he continued to work for 

many years until his death in 2001, and 

was widely consulted and respected as an 

expert in his fi eld, particularly in contrac-

tual-related matters and arbitration.

In addition to his role as Chairman 

of Ninham Shand, Hans was elected 

as President of the South African 

Association of Consulting Engineers 

(now CESA) in 1972 and as President of 

SAICE in 1978, later receiving Honorary 

Membership of both institutions. He also 

served as an advisor to the University of 

Cape Town, Stellenbosch University, the 

Civil Engineering Advisory Committee, 

the Advisory Committee on Dam Safety 

and the Advisory Committee on Regional 

Sewage Works. In recognition of his 

incredible service to the civil engineering 

profession, Hans was awarded the SAICE 

Gold Medal in 1991, SAICE’s highest 

honour (which to date has been bestowed 

on only 19 recipients since its inception in 

1953). He also received the Federation of 

Societies of Professional Engineers Award 

for service to the profession.

Hans Blersch was undoubtedly one 

of the most respected and infl uential 

engineers of the last century. In the words 

of Ninham Shand’s son, the equally well-

respected Dr Mike Shand who delivered a 

tribute at Hans’s funeral: “I was privileged 

to have had Hans as one of my mentors. 

Hans was held in very high esteem by 

all the fi rm’s clients and they frequently 

called on him personally for guidance. His 

willingness to give of himself extended to 

everyone – his clients, his staff , his friends 

and his family.” But perhaps a true testa-

ment to Hans’s character is seen in the fact 

that he inspired two future generations of 

Blersches to follow in his footsteps.

Idas Valley Dam, Stellenbosch

De Hoop Dam, near Steelpoort, while still under constructionKatse Dam, Lesotho
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PETER BLERSCH
Peter Blersch, son of Hans and Th elma 

Blersch, was born in 1958 in Cape Town 

where he completed his schooling. 

Following in Hans’s footsteps, he enrolled 

at Stellenbosch University, graduating in 

1980 with a degree in civil engineering. 

Peter remarks on how Hans infl uenced 

his decision to become a civil engineer: 

“I think that my interest in engineering 

was triggered by my father’s all-round 

practicality and ability to get things 

done, whether it be fi xing my bike, 

woodworking or building a braai out of 

stone, all with a great degree of technical 

forethought and application. His career 

achievements were also a major inspira-

tion to me, as was my exposure to the 

Ninham Shand ‘family’ over the years 

before making my career choice.” In 1980 

Peter married Penny, a Geography and 

English teacher, and the two have been 

happily married for 33 years. 

As was common practice for dam 

engineers in those days, after completing 

his national service, Peter started his 

career at the Department of Water Aff airs 

in 1983, where he spent fi ve years based in 

Grabouw and Pretoria. He attributes his 

interest in water, and dams in particular, to 

the dams Hans used to help him construct 

as a child on the beach at Misty Cliff s, 

when they dammed a small stream where 

it fl owed out onto the beach. “Our dams 

were constructed of sand, sometimes re-

inforced with stones, and were fi tted with 

outlet pipes and even syphons, all made 

from lengths of dried kelp stems. Th ey usu-

ally survived only until the next high tide, 

though, unlike Aurecon’s dams!”

During his time at the DWA, he was 

involved in the construction of the Palmiet 

Government Water Scheme, which 

comprises the rockfi ll/earthfi ll Rockview 

upper dam and the lower concrete gravity 

arch Kogelberg Dam. In 1988, a few years 

after his father’s offi  cial retirement, he 

joined the Ninham Shand water team in 

Cape Town and has been working for the 

company for over 25 years, continuing his 

specialisation in dams. His early years in 

Cape Town included the design of Harlem 

Dam, a 30 m high earth embankment dam 

on the upper reaches of the Groot River in 

the Langkloof, and the design of the 2 mil-

lion m3 Driftsands stormwater detention 

dam. Peter also, interestingly, carried out 

a safety inspection of the Idas Valley Dam, 

which Hans had designed as one of his fi rst 

assignments after joining the company.

In 1991 Peter and his family moved 

to Katse in Lesotho where he joined a 

large team of resident engineers involved 

in the construction of the Katse Dam 

which, at the time, was the largest dam 

in Africa. Peter’s responsibilities included 

supervision of the 32 m high RCC (roller-

compacted concrete) coff er dam, over 

5 km of diversion tunnels and galleries, 

diversion control structures, and the 28 m 

high concrete gravity tail water dam. 

After just over three years in Katse, Peter 

returned to Cape Town before being 

charged with heading up Ninham Shand’s 

Pietermaritzburg offi  ce, where he oversaw 

projects such as the preliminary design of 

the 35 m high RCC Mvoti River Dam and 

Fairbreeze Mine water supply, as well as 

pre-feasibility studies for the Mkomazi-

Mgeni transfer scheme, the Mkhambathini 

pumped storage scheme and the Th ukela- 

Mhlathuze augmentation scheme. 

In 2002, Peter and his family moved 

again, this time to Centurion, where 

he headed up the Heavy Engineering 

Division of Ninham Shand. During this 

time, the company began to expand its 

water capabilities into the rest of Africa, 

with Peter overseeing feasibility studies 

for dams in Algeria and Mauritius, and 

rehabilitation and review projects in 

Botswana and Mozambique. Locally, he 

served on the management committee of 

the award-winning Berg Water project 

and served as Joint Venture policy com-

mittee member and project director for 

construction supervision services at the 

De Hoop Dam near Steelpoort. 

In 2008/2009, as a board member of 

Ninham Shand, Peter played a signifi cant 

role in the negotiations with Africon 

and Connell Wagner, which resulted in 

the formation of Aurecon, ensuring that 

the company which his father was so 

instrumental in growing could continue 

to grow and compete in the increas-

ingly competitive local and international 

markets. Peter now serves as the global 

competency leader for bulk water and 

dams in Aurecon, involved in overseeing 

some of the largest water supply projects 

in the country, including the Mokolo 

Crocodile Water Augmentation Project 

and the Olifants River Water Resources 
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Augmentation Project (Phase 2). 

Peter’s interest in construction in par-

ticular was heavily infl uenced in his early 

career by his involvement as Graduate 

Member in the SAICE Construction 

Division Committee, where he was ex-

posed to the knowledge and experience 

of the Who’s Who of the construction in-

dustry at the time, including Mike Lomas, 

Frank Crowley and Brian Bruce, as well as 

the wisdom and energy of Fred Hugo.

For those who knew/know both Hans 

and Peter, it is clear that there are many 

similarities between them – a commit-

ment to technical excellence and innova-

tion, a willingness to voice their opinions 

on the challenges facing engineering in 

South Africa, an inability to sit still and 

do nothing for even a second, and most 

importantly, a sense of humour (fi rmly 

dispelling the long-standing myth that 

engineers have no personality!).

CATHERINE BLERSCH
Daughter of Peter Blersch, Catherine 

was born in Pretoria in 1987 and started 

school at the tiny Katse Village School 

in 1991 where Peter was working on site. 

Catherine’s fondest memory of being the 

daughter of an engineer is most certainly 

of those three years in Katse: “Living 

somewhere so isolated brings with it 

many challenges, but it also creates a 

sense of community and stimulates social 

interactions that wouldn’t happen in a 

big city. Today I am still in contact with 

many of the ‘Katse kids’ whom I knew in 

our time there, as are my parents with the 

friends they made on site.”

As a result of Peter’s diverse and 

mobile career at Ninham Shand, 

Catherine attended fi ve schools in four 

towns before matriculating in 2004 in 

Pretoria. Catherine says of her childhood: 

“Although moving can often be chal-

lenging as a child, I believe that it made 

me more open to change and capable of 

dealing with new and unfamiliar situa-

tions, which has helped me in the early 

years of my career.” In 2005 Catherine 

took a gap year as a Rotary Exchange 

Student in Belgium (learning to speak 

French), before returning to South 

Africa to study civil engineering at the 

University of Pretoria, graduating in 2009 

with distinction. Like Peter, Catherine 

also spent her holidays at Misty Cliff s, 

building dams on the beach. “Neither my 

father nor my grandfather ever actively 

encouraged me to pursue civil engi-

neering, yet somehow, despite considering 

a wide range of possible career choices, 

it was the one I settled on. I can only 

presume that it is simply in my blood! But 

I am certainly happy with the choice, as it 

is a profession which requires teamwork, 

problem solving and creative thinking on 

a daily basis, all of which make going to 

work each day worthwhile.”

After graduating, Catherine moved to 

Cape Town where she has been working 

for Aurecon’s water unit for fi ve years, 

mainly in the fi elds of water resources 

planning and, like Hans, wastewater treat-

ment. On the water resources side she has 

been involved in catchment modelling 

and design fl ood analysis for dams, hydro-

power schemes and other developments in 

Angola, Cameroon, Guinea, Liberia, Kenya, 

Malawi, South Africa and Tanzania. She 

is also busy with an MSc degree in water 

engineering (part-time) at the University of 

Stellenbosch, focused on the integration of 

desalination into the Western Cape Water 

Supply System. On the wastewater side, 

she has been involved in the hydraulic and 

civil design of activated sludge works in 

Stellenbosch, Wellington, Bloemfontein 

and Zeerust. 

CONCLUSION
In refl ecting back on three generations 

of water engineers in Aurecon, there are 

three themes which stand out. Firstly, the 

infrastructure which we design as engineers 

will most certainly outlive us and it will be 

our children who are left to either celebrate 

our successes or deal with our failures. 

Secondly, there is no underestimating the 

value in a lifelong commitment to one’s 

profession, an idea which the newest ‘Gen-Y’ 

graduates tend to have an aversion to. Hans, 

in his 1978 SAICE presidential address 

referred to the ‘brotherhood of engineers’, a 

profession to be proud of! And thirdly, even 

some of the greatest engineers of our time 

still prioritise their families. It is easy to be-

lieve in the midst of the madness of a busy 

day at the offi  ce that the world will come 

crashing down if we stop and take a break. 

But we don’t realise that in doing something 

as simple as building dams on the beach 

with our children, we could be shaping the 

careers of future civil engineers. 

 INFO

Catherine Blersch

Civil Engineer

catherine.blersch@aurecongroup.com

As a result of Peter’s diverse 

and mobile career at Ninham 

Shand, Catherine attended fi ve 

schools in four towns before 

matriculating in 2004 in Pretoria. 

Catherine says of her childhood: 

“Although moving can often 

be challenging as a child, I 

believe that it made me more 

open to change and capable of 

dealing with new and unfamiliar 

situations, which has helped me 

in the early years of my career.” 
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IF THE MEDIA HYPE is anything to go by, the Kariba Dam is 

on the point of collapse and is about to wash away a chunk of 

southern African real estate along with hundreds of thousands 

of its inhabitants. At the other extreme some reports of the 

Zambezi River Authority (ZRA), jointly owned by Zambia and 

Zimbabwe, indicate that everything is under control. Th e truth 

lies somewhere in-between, but how close to which extreme?

SCENARIO D
D for disaster, the favourite of the sensationalists and the anti-

dam lobby. According to some of these sources, the wall of the 

Kariba Dam is dangerously cracked, its foundations are already 

undermined and it will collapse within three years, with fl ood 

water sweeping away the Cahora Bassa Dam, thereby precipi-

tating Eskom blackouts and plunging Zimbabwe and Zambia 

into the dark ages. Th e fl ood wave would endanger the lives 

and livelihoods of more than 3.5 million people in the Zambezi 

valley. According to an Engineering News report, as recent as 

9 May, the Zambian government claims that their capital city, 

Lusaka, “lies in a zone of severe potential fl ooding should the 

dam collapse”.

Aside from the fl ood waters having to perform the amazing 

feat of rising about 800 m above the level of Lake Kariba to reach 

Lusaka, the rest of the consequences of catastrophic failure are 

plausible. Th e sudden release of 180 km3 (equivalent to 69 Vaal 

Dams) would indeed be messy.

Th is message originates from sources in Zambia and, under-

standably, in Mozambique, whose residents would be on the re-

ceiving end of any catastrophic failure. It also helps to sell news-

papers in South Africa, and we also have more than a passing 

interest in continuing to receive electricity from Cahora Bassa.

SCENARIO R
Relax, everything’s under control. Yes, essential maintenance 

needs to be done, but this is in safe hands. Th is is the boring sce-

nario that doesn’t sell newspapers. 

Not surprisingly, this is the main theme of the ZRA. I say the 

main theme, because there have been some confl icting statements 

from the partners north and south of the Zambezi. Zambian 

government sources tend to support Scenario D, while those in 

Zimbabwe support Scenario R. Why is this? A plausible explana-

tion is that Zambia has been tasked with sourcing the funding for 

the remedial work, and emphasising the dire consequences is more 

likely to strengthen their appeals. But at the same time the ZRA 

seeks to allay panic and emphasises that they are doing a good job.

WHAT IS REALLY HAPPENING?
It is a given that every engineering structure you can think of 

needs to be maintained. At best, failure to do so results in prema-

ture loss of the facility (road, dam or bridge, etc) and consequent 

economic loss. At worst, it can result in catastrophic failure, with 

dams providing the most spectacular examples. Hence, rigorous 

dam safety inspections and repair of deteriorating elements are a 

regular prerequisite.  

Dr Chris Herold

SAICE Vice-President

Umfula Wempilo Consulting

chris@herold7.co.za

Kariba Crisis?

Aside from the fl ood waters having to perform 

the amazing feat of rising about 800 m above 

the level of Lake Kariba to reach Lusaka, the 

rest of the consequences of catastrophic failure 

are plausible. The sudden release of 180 km3 

(equivalent to 69 Vaal Dams) would indeed be 

messy.
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Essentially there are two major unusual issues that affl  ict the 

Kariba Dam and require special attention, both of which date 

back to when the dam was fi rst built.

Swelling concrete

One is the concrete. Over the years the dam wall has been observed 

to move. Not downstream, as one might expect, but upstream! 

Yes, in common with all dams of its type, the wall does fl ex slightly 

backwards and forwards under the pressure exerted by the stored 

water as the level rises and falls. But there has been a net movement 

upstream due to gradual swelling of the concrete due to chemical 

reaction. On the bright side the owners now have more dam at no 

extra cost, as it is now 80 mm taller than it was when built. Th at 

may not seem much, but at a full storage area of 5 400 km2, that 

would provide an extra 432 x 106 m3 of storage, equivalent to the full 

storage capacity of the Th eewaterskloof Dam, or, for the benefi t of 

Gautengers, two and a bit Hartbeespoort Dams.

Interesting as this may be, it is not a threat to the integrity 

of the dam wall. Th e cracking that the more sensationalist ele-

ments of the press have gleefully jumped on, appears to be con-

fi ned to the secondary concrete that covers the steel plates that 

surround the spillway gates. Part of the expenditure sought by 

the ZRA is to replace this secondary concrete during a six-year 

programme dealing with one gate per year. Some refurbishment 

of stop locks and other mechanical equipment is also planned. 

Swelling of the concrete of the main wall could also exert pres-

sure on the sliding parts of the gates, but on-going maintenance 

has kept them working. 

The plunge pool

Th is is by far the greatest cause for concern. Th ere is always a 

need to dissipate energy downstream of major dams. Th ink of 

the impact of a ten-ton truck after free-falling 128 metres. Now 

imagine 900 such trucks per second doing the same with more 

coming every second for weeks on end when all six gates are 

fully opened to fi rst make room for, and then pass, a major fl ood! 

Obviously that will make a dent in the river bed. Th is was antici-

pated and it was expected that, as the plunge hole deepened, the 

overlying water would deepen and cushion the shock and dis-

sipate the energy in the boiling water rushing downstream. Th e 

reasoning was, why waste money excavating a big stilling basin 

when nature would do it for free? However, when left to itself 

water always takes the path of least resistance, and in this case 

that involved digging a deeper hole than anticipated (90 m deep) 

and inconveniently cutting back through softer rock strata in the 

direction of the dam. So much so that by 2008 nine underwater 

remedial concreting jobs had been carried out.

Th e idea now is to build a coff er dam between the plunge 

pool and the turbine tailraces to allow the plunge pool to be 

pumped dry during the low fl ow period and excavate a bigger 

plunge pool properly designed to dissipate most of the energy 

further downstream away from the dam. Presumably concrete 

work will also be done to shore up the upstream end of the 

wayward hole to dissuade unwanted erosion in the wrong di-

rection. In retrospect, a lot of angst, extra maintenance work 

and media hype could have been avoided if this was done at the 

time of construction. 

One suggestion that I can off er is the possibility of designing the 

coff er dam as a permanent feature integrated with the plunge pool 

reshaping. Th e extra water depth would surely help and it could be 

gotten at relatively little extra cost, which hopefully can be off set by 

reduced excavation works. A permanent weir here would also facili-

tate dewatering for future inspections and maintenance operations.

In the meantime further erosion is to be limited by not oper-

ating more than three spillway gates at a time and making sure 

that such gates are fully opened to ensure that the jets of water 

are fl ung as far downstream as possible. Gate six is not to be used 

at all – presumably it directs water towards the most vulnerable 

part of the existing plunge pool.

HOW SERIOUS IS IT?
This brings us to the crucial question of how serious is it? 

Are we close to Scenario D or sitting comfortably up at the 

Scenario R end of the scale? That depends on how close the 

plunge pool is to the foundations and the rate at which the 

scour hole can be expected to advance towards the dam 

during the passage of a major f lood. The answers to neither 

question have been released. But whatever they are, the cash-

strapped authorities of both countries are prepared to spend a 

quarter of a billion US dollars on the problem and seem to be 

in rather a hurry to get it. 

As a hydrologist, the restrictions placed on the operation 

of the fl ood gates make lots of little alarm bells sound. Th e 

9 000 m3/s spillway capacity was designed for a reason. Halving 

the capacity greatly increases the risk of overtopping the dam 

during the passage of a large fl ood. While this would not neces-

sarily cause dam failure, it would certainly damage the electrics 

of the dam, which in turn would compromise the operation of 

the gates and would also partially negate the ability of the dam to 

ameliorate downstream fl ooding. On the plus side, recent expan-

sion of the power-generating capacity provides more capacity to 

release water, thereby reducing the frequency of releases via the 

spillway gates. However, it would make little diff erence in the 

event of a design fl ood.

But there are worse dangers. In the fi rst instance, overtopping 

would cause large amounts of water to plunge down right next 

to the downstream face of the dam, which in turn could directly 

compromise the foundations. 

Th ere is another danger posed by exceptional fl oods. Bear with 

me as I share an apparently unrelated example. Early in my career 

I worked for the SA Railways in track research. Metal fatigue often 

caused rail breaks (two to three thousand per year). One break 

was not a train smash (pun intended), but if left unattended the 

excessive fl exing of the rail on either side of the fracture would 

soon cause a second break about two feet away, opening a gap long 

enough to cause a derailment. Fortunately such occurrences were 

rare since the driver of the next train would hear and feel the loud 

clunk as the locomotive passed over the fi rst break, would report it 

at the next station and the section of rail would be replaced before 

the second break could occur. However, on the Sishen–Saldanha 

ore line we experienced some spectacular derailments because the 

trains were so long and heavily laden that both the fi rst and second 

breaks could occur during the passage of the same train, giving no 

warning of the impending derailment. 

Th e relevance of the analogy becomes clear when it is considered 

that most of the scour damage takes place during the passage of large 

fl oods. If the scour hole is too close to the dam the danger exists that 

the foundations could be undermined during the fl ood season before 

any inspection can take place. Th e convergence of overtopping, 

which would increase the overturning force, scouring near to the 
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foundations and continued cutting back of the original scour hole 

during the passage of the fl ood, might just cause that to happen.

Th is danger (if it indeed exists) would remain for the window 

of time between now and when the remedial work to the plunge 

pool is scheduled to fi nish during 2017. 

OPERATING ERROR
In 2005 the expert consultants who inspected the dam reported 

that “it is rare to fi nd such an experienced, stable, dedicated, 

friendly and unifi ed team.” Th ere is no reason to doubt their word 

on this. However, it cannot be assumed that this will always be the 

case. A standard operating rule is to lower the storage level of the 

Kariba Dam every October ahead of the fl ood season to partially 

absorb a major fl ood and prevent overtopping. A potentially dan-

gerous mistake occurred in 1997/98 when the ZRA failed to adhere 

to this crucial operating rule. Fortunately a big fl ood did not occur 

that season. Despite the accolades of the inspection team, a 1:56 

probability of such a dangerous and noticeable human error that 

compromised the safety of the dam is not reassuring.

While this potential problem has not been picked up by the 

media, it is very important and emphasises the need to strictly 

adhere to operating instructions.

DON’T FORGET THE BENEFITS
So far this discussion has centred on what can go wrong. Th at 

is consistent with an overview of the recent concerns that have 

been raised. However, it would be remiss to not also mention the 

benefi ts that motivated the construction of the dam.

Th e main aim of the Kariba Dam is to generate electricity. 

For half a century Kariba has served as the primary source of 

electricity for two nations. Th e benefi ts of this clean, renewable 

power source in building the economies of Zimbabwe and Zambia 

cannot be over-emphasised. By way of example, pressure orches-

trated by International Rivers Network, an organisation dedicated 

to opposing dam construction, contributed to the delay of the 

construction of Uganda’s 250 MW Bujagali Dam on the upper Nile 

River for perhaps fi ve years, resulting in large-scale load-shedding 

that stunted the growth of the Ugandan economy with a commen-

surate increase in poverty and child mortality credibly estimated 

at 10 000 additional child deaths (Mike Muller 2014). How many 

deaths were prevented and lives transformed in these two coun-

tries by 56 years of electricity provision now reaching 1 830 MW? 

In addition, the Kariba Dam provides storage attenuation for 

fl oods, and this has reduced damage and loss of life in the down-

stream Zambezi River valley.

Lake Kariba has also enabled tourism to thrive. 

On balance the benefi ts far outweigh the disadvantages, most 

of which are potential anyway and have not happened over the last 

half-century, and with proper maintenance probably never will.

SO WHERE ARE WE NOW? 
Th e exaggerated Doomsday claims associated with Scenario D 

about impossible fl ooding of Lusaka (that would need the help of 

Noah) and the defi nite assertion that the dam will fail within three 

years (that would require the omniscience of God to predict when 

a design fl ood will occur) cannot help but cast doubts on the im-

minence of the Disaster Scenario. However, there is suffi  cient reason 

for concern not to fall back into the complacency of Scenario R. 

I would like to suggest a third scenario, called Scenario V, 

for Vigilance. On a scale from 0 (Disaster) to 10 (Relax), I would 
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subjectively place it at about 6. (I know that 35% is regarded by 

some as a matriculation “pass”, but I can assure you that in this 

context a 6 is not a good score. How many of you would like to 

fl y with a pilot or get operated on by a surgeon who got 40% of 

his exam wrong?) If the plunge pool is too close to the dam and 

advances too fast during a major fl ood, then the rating should 

drop a couple of places to a 4. (Th is 4 is not a zero because, even 

though it would leave us vulnerable, we have to consider that the 

probability of a design fl ood arriving within the next three years 

is quite a bit less than 100%.) If there is good reason that a couple 

more big fl oods can pass with all six fl ood gates open (essential 

to prevent over-topping) without precipitating failure before the 

excavations are completed, then we could maybe increase to a 7 

or 8. If the remedial works are delayed then the score must drop 

with each year’s delay. 

Th e message that comes through from the ZRA is that every-

thing is under control provided the remedial works are imple-

mented in time. Th ey may be a little optimistic about that if a de-

sign fl ood edges in before they fi nish the plunge pool remediation 

in 2017. Even after then, another failure to comply with operating 

instructions may not end as happily as in 1997/98 and should not 

be tolerated. Th ere is an edge of urgency that cannot be ignored. 

Scenario V calls for continual vigilance to:

 ■ Ensure that the essential remedial work is carried out fully and 

on time

 ■ Diligently carry out all regular inspections and maintenance

 ■ Adhere without fail to operating instructions

 ■ Train operating staff  to deal with the unexpected that may fall 

outside the operating manual

 ■ Make sure that emergency evacuation procedures are always in 

place and actually work – a 6 m/s fl ood wave doesn’t leave much 

time to fi gure out what to do or teach people how to do it. 

We dare not let this vigilance slip, not even an inch. Scenario 

D is not a permissible option, but we must always be ready to 

deal with it. Right now we are much too close to Scenario D for 

comfort and will get closer to it until the remediation work takes 

eff ect. But after the immediate works have been successfully 

completed, we should never allow ourselves to slip into Scenario 

R. Relaxation is also not an acceptable option because compla-

cency is the surest route to Scenario D.

It is essential to never leave Scenario V. Th is should drive us 

right up the scale to as close to 10 as we can get. We should al-

ways be striving to do things better, employ the best and keep on 

sharpening their skills. 

Th e importance of excellent maintenance cannot be over-

emphasised. Th is lesson extends way beyond the Kariba Dam to em-

brace all dams, roads, railway lines, bridges, buildings, tunnels, air-

ports, harbours, coastal defences and other infrastructure that civil 

engineers build and need to maintain for the benefi t of mankind.

REFERENCE
Mike Muller 2014: http://www.dailymaverick.co.za/

opinionista/2014-03-26-end-of-the-road-for-nasty-dirty-rich-

environmental-bullies/  
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In the summer of 1958/59, Nicol van der Walt worked 
as a trainee engineer during the construction of the 
Kariba Dam. He was assigned to the Gibb-Coyne-
Sogei Consultants’ engineer in charge of cement 
grout treatment of rock strata behind the concrete 
linings of underground structures and inlet tunnels 
to the power house. Nicol sent us these photos 
depicting some details of the dam construction. 
He says that a typical toolbox for mechanical 
staff were two buckets fi lled with water and hand 
tools submerged to keep them cool enough to 
handle during the hot weather! At the end, being 
handsomely paid, he bought his varsity love, 
Yvonne, an expensive engagement ring. Of course, 
the Kariba diamanté is now worth a small fortune, 
and increasing in value with the years! 

Some images of the
Kariba construction 

Nicol van der Walt 
Civil Engineering Consultant, DFA 

(nicol.vdwalt@dfafrica.co.za)

Blondin skip pouring concrete during the 
construction of the Kariba Dam (1958/59)

The Kariba Dam starting to rise after final blocking of the 
outlets in the toe of the dam wall (early 1959)

Grout mixer

Placement of concrete cooling pipelines
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INTRODUCTION 
Th e Department of Water Aff airs (DWA) 

initiated a nationwide programme 

aiming to ensure that all South African 

towns and villages will have access to 

suffi  cient and sustainable water supplies 

well into the future. Th is complements 

a similar programme, started in 2005, 

for metropolitan areas and the large 

water supply systems. Th ere has been a 

major emphasis over the past decade on 

addressing the backlogs in water supply 

infrastructure mainly in the informal 

suburbs of urban towns and in rural 

areas, with many rural water supply 

schemes commissioned. However, at 

least 34 million m3/a of water is lost 

in the Western Cape alone (excluding 

Cape Town and surrounds) between the 

abstraction at the water resource and the 

provision to the end-user. It is clear that 

Water Conservation and Water Demand 

Management (WC/WDM) measures 

should be implemented as a priority in 

most if not all municipalities. 

Th e DWA initially began the develop-

ment of water reconciliation strategies 

for towns, villages and clusters of vil-

lages in 2008 and concluded this phase 

in 2011. For each strategy, a priority list 

was set up, based on particular areas’ 

water resource problems. Recommended 

interventions to improve the water 

supply situation included putting in place 

water conservation and water demand 

management measures (to reduce losses 

and wastage), upgrading infrastructure, 

groundwater and surface water develop-

ment, water trading and reuse, desalina-

tion of sea or brackish water, and rain-

water harvesting.  All the strategies can 

be accessed from the DWA website or on 

the link http://www6.gov.za/DWAStrat. 

Since the end of 2012, the implementa-

tion of these strategies has been moni-

tored, and strategies are updated where 

new information is available.

A summary of the outcome and 

recommendations from the development 

of the strategies has been reported on by 

Hay et al (2011). Th is article reports on 

lessons learnt from the development and 

implementation of these water reconcili-

ation strategies in the Western Cape and 

Eastern Cape provinces, in studies under-

taken on behalf of the DWA by consult-

ants Umvoto Africa (www.umvoto.com).

APPROACH TO MAINTENANCE OF 
RECONCILIATION STRATEGIES 
In late 2012, the DWA began a pro-

gramme to monitor the progress with the 

implementation, and to support the main-

tenance, of these water reconciliation 

strategies for all towns and villages. Th e 

overall objective of the project is stated in 

the terms of reference as:

Systematic maintenance and improve-

ment of water resource reconciliation 

strategies so that these strategies remain 

relevant, technically sound, economically 

viable, socially acceptable and sustain-

able; thus enabling their implementation 

in the local government planning instru-

ments (Water Services Development Plans 

and Integrated Development Plans). Th e 

study is also to provide support with stra-

tegic interpretation of the additional water 

required in the strategies and to develop a 

separate strategy for proper communica-

tion of the strategies and their contents to 

Water Services Authorities (WSAs).

Th e implementation and maintenance 

of the current reconciliation strategies 

form the core of the work, supported by 

several tasks structured to assist with the 

monitoring and evaluation of progress, 

as well as supporting the implementation 

of the strategies at municipal level. Th e 

required activities are:

 ■ Ongoing liaison with the WSAs to sup-

port the implementation and receive 

feedback about any issues related to the 

strategies

 ■ Collating data and information related 

to the strategies in a specially designed 

information database

 ■ Review of technical documents and 

policy with respect to impact on 

strategies

 ■ Monitoring and evaluation of strategy 

implementation and its impact

 ■ Updating of information on water re-

quirements and water availability, and 

subsequent update of the strategies, 

where this is required

 ■ Regular reporting of changes to strate-

gies and/or status of implementation.

Th e main aim of this project is to provide 

feedback to the diff erent stakeholders – 

i.e. the DWA, provincial departments, 

catchment management agencies (CMAs), 

water boards and municipalities (WSAs), 

and water services providers (WSPs) – on 

the success and challenges in imple-

menting the strategies designed to ensure 

suffi  cient and sustainable water supply for 

the towns. For example, it is critical that 

the starting dates for commencement of 

required studies and/or interventions are 

being communicated, and that the impli-

cations of not implementing projects or 

interventions are timeously highlighted.

Th e progress in implementing the 

strategies will be monitored in three ways: 

 ■ Actual water consumption and water 

losses, or unaccounted for water, as 

indicator for growth scenarios and im-

plementation of WC/WDM 

 ■ Timeous initiation of and progress with 

Isa Thompson

Chief Engineer

Directorate: 

National Water Resource Planning (South)

Department of Water Affairs

thompsoni@dwa.gov.za

Dr Kornelius Riemann 

Principal Hydrogeologist

Umvoto Africa (Pty) Ltd

kornelius@umvoto.com

Rowena Hay 

Managing Director

Umvoto Africa (Pty) Ltd
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Initial lessons learnt from the implementation of the 
All Towns Water Reconciliation Strategies
in the Western and Eastern Cape 
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studies, and implementation of inter-

ventions to increase water availability if 

and when required 

 ■ Required actions, such as infrastructure 

upgrades and obtaining institutional 

agreements (e.g. licensing). 

Th e evaluation will further focus on the 

development and successful implementa-

tion of WC/WDM strategies and the 

implementation of the recommended 

interventions, such as groundwater, water 

reuse, desalination and rainwater har-

vesting.

It is acknowledged that external fac-

tors could impact on the ability to imple-

ment the strategies or could infl uence 

the sequence or priority of recommended 

interventions. Some of the relevant fac-

tors are deteriorating water quality of the 

resource, eff ects of climate change, sig-

nifi cant changes in electricity costs, and 

new or improved technologies.

Updating of strategies

It is important that the strategies remain 

up to date with respect to the best infor-

mation currently available, and that the 

recommended reconciliation options and 

future interventions take into account 

what has been done and/or what cir-

cumstances have signifi cantly changed. 

However, in many instances it might 

not be necessary to update the complete 

strategy, but rather issue an amendment 

with signifi cant changes listed on an 

extra page. 

Th e current strategies comprise an ex-

ecutive summary, a calculation of current 

and future water requirements (based on 

Figure 1: Data and information flow between the three pillars (Administrative Support, 
Strategy Implementation & Maintenance, and Technical Support) and through the cycle of 

Monitoring & Evaluation
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high-, medium- and low-growth scenarios 

for population growth foreseen), informa-

tion regarding non-revenue water and 

status of current infrastructure, as well as 

possible interventions and other actions 

required to improve the water supply 

and water services situation for the town. 

Th e list of recommended interventions 

includes the need for water conservation 

and water demand management, as well 

as a preliminary timeline for implementa-

tion of the interventions, based on the 

high water requirement scenario. Th ese 

elements only need updating, if and when 

the information in the original strategies 

has changed signifi cantly. 

Th e focus of the update of the strate-

gies is on the following aspects:

 ■ Updating water requirement scenarios

 ■ Updating / confi rmation of available 

yield

 ■ Expanding water conservation and 

water demand management

 ■ Incorporating results and recommen-

dations from RBIG, MWIG, ACIP and 

other relevant studies

 ■ Evaluation of downstream impacts 

of any interventions implemented or 

recommended for implementation.

Updating water requirement scenarios

The water requirement estimations 

were mainly based on available popula-

tion data, water use patterns (where 

available), and information on planned 

developments. If better data and infor-

mation for any of these three elements 

are available, the water requirement 

scenarios are updated.

Th e detailed population data obtained 

from the 2011 Census are compared with 

the population fi gures used in the original 

strategies to identify signifi cant discrep-

ancies that would impact on the water 

requirement calculations or estimates. 

Th e eff ort by the DWA and some mu-

nicipalities to install proper metering sys-

tems to measure and monitor the actual 

water consumption allows in some cases 

for a comparison with the water require-

ment estimates. In cases where the actual 

consumption deviates signifi cantly from 

the estimates and is higher than the high 

water requirement scenario, the reasons 

for the increase is investigated and the 

water requirement scenarios updated, if 

the deviation is found to have a reason-

able basis.

Updating / confi rmation of available yield

Th e available yield of dams or run-of 

river abstractions for a number of strate-

gies was assumed, based on available 

but sometimes confl icting information. 

Hence, there is a need for a revision of the 

yield for selected stand-alone dams, some 

of which became available from a recent 

study undertaken by the DWA.

The need to develop drought 

operating rules are more clearly defi ned 

and emphasised, especially in cases of 

conjunctive use schemes and smaller 

dams. However, the development of the 

operating rules is not part of this study, 

but the cases where this is urgently 

required are identifi ed.

Water Conservation and Water Demand 

Management (WC/WDM)

It appears from the analysis of the infor-

mation gathered during the All Towns 
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Study that at least 34 million m3/a of 

water is lost in the Western Cape Province 

municipalities alone (excluding the City 

of Cape Town and surrounds) between 

the abstraction at the water resource and 

the provision to the end-user. Most of 

this water could be saved through imple-

menting eff ective WC/WDM measures. 

Th ese savings would be enough to supply 

the water requirements of a town like 

George or Stellenbosch. Th e situation in 

the Eastern Cape Province is worse. Th ere 

are several examples of towns where 50% 

and more of the water abstracted does 

not reach the end-users. In cases without 

properly measured abstraction and con-

sumption data, acceptable water losses of 

15% to 20% have been assumed, but these 

assumptions probably grossly underesti-

mate the actual situation. Th is stresses the 

need for a good metering programme to 

better manage water supply and distribu-

tion, and fi nances, in every municipality. 

A water balance in accordance with 

the standard of the International Water 

Association (IWA) will be prepared for 

each strategy, where the required data is 

readily available to properly populate the 

table. It is further envisaged to expand the 

IWA water balance to include the bulk 

abstraction and transmission from the 

source and the treatment process. Th is 

will provide a complete overview of water 

losses and non-revenue water from the 

source to the end-user (see Figure 2).

Results from RBIG and other studies

Th e diff erent spheres of government 

provide a range of funding for mu-

nicipal infrastructure and improving 

service delivery – e.g. the Regional Bulk 

Infrastructure Grant (RBIG), Municipal 

Water Infrastructure Grant (MWIG), 

Municipal Infrastructure Grant (MIG) 

and the Accelerated Community 

Infrastructure Programme (ACIP). 

Funding criteria often include that the 

study or intervention must be aligned to 

the recommendations from the All Towns 

Reconciliation Strategy for the specifi c 

area. 

Th e spatial extent of these grant-

funded studies, and their results with 

respect to increased water availability to 

the end users, are evaluated and taken 

into account in the update of the strate-

gies. Current investigations into potential 

interventions are reviewed and com-

mented on in the light of the most recent 

reconciliation strategies.

Water resource Treatment Reticulation Consumption Billed / unbilled Revenue

Raw water Raw water input System input Authorised Billed metered Free basic water

abstracted consumption  3 263 738.00 

WTW WTW Revenue water

Dam  3 536 588.00  3 439 283.00  3 270 616.57 Billed unmetered

 2 831 371.00  3 263 738.00 

No treatment No treatment

Run-of-river  -  - Unbilled metered Non-revenue water

 -  - 

Purchased

Groundwater  - Unbilled unmetered

 705 217.00  6 878.57 NRW internal

Total into WTW Total treated  175 545.00 

Treated effluent  3 536 588.00  3 439 283.00 Reticulation losses Apparent losses 5%

 - 

Total system input  168 666.43 

Seawater  3 439 283.00 5% Real losses

 -  168 666.43 

Other / purchased Treatment losses Bulk supply losses Apparent bulk loss

 -  97 305.00 NRW bulk & internal

 97 305.00  272 850.00 

Total Bulk reticulation losses 3% Real bulk losses 8%

 3 536 588.00  -  97 305.00 

Table 1: Comparison of available information for different aspects of the strategies

Aspect in 
strategy Western Cape Eastern Cape

Current water 
consumption

DWA collates monthly water 
balance data supplied by 
the municipalities for most 
systems and towns. 

Water use is often not measured or 
not recorded in a structured way; 
available data is not complete over 
a fi nancial year.

Current water 
availability

DWA Regional Offi ces and 
most municipalities know 
how much water is allo-
cated for domestic use.

Water availability is often based on 
anecdotal evidence and assump-
tions.

Water requirement 
scenarios

Updated water require-
ment scenarios based on 
measured current use and 
agreed population growth.

Water requirement scenarios 
mainly based on assumptions 
regarding current use, growth po-
tential, developments and service- 
level changes.

Status of 
infrastructure

WSDPs are mostly up to 
date or in the process of 
being drafted. The Blue 
Drop and Green Drop re-
ports indicate drinking and 
wastewater status.

Only a few WSAs have up to date 
WSDPs with correct information. 
Other sources of information must 
be sought to close the gaps.

Status of 
required studies

RBIG process managed 
closely by DWA RO 
with regular input from 
D:NWRP.

Various forms of grant funding are 
available (RBIG, MWIG, MIG, ACIP, 
etc), but there is little coordina-
tion between these; municipalities 
often do not follow the correct pro-
cesses and push for interventions 
that are not recommended.

Status of required 
interventions

Emergency water supply 
interventions had to be put 
in place during the severe 
2009 to 2011 drought in the 
Southern Cape.

A number of RBIG, MIG and ACIP 
projects have been implemented 
or are currently being constructed.
Municipalities often ignore recom-
mendations from the reconcilia-
tion strategies and opt for other 
interventions, with the problem of 
obtaining the required funding for 
these schemes and not being able 
to fund O&M.

General
The capacity to manage the 
municipal water supply is mostly 
ranked low for the WSAs. 

Figure 2: Extended IWA water balance for Hermanus for 2013 (values in m3/a); the bold frame 
indicates original IWA water balance, and values in the white cells are calculated from data input
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Evaluation of downstream impacts

Th e statement “we all live downstream” 

highlights the need for good manage-

ment of river systems to ensure that all 

water resource users (and associated 

ecosystems) can continue to benefi t from 

their use. Within a catchment, most water 

resources are connected in some way, and 

are therefore infl uenced by one another, 

with activities in one part of a catchment 

often impacting on the downstream 

ecology and water users. To minimise 

negative impacts and optimise sustainable 

use of valuable water resources therefore 

requires an Integrated Water Resources 

Management (IWRM) approach, which 

considers the catchment-to-consumer-to-

catchment cycle.

TOOLS AND INFORMATION 
AVAILABLE
Th e available data and information for 

monitoring and evaluating the implemen-

tation of the strategies diff er signifi cantly 

between the two provinces, and between 

individual towns. Th e main diff erences and 

their impacts on the process of updating 

the strategies are summarised in Table 1.

Th e implication of the diff erences is 

that the monitoring and evaluation pro-

cess for most reconciliation strategies in 

the Western Cape runs smoothly, while 

the diffi  culties of collating the relevant 

data persist in the Eastern Cape. Hence, 

the quality of the output and the detail of 

the evaluation of the progress of imple-

mentation diff er signifi cantly.

CURRENT STATUS – WESTERN CAPE  
Th e Western Cape accounts for a total 

of 139 individual strategies for the 

smaller towns and villages. Th e Local 

Table 2: Summary water balance per WSA for 12-months period to December 2013

WSA

Number of 

systems 

monitored

Total water 

abstraction 

(kl/a)

System input 

volume (kl/a)

Requirement 

projection for    

Dec 2013

Non-revenue 

water (kl/a)
NRW (%)

City of Cape Town 1 315 837 712 315 837 711 442 751 212 64 680 234 20.5%

West Coast Region 29 6 338 838 28 551 554 29 615 653 4 759 931

Matzikama Municipality 5 5 252 332 3 501 171 4 520 878 188 938 5.4%

Cederberg Municipality 5 809 864 (2) 3 754 422 2 648 270 1 301 804 34.7%

Bergrivier Municipality 6 56 412 (2) 2 287 377 2 919 219 170 947 7.5%

Saldanha Bay Municipality 6 Unknown (3) 13 581 699 13 694 008 2 133 799 15.7%

Swartland Municipality 7 220 230 5 426 885 5 833 278 964 443 17.8%

Cape Winelands Region 23 21 535 461 48 427 142 49 930 735 7 195 431

Witzenberg Municipality 5 Unknown (3) 6 812 632 6 879 015 906 654 13.3%

Drakenstein Municipality 5 1 638 321 19 089 972 18 958 973 3 137 591 16.4%

Stellenbosch Municipality (1) 4 13 942 483

Breede Valley Municipality 4 14 790 230 14 790 229 15 909 819 3 069 009 20.8%

Langeberg Municipality 5 5 106 910 7 734 309 8 182 928 82 177 1.1%

Overberg Region 26 13 482 553 15 440 368 17 043 451 3 502 466

Theewaterskloof Municipality 8 3 124 426 4 694 403 4 657 134 1 095 069 23.3%

Overstrand Municipality 8 7 448 572 6 850 298 8 508 881 1 549 133 22.6%

Cape Agulhas Municipality 6 1 414 379 (2) 2 400 491 2 187 507 550 283 22.9%

Swellendam Municipality 4 1 495 176 1 495 176 1 689 929 307 981 20.6%

Eden Region 27 33 265 244 37 492 771 43 111 159 6 375 531

Kannaland Municipality 4 1 544 200 1 506 510 1 776 950 Unknown Unknown

Hessequa Municipality 6 1 251 488 (2) 3 040 095 3 592 174 437 948 14.4%

Mossel Bay Municipality 1 7 990 178 7 382 654 10 680 886 1 274 073 17.3%

George Municipality 3 11 440 050 10 235 486 14 496 290 1 646 789 16.1%

Oudtshoorn Municipality 3 7 558 325 7 537 613 7 116 369 1 533 305 20.3%

Bitou Municipality 5 3 481 003 3 314 005 2 893 715 1 070 284 32.3%

Knysna Municipality 5 Unknown (3) 4 476 408 4 331 726 413 133 9.2%

Central Karoo Region 9 3 474 244 3 414 075 3 515 010 1 708 830

Laingsburg Municipality 2 496 608 695 991 570 167 325 043 46.7%

Prince Albert Municipality (1) 4 449 050

Beaufort West Municipality 3 2 977 636 2 718 084 2 944 843 1 383 787 50.9%

Total Western Cape 115 393 934 051 449 163 621 594 051 462 88 222 424

1. Stellenbosch and Prince Albert Municipality did not provide their water balance data.
2. Raw water abstraction is not consistently measured across the municipality.
3. Raw water abstraction is not measured.
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Municipalities (LMs) needing urgent at-

tention for interventions (water supply 

or water services) to reduce their water 

shortfall include Witzenberg, Beaufort 

West, Hessequa, Kannaland, Oudtshoorn, 

Swellendam, Bergrivier, Cederberg, 

Saldanha Bay and Swartland. In addi-

tion, some towns in other municipalities 

require specifi c actions to improve their 

water supply situations.

Water balance 2013

Th e water balance data of all the dis-

tribution systems in the Western Cape 

are collected on a quarterly basis by the 

DWA’s Regional Offi  ce. Table 2 gives an 

overview of the data submitted by the 

municipalities (12-month period ending 

December 2013).

Water usage 

Over two dozen towns used sig-

nificantly more water from January to 

December 2013 than predicted, and 

others, such as Greyton and Klawer, 

used less. Towns without data on 

system input included Murraysburg, 

Matjiesfontein, Prince Albert, Leeu-

Gamka, Klaarstroom, Bitterfontein, 

Nuwerus and Kliprand. 

Th ere were also about three dozen 

towns with non-revenue water above 30%, 

topped by Ebenhaezer and Papendorp 

(77%), Bot River (68%), Laingsburg (69%) 

and Tulbagh (67%). Th ese towns need 

urgent WC/WDM interventions.

Initiatives to reduce water con-

sumption and water losses are under 

way for Zoar (water-loss study), the 

whole of Matzikama LM (meters audit 

and implementing measures to reduce 

losses), Clanwilliam (pressure reduc-

tion), Darling (installing bulk water me-

ters) and Malmesbury (installing or re-

placing water meters). The Oudtshoorn 

LM has recently updated its WC/WDM 

strategy and awaits Council approval to 

start implementation. 

Progress with infrastructure upgrades

Th e reconciliation strategies identifi ed 

the need for water services infrastructure 

upgrades in a number of towns. Th is is 

mainly related to water treatment and 

wastewater treatment works, as well as 

storage reservoirs. Th e latest Blue Drop 

and Green Drop scores show an overall 

improvement, although there are still 

some towns that are underperforming.

Th e Regional Bulk Infrastructure 

Grant (RBIG) and Accelerated 

Community Infrastructure Programme 

(ACIP) programmes, supported by the 

DWA, currently fund a large number 

of feasibility studies and infrastructure 

upgrade projects. Other interventions, 

in addition, include groundwater supply 

infrastructure developed for Elands 

Bay, Graafwater, Bot River, Hermanus, 

Stanford, Albertinia, Laingsburg, Beaufort 

West, Prince Albert and Nelspoort. An 

artifi cial recharge scheme at Langebaan 

is currently in its pilot phase. Reverse 

osmosis desalination plants were installed 

during the recent drought in the Southern 

Cape for Plettenberg Bay, Sedgefi eld, 

Knysna, Mossel Bay and Beaufort West 

(direct water re-use plant). Most of 

these recent infrastructure develop-

ments are reflected in the original rec-

onciliation strategies.
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CURRENT STATUS – EASTERN CAPE
The Eastern Cape accounts for a total 

of 130 strategies for the smaller towns 

and villages. 

Water reconciliation situation 2010/11

Th ere has been a major emphasis over the 

past decade on addressing the backlogs in 

water supply infrastructure, mainly in the 

informal suburbs of urban towns and in 

rural areas, with many rural water supply 

schemes commissioned. Th ese schemes 

include both surface and groundwater 

supplies throughout the rural areas. 

A major eff ort to secure and maintain 

routine monitoring, metering and record-

keeping of water consumption, including 

losses, is imperative. Th is information 

is not readily available for most of the 

municipalities, and it is an impediment to 

improving water supply management and 

planning. Th is situation is refl ected in the 

vulnerability index from the 2011/2012 

Municipal Strategic Self-Assessment 

(MuSSA) survey as illustrated in Table 3.

Th e theoretical average water require-

ment for domestic use is about 210 mil-

Table 3: Water Resource Management (WRM) (extract from 2011/12 DWA report)

System

The results from 
the Reconciliation 
Strategies (Large 

Systems/All Towns) 
have been incor-
porated into your 

WSDP

The quantity of water 
available from the re-

sources is suffi cient for 
your current WSA needs

The quantity 
of water avail-
able from the 

resources is suf-
fi cient for your 

future WSA needs 
(i.e. no shortage in 

10 years)

The source water 
quality is currently 
acceptable for its 

purpose

The trend indi-
cates a dete-

riorating source 
water quality

Alfred Nzo 
District 
Municipality

In process
No shortage (i.e. suffi cient 
water)

No shortage (i.e. 
suffi cient water)

Yes, strongly agree 
(i.e. all sources 
(100%) acceptable)

No, no sources 
(0%) deteriorating

Amathole District 
Municipality

In process 11 - 20% shortage 11 - 20% shortage
Mostly agree 
(i.e. > 75% of sources 
acceptable)

No, no sources 
(0%) deteriorating

Baviaans Local 
Municipality

In process > 50% shortage > 50% shortage
Agree somewhat 
(i.e. > 50% of sources 
acceptable)

> 25% of sources 
deteriorating

Blue Crane Route 
Muncipality

Don’t know 21 - 30% shortage 11 - 20% shortage
Agree somewhat 
(i.e. > 50% of sources 
acceptable)

> 25% of sources 
deteriorating

Buffalo City 
Municipality

Yes, strongly agree
No shortage (i.e. suffi cient 
water)

No shortage (i.e. 
suffi cient water)

Yes, strongly agree 
(i.e. all sources 
(100%) acceptable)

< 25% of sources 
deteriorating

Camdeboo 
Municipality

Don’t know
No shortage (i.e. suffi cient 
water)

> 50% shortage
Mostly agree 
(i.e. > 75% of sources 
acceptable)

No, no sources 
(0%) deteriorating

Chris Hani 
District 
Municipality

Yes, strongly agree 1 - 10% shortage 1 - 10% shortage
Mostly agree 
(i.e. > 75% of sources 
acceptable)

> 25% of sources 
deteriorating

Ikwezi Local 
Municipality

Don’t know 21 - 30% shortage > 50% shortage
< 50% of sources 
acceptable

> 50% of sources 
deteriorating

Joe Gqabi 
District 
Municipality

No, disagree 11 - 20% shortage 1 - 10% shortage
Yes, strongly agree 
(i.e. all sources 
(100%) acceptable)

< 25% of sources 
deteriorating

Kouga 
Municipality

In process 1 - 10% shortage 11 - 20% shortage
Mostly agree 
(i.e. > 75% of sources 
acceptable)

> 25% of sources 
deteriorating

Kou-Kamma 
Municipality

In process 11 - 20% shortage 11 - 20% shortage
Mostly agree 
(i.e. > 75% of sources 
acceptable)

Don’t know

Makana 
Municipality

No, disagree
No shortage (i.e. suffi cient 
water)

21 - 30% shortage
Yes, strongly agree 
(i.e. all sources 
(100%) acceptable)

No, no sources 
(0%) deteriorating

Ndlambe 
Municipality

In process > 50% shortage > 50% shortage
Agree somewhat 
(i.e. > 50% of sources 
acceptable)

> 50% of sources 
deteriorating

Nelson Mandela 
Bay Municipality

In process
No shortage (i.e. suffi cient 
water)

21 - 30% shortage
Yes, strongly agree 
(i.e. all sources 
(100%) acceptable)

No, no sources 
(0%) deteriorating

O R Tambo DM Yes, strongly agree 21 - 30% shortage 21 - 30% shortage
Mostly agree 
(i.e. > 75% of sources 
acceptable)

No, no sources 
(0%) deteriorating

Sundays 
River Valley 
Municipality

In process 1 - 10% shortage 21 - 30% shortage
Mostly agree 
(i.e. > 75% of sources 
acceptable)

> 25% of sources 
deteriorating
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lion m3/a in the Eastern Cape, excluding 

the metropolitan areas. However, the 

actual water consumption appeared to be 

signifi cantly higher; some towns have a 

per capita use of more than 400 l/c/day, 

especially holiday towns, which is much 

higher than the national fi gure of 235 

litres per capita per day. Many towns have 

signifi cant water losses. 

Th e reconciliation strategies identifi ed 

the need for water services infrastructure 

upgrades, mainly related to water treat-

ment and wastewater treatment works, 

as well as storage reservoirs and ageing 

distribution infrastructure for a number 

of towns. An overall improvement can be 

observed, although there are still a number 

of WSAs that are underperforming. 

Th e summary situation based on 

MuSSA data for various WSAs is given 

in Table 3, which is an extract from the 

2011/12 report (DWA 2013).

Municipal capacity

Th e 2011/2012 MuSSA survey in the 

Eastern Cape comprised all 16 Water 

Services Authorities (WSAs) (i.e. 100% 

participation). Th e MuSSA indicates the 

overall health of municipal water business 

and is a key source of information around 

municipal performance. Some 16 key 

areas of service performance / business 

attribute vulnerability were identifi ed. 

From these, the most critical vulnerabili-

ties for the Eastern Cape are wastewater/

environmental safety and Green Drop 

status, revenue collection, technical staff  

capacity (numbers), water conservation 

and demand management, and infrastruc-

ture asset management.

Th e overall vulnerability of the 

WSAs in the Eastern Cape for water 

resource management indicates that 31% 

are considered very highly vulnerable. 

Another 19% are highly vulnerable. Th e 

overall vulnerability of the WSAs in the 

Eastern Cape for the topic Wastewater/ 

Environmental Safety and Green Drop 

Status indicated that 63% are considered 

very highly vulnerable. Another 13% are 

considered highly vulnerable, indicating 

that resource protection must in the 

short term become a priority, either 

through improved management and 

upgrade of wastewater treatment plants 

or through stricter monitoring and 

policing of disposal of effl  uent. A WC/

WDM strategy for the Fish to Tsitsikama 

WMA by the DWA currently being 

fi nalised estimated non-revenue water 

of approximately 42% and average con-

sumption of 202 litres/capita/day for the 

study area. Th e NRW fi gure is above the 

national average of 36.8% and the average 

consumption is higher than the national 

target of 180 l/c/d.

Water Conservation and Water Demand 

Management (WC/WDM) 

Th e high water losses and excessive unit 

water use are of particular concern, and 

the situation is exacerbated by poor to no 

monitoring and record-keeping. Th ere are 

several examples where 50% and more of 

the water abstracted from the resource 

did not reach end users. Th e non-revenue 

water is also high, considering the formal 

supply area and infrastructure in most 

municipalities. 

For example, the water balance 

data received from the Amathole DM, 

one of the few District Municipalities 

which have such data, comprises bulk 

abstraction, system input and billed 

consumption. Th e data clearly indicates 

the large component of non-revenue 

water throughout the WSA, with some 

towns revealing non-revenue water 

(NRW) of more than 70% (Willowvale, 

Ngqamakhwe and Hogsback). Th ere are 

several possible reasons for these high 

volumes – actual water losses in the bulk 

transmission pipeline, treatment works 

and/or distribution network; inaccurate 

bulk water meters; inaccurate or missing 

zone meters; and/or only partial metering 

and billing of residential units.

It is clear that WC/WDM should be 

implemented as a priority in most mu-

nicipalities. Several WSAs in the Eastern 

Cape have developed WC/WDM strate-

gies, and implementation of loss control 

and other WDM measures are under way, 

with support by the DWA.  

Progress in meeting water supply shortfall 

Aside from funding municipal infra-

structure upgrades, the RBIG, MWIG 

and MIG programmes fund a number 

of studies for possible bulk water supply 

interventions to address some of the 

shortfalls and backlogs. About 21 pro-

jects have been completed or are cur-

rently under construction.

Th ese projects will go some way to 

addressing the reported vulnerabilities, 

but will not resolve the problem of water 

losses or poor water resource protection. 

Signifi cant eff ort to improving municipal 

capacity with respect to water resource 

management, and operation and mainte-

nance of water infrastructure, is needed 

along with infrastructure development. 
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WSA
MuSSA 
Vulnerability 
Index (VI) (2012)

1 Blue Crane Route Municipality 0.96  

2 Kou-Kamma Municipality 0.90  

3 Ikwezi Municipality 0.90 

4 Camdeboo Municipality 0.87 

5 Makana Municipality 0.85   

6 Kouga Municipality 0.85  

7 Sundays River Valley Municipality 0.82  

8 Amathole DM 0.78  

WSA
MuSSA 
Vulnerability 
Index (VI) (2012)

9 Joe Gqabi DM 0.70  

10 Baviaans Municipality 0.69  

11 O R Tambo DM 0.69  

12 Nelson Mandela Metropolitan Municipality 0.54  

13 Alfred Nzo DM 0.48

14 Ndlambe Municipality 0.45

15 Buffalo City Municipality 0.26

16 Chris Hani DM 0.24

 Very high vulnerability
      

  High vulnerability

> 0.75 – Red
> 0.50 – Orange
> 0.25 – Yellow
< 0.25 – Green 

Figure 3: MuSSA Municipal Vulnerability Index
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INTRODUCTION
Consideration of the feasibility of developing 

the water resource within the Koonap River 

Valley is not new. Records of investigations 

into development of the water resource 

within this area date back to the 1960s, 

driven by demands from farmers within 

the valley for greater reliability of irrigation 

water to develop agriculture. Boreholes 

located on the proposed Foxwood Dam site 

outside Adelaide date back to 1962, and a 

comprehensive agro-economic study was 

carried out in 1988. However, the proposed 

scheme never materialised due to insuf-

fi cient commitment from farmers to develop 

the required land to make the scheme vi-

able. Further studies of a large-scale dam 

development were carried out in the 1990s, 

prompted by renewed farmer interest in reli-

able irrigation water supply and concern over 

domestic water supply vulnerability during 

extended drought periods. However, no sig-

nifi cant scheme has yet been developed.

Over the last twenty years of democ-

racy, national government’s development 

proposals have resulted in an increased 

role for water in achieving the goals of the 

National Development Plan. Water plays 

a central role in all economic sectors, 

notably in agriculture and rural develop-

ment, and therefore the development 

and allocation of water resources, as well 

as their protection, is an “essential pre-

requisite for inclusive economic growth, 

poverty reduction and the reduction of 

inequality in South Africa”, as articu-

lated in the recently published National 

Water Resource Strategy, Second Edition 

(NWRS2), subtitled Water for an Equitable 

and Sustainable Future, with a vision of 

“sustainable, equitable and secure water for 

a better life and environment for all”.

It is against this backdrop that the 

Department of Water Aff airs has ap-

pointed Arup (Pty) Ltd to carry out a 

Feasibility Study for Foxwood Dam on the 

Koonap River at Adelaide.

PROJECT CONTEXT: KOONAP 
CATCHMENT, ADELAIDE AND 
FOXWOOD DAM
Th e Koonap River Valley is located in the 

foothills of the Winterberg Mountains 

and forms a sub-catchment of the 

Great Fish River. Two towns, Adelaide 

and Bedford, are situated in the valley, 

both located within the Nxuba Local 

Municipality. Fort Beaufort is located 

nearby in the adjacent Kat River Valley. 

Nxuba Local Municipality lies within the 

Amathole District Municipality (ADM), 

which is the Water Service Authority. 

All of the towns – Adelaide, Bedford and 

Fort Beaufort – are recorded as having 

projected population growths of between 

0% and -1% per year.

Agriculture is the main economic and 

employment sector in the municipality 

and is generally based around livestock 

farming. Th e majority of irrigation is for 

livestock pastures, although there is an in-

creasing trend towards higher-value crops, 

such as citrus, pecans and avocados.

FOXWOOD STUDY IN THE 
CONTEXT OF NWRS2

Maximise existing resources

South Africa has over 4 395 registered 

dams, and it is generally accepted that 

further development of new dam sites will 

be an expensive means of providing fur-

ther yield. It is therefore imperative that 

maximum use is made of existing water 

supply infrastructure, and that water use 

is as effi  cient as possible and that as little 

water is wasted as possible.

Arup has carried out a thorough 

assessment of existing water supply 

infrastructure in Adelaide, building on 

the information gathered as part of the 

All Towns Reconciliation Strategies 

Study. Cognisance has also been taken 

of the water requirements of the nearby 

towns, Bedford and Fort Beaufort, which 

would also benefi t from a development 

at Foxwood. Adelaide’s water require-

ments are currently met by an off -channel 

storage dam supplied from the Koonap 

River via a canal, a municipal borehole 

and an extension of the Bedford Fish River 

Pumping Scheme which transfers water 

from the Fish River to Bedford. In general, 

the capacity of all systems was found to be 

severely restricted by a lack of supply man-

agement capacity and maintenance – a 

common theme across the country, identi-

fi ed within the All Towns Reconciliation 

Strategies. However, assessment of the 

systems indicated that, if maintained and 
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operated at their design levels, there should 

be suffi  cient supply to meet Adelaide’s cur-

rent and projected water requirements. In 

addition, a review of groundwater potential 

identifi ed signifi cant additional yield that 

could be achieved. Th e Amathole District 

Municipality is proactively addressing in-

frastructure maintenance, and water con-

servation and water demand management 

issues. Th ey have commissioned a number 

of studies and assessments and are imple-

menting many of the recommendations.

Developmental Water Resource

Development – Equity

In line with the NWRS2 objective that 

water supports development and that 

water resource development is used as 

an opportunity to proactively support 

Historically Disadvantaged Individuals’ 

(HDIs) access to water and HDI par-

ticipation in productive water use, the 

DWA’s feasibility study is addressing the 

opportunity to develop water resources 

to support irrigation along the Koonap 

Valley. Th e concept of Developmental 

Water Management was a theme of 

the original NWRS, but one which the 

NWRS2 acknowledges has not progressed 

suffi  ciently far.

One of the key tools developed 

for redressing equitable water use is 

the Water Allocation Reform (WAR) 

Strategy. In the past this has struggled 

to gain traction due to poor alignment 

with other reform programmes across 

national government departments, and 

the lack of direct support, during pro-

ject implementation, to HDIs to access 

water and develop the productive use of 

their allocations.

Recognising these issues, Arup and 

DWA have sought – through concerted 

consultation with key stakeholders – to 

promote potential models of irrigation 

development in line with the objectives of 

the NWRS2.

Consultation has taken place 

throughout the project through a Project 

Steering Committee of institutional 

stakeholders, a Stakeholder Forum of all 

stakeholders and a specifi c agricultural 

stakeholder group.

 ■ Th e project team reported regularly to a 

Project Steering Committee comprising 

all relevant institutional stakeholders, 

including national and provincial gov-

ernment departments, and representa-

tives from the district and local munici-

palities and the water service provider.

 ■ Establishment of a Stakeholder Forum 

by ACER Africa has formed the back-

bone of general public participation 

which is essential to ensuring the pro-

ject is aligned with ‘local’ aspirations 

and encourages responsibility and ac-

countability among the stakeholders.

 ■ Recognising the dependence of the pro-

ject viability on the ability to establish 

economically sustainable agricultural 

models, Arup, with support from agro-

economic specialists AgriAfrica, has 

established an Agricultural Technical 

Working Group (ATWG) with repre-

sentation from the national and provin-

cial departments of land reform, rural 

development, agriculture and agrarian 

reform, as well as district and local mu-

nicipalities and farmers associations.

Initial feedback from the ATWG recorded 

a willingness by existing commercial 

irrigators to work in partnership with 

resource-poor aspirant farmers, under 

arrangements where increased access to 

reliable irrigation supply can be obtained 

and technical skills transferred and 

developed. Th is is exactly in line with 

the objectives of the WAR programme. 

Currently, potential agricultural models 

are being developed to assess the eco-

nomic viability of diff ering sizes of irriga-

tion schemes, with diff erent crop types 

and with varying systems of partnership 

and joint venture being considered. Th e 

Table 1: Proposed Foxwood Dam Summary Data

Water Management Area Fish–Tsitsikamma

Quaternary catchment Q92

Catchment area 1 091 km2

Mean annual rainfall 598 mm

Gross mean annual runoff (MAR) 47.61 million m3/a

Estimated long-term yield (95%) 16 million m3/a

Probable maximum fl ood in the order of 6 000 m3/s

200-year fl ood estimate 2 063 m3/s

Spillway length in the order of 150 m – 250 m

Full supply level (1 MAR storage) 615 masl

Crest level 620 masl

River bed level 577 masl

Height of embankment 43 m

Crest length 460 m

Proposed Foxwood Dam location within the Koonap River Valley (Q92 quaternary catchment)
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outcomes from this work will be dis-

cussed with the ATWG prior to being 

fi nalised, and will be incorporated in the 

Economic Impact Analysis that forms 

part of the study.

Nevertheless, two remaining key is-

sues, which must be addressed outside 

of the feasibility study, and which are 

identifi ed as key actions of the WAR pro-

gramme in the NWRS2, are:

 ■ Reviewing the accuracy of the Water 

Authorisation and Registration 

Management System (WARMS), as this 

is key to the transparent redressing of 

existing and future access to water from 

the Koonap.

 ■ Establishing an institutional task team 

as a priority measure to ensure that 

land reform and rural development, as 

well as agriculture and agrarian reform 

programmes, are integrated with the 

WAR objectives.

Cost-eff ective infrastructure development

Ideally, water resource infrastructure should 

be designed and developed where realistic 

water requirements can be matched to 

appropriate supplies. Where investment 

is to be made in new infrastructure, value 

for money must be optimised. Given the 

uncertainty and risks associated with es-

tablishing new sustainable irrigation devel-

opments in the Koonap River Valley, Arup 

is investigating all appropriate dam sizes for 

the hydrology of the catchment along with 

all dam structure types to suit the topog-

raphy and geology of the area, with the 

aim of determining the most cost-eff ective 

water supply.

PROJECT IMPLEMENTATION
As discussed in this article, the feasibility 

study for the Foxwood Dam has made sig-

nifi cant strides to illustrate the potential 

for future water resources development 

to be carried out in line with the NWRS2 

objectives and vision, and potentially 

result in important social upliftment. 

Th e future of the Foxwood Dam depends 

on the integration and alignment of a 

number of government departments and 

their agencies and initiatives. Th rough 

this combination of water, land and agri-

culture policy, Foxwood Dam will have a 

role to play in reaching towards the devel-

opment plans of this country.

Th e feasibility study for the Foxwood 

Dam will be completed in October 2014. 

Following determination of the most cost-

eff ective dam design and suitable sustain-

able agricultural models, the Economic 

Impact Assessment will be carried out to 

enable the DWA to assess the technical via-

bility of the scheme. As with all major infra-

structure development, an Environmental 

Impact Assessment (EIA) is essential for 

determining the wider impact of the project 

on the local and regional economy, the 

environment, and any social challenges and 

opportunities. Th e appointment process for 

the EIA practitioner is currently under way.

Further information on the current 

status and progress on the project can be 

obtained on DWA’s website (http://www.

dwa.gov.za/Projects/FoxwoodDam).  Foxwood Dam location at Adelaide illustrating land tenure issues

View up the Koonap River Valley at the proposed Foxwood Dam site
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THE TASK
Although the electrifi cation of urban 

areas and some informal settlements in 

South Africa has been achieved during 

recent years, many rural areas still require 

intervention to provide a reliable and 

sustainable electricity supply. However, 

the national electricity grid, managed 

by Eskom, has for various reasons been 

experiencing problems, particularly 

since 2008. Further development of rural 

electrifi cation is not a high priority at 

present, due to the shortage in generating 

capacity available to Eskom. Th e existing 

capacity needs to be managed to serve the 

current users connected to the national 

grid. However, the primary electricity 

infrastructure (i.e. coal-fi red power sta-

tions, major supply lines and distribu-

tion of electricity within urban areas) is 

becoming rapidly insuffi  cient and cannot 

sustain supply against the demand for 

electricity from existing (and future) users 

connected to the national grid.

As a result, supply to the potential 

electricity demand from rural areas in 

the Eastern Cape and KwaZulu-Natal 

now has to be delayed until the national 

utility’s generating capacity is extended. 

Eskom is currently constructing two 

new coal-fired power stations, Kusile 

and Medupi, which will increase their 

base-load generating capacity. 

Although universal access to modern 

forms of energy is still far from being a 

reality in many remote parts of South 

Africa where the population is sparse 

and the demand low, rural electrifi ca-

tion has the potential to greatly improve 

the standard of living of those people in 

South Africa who, up till now, have been 

excluded from the grid. 

A new project, supported by the 

Water Research Commission and the 

Department of Science and Technology, 

aims to demonstrate the possibilities of 

using small hydropower systems for rural 

electrifi cation in South Africa. It further 

aims to enhance the uptake of microhydro-

technology, making local stakeholders 

(private sector, fi nancial sector, govern-

ment entities, etc) aware of the opportuni-

ties that this technology brings, and the 

coordinated eff orts required for its suc-

cessful re-implementation. Th e project will 

prove that, under the current legislative 

and policy framework, small hydropower 

technology is able to provide ‘grid-quality’ 

electricity to rural communities.

THE CRITICAL ROLE OF SMALL 
HYDROPOWER
Small hydropower can play a critical role 

in providing energy access to remote 

areas in South Africa as stand-alone iso-

lated mini-grids.

Small-scale hydropower development
for rural electrifi cation in South Africa

It is believed that small-scale 
hydropower is the ‘low-

hanging fruit’ in terms of viable 
renewable energy which could 

be developed specifi cally for 
rural electrifi cation.

Figure 1: Typical run-of-river hydropower components (Natural Resources Canada 2004)
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Th e reality for many remote com-

munities is that, while they have been 

uplifted from not having any water supply 

and/or organised sanitation schemes be-

fore 1994, they still do not have access to a 

suffi  cient and sustainable power supply. 

Small-scale hydropower off ers the 

ability to provide energy access to some 

remote communities in South Africa. Th e 

opportunities that may be available include 

using existing infrastructure, such as dam 

releases (typically the release for the natural 

reserve), irrigation canals, weirs, wastewater 

treatment plant outfl ows, or the construc-

tion of new run-of-river schemes.

At all of these schemes there is hidden 

potential for either the installation of pico- 

(< 20 kW), micro- (up to 100 kW), or even 

mini- (up to 1 MW) hydropower plants to 

electrify a clinic and/or school, a village 

cultural centre or even a whole village. 

Decentralised electricity generation 

options, such as small-scale hydropower, 

often remain the only viable solutions to 

supply such areas with electricity. Mini-

grids (central generation and a village-

wide distribution network) can be a 

more eff ective alternative to home power 

systems, since they can provide capacity 

for the productive use of electricity (small 

businesses). Hybrid mini-grids (renewa-

bles combined with or replacing diesel 

generators) are a widely acknowledged 

technology for rural electrifi cation in de-

veloping countries.

Although not very well documented, 

small-scale hydropower used to play an 

important role in the provision of energy 

to urban and rural areas in South Africa. 

Th e fi rst provision of electricity to cities 

like Cape Town and Pretoria was based 

on small-scale hydro, while smaller 

towns also started local distribution of 

electricity through isolated grids powered 

by small hydro stations (Jonker Klunne 

2009). However, with the expansion of the 

national electricity grid, and cheap coal-

generated power supplied through this 

grid, large numbers of small generating 

facilities were decommissioned. 

Th e South African Renewable Energy 

Database (Muller 1999), as developed by 

the CSIR, did investigate the available re-

newable energy resources in the country, 

including the potential for hydropower. It 

was detailed for the Eastern Cape region 

through a three-year investigative project 

titled "Renewable energy sources for rural 

electrifi cation in South Africa". Th e pri-

mary objective of that project was to iden-

tify the commercially viable opportunities 

for rural electrifi cation in the Eastern 

Cape Province using wind-, hydro- and 

biomass-powered energy systems. Th e 

research indicated that there is potential 

for small-scale hydropower, with several 

sites identifi ed and evaluated.

Small hydropower is a proven, mature 

technology with a long track record, 

including in Africa. Th e gold mines at 

Pilgrim's Rest (South Africa), for example, 

were powered by two 6 kW hydro tur-

bines as early as 1892, complemented 

by a 45 kW turbine in 1894 to power 

the fi rst electrical railway (Eskom 2009 

in Jonker Klunne). Many countries in 

Africa have a rich history of small-scale 

hydropower, but over time large numbers 

of these stations have fallen into disrepair. 

Some were decommissioned because 

the national grid reached their location, 

some because of a lack of maintenance 

or even pure neglect. Recently initiatives 

in a number of African countries were 

aimed at reviving the small hydro sector, 

either through international development 

agencies or through initiatives led by the 

private sector. 

Particularly in Central Africa (Rwanda) 

and in East Africa (Kenya, Tanzania and 

Uganda), as well as in southern Africa 

(Malawi, Mozambique and Zimbabwe), 

new initiatives are focusing on imple-

menting small hydropower projects. In 

South Africa the fi rst new small hydro sta-

tion in 20 years was opened in 2009, with 

more under development.

Th e basic components of a typical 

small hydropower system are illustrated in 

Figure 1 (Natural Resources Canada 2004).

Although energy experts refl ect that 

the hydroelectric potential of South 

Africa is moderate, the establishment of 

small hydroelectric projects around the 

country could, in a small way, help pro-

vide a sustainable future energy supply.

SOUTH AFRICAN CONTEXT
South Africa, as a member of one of 

the Non-aligned and Other Developing 

Countries, was present at an international 

workshop on the Role of Micro-hydro for 

Developing Countries held in Katmandu, 

Nepal, in April 2013. It was recognised at 

the workshop that micro and small hydro-

power is a mature, viable and clean alter-

native energy technology, especially for 

people living in remote and rural areas. 

Th e technology brings light into local 

people’s lives, ensures their energy and 

water security, makes them economically 

more stable, reduces the physical work-

load (particularly for women), enables the 

mechanisation of rural industries, has 

potential to lessen the use of conventional 

energy and its negative impacts, and pro-

tects the fauna and fl ora.

At this international workshop, it was 

resolved that:

 ■ Developing and other countries shall 

take initiatives to enhance the develop-

ment of micro and small hydropower 

plants as an environment-friendly 

resource through the application of ad-

vanced and compatible technologies to 

meet the demands of a growing popula-

tion regarding energy and conservation, 

in order to protect themselves from 

future energy crises and secure a more 

sustainable development path.

 ■ Separate, but similar, policies for rural 

electrifi cation should be formulated 

in the developing countries by incor-

porating isolated plants with national 

grid-connected micro and small hydro-

power plants.

 ■ Th e governments of developing countries 

shall facilitate the possible role that micro 

and small hydropower plants can play 

with regard to the reduction of the emis-

sion of global greenhouse gases (GHG).

 ■ Th e governments of the developing 

countries shall provide fi nancial and 

technical assistance to the stakeholders 

of the micro and small hydropower 

sector through a dedicated body, which 

also supports capacity building, as well 

as Research and Development activities.

 ■ Governments shall be involved in the 

process of development of micro and 

small hydropower plants in a People-

Public-Private Partnership (PPPP) 

model to facilitate regulatory require-

ments for the installation of micro-

hydro plants, as well as for distribution 

through mini-grids.

 ■ Development of micro and small hydro-

power should be linked with burning 

issues, such as climate change, social 

inclusion, energy security, sustainability, 

development of Small- and Medium-

Scale Enterprises (SMEs), economic 

empowerment and poverty alleviation.

 ■ Eff ective measures shall be taken by the 

governments of developing countries 

to ensure the synchronisation of mini-

grids and the availability of low-head 

turbines and appropriate technologies 

for non-mountainous regions, and to 

publish standard operative procedures 



44 June 2014 Civil Engineering

and guidelines about the micro and 

small hydropower plants, preferably in 

local languages.

 ■ For international compatibility, and 

for the harmonisation of trade in this 

emerging renewable energy technology, 

particularly amongst the NAM and 

other developing countries, standardi-

sation in the designs of the micro and 

small hydropower systems is desirable. 

Such attempts should, however, not dis-

courage technological innovation and 

identifi cation of strategy for up-scaling.

Jonker Klunne (2009) has identifi ed a 

number of obstacles in the development 

of renewable energy technologies for rural 

electrifi cation in South Africa. 

Some of the general barriers are the 

following:

 ■ Th ere are no clear poli-

cies on renewable energy.

 ■ Th ere are limited budgets to create an 

enabling environment for mobilising 

resources and encouraging private 

sector investment.

 ■ Th ere are no long-term implementation 

models that ensure delivery of renew-

able energy to customers at aff ordable 

prices while ensuring that the industry 

remains sustainable.

In addition there are some hydro-specifi c 

barriers (Jonker Klunne 2009):

 ■ Policy and regulatory framework: 

Unclear or non-existence of policies 

and regulations that govern the devel-

opment of (small) hydropower.

 ■ Financing: Hydropower developments 

are faced, even more than other sources 

of renewable energy, with high up-front 

costs and low O&M costs, something 

most available fi nancing models do not 

favour. Nearly all of the new village 

hydro developments on the continent 

are relying on one form or the other 

of donor fi nancing. Th e lack of policy-

makers’ familiarity with the technology, 

despite the existence of success stories, 

results in no best practice information 

being available.

 ■ Capacity to plan, build and operate hy-

dropower plants: National and regional 

knowledge and awareness regarding the 

potential of small hydro in rural electri-

fi cation is non-existent or minimal.

 ■ Data on hydro resources: Linked to 

the limited knowledge about the tech-

nology is the lack of proper resource 

data on water availability and fl ow, 

which is the information on which 

hydro developments are based.

RESEARCH AIMS AND OUTCOMES
It is believed that the untapped energy 

from water resources and existing water 

infrastructure can be utilised to the ben-

efi t of rural communities. Th e aims of the 

planned research are as follows:

1. To prove that it is feasible and techni-

cally possible to provide small hydro-

power installations for rural electri-

fi cation in the current South African 

legal and policy environment.

2. Development of manuals/training 

material to assist prospective small 

hydropower developers/proponents 

for rural electrifi cation in dealing with 

the technical, site evaluation, fi nancial 

and regulatory aspects of such devel-

opments.

3. Evaluating the various dimensions of 

sustainability (technical, economic, 
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social, environmental and institu-

tional) of micro-hydropower plants 

used for rural electrifi cation.

4. Demonstration of technology by 

means of full-scale pilot plant instal-

lations, using various technologies 

available. 

5. Ensuring that successful, working, 

sustainable small-scale hydro power 

plants are constructed.

Th e proposed projects should demon-

strate the possibilities of using small hy-

dropower systems for rural electrifi cation 

in South Africa. Th e aim of this project 

would be to enhance the uptake of micro-

hydro technology, making local stake-

holders (private sector, fi nancial sector, 

government entities, etc) aware of the 

opportunities that this technology off ers, 

and the coordinated eff orts required for 

its successful reinstatement. Th e research 

will aim to prove that, under the current 

legislative and policy framework, small 

hydropower technology is able to provide 

‘grid-quality’ electricity to rural com-

munities.

A number of hydropower pilot plants 

will be constructed in some of the 23 

identifi ed prioritised district municipali-

ties in South Africa. Th ese will be full-

scale pilot plants showcasing the technol-

ogies and various components that make 

up such a system. A set of small-scale 

hydropower development manuals/guide-

lines are also envisaged:

1. Manual for Design, Implementation 

and Management of Micro-

hydropower

2. Guideline for Selection of Potential 

Sites for Micro-hydropower 

Installations

3. Project Evaluation Guideline for 

Micro-hydropower Development

4. Micro-hydropower Operator Training 

Manual.

EXAMPLE OF RUN-OF-RIVER 
SCHEME (NEPAL)
Th roughout the world there are nu-

merous examples of small-scale hydro-

power plants being utilised for rural elec-

trifi cation. China, to mention just one 

country, has more than 100 000 small-

scale hydropower plants. An example of 

a small-scale hydropower plant in Nepal 

used for rural electrifi cation is shown in 

Figures 2–6. Th is plant, the Karamdanda 

Micro-hydro Project, has a capacity of 

17 kW and benefi ts 179 households. Th e 

electricity is mainly used for lighting and 

battery-charging in the evenings.

What cannot be seen in Figure 6 is 

the operator’s bed to the left! Th is plant 

is his pride and joy, as it is his responsi-

bility to ensure that the community has 

electricity available every night from 

18:00 to 23:30.

IN CONCLUSION
Due to the low cost and high availability 

of coal, electricity generation in South 

Africa is heavily dependent on fossil-

fuel power generation, with the majority 

of the country's electricity generated at 

coal-fired power stations. Worldwide, 

alternative methods involving the use 

of inexhaustible natural f lows of energy 

to generate electricity are being inves-

tigated.

Th e expansion of the national grid to 

supply rural areas is thus not a priority at 

the moment. Small-, mini-, micro- and 

pico-hydropower are particular types 

of small-scale hydropower where the 

installed capacity is less than 1 MW. 

As with other small-scale hydropower 

schemes, these schemes have the potential 

to be a long-term form of renewable elec-

tricity generation, because such projects 

have shorter lead times than large-scale 

projects and can last for up to 50 years. 

Access to electricity serves a vital 

role in empowering community develop-

ment by expanding opportunities for 

education, fostering the growth of local 

businesses, and improving quality of life. 

Where electricity is not available, rural 

areas rely on traditional fuel sources 

that are poor sources of lighting, and 

are detrimental to the environment and 

users’ personal health. Hydropower is 

less expensive and less polluting than 

traditional fuel sources such as kerosene 

or diesel. Th is research project looks at 

ways in which small-, mini-, micro- and 

pico-hydropower can be used in the 

generation of electricity for rural applica-

tions in South Africa.

Th ere are numerous benefi ts for de-

veloping small-scale hydropower for rural 

electrifi cation (Van Vuuren et al 2013):

 ■ Hydroelectric energy is a continuously 

renewable energy source. 

 ■ Hydroelectric energy technology is 

Figure 2: Turbine room, Karamdanda project, Nepal

Figure 3: Intake collecting water from stream
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proven technology off ering reliable and 

fl exible operations. 

 ■ Hydroelectric stations have a long life 

– many existing stations have been in 

operation for more than half a century 

and are still operating effi  ciently (an 

example of this is in Cape Town). 

 ■ Hydropower stations achieve high 

efficiencies. 

 ■ Existing water infrastructure could be 

used, thus reducing expensive capital 

works, for example retrofi tting the re-

serve outfl ow from an existing dam.

 ■ Hydropower schemes have very low 

operating and maintenance costs, as 

well as reliable and fl exible operation. 

 ■ Th e preliminary feasibility studies indi-

cate short payback periods.
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INTRODUCTION
Pumps are devices that impart energy to a fl uid, thereby raising 

its hydraulic head. Th ere are many diff erent types of pumps. 

Centrifugal pumps are popular in piped water supply systems. In 

a water distribution system (WDS), they could be required in a 

number of situations, including:

 ■ Where the elevation of the source is such that the water will 

not fl ow by gravity

 ■ Where the pressure in the water mains needs to be increased

 ■ Where water must be raised from one level to another.

Th e initial cost of a pump is high and its operation is expensive, 

as it runs on either fuel or electricity. Th e selection of a pump 

should be carefully done to ensure that it operates effi  ciently in 

order to save cost and also prolong its life. 

Th is article intends to explain how a centrifugal pump can 

be properly selected using hydraulic software while designing 

a water distribution system, or evaluating the hydraulic perfor-

mance of a pump in an existing network.

DESIGNING WATER DISTRIBUTION SYSTEMS
Th e design of water distribution systems (or reticulation) is 

often done by a single period simulation of the network at the 

peak hour. Th is is desired, as it drastically reduces the iterative 

calculations (or analysis) that an engineer needs to perform 

to determine the adequacy of the distribution network. Th ese 

days, computerised systems are available to take account of the 

complexity involved in the analysis of water distribution systems. 

Epanet is one such software program that can be used to analyse 

a network. 

SELECTING THE PROPER PUMP
To select a pump that will suit a WDS, one would have to know 

the following:

 ■ Th e total head or pressure against which it must operate

 ■ Th e desired fl ow rate

 ■ Th e suction lift 

 ■ Characteristics of the fl uid

 ■ Pump curve and pump effi  ciency curve.

Th e fi rst three items are incorporated in the system curve (Figure 1) 

of the WDS by applying Bernoulli’s Equation. A WDS implies that 

the fl uid is water of which the characteristics are not far-fetched. 

Additionally, in dealing with the pump supplier to select the 

proper pump, one would have to know the water temperature 

and stability.

A pump curve represents the relationship between the head 

and fl ow rate that a pump can deliver at its nominal speed set-

ting. An effi  ciency curve determines pump effi  ciency as a func-

tion of pump fl ow rate. Effi  ciency should represent wire-to-water 

effi  ciency, which takes into account mechanical losses in the 

pump itself, as well as electrical losses in the motor of the pump. 

Th e curve is used only for energy calculations. Th is is obtainable 

Selecting the proper pump 
in water distribution systems 
using hydraulic software (Epanet 2.0)
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Figure 1: Head as a function of flow rate for a typical piping system 
(system curve)

Figure 2: Typical centrifugal pump curve and efficiency curve
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from a prospective supplier. Th e general shape of these curves 

and the normally good hydraulic performance (operating) range 

are shown in Figure 2.

Knowing these, selecting a proper pump is achieved by 

superimposing the system curve on the pump curve and en-

suring that the operating points are within the good hydraulic 

performance range

USING EPANET TO SELECT A PROPER PUMP
If you have designed your WDS using Epanet 2.0, then the 

first four needs of those listed above for selecting a pump, are 

already known. If not, you would have to represent your WDS 

in terms of its design, or import it from another compat-

ible source. All that needs to be done, is to load your pump 

curve and efficiency curve (obtained from your prospective 

suppliers) into the program and run it. Thereafter check 

your results to see which one of them best meets your needs. 

You may use the good hydraulic performance range given in 

Figure 2 as your guide.

You will also be able to perform energy cost analysis for 

various scenarios to inform your selection of the pump.
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Figure 4: An efficiency curve loaded on Epanet

Figure 3: A pump curve loaded on Epanet

If you have designed your WDS using Epanet 2.0, 

then the fi rst four needs of those listed in this 

article for selecting a pump, are already known. 

If not, you would have to represent your WDS 

in terms of its design, or import it from another 

compatible source. All that needs to be done, 

is to load your pump curve and effi ciency curve 

(obtained from your prospective suppliers) into the 

program and run it. Thereafter check your results 

to see which one of them best meets your needs. 

You may use the good hydraulic performance 

range given in Figure 2 as your guide.
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LEAKS ON SMALLDIAMETER DISTRIBUTION pipelines 

are the most common types of leaks that a utility encounters. 

However, locating and repairing leaks on large-diameter trans-

mission pipelines is also important in maintaining safe and 

reliable service delivery. Th ese leaks are often more sparse, and 

therefore more diffi  cult to locate, which can lead to prolonged 

leakage and extensive water loss.

Utilities that have a leak detection programme in place 

for their large-diameter transmission mains often achieve 

greater reductions in Non-Revenue Water (NRW), which 

is the amount of water lost before it reaches the customer. 

Furthermore, a leak detection inspection is a valuable step as 
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part of a condition assessment programme. Utilities can avoid 

expensive capital replacement programmes by gathering real 

data on the condition of their pipelines, and addressing prob-

lems as they arise.

Bloem Water, that provides water services to the central 

region of South Africa, recently implemented an asset condition 

assessment project that included a comprehensive leak detec-

tion programme using inline methods on a strategic 1 200 mm 

(48 in) pre-stressed concrete pipe (PCP) that supplies the City of 

Bloemfontein with roughly 60% of its drinking water.

Inline leak detection is a very accurate method of leak detec-

tion, because the acoustic sensor used to identify the sound of the 

leak is brought directly to the source, unlike traditional methods 

such as correlators and listening sticks. Th e latter methods lack the 

accuracy needed to locate leaks in larger pipes, because the sound 

of a leak dissipates rapidly in large-diameter pipes.

Both SmartBall® and Sahara® audio video (AV) inspection tech-

nologies were successfully applied. A total length of 103 km between 

the De Hoek reservoir and the Brandkop reservoir was inspected.

To maximise effi  ciency, the SmartBall® leak detection tech-

nology was used fi rst to cover large sections of the distance in 

single deployments. Th e SmartBall® tool is a free-swimming leak 

detection platform that operates while the pipeline remains in 

service. It is equipped with an acoustic sensor that identifi es 

acoustic anomalies associated with leaks; the acoustic signature 

is then analysed to determine if it is a leak, an air pocket, or an 

external noise.

Th e SmartBall® inspections were followed by selective Sahara® 

AV surveys to provide visual confi rmation on the location of 

the leaks, in order to aid in the interpretation of fi ndings, and 

plan interventions. Sahara® is a tethered inline leak location and 

condition assessment technology that pinpoints the location of 

leaks while at the same time inspecting the internal condition of 

the pipeline and verifying the cause of leakage using a combined 

acoustic hydrophone with integrated CCTV camera.

Visual leak verifi cation was also performed at all accessible 

components along the pipeline. 

Both SmartBall® and Sahara® audio video (AV) 

inspection technologies were successfully applied. 

A total length of 103 km between the De Hoek 

reservoir and the Brandkop reservoir was inspected.

Close-up of inserted SmartBall®

Insertion site setup with isolating valve open

Sahara® insertion tube and winch assembly
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Leaks were identifi ed and classifi ed as either pipeline leaks 

(i.e. on the pipe barrel itself), component leaks (i.e. at valves, air 

valves, scour valves, etc) or off -takes. Th e majority of the leaks 

were found to be at components, while pipeline leaks were de-

tected mainly on joints (i.e. where the PCP was connected with 

prefabricated steel joint pieces). Some of the leaks on these joints 

may be attributed to poor bedding, improper VJ connections, 

etc. Th e estimated water loss based on indicative leak-sizing 

categories amounts to approximately 1 200 kl/day. Interestingly, 

of the majority of pipeline leaks detected, only three leaks 

showed any surface signs of leakage. Th is reiterates the impor-

tance of not relying on surface inspections as the only means of 

detecting large-diameter pipeline leaks.

Th e fi ndings of the latest leak detection surveys were com-

pared to that of a previous Sahara leak detection inspection 

project performed in 2007 – 2009 to establish trends. Th is 

information, combined with a fi rst-order engineering evaluation 

of available pipeline design and manufacturing data, the failure 

history of the pipeline, operating records and the hydraulic be-

haviour of the system, was incorporated into a risk assessment 

model for the pipeline.  

Th e leak detection fi ndings, engineering evaluation and risk 

assessment were factored into the development of a pipeline-

specifi c management strategy. Bloem Water can now implement 

this strategy as a guideline to proactively manage this valuable 

asset in order to prolong its remaining useful life, avoiding ex-

pensive capital replacement of the asset. SmartBall® extraction site setup
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WATER INDUSTRY TRENDS 
In recent years we have seen signifi cant 

changes in how owners manage their 

infrastructure portfolios, particularly in 

how they think about risk and value.

In addition, as a result of the budget 

and related pressures owners face in 

trying to deliver, support and maintain 

their infrastructure capabilities, many 

government departments and agencies, 

as well as private sector owners, are now 

being asked to make do with less.

Strategic reforms and market dy-

namics therefore continue to challenge 

owners to think smarter about how they 

deliver, support and sustain their critical 

infrastructure capabilities. Optimising 

decision-making around the sustaining 

capital spend is critical – getting the best 

outcome for each taxpayer or shareholder.

Owners are also increasingly using 

effi  ciency and eff ectiveness as key drivers 

for strategic change in infrastructure 

spend, and many owners are increasingly 

focusing on forging strong, successful 

relationships with industry.

THE CHALLENGE
As water infrastructure continues to 

age, despite investments made over 

the past decade, there is growing evi-

dence of decline and reduction in the 

estimated remaining life of critical 

infrastructure assets in some areas, 

due to underfunding in the upkeep of 

infrastructure. This increases the risk of 

future unfunded liabilities.

Whole-of-life infrastructure solutions, 

and programme and portfolio management 

are three interrelated options for addressing 

these challenges. However, all too often 

insuffi  cient consideration is given to the 

owner’s strategic objectives at the outset of 

a programme or portfolio, the governance 

around the programme or portfolio, and the 

strategy for delivering them.  

Programmes in particular are com-

plex undertakings, and the stakeholder 

and supply chain management impacts 

are normally critical factors in deter-

mining the successful outcome.

Programmes and portfolios where 

the overarching priorities for delivery are 

clear, commence with a set of strategic 

objectives in mind, but then require 

a major eff ort in terms of planning to 

ensure that these factors are adequately 

addressed before delivery commences in 

earnest.

A VISION FOR AN AFFORDABLE, 
SAFER AND SUSTAINABLE 
INFRASTRUCTURE MODEL
Public sector owners will continue to 

compete for their share of available 

funding against other government pri-

orities and programmes. Private sector 

owners are facing the same challenges. 

Th e solution is not merely to seek 

more money or to reduce the quality of 

the owner’s infrastructure holdings. Th e 

more desirable solution is to design and 

implement a more aff ordable, safer and 

sustainable infrastructure model, which 

utilises an integrated best practice pro-

gramme, portfolio and project manage-

ment to make the right investments in 

infrastructure and maintenance, and to 

achieve the best value possible from avail-

able funding.

WHOLE-OF-LIFE INFRASTRUCTURE 
ASSET MANAGEMENT
Many of Aurecon’s clients who are signifi -

cant asset owners and operators are in-

creasingly focused on life cycle solutions 

that optimise infrastructure outcomes 

and service delivery – a “cradle-to-grave” 

approach.

A whole-of-life infrastructure asset 

management framework enables asset 

owners and operators to achieve their 

John Mason 

Leader: 

Programme, Portfolio & Project Delivery

Aurecon

john.mason@aurecongroup.com

With the cost of delivering 
water increasing dramatically 
in recent years, water utilities 
need to get the most out of 
their existing assets, whether 
it is improving water quality, 
increasing capacity, extending 
the life of the asset or lowering 
energy consumption. Effective 
programme and portfolio 
management offers benefi ts 
to the planning, delivery 
and maintenance of water 
infrastructure. This article 
discusses the opportunities that 
owners may wish to consider 
to help them manage risk and 
optimise value for money in their 
investments.

Water infrastructure assets
– an integrated approach to programme, portfolio and project delivery



54 June 2014 Civil Engineering

business objectives at the optimum cost 

and risk across the full asset lifecycle 

(Figures 1 and 2).

Th is type of framework has tremen-

dous potential to help owners address 

their infrastructure challenges and still 

have the opportunity to identify and 

unlock strategic reform and effi  ciency 

benefi ts, particularly around informing 

investment priorities.

Th e framework takes a whole-of-life 

strategic view at assets from the begin-

ning through the application of proven 

process methodologies contained within 

the framework. Th is approach has seen 

owners realise signifi cant reductions in 

physical asset life cycle costs, and simul-

taneous productivity increases from im-

proved reliability of their physical assets.

By way of example, many water treat-

ment plants comprise a vast number of 

buried metallic assets that require an 

eff ective corrosion mitigation strategy to 

minimise the risk of unscheduled main-

tenance, and avoid costly failures with the 

risk of plant shutdowns, environmental 

pollution and even the endangering of life. 

Aurecon has jointly developed a cor-

rosion management regime with a major 

water utility in Australia, which has been 

successfully applied to its buried water 

pipelines and steel water tanks. Th e 

implementation of this regime has also 

enabled the utility to adopt a unifi ed and 

structured approach to monitoring and 

managing corrosion issues.

In South Africa, all municipalities 

manage large portfolios of infrastructure 

assets. One such municipality wanted to 

optimise service levels, risk and expendi-

ture for all assets over the entire asset life 

cycle, and appointed Aurecon to develop a 

full asset management programme. 

A risk-based asset renewal model 

was implemented to aid with long-term 

planning of infrastructure investments, 

and has proven valuable in optimising 

the budget. It considers the social, envi-

ronmental and economic risks associated 

with infrastructure services to prioritise 

capital renewal interventions. 

Th e model was subsequently extended 

to cover all of the other infrastructure 

categories typically managed by the mu-

nicipality, such as stormwater, water supply, 

sanitation, solid waste and electricity. 

Th e benefi ts to asset-intensive 

businesses in adopting a leading-edge 

framework is in an improved return on 

the considerable investment in physical 

assets, and improvements in the safe and 

sustainable use of these assets.

Th e other clear benefi t is in providing 

better information and analysis around 

investment priorities and their necessity, 

which is a key challenge. Th is contributes 

to a better understanding of risk and 

allows more informed decision-making 

about investment priorities.

INTEGRATED SOLUTIONS 
FRAMEWORK
A key to achieving these outcomes is 

implementing them as part of a totally 

integrated and managed approach to pro-

gramme, portfolio and project delivery.

At its most basic level, it provides a 

framework that integrates and reconciles 

competing demands for resources, and 

provides a context and control framework 

for the investment priorities and projects 

within the programme or portfolio. It 

also often involves changes to the culture, 

style and character of organisations by 

providing a controlled environment in 

which there is a common approach to 

programme or portfolio direction, man-

agement, delivery and reporting.

Th ere are four critical goals or objec-

tives required to establish a new manage-

ment framework for improving sustain-

able infrastructure outcomes: 

 ■ Establishing and sustaining the right 

cultural environment within the 

owner’s team and any infrastructure 

programmes

 ■ Creating clear structures, boundaries 

and interfaces

 ■ Measuring progress and making deci-

sions focused on successful programme 

delivery and outcomes

 ■ Establishing robust data and informa-

tion management systems, combined 

with clear reporting to enable strategic 

investment decisions to be made.

What is clear is that all programmes and 

portfolios are diff erent, so any solution 

needs to be tailored to an owner’s specifi c 

requirements, its unique policy and regu-

latory environment and the outcomes it is 

seeking.

CONCLUSION
Th e sustainable management of our 

water resources presents an increasing 

challenge and arguably requires greater 

focus than any other natural resource. 

Water quality and availability impact on 

the health, well-being and prosperity of 

communities, and underpin business, 

agriculture and the sustainability of the 

natural environment. Th is is therefore 

the collective responsibility of the whole 

water sector.  
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When you try to explain the 

behaviour of water,

remember to demonstrate the 

experiment fi rst and the cause next.

Leonardo da Vinci (c 1500)

INTRODUCTION
Civil engineering is the oldest of all the 

professions, being as old as civilisation 

itself. One of its major functions is and 

always has been related to the provision of 

water for human consumption. Th e early 

civilisations in the Middle East relied on 

river fl ow as the source of drinking water, 

and the annual fl ooding of the fl oodplains 

for the growing of crops once the fl oods 

subsided. It was soon realised that the an-

nual river fl ows and fl oods not only varied 

from year to year, but that there were 

alternating sequences of above and below 

average fl ows. Th ere was a need to observe 

and record these values. Joseph's biblical 

prophecy of seven good years followed by 

seven years of famine is a good example of 

the interpretation of this data.

In 640 AD a water level observing 

structure was installed on Rodda Island in 

the Nile River near Cairo. Th is was used 

to provide the longest hydrological record 

available anywhere. In the early 1950s the 

British civil engineer RE Hurst studied 

this record in order to determine the river 

fl ow properties required for the design of 

the proposed Aswan High Dam further 

upstream. He found anomalies in the data 

that were also present in the data relating 

to other environmental processes.

During the following years civil 

engineers, hydrologists and mathemati-

cians were unable to determine the cause 

of these anomalies. Now, here in South 

Africa, as well as in many other countries 

with dry climates, the demand already 

exceeds the available secure water sup-

plies from many river systems. In this 

situation there is an urgent need for 

refi ned research on reliable numerical 

characterisation of the hydro-meteoro-

logical processes. Th is in turn requires a 

numerical (as diff erent from descriptive) 

understanding of the causative mecha-

nisms.

Th is has been the objective of the 

writer of this article for the past 40 years. 

With the assistance of his staff , students 

and professional colleagues, he has pro-

duced more than 200 publications and 

presentations on this and related issues. 

Th e situation came to a head in 2008 

when, at his request, the writer addressed 

Prof Will Alexander

Professor Emeritus

University of Pretoria

Honorary Fellow SAICE

alexwjr@iafrica.com

Misconceptions in 
water resource studies

During the following years civil 

engineers, hydrologists and 

mathematicians were unable 

to determine the cause of 

these anomalies. Now, here 

in South Africa, as well as in 

many other countries with dry 

climates, the demand already 

exceeds the available secure 

water supplies from many 

river systems. 
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the SAICE Council on two occasions with 

an urgent warning of the strong likeli-

hood of impending severe global droughts 

during the period 2009 to 2016. His ar-

ticle on this subject was published in the 

June 2008 issue of Civil Engineering.

Within months of publication severe 

droughts occurred along the southern 

Cape coastal area where seawater desali-

nation plants had to be installed at Mossel 

Bay, Sedgefi eld and Plettenberg Bay. In the 

years that followed severe droughts oc-

curred over large areas of southern Africa, 

as well as in other continental regions. 

Unfortunately there was no response to 

the warnings from any source nor im-

plementation of measures to reduce the 

serious consequences of the droughts. 

CLIMATE CHANGE
Th e situation became considerably 

more complicated after the publication 

of the report of the United Nations’ 

Intergovernmental Panel on Climate 

Change (IPCC) at the end of March 

2014. Th e title of the report was “Climate 

Change 2014: Impacts, adaptation and 

vulnerability”. Th ere have already been 

many responses on the Internet that are 

critical of this publication. Th e following 

is a very short summary of this writer’s 

views within the context of South Africa’s 

future water supplies. Th e climate change 

issue is dealt with in detail in the writer's 

comprehensive Handbook on analytical 

methods for water resource development 

and management. It can be downloaded 

free of charge from the writer’s website 

(www.droughtsandfl oods.com).  

1. Th e thrust of the IPCC report is 

that global warming will result in 

increases in frequency and magnitude 

of life-threatening fl oods, droughts 

and threats to water supplies, and 

that this is already occurring in South 

Africa. However, there is no evidence 

in South Africa's extensive hydro-

meteorological database to support 

these assertions. Temperature does 

not feature in water resource studies. 

Th e postulated global temperature 

increase is no more than that between 

breakfast and morning tea on a sunny 

day.

2. Th ere are no major ports in the world 

that have been changed to accommo-

date rising sea levels.

3. High school students in physics have 

no diffi  culty in understanding that 

energy from the sun drives the world’s 

climate. Th is is greater in the equato-

rial than in the polar regions. Natural 

climatic variability is driven by 

variations in the receipt and poleward 

redistribution of this energy, and its 

radiation back into space in the pro-

cess. An understanding of variations 

in the solar energy received on earth 

and their causes is fundamentally 

necessary for water resource studies, 

but is completely ignored in the IPCC 

reports. 

4. Th e important solar linkage is dis-

missed, despite the fact that it has 

been addressed for more than the 

past 100 years here in South Africa 

and elsewhere. Th is writer and his 

colleagues have conducted and pub-

lished research on this topic that is a 

world fi rst, but is ignored by the South 

African climate change community.       

5. Th e fact that volcanic emissions 

have a far greater infl uence on global 

climate than human activities is con-

veniently ignored in the IPCC report.

6. Th e report is descriptive and not quan-

titative. As a result it cannot be used for 

practical applications. Climate change 

theory cannot be used to resolve South 

Africa’s water supply problems.

TOWARDS A SOLUTION
It has now become critically important 

that all those who will be involved in the 

development and application of methods 

to minimise the consequences of the 

inevitable water shortages (droughts) 

and high fl ows (fl oods), that can restore 

the water stored in the dams after the 

droughts, should have a clear quantitative 

understanding of the hydro-meteorological 

processes involved. 

Chatfi eld (1980) in his book Th e 

analysis of time series stated that the reader 

who has grasped the basic concepts of 

time-series analyses should always be pre-

pared to use his common sense in tackling 

a problem. Th e fi rst step in any time-series 

analysis should always be to plot the data. 

Not only will a graph show up a trend, but 

it also enables one to look for ‘wild’ obser-

vations or outliers which do not appear to 

be consistent with the rest of the data. Th e 

treatment of outliers is a complex subject 

in which common sense is more important 

than statistical theory.

Th e notes that follow are in accord-

ance with Chatfi eld’s recommendations. 

Th e explanations are kept as simple and 

understandable as possible. 

Chatfi eld (1980) in his book 

"The analysis of time series" 

stated that the reader who 

has grasped the basic 

concepts of time-series 

analyses should always be 

prepared to use his common 

sense in tackling a problem. 

The fi rst step in any time-

series analysis should always 

be to plot the data. Not only 

will a graph show up a trend, 

but it also enables one to 

look for ‘wild’ observations or 

outliers which do not appear 

to be consistent with the rest 

of the data. The treatment 

of outliers is a complex 

subject in which common 

sense is more important 

than statistical theory.
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First round analyses

Th is section is presented in the fi rst 

person. When I started teaching hy-

drology at the University of Pretoria, I 

had a class of just over 50 fi nal-year civil 

engineering students. Th ey would traipse 

into the lecture room at the start of the 

lecture, listen patiently and then traipse 

out again. Th ere was no eye contact and 

no enthusiasm.

I thought that I could overcome their 

indiff erence with a simple example. I gave 

them copies of the title page of my 1978 

technical report Long-range prediction of 

river fl ow: a preliminary assessment, to-

gether with the data on which the graphs 

were based.

I drew their attention to the title 

of the report shown in Figure 1, then 

referred them to panel 1A. It is the histo-

gram of the annual data. "Do you notice 

that there are more low values than high 

values?" Th ey nodded their heads.

"Now look at the second panel, 1B. 

Th is is the histogram of the departures 

from the mean value. Th e diff erence 

between the numbers and magnitudes 

of values below the mean and above the 

mean is clear." Th ey nodded their heads 

again. I explained that this was because 

the data is not Normally distributed. I 

started losing them. 

I continued by explaining that we 

could overcome this skewness by using 

the logarithms of the data. Th ey were 

lost and I was cross. I asked them: "Why 

are you having so much diffi  culty un-

derstanding logarithms? Archimedes 

Figure 1: Cover page of the technical report Long-range prediction of river flow

Figure 2: Response by one of the students

Figure 3: Comparisons of the characteristics of annual sunspot numbers with corresponding characteristics of the annual flows in the Vaal River
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invented them more than 2 000 years ago 

and I applied them during my fi rst year 

at university." Th ere was an immediate 

reaction from a student at the back of the 

class. "Yes, but that was much closer to 

Archimedes’ time."

Th e ice was broken. We all relaxed. 

I continued with my explanation. I 

explained how panel 1E was derived 

from the logarithms of the cumulative 

departures of the annual values from the 

mean value.

"Can you see the sawtooth pattern 

in the fi gure?" I asked. Th ey nodded 

their heads again. I explained that this is 

caused by a regular anomaly in the mean 

value, i.e. the mean is not constant as 

most of us assume when examining a set 

of data.

I then gave them their fi rst task. Th ey 

had to divide the data into segments and 

determine the mean values of the indi-

vidual segments in such a way that the 

cumulative departures from these values 

no longer displayed a discernible pat-

tern. I would later describe the concepts 

of randomness, white noise and various 

probability distribution functions.

Figure 2 was produced by one of the 

students. Notice the very clear alter-

nating changes in the record mean values 

required to eliminate the pattern in the 

cumulative departure plot.

Th at was more than 20 years ago. 

Final year civil engineering students, after 

a single lecture, were able to identify and 

quantify periodic, alternating sequences 

in the data. Today, climate change scien-

tists continue to deny that this periodicity 

exists in the hydro-climatic data. 

Th ey also deny the existence of statis-

tically signifi cant linkages between solar 

activity (in this case sunspot numbers) 

and river fl ow (illustrated in Figure 3).

How on earth can climate change 

scientists ignore the basic properties 

of river fl ow that have been known and 

documented since biblical times and 

are readily determined by university 

students after a single lecture? How can 

Global Climate Models (GCMs) incor-

porate these properties in water resource 

studies? Th e South African authorities 

have been seriously misled.

ADVANCED METHODOLOGY
It is vital that all those directly or indi-

rectly involved in the development and 

management of South Africa's water 

resources should start by realising that 

the Joseph Eff ect of alternating fl ood and 

drought sequences has been known since 

biblical times. It is therefore essential 

that those involved should have a sound 

quantitative knowledge of multi-year, 

multi-site hydro-meteorological processes 

in the fi rst instance.

Th e only document in South Africa 

that covers all the fi elds of knowledge 

required for water resource development 

and management is the writer's handbook 

(referred to above), which is available free 

of charge from his website. It contains 13 

PowerPoint presentations with more than 

800 slides, including repeats. As a start 

the reader of this article should download 

and study the introduction in Chapter 1 of 

the handbook. Th en download and study 

the report “Development of a subconti-

nental drought prediction method”. Only 

when the reader has a sound knowledge 

of the material in these two documents 
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should he/she proceed with the study of 

the rest of the handbook. 

Please refer to our ‘experiment’ in 

Figure 4. South Africa’s climate is within 

the period 14 to 20 in the fi gure. We are 

by no means out of the woods yet.

FINALLY
Readers of this article are urged to 

obtain a copy of the Final Declaration 

of the High Level Meeting on National 

Drought Policy that was prepared by 

the international heads of state and 

government, ministers, heads of delega-

tions and experts attending the meeting 

in Geneva from 11 to 15 March 2013. 

It was convened by the UN Food and 

Agriculture Organisation (FAO), the UN 

Convention to Combat Desertification 

(UNCCD) and the World Meteorological 

Organisation (WMO). 

All those who have an interest in the 

welfare of this country and its people 

should understand that, as the demand 

from our rivers increases, the length of 

periods when the demand exceeds the 

supply (droughts) will also increase, 

with a whole range of undesirable con-

sequences. Th e Council of the South 

African Institution of Civil Engineering 

and all other institutions should also un-

derstand that climate change theory has 

become a political/economic issue at in-

ternational and national levels. Attempts 

to apply it in South Africa will fail, and in 

so doing will worsen the living conditions 

of the poor and disadvantaged people of 

this country, with all the consequences to 

our country as a whole. 

Figure 4: Our experiment (courtesy Alwyn van der Merwe)
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OVERVIEW
Mining is one of the cornerstones of 

South Africa’s economy and a major 

employer. However, mining has had 

signifi cant impacts on the environment 

and water resources, particularly through 

Acid Mine Drainage (AMD). Key points 

from the recent feasibility study into the 

long-term management of underground 

AMD on the Witwatersrand (DWA 2013), 

highlighted in this article, are:

 ■ The AMD challenge on the 

Witwatersrand is amongst the largest 

and most complex in the world, 

owing mainly to the hydrogeology of 

the region.

 ■ If AMD is not effectively managed, 

water supply security in the Vaal 

River System, supplying the eco-

nomic heartland of South Africa, will 

be threatened.

 ■ Proposals for implementation should be 

evaluated against a high-cost, low-risk 

option (the Reference Project), devel-

oped in the study.

 ■ Cost-eff ective and innovative technolo-

gies should be developed through pilot 

treatment plants.

Figure 1: Study Area – Western, Central and Eastern Basins

Slaying the dragon
proposing a long-term solution to underground 
acid mine drainage on the Witwatersrand

This article is based on a paper 

that Johan van Zyl presented at the 

Civilution Congress in April this year.
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 ■ Th e appropriate institutional model 

can encourage the Private Sector to 

participate.

INTRODUCTION
In many areas around the world aban-

doned mines and current mining activi-

ties are polluting surface and groundwater 

resources. Managing these impacts and 

preventing further pollution is expensive, 

and costs could be signifi cantly reduced 

by more eff ective control over mining 

activities. However, the situation in the 

Witwatersrand is, in many ways, unique. 

Th is is primarily because of the degree to 

which the voids are interconnected, the 

large volumes of ingress, the close prox-

imity to major urban centres (including 

Johannesburg), and the sheer magnitude 

of the AMD challenge due to the extent of 

the Witwatersrand mining operations, as 

shown in Figure 1.

WHERE THE DRAGON COMES FROM
Gold mining in the Western, Central 

and Eastern underground mining basins 

of the Witwatersrand goldfields started 

in the late 1880s, but has decreased 

since the 1990s, and underground 

mining on the Witwatersrand essen-

tially ceased in 2010.

While the mines were operating, 

water was pumped to the surface to 

dewater the mine workings, and then 

neutralised and discharged to the rivers. 

Since mining stopped, the underground 

voids have been steadily fi lling with water. 

Th e water and air in the mine voids in-

teract with the exposed sulphide-bearing 

minerals in the rock formations to form 

AMD. AMD in the Witwatersrand typi-

cally has a pH of around 3, and is enriched 

by sulphate and a number of metals, often 

including uranium.

In the Western Basin the untreated 

AMD started to drain out (decant) into 

surface streams of the Crocodile (West) 

River System in 2002. Th rough various 

initiatives by the Department of Water 

Aff airs (DWA) and the Rand Uranium 

Mine, the AMD is now being pumped 

and neutralised. Th e uncontrolled decant 

of AMD stopped in 2012, although recent 

heavy rains and increased ingress resulted 

in some decant. Th e water in the mine 

voids of the Central and Eastern Basins 

will decant or be discharged into tribu-

taries of the economically very important 

Vaal River System.

If AMD, which has not been desali-

nated, is discharged into the Vaal River 

System, the high salt load would require 

large dilution releases to be made from 

the Vaal Dam to achieve the fi tness-for-

use objectives set for the downstream 

Vaal River and its users. Th e acceptable 

levels of assurance of water supply from 

the Vaal Dam would be threatened, 

resulting in an increasing risk of water 

restrictions in the Vaal River water 

supply area. Th is will have severe nega-

tive economic and social implications. In 

addition, large unusable water surpluses 

would develop in the Lower Vaal River.

Th e importance of fi nding a solution 

to manage the AMD led to the establish-

ment of an Inter-Ministerial Committee 

(IMC) on AMD, which inter alia made 

the recommendation to initiate a 

Feasibility Study to address the AMD-

related salinity in major river systems.

A LONG-TERM SOLUTION TO 
SLAYING THE DRAGON

Approach 

Th e key aspects considered in the 

Prefeasibility Phase are shown in Figure 2. 

It can be seen how the information (e.g. 

raw water quality, ingress, etc) and the 

decisions to be made or the options to be 

investigated (e.g. abstraction points, water 

control levels, qualities and quantities 

required by potential users, locations of 

users, treatment technologies, etc) feed 

into the options assessment and identifi -

cation of a Preferred Option, which was 

developed further in the Feasibility Phase.

What are we dealing with?

Before slaying the dragon, it fi rst had to 

be established what kind (and size) this 

dragon is, as well as on what terms it has 

to be slain. Defi ning the problem and con-

straints required a sound understanding 

of the hydrogeology, underground water 

resources, sources of surface water 

ingress, spatial distribution and connec-

tivity of mining voids, the current water 

quality, and projections of future volumes, 

levels and qualities.

Th e surface water resources (e.g. the 

Vaal River and its tributaries) and the 

near surface aquifers (the environment), 

as well as several underground socio-

economic features of interest need to 

be protected. Th e levels to protect each 

of these are termed the Environmental 

Critical Levels (ECLs) and Socio-

Economic Critical Levels (SECLs) respec-

tively. Th e Target Operating Level (TOL) 

provides some buff er capacity between 

the ECL/SECL and the TOL to allow for 

fl uctuations in ingress, hydraulic gra-

dient across the basins and equipment 

downtime. Although this study com-

ponent proved to be very challenging, 

it contains opportunities to reduce the 

operating costs of abstracting the AMD 

from the void. With appropriate moni-

toring, the critical levels can be raised 

to the absolute maximum in order to 

reduce pumping costs, while still pro-

tecting the ECL or SECL.

Th e average abstraction rate required 

to protect the critical levels, which is essen-

tially equal to the surface water ingress, was 

investigated using the following approaches:

Figure 2: Feasibility Study Approach
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 ■ Ingress based on surface fl ow rates, as 

well as assumptions on the percentage 

infi ltration into the mine voids

 ■ Ingress based on the estimated void 

volume, historical water levels and 

pumping data.

Th e rates were estimated as 23, 46 and 

80 Mℓ/day for the Western, Central and 

Eastern Basins respectively. Th at adds 

up to 149 Mℓ/day, which is equal to 60 

Olympic-size swimming pools per day 

that have to be pumped and treated! 

Th is clearly emphasises the importance 

of ingress reduction, which can aid to 

minimise the challenge signifi cantly. Th e 

Department of Mineral Resources (DMR), 

through the Council for Geoscience 

(CGS), is investigating and implementing 

measures to reduce ingress.

Th e statistics of the quality of AMD 

were determined from available samples 

for a wide range of parameters, as sum-

marised in Table 1.

Th e TDS levels, of which about two 

thirds are sulphates, are up to fi ve times 

higher than the limit prescribed by 

the South African National Standards 

for drinking water (SANS 241:2011). 

However, these are the 95th percentile 

qualities at the upper end of the range.

Th e most suitable abstraction loca-

tion and method for each basin also had 

to be identifi ed. Even though suitable 

shafts have been recommended for this, 

the cost of pumping, and concerns over 

the shafts’ connectivity over an extensive 

area and stability, require that inter alia 

the following alternatives should also be 

investigated: 

 ■ Gravity abstraction via a tunnel, elimi-

nating abstraction pumping costs

 ■ Multiple abstraction points (boreholes) 

with good connectivity at various 

depths; this will reduce the risk from 

failure of a pump shaft due to collapse 

of the shaft itself or underground tun-

nels and is likely to result in a more 

rapid improvement in the pumped 

water quality 

 ■ Other suitable shafts.

What ‘tools’ do we have to slay the dragon?

Th ere have been numerous claims by 

service providers that they have the ‘tools’ 

to treat AMD to acceptable standards at 

Table 1: 95th percentile for selected parameters of raw AMD

Parameter Unit
Basin

Western Central Eastern

pH - 3.5 2.4 5.9

TDS* mg/ℓ 5 434 4 592 3 358

EC mS/m 442 465 363

SO4 mg/ℓ 3 623 3 062 2 289

Fe mg/ℓ 954 108 227

U mg/ℓ 0.100 0.695 0.470

*Calculated values
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a fraction of the cost of some of the well-

established technologies. To ensure that 

the study team considered a wide range 

of the available technologies, a Request 

for Information was issued and nearly 80 

technology providers showed interest and 

provided information on their processes. 

Th e treatment technologies were classifi ed 

according to the state of development, i.e.:

 ■ Laboratory scale: Only been tested in 

theory, at research scale or very small 

pilot plant scale (high risk)

 ■ Pilot scale: Simulated in pilot treatment 

plants (PTPs) to prove the chemical, 

physical or biological principles on a 

larger scale (medium risk)

 ■ Proven: Have been in operation at a 

scale comparable with the scale re-

quired for the application under consid-

eration (low risk).

Th e technologies were also grouped ac-

cording to the type of process:

 ■ Passive: Do not require regular human 

intervention, operations, or mainte-

nance. Th e direct energy inputs are kept 

to an absolute minimum, therefore the 

processes generally require long reten-

tion times in the process structures, 

which necessitates that these structures 

are voluminous (e.g. a 1.5 m deep bio-

logical reactor covering an area of 138 

ha would be required to treat the 23 

Mℓ/d from the Western Basin).

 ■ Biological: Reduction of the sulphate 

to sulphides by sulphate reducing 

bacteria (SRB); the sulphide then reacts 

with metals in the AMD to form metal 

sulphides, which can be separated from 

the water.

 ■ Chemical: Chemical processes are 

those where the sulphate is removed 

predominantly through chemical 

processes, such as the Alkali-Barium-

Calcium process or the Ettringite pre-

cipitation process.

 ■ Physical: All processes where the sepa-

ration of the dissolved ions from the 

water is achieved by physical barriers, 

such as membranes; typically, these 

desalination processes include all ver-

sions of reverse osmosis (RO), electro-

coagulation, electrodialysis, etc.

Th e only technologies that are considered 

proven and viable at the scale required, 

and that can currently be recommended 

are High Density Sludge (HDS) for neu-

tralisation, Reverse Osmosis (RO) for de-

salination and, if economically viable, Ion 

Exchange (IX) for the removal of uranium 

and other metals.

However, there are some very exciting 

and innovative technologies that should 

be encouraged and given the chance to 

prove themselves for possible use in the 

future (e.g. an alternative RO process, 

electrocoagulation processes, precipita-

tion processes, etc). Some private sector 

companies have already invested in 

small-scale PTPs for these technologies 

and have shown that they are willing to 

contribute to fi nd a cost-eff ective solution 

that will be sustainable in the long term.

Other aspects to consider

Water that is produced from the manage-

ment of AMD can be a source of revenue 

to off set the costs incurred to manage 

AMD. Diff erent levels of treatment were 

considered, i.e. supply of raw AMD, 

partially treated (neutralised) AMD and 

fully treated (desalinated) AMD. In the 

Preferred Option, fully treated AMD 

would be supplied to industries. During 

implementation, further engagement with 

water boards and other possible recipients 

(e.g. platinum mines) is necessary to de-

velop this option.

Substantial volumes of residues 

(sludge and brine), most of which are 

unusable and very diffi  cult to manage, are 

produced by the HDS and RO processes. 

Th e Preferred Options for the manage-

ment of sludge and brine were engineered 

sludge ponds and evaporation ponds, 

respectively. Th e amount and characteris-

tics of the residues that are produced are 

key factors in assessing technologies.

Recommending a solution

Th e Preferred Option for each basin 

was developed to a conceptual level 

which included optimised site layouts, 

component designs, costing and land 

requirements. Th is resulted in a Reference 

Project for each basin which uses proven 

technologies, has the least associated risk, 

and was used for fi nancial modelling and 

budgeting. It will probably not be exactly 

the same as the option that is imple-

mented, but constitutes the benchmark 

against which implementation proposals 

can be judged.

The Reference Projects in all three 

basins will have an estimated capital 

cost of R6 660 million, with average 

operating, maintenance and refurbish-

ment costs of R990 million per annum 

(cost base date March 2012). These life 

cycle costs will far exceed the capital 

costs, and investment in PTPs to de-

velop more cost-effective alternative 

technologies is essential.

An important aspect of the study 

was to recommend the most suitable 

contractual and fi nancial arrangements 

to successfully implement the recom-

mended projects. All options were 

considered, and Design Build Operate 

and Maintain (DBOM) and Design 

Build Operate Maintain and Finance 

(DBOMF), i.e. Public Private Partnership 

(PPP), contractual arrangements had very 

similar Risk Adjusted Value for Money. A 

policy decision was taken to opt for the 

DBOM, which should allow for the most 

cost-eff ective acceptable processes to be 

off ered. Th us, most of the technical risk 

will be transferred to the private sector. 

In the Central and Eastern Basins these 

contracts should be for a maximum of 15 

years to allow newer technologies to be 

considered within the foreseeable future.

In the Western Basin it was recom-

mended that facilities be provided to 

allow a number of emerging and innova-

tive technologies to be evaluated. Enough 

AMD should be available for between 

four and eight PTPs, each with a capacity 

of 4 to 8 Mℓ/day. Th e PTPs should be 

established, tested and operated over a 

fi ve- to seven-year period, to increase 

the number of proven technologies that 

can be considered for the second round 

of contracts for managing AMD in the 

Witwatersrand Basins.

WHAT IS THE BATTLE PLAN?
Th e aim of the Feasibility Study was to 

fi nd the most cost-eff ective long-term 

solution (LTS) that is environmentally 

sustainable, technically sound, economi-

cally viable, legally defendable and insti-

tutionally feasible. It is fi rmly believed 

that the LTS that is recommended for 

implementation meets these criteria, 

but the successful management of AMD 

hinges on the stakeholders and the public 

‘buying in’ to the solution. To achieve this, 

the DWA must continue to engage stake-

holder groups in line with an overarching 

communication strategy.

Th ere are several other implementa-

tion activities that must commence as a 

matter of urgency to avoid any delay in 

the implementation of the LTS. Th ese 

include: the Environmental Impact 

Assessment, land acquisitions, off -take 

agreements with the identifi ed users, 

preparation of procurement documents, 

etc. Further investigations (e.g. gravity 



Civil Engineering June 2014 65

Peak performance. 
Innovative demolition.
Ask the professionals at Wacker Neuson:

Contact: infoline@wackerneuson.com

Head Office: Johannesburg: 011 672 0847

Branches: Cape Town: 021 981 2197, Durban: 031 569 1200

abstraction via tunnel in the Western 

Basin or multiple abstraction locations 

in the Central Basin) should also be 

undertaken to allow the optimisation of 

projects that are proposed for later phases 

of implementation.

With regard to AMD management 

in general, various opportunities and 

requirements for research exist in the 

areas of treatment technologies, residue 

management, water use (e.g. saline 

agriculture), abstraction methods, and 

institutional and financial models. It is 

also suggested that catchment strate-

gies integrate mining activities in water 

resource planning, and that this be tied 

together in a national strategy for man-

aging AMD.

Th e lessons learnt during the execu-

tion of this study put South Africa on 

the forefront of AMD management at 

this scale. Th e various recent initiatives, 

including this study, have contributed to 

a wealth of knowledge which can be im-

mensely valuable for application to AMD 

challenges throughout the world. Further 

information on the study can be obtained 

at http://www.dwa.gov.za/Projects/

AMDFSLTS/.
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SOUTH AFRICA is at a ‘tipping point’ 

in terms of what municipalities need to 

comply with, what needs to be achieved 

and what is appropriate and necessary to 

ensure an acceptable and reliable level of 

performance. Th is article looks at some 

aspects of the recently released report by 

the Water Research Commission (WRC), 

in partnership with the South African 

Local Government Association (SALGA), 

titled Drivers for Wastewater Technology 

Selection – Assessment of the Selection 

of Wastewater Treatment Technology 

by Municipalities in Relation to the 

Management Capability and Legislative 

Requirements by M van der Merwe-Botha 

and G Quilling.

Over the past decade, much attention 

has been devoted to the engineering, sci-

ence and technological aspects of waste-

water treatment in South Africa. More 

recently, attention has been redirected 

to assess the performance and compli-

ance status of wastewater treatment 

facilities, and to identify the challenges 

and root causes that underpin poor per-

formance – in particular by municipal 

institutions. Th e report provides a high-

level assessment on the appropriateness 

of technological choices in relation to 

the current ability of municipalities to 

administer such choices. Fifteen munici-

palities from across the country took 

part in the study.

Established in 2010 under the 

recommendation of the WISA Small 

Wastewater Treatment Works division, 

the Small Wastewater Treatment Works 

Suppliers Association (SEWPACKSA) 

is an association of like-minded profes-

sionals in the water treatment industry 

who aim to provide a unifi ed representa-

tive body of suppliers of package plants in 

South Africa in order to create a sustain-

able and self-regulating industry. 

Paul Gaydon, EXCO member of 

SEWPACKSA, who is responsible for 

legislative matters, comments on behalf of 

SEWPACKSA on the fi ndings of the report.

INAPPROPRIATE TECHNOLOGIES
Th e fi ndings of the report indicate that 

44% of the studied wastewater treatment 

plants may have opted for less suitable 

(inappropriate) technologies when con-

sidering their resource base, and their 

capacity to manage and provide effl  uent 

quality requirements. Gaydon says: “Th e 

report states that standards should not 

determine the treated effl  uent quality, 

but that the Receiving Water Quality 

Objects (RWQO) for the river should 

rather be used as the point of reference. 

While I agree with this, the problem 

is that RWQO studies have not been 

conducted on the majority of South 

Africa’s rivers. A full RWQO study takes 

at least three years to perform, and a 

rapid desktop study takes approximately 

six months to perform and costs the 

municipality around R600 000 (2009). 

Due to the fact that most plant upgrades 

or extensions are already overdue by the 

time the project actually commences, it 

forces the consultants to resort to using 

the standards rather than the RWQOs. 

It is also questionable whether the 

Department of Water Aff airs has the ca-

pacity to manage RWQOs. SEWPACKSA 

members will generally be forced to use 

the standards approach, and match the 

technology to these.” 

In terms of appropriate technolo-

gies and making sustainable choices, 

Gaydon explains how SEWPACKSA 

as an organisation ensures that their 

members adhere to certain standards. 

“SEWPACKSA members will either 

train staff to operate and maintain the 

plants, or provide this function on a 

contract basis. If suitable staff are avail-

able from the client to operate the plant, 

then a maintenance contract is the pre-

ferred minimum. Plants are monitored 

on a monthly basis and improvements 

made where problems arise. Repairs are 

conducted as a matter of urgency, and 

spares for the equipment installed are 

readily available.”

The cover of the recently released report 
by the WRC, in partnership with SALGA

The reality of South Africa’s 
wastewater treatment technology

ABOUT SEWPACKSA
The main objectives of 

SEWPACKSA are:

 ■ To provide a unifi ed non-govern-

mental representative body of 

suppliers of package plants in 

South Africa to create a sustain-

able and self-regulating industry. 

 ■ To create a sustainable, self-

regulating package plant industry 

that can treat wastewater onsite in 

remote areas, or where authorities 

do not provide sewer connec-

tions, or where additional capacity 

to the wastewater treatment facili-

ties of various government bodies 

is required, whilst complying with 

legislative requirements for dis-

charged water quality.

 ■ To enable the supply of com-

pliant package plants and 

management services of such 

package plants on the basis 

of best corporate governance 

practice and a code of ethics as 

adopted by the Association.
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PERFORMANCE AND COMPLIANCE
When considering performance and 

compliance, the main challenges, ac-

cording to Gaydon, are the lack of 

trained personnel and a limited aware-

ness of the need to comply. SEWPACKSA 

provides training, and comprehensive 

plant-specifi c operations and mainte-

nance manuals to prevent problems. 

“Our clients, being in the private sector, 

are also acutely aware of the need to 

comply with standards from both a legal 

and an environmental point of view. All 

items of equipment are provided with 

duty and standby units, and these are 

repaired immediately to ensure good 

quality effl  uent,” Gaydon continues. 

Th e overall performance of a plant 

spans across the planning, design and 

management of wastewater treatment 

facilities. SEWPACKSA members are 

intensively involved in the operation and 

maintenance of their plants, and therefore 

design plants that are robust and reliable, 

and simple to operate. As a result of this, 

more experienced personnel are used to 

design plants, which ensures ease of op-

eration and maintenance.  

According to Gaydon, “Certain con-

sultants may have little experience in 

wastewater treatment plant design, but 

are appointed on the basis of the lowest 

tender bid. Th is is a recipe for disaster, 

as they have to sacrifi ce on all aspects of 

the work to maintain a profi table project. 

Consultants should not be allowed to dis-

count more than 2% on the Engineering 

Council of South Africa fees to ensure a 

quality job, and their experience should 

carry a heavy weighting in appointments. 

In fairness to consultants, municipal in-

frastructure grants are often awarded on 

a budget price in a certain year, and may 

fall short during project implementation, 

which results in certain areas of the plant 

having to be under-equipped. An example 

of this is undersized drying beds, which 

results in reduced wasting of sludge, and 

in solids carryover, destroying effl  uent 

quality and the aquatic environment.” 

IMPACT ON THE ENVIRONMENT
Commenting on the legislative require-

ments for the package plant industry 

and the impact on the environment if 

standards are not complied with, Gaydon 

says, “SEWPACKSA members generally 

design plants to comply with the General 

Authorisation Limit Values, due to the 

fact that our plants discharge less than 

2 Ml/d. We are acutely aware that our 

plants must achieve good compliance in 

order for us to retain a good track record 

and stay in business. Most of our staff  are 

also environmental enthusiasts, and thus 

the importance of maintaining excellent 

effl  uent quality is paramount to us.”

SEWPACKSA IN THE INDUSTRY
Th e package plant industry has in the past 

had a poor reputation, and SEWPACKSA 

has made signifi cant progress since its 

inception to further strengthen this in-

dustry. SEWPACKSA has taken substan-

tial strides to improve its reputation in 

terms of effl  uent quality, and this includes 

the entire life cycle of the project from 

initial design to ultimate operation. Th e 

private sector is a straight-talking envi-

ronment, and should a member be shown 

to have erred, the matter will be resolved 

as a matter of priority.

SEWPACKSA is an organisation that 

represents a number of industry suppliers. 

How do suppliers benefi t from becoming 

members of SEWPACKSA? SEWPACKSA 

members are bound by a Code of Conduct 

and have to comply with certain guide-

lines to make sure that a good reputation 

is maintained. Clients are therefore as-

sured of a professional service/product, 

while members are likely to do more busi-

ness as a result of their affi  liation.

COMPLAINTS PROCEDURE
SEWPACKSA has in the past year 

introduced a procedure for handling 

complaints. Mark Ross, SEWPACKSA 

chairman, says one of the negative is-

sues that historically surrounded this 

sector of the water industry was unsub-

stantiated 'wild' supplier claims that, to 

the layman, were impressive, but from 

a process perspective were totally mis-

leading. Also, striving for the competi-

tive edge compromised the process and 

general engineering of treatment plants, 

which contributed to failure, with con-

sequent damage to the environment and 

danger to human health. “While the 

complaints procedure has no current 

jurisdiction over non-SEWPACKSA 

suppliers, it is a self-regulating internal 

procedure to keep Association mem-

bers true to our published standards of 

quality and integrity.”

 INFO

SEWPACKSA CONTACT

Debbie Besseling

liaison@sewpacksa.co.za

www.sewpacksa.co.za

Sewage treatment plant with a capacity of 5 m3/day (25 residents)

The overall performance of a 

plant spans across the planning, 

design and management of 

wastewater treatment facilities. 

SEWPACKSA members are 

intensively involved in the 

operations and maintenance 

of their plants, and therefore 

design plants that are robust 

and reliable, and simple to 

operate.
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NEED FOR DAMS IN AFRICA
Th e development of water and energy re-

sources in Africa is generally well below in-

ternational norms, and there is a huge de-

velopment potential in this respect. South 

Africa is an exception in this respect, as 

a signifi cant percentage of our national 

water resources has been developed. Th e 

SANCOLD website (www.sancold.org.za) 

contains a Register of South African 

Dams. From the size distribution of dams 

in South Africa in Table 1, it can be seen 

that 96% of dams are in the small- and 

medium-sized classes.

South Africa is thus in the strategi-

cally important position of having vast 

experience of dam development and 

management in Africa. Th is experience 

should also focus on the needs in Africa, 

and off ers huge commercial potential to 

consultants and contractors. SANCOLD 

is one of the key role-players in the water 

sector, having made important inputs 

over the years, and this information is 

readily available to its members.

SANCOLD
Th e South African National Committee 

on Large Dams (SANCOLD) was formed 

in 1965 and represents South Africa 

on the International Commission on 

Large Dams (ICOLD). Th e organisation 

underwent a major change in govern-

ance in 2008 and is now based on a more 

democratic and representative structure 

(details and constitution are on the 

website). SANCOLD currently has 54 

Corporate Members and 178 Individual 

Members. Paid-up members receive a 

membership certifi cate for the year in 

question. Membership has a number of 

benefi ts, such as signifi cant discount for 

the attendance of the Annual SANCOLD 

Conference/Course and access to free 

ICOLD publications.

SAICE has a reserved position on the 

SANCOLD Management Committee – 

the current representative is Dr Eduard 

Vorster from SAICE’s Geotechnical 

Engineering Division, with Tente Tente 

from the SAICE Water Engineering 

Division as the alternate.

ICOLD
ICOLD is a non-governmental organisa-

tion that provides a forum for exchange 

of knowledge and experience in dam 

engineering, construction and operation 

at international level. ICOLD holds its 

Annual Meeting in a diff erent country 

each year, where the business (both 

managerial and technical) is discussed. 

Further information about the organisa-

tion is available on the ICOLD website 

(www.icold-cigb.net).

ICOLD has a number of regional 

organisations, and Prof Gerrit Basson 

(current ICOLD Vice-President for Africa) 

is the chairperson of the African Regional 

Club (ARC). Th e ARC meets annually 

during the ICOLD Annual Meeting, and 

the networking between the 22 African 

member countries of ICOLD is most valu-

able, often leading to subsequent com-

mercial activities.

SANCOLD ACTIVITIES
SANCOLD has set an ambitious pro-

gramme of activities for 2014 (full details 

on website). Some of the major activities 

are as follows:

SANCOLD Guidelines and Publications

SANCOLD has a programme for pre-

paring guidelines and publications on 

the following topics, with two additional 

publications having been added to the 

previous list:

 ■ Guideline on Floods: Th e Water 

Research Commission (WRC) is sup-

porting this initiative and a National 

Floods Research Programme will be de-

fi ned soon with the ultimate objective of 

a revised Guideline on Floods. Prof Jeff  

Dr Paul Roberts

Secretary: SANCOLD

secretary@sancold.org.za

SANCOLD expands its 
local and international activities

Table 1: Distribution of dams registered according to size class

Size Number % of Total

Small (5 m – 12 m) 3 465 74%

Medium (12 m – 30 m) 1 061 22%

Large (30 m and higher) 183 4%

Total 4 709 100%
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Smithers of the University of KwaZulu-

Natal is convener of the initiative.

 ■ Risk Analysis on the Safety of Dams: 

Th e WRC is also supporting this new 

initiative, which will take several years 

to reach its objective. A SANCOLD 

Working Group has been formed with 

Louis Hattingh as convener.

 ■ Geotextiles as Filters in Embankment 

Dams: Kelvin Legge has led this 

Working Group and a draft docu-

ment will be submitted to the ICOLD 

Committee at its meeting in Bali this 

month (June 2014).

 ■ Your Dam: Th e publication is aimed 

at the owners of ‘small’ dams. Kelvin 

Legge is leading the initiative and has 

involved the participation of a number 

of persons. Th e intention is to make use 

of current IT technology and make it 

interactive. Th e revised target date for 

the publication is mid-2014.

 ■ Guideline on Ecological Water Reserve: 

A proposal by Gerald de Jager was ap-

proved by the SANCOLD Management 

Committee. Th e document will take 

about 12–18 months to prepare.

 ■ Your Tailings Dam: Danie Brink will 

be leading this new task, which will be 

similar to that for Your Dam.

SANCOLD Scholarship and Capacity Building

SANCOLD has a scholarship to en-

courage graduates to specialise in dam 

engineering. Unfortunately there were 

no applicants in 2013 and this will be re-

advertised this year.

South African Young Engineer’s Forum 

(SANCOLD YEF)

Th e SANCOLD YEF was formed at the 

SANCOLD Annual General Meeting 

in 2012 and has now been registered 

with ICOLD. If you are interested in 

the SANCOLD YEF, please contact the 

SANCOLD Secretary. South African 

young engineers featured prominently 

during the SANCOLD Conference 2013.

SANCOLD Working Groups on ICOLD Committees

SANCOLD is represented on 14 impor-

tant ICOLD Technical Committees (three 

more than in 2013) as given in Table 2. 

SANCOLD Working Groups have been 

Motebele Moshodi, chairperson of the 
SANCOLD YEF 
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formed for each Committee and this 

enables a large number of persons to be 

active in this work, which also has great 

benefi ts from a capacity building and net-

working perspective. If you are interested 

in participating in any of these Working 

Groups, please contact the SANCOLD 

Secretary.

SANCOLD CONFERENCE 2013
SANCOLD’s Annual Conference is the 

premier SANCOLD event of the year 

and has many benefi ts by way of capacity 

building, information exchange, net-

working and commercial promotion. Th e 

SANCOLD Conference 2013 was held 

in Th aba 'Nchu from 5 to 7 November 

2013, and boasted a record attend-

ance of 230 participants. Th e theme of 

the Conference was Advances in Dam 

Technology for Water and Energy in 

Southern Africa. Th e SANCOLD AGM 

was held during the same event. Th e 

Conference included a one-day study 

tour to the Metolong Dam in Lesotho, 

which will supply water to Maseru. 

Construction began in early 2011. The 

project entails the construction of a 

73 m high roller-compacted concrete 

dam wall with a 210 m crest length on 

the south of the Phuthiatsana River, 

about 35 km from Maseru, and a multi-

stage raw water intake and pump station.

SANCOLD CONFERENCE 2014
Th e SANCOLD Conference 2014 will 

be held at the Birchwood OR Tambo 

Conference Centre, from Wednesday 

5 November to Friday 7 November 2014. 

Table 2: SANCOLD representation on ICOLD Technical Committees

No Committee name Term SA representative

C Committee on Hydraulics 2009–2013 André Bester

D Committee on Concrete Dams 2012–2015 Quentin Shaw

E Committee on Embankment Dams 2010–2014 Danie Badenhorst

F Committee on Engineering Activities Associated with the Planning Process 
for Water Resources Projects

2011–2014 Livhuwani Mabuda

H Committee on Dam Safety 2012–2016 Ivor Segers

I Committee on Public Safety Around Dams 2013–2016 Ms Zandile Mathe

K Committee on Integrated Operation of Hydropower Stations and Reservoirs 2011–2015 Leon Furstenburg

L Committee on Tailings Dams 2011–2014 Duncan Grant-Stuart

M Committee on Operation, Maintenance and Rehabilitation of Dams 2012–2015 Peter Pyke 

O Committee on the Register of Dams & Documentation 2011–2014 Bertrand Collet

P Committee on Cemented Materials Dams 2013–2017 David Cameron-Ellis

Q Committee on Dam Surveillance 2012–2016 Chris Oosthuizen

R Committee on Multi-purpose Dams and Reservoirs 2013–2016 Beason Mwaka

Z Committee on Capacity Building and Dams 2012–2015 Kevin Wall

Metolong Dam under construction

ICOLD Secretary-General Michel De Vivo (left) and ICOLD President Adama Nombre
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SANCOLD invites all from Africa and 

the wider family of ICOLD to participate 

in the Conference, which will include 

technical presentations, technical visits 

and an exhibition. Th e Conference will 

off er special insights into ICOLD activi-

ties, as both the ICOLD President and 

ICOLD Secretary General will attend 

and will then deliver keynote addresses. 

South Africa will be hosting the ICOLD 

Annual Meeting in Johannesburg in May 

2016 and both of these events will off er 

dam and water resources engineers, as 

well as all those contributing to the dam 

engineering industry, important interna-

tional linkages, networking opportuni-

ties and the exchange of knowledge and 

experiences. SANCOLD 2014 will be an 

event accredited by ECSA for Continuing 

Professional Development (CPD). Th is 

Conference is a Category 1 activity and 

application will be made for 3.0 credits.

The general theme of the 

SANCOLD Conference 2014 is Towards 

Sustainable Dams in Southern 

Africa. Dams and their reservoirs need 

to operate over a very long period (cen-

turies), and long-term sustainability is 

thus of prime importance. While the 

main theme is related to sustainable 

dam development, we want to em-

phasise the construction of dams, and 

invited papers will be requested on this 

important topic. The construction in-

dustry in South Africa needs expertise 

in dam construction in order to provide 

such services in the SANCOLD Region, 

and in Africa where there is a great need 

for water resources development. 

Th e focus of the three technical 

tours is somewhat diff erent from that in 

previous years. Th e tour selection off ers 

a great opportunity to the delegates for 

broadening their knowledge of water 

resources management. Technical brief-

ings on the projects will be made during 

the fi rst two days of the Conference to 

provide insights into the projects.

Th e Conference Announcement has 

already been circulated to SANCOLD 

Members. Other interested persons 

should contact the SANCOLD Secretary 

(or secretariat@sancold2014.org.za) for 

further details.  

ICOLD 2016 
Th e ICOLD General Assembly held in 

Seattle in August 2013 approved that the 

ICOLD Annual Meeting in 2016 be held 

in South Africa from 16 to 20 May 2016.  

SANCOLD is very excited about this 

matter and is hard at work organising 

an exciting event with a substantial 

technical content. We hope to provide 

the delegates and accompanying persons 

with insights into our African country 

and region with its huge range of cul-

tural, scenic and tourist interests. We 

expect to have at least 1 000 interna-

tional delegates.

SANCOLD is pleased to report that it 

has received the support from the South 

African Cabinet for the hosting of the 

event in Johannesburg. Th is includes sig-

nifi cant fi nancial support from the South 

African government via the Department 

of Water Aff airs (DWA), which is the 

owner of most of the large dams in South 

Africa. Th e DWA will also be providing 

logistical assistance and support.

A professional conference organiser 

has been appointed by SANCOLD, and 
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a dedicated website (www.icold2016.org)

will be created soon. In the meantime 

provisional information is available on the 

SANCOLD website, which will be up-

dated periodically. Th e framework for the 

2016 Annual Meeting is discussed below.

Johannesburg, a modern vibrant city 

which started with the discovery of gold 

in 1886, has been selected as the venue. 

We now have some water quality chal-

lenges arising from acid mine drainage 

from these mines, and this aspect will 

be addressed during some of the tech-

nical tours.

The Annual Meeting will be held 

at the Sandton Convention Centre 

(SCC), which is a modern conference 

centre with all of the necessary facili-

ties. The SCC is associated with three 

hotels (Tsogo Sun Group) with 1 000 

guest rooms. Two of these hotels and 

large shopping complexes are linked to 

the SCC via covered walkways. Other 

hotels are available within easy walking 

distance from the SCC. A range of 

hotel categories is thus available for 

ICOLD 2016.

Technical Committees

ICOLD has some 28 Technical 

Committees which will meet for one-and-

a-half days. Th e meeting on the afternoon 

of Monday 16 May is intended to be in the 

form of a workshop for new Committees, 

and a feedback and review workshop for 

those Committees coming to the end of 

their term of offi  ce.

Technical Exhibition

A Technical Exhibition of at least 50 

stands is envisaged. Prospective ex-

hibitors should contact the SANCOLD 

Secretary (secretary@sancold.org.za). 

Further details will be provided in the 

Initial Bulletin and on the future ICOLD 

2016 website.

Regional Club Meetings

ICOLD has four Regional Clubs (see 

ICOLD website www.icold-cigb.net for 

further details). Th e African Regional 

Club (ARC) is gaining strength and cur-

rently has a membership of 22 African 

countries. Th e hosting of ICOLD 2016 on 

African soil provides a special occasion 

for the meeting. According to interna-

tional norms, Africa’s water and energy 

resources need much development and 

there are hence many commercial oppor-

tunities on the continent.

Symposium

Th e theme of the Symposium on 

Wednesday 18 May will be Appropriate 

Technology of Dams in Developing 

Countries. Th e call for papers will 

be issued in about March 2015. Th e 

Symposium may require some parallel 

sessions, depending on the number of 

papers to be presented.

Workshops

Th ese were introduced in 2013 in Seattle 

to increase the technical content of the 

week and to encourage attendance. Th e 

attendance in Seattle was indeed a record 

high for an Annual Meeting. Th e USA 

showcased various aspects of their dam 

engineering sector. South Africa and its 

neighbours have particular water prob-

lems, such as an arid region with small 

rivers, high variability of fl ows and devel-

oping economies. Some potential topics 

for the Workshops are:

 ■ Inter-basin transfer

 ■ RCC (South Africa built the fi rst roll-

crete gravity arch dam)

 ■ System analysis

 ■ International and regional cooperation 

in shared rivers

 ■ Tailings dams

 ■ Labour-intensive construction of dams

 ■ Flood management in arid regions

 ■ Dam safety and dam rehabilitation.

SANCOLD may also call upon some of 

the ICOLD Technical Committees to 

provide input for the series of Workshops. 

Th e Workshops will be held on the 

Th ursday and Friday (19 and 20 May).

Technical Excursions

Th ree to four one-day technical tours will 

be provided on the Th ursday and the cost 

thereof will be included in the registra-

tion fee. Th e purpose is to enhance the 

technical content of the Annual Meeting 

and to provide networking opportunities. 

Th e technical tours will include visits to 

dams which are being rehabilitated, tail-

ings dams and the Vaal Dam which is the 

key dam in the large Vaal River System, 

serving the economic hub (Johannesburg 

and surrounding cities) of South Africa. 

Water from the huge Lesotho Highlands 

Water Project eventually fl ows into the 

Vaal Dam from whence it is purifi ed and 

distributed.

Young Engineers’ Forum (YEF)

ICOLD formed the Young Engineers’ 

Forum in 2011 and, as mentioned above, 

South Africa formed its SANCOLD YEF 

shortly thereafter. Special events are 

arranged for the young engineers, and re-

duced registration fees will be provided for 

them. We hope to have excellent participa-

tion from our younger colleagues in 2016!

Local Tours

South Africa has an ancient history and 

there will be opportunities to visit the 

Cradle of Humankind. Local tours will 

include various tourism attractions, 

such as game-viewing, scenic tours and 

African culture.

We aim to provide participants with 

a taste of Africa. Many delegates will re-

member the ICOLD Congress in Durban in 

1994 and the exciting cultural events. Come 

and enjoy similar ones in ‘Egoli’ which is the 

nickname for the ‘City of Gold’.

Study Tours

Th e development of tour proposals was 

guided by the following considerations 

from a SANCOLD perspective:

 ■ Dam engineers in South Africa are chal-

lenged to fi nd appropriate solutions to 

our local set of circumstances, whether it 

relates to availability of water resources 

to meet the requirements of a growing 

economy, the peculiarities of hydrological 

conditions, the suitability of dam sites 

and construction materials, dealing with 

the adverse impacts on the natural and 

social environment, scarcity of funds to 

address ageing water resources infra-

structure and the construction of new 

infrastructure, or the treatment of water 

contaminated by mining operations.

 ■ South Africa shares a number of water 

courses with neighbouring countries.

 ■ Since 1994 a number of policies with 

respect to the management of our water 

resources have been amended and are 

currently being implemented.

 ■ We believe that we have employed 

workable solutions that may be of 

interest to dam engineers from other 

countries. Th ese include solutions with 

respect to topics such as materials (e.g. 

RCC), spillways, asset management, 

risk management, environmental 

management, system management ap-

proach for inter-basin transfer schemes, 

funding, dam safety, monitoring and 

surveillance, rehabilitation of existing 

infrastructure, pumped storage facili-

ties, small hydro plants, quality control, 

sustainable development, bi-national 

development projects, etc.
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 ■ South Africa is a preferred tourist 

destination with a large variety of at-

tractions.

Th e pre- and post-meeting study tours we 

have identifi ed will be in South Africa and 

in several of our neighbouring countries. 

By 2016, Phase 2 of the international 

Lesotho Highlands Water Project will be 

under way where a 165 m high concrete-

faced rockfi ll dam and a 30 km water 

transfer tunnel will be added to the ex-

isting project. Specifi c tours of diff erent 

durations that have been identifi ed are:

 ■ Lesotho Highlands Water Project 

 ■ Drakensberg and Ingula Pumped 

Storage Schemes

 ■ Vaal River System

 ■ Mpumalanga, Swaziland, Mozambique 

and the Kruger National Park

 ■ Cape Town and the Western Cape

 ■ Kariba and Cahora Bassa Dams in 

Zambia/Zimbabwe and Mozambique.

SANCOLD Objectives for ICOLD 2016

Th e SANCOLD objectives in hosting this 

ICOLD Annual Meeting are:

 ■ To host an effi  ciently organised event

 ■ To contain costs and create 

an aff ordable event

 ■ To emphasise quality, 

without being lavish

 ■ To organise a memorable event with 

fl air, illustrating South African hospi-

tality, and with an African experience

 ■ To apply any profi t for the benefi t of the 

dam engineering sector.

Th e Organising Committee for the 

event has been formed and includes 

some members who were involved in 

the very successful Annual Meeting and 

Congress held in Durban in 1994. We 

have a number of our members who have 

attended many ICOLD meetings over 

the years and we can assure you that we 

will be able to off er you a well-organised, 

interesting, exciting and fun event!  

Opportunities for SANCOLD members

SANCOLD members will have a number 

of opportunities of assisting and partici-

pating in the event. You will gain several 

benefi ts such as international contacts 

and knowledge transfer. Please submit 

your name to the SANCOLD Secretary if 

you wish to assist.

CONCLUSION
SANCOLD is alive and well, and in recent 

times has greatly expanded its local and in-

ternational activities. Interested persons and 

organisations should consider membership 

which provides a wide range of benefi ts. 

An SA tourist attraction – the Gariep Dam equipped with Roberts splitters

Johannesburg, a modern vibrant city which started with the 

discovery of gold in 1886, has been selected as the venue for the 

2016 ICOLD Annual Meeting. We now have some water quality 

challenges arising from acid mine drainage from these mines, and 

this aspect will be addressed during the technical tours.
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HARBOUR INFRASTRUCTURE
Chapter 2 of this series described the early days of the develop-

ment of port infrastructure in South Africa up to the Second 

World War, which ended in 1945. At the end of the war the 

primary South African harbours were Durban, Cape Town, Port 

Elizabeth, East London and Walvis Bay. During the preceding 50 

or more years they all had their entrances made navigable for the 

large ocean-going vessels operating at the time, and for the next 

fi fty or so years enjoyed regular improvements in infrastructure, 

both on the seaward and landward sides, in an attempt to keep 

pace with developments and size increases in ocean-going vessels, 

as well as increased trade, embracing inter alia an improved and 

new method of conveying general freight, namely containerisation.

Apart from this continuing upgrading of the major national 

ports in the country, a new port was developed at Richards Bay, 

the fi shing harbour at Saldanha was increased in size to ac-

commodate vessels conveying iron ore from the Sishen mines 

to overseas markets, as well as metal concentrates, and towards 

the end of the 20th century the construction of a new deep-water 

port at Ngqura (Coega) in the Eastern Cape, adjacent to Port 

Elizabeth, was completed.

Policy regarding which harbours should be developed, how-

ever, does not appear to have been well thought out. It seems 

that during the past 50 or so years, the harbour authorities have 

merely attempted to match infrastructure at all South African 

harbours, with demand, rather than analysing the overall lo-

gistical approach to the handling of imports and exports. Th e 

Moving South Africa (MSA) Strategic Transport Study has sug-

gested a “hub and spoke” approach to the development of port 

facilities in the country. Th e proposal envisages two deep-water 

hub ports for the country, one east-facing and one west-facing, 

with coastal “feeder shipping” serving the remaining ports. Th is 

suggestion, however, seems to be in limbo.

RICHARDS BAY
For many decades during the earlier part of the 20th century 

thought had been given to the possibility of a new harbour, 

north of Durban, to service the hinterland. Th e fi rst recorded 

investigation into the concept was carried out in 1902 when 

CW Methven, then harbour engineer in Durban, examined 

the suitability of Richards Bay for this purpose. Various other 

studies were carried out until 1965, when a fi nal decision was 

Chapter 5: Ports and Pipelines
A brief history of transport infrastructure in South Africa
up to the end of the 20th century

I N F R A S T R U C T U R E

Dr Malcolm Mitchell 

Senior Fellow SAICE

mally2@vodamail.co.za

The fi rst four chapters in this series appeared in 
the January/February, March, April and May 2014 
editions of Civil Engineering. 
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taken to develop Richards Bay as a deep-water harbour. Th is 

was seen as a long-term project. However, with the decision 

in 1970 to export more than 100 million tons of coal from the 

then Eastern Transvaal coalfi elds to Japan, the project assumed 

a high priority.

Th is harbour was designed as a bulk deep-water export 

harbour by a consortium of six international fi rms, one of which 

had played an important role in the building of a new harbour at 

Rotterdam in Holland. Work started on the site in 1972 and by 

August 1973 fi ve suction dredgers were operating in the lagoon. 

Work proceeded in accordance with a programme that embraced 

completion of two export coal berths on the north side of the 

harbour by 1977. Th e cost of this fi rst stage development was es-

timated at some R150 million at the time. Th e port now has fi ve 

privately operated berths, as well as the largest single coal ter-

minal in the world. Its entrance is 22 metres in width and berth 

depth varies from 12.8 to 19.0 metres.

SALDANHA
Situated on the west coast of Africa, 60 nautical miles north 

of Cape Town, the port of Saldanha is the deepest and largest 

port in southern Africa, originally constructed during the early 

1970s to facilitate the export of iron ore. Bulk crude oil and 

break-bulk terminals were subsequently added to the facilities 

in the port.

Th e port serves the iron ore mines (some 860 km northeast of 

Saldanha), base metal mines, an adjacent heavy minerals smelter, 

and the crude storage facility near the port. Port facilities consist 

of a 990 m long jetty with two iron berths and one crude oil 

berth. In addition, a 250 m general cargo quay facilitates break-

bulk cargo handling.

Th e depth of the navigation channel seawards of the jetty 

is 23 metres, whilst there is also a turning basin seaward of the 

jetty with a diameter of 580 metres and a depth of 232 metres. 

Th e width of the main entrance channel at its narrowest point is 

approximately 400 metres. An unfortunate characteristic of this 

harbour, however, is that weather and sea conditions often create 

excessive surging.

NGQURA (COEGA)
After several years of discussion, government fi nally resolved to 

commence with the construction of a new deep-water port at 

Ngqura (Coega) near Port Elizabeth. Construction of this facility 

commenced early in the new millennium and in 2004 the basin 

of the new port was opened to the sea.

Th e new port, which forms the key element of the Coega 

Industrial Development Zone, is designed to serve as deep-water 

port on South Africa’s south-eastern coast, with the hope that 

it will serve as a container hub with feeder services operating to 

other ports.

This new port was planned to initially have five berths, 

two for container ships of up to 4 500 TEU (ton equiva-

lent units) capacity, two dry bulk berths, and one wet bulk 

(tanker) berth.

It was hoped that the port would also attract an aluminium 

smelter to the area. However, consideration needs to be given to 

the hostile coastline and dangerous approaches for large vessels 

into the harbour before assessing its acceptance for commercial 

shipping. As was the case in Richards Bay, the fi nal draught 

could only be ascertained on completion of the harbour.

DURBAN
In the early days the development of Durban as a thriving city 

and industrial centre was closely linked to the development of 

the port of Durban. Th e development of the port, on the other 

hand, was closely linked to solving the problem of the infamous 

barrier to the harbour – the sand bar at its entrance.

Whilst Durban was the last of the early port cities to be 

linked to the industrial heartland of the country, it is at the turn 

of the century by far the most important port in the country for 

the import and export of goods (excluding coal and iron ore).

At the start of the mid-fi fties the port of Durban was com-

fortably accepting the largest ocean-going vessels plying their 

trade with this country and possessed the corresponding land-

side facilities to handle the freight and passenger traffi  c demand. 

Sheds were added after the Second World War and construction 

of the large Ocean Terminal Building was commenced in 1957 

and completed in 1962. Th is building, however, turned out to be 

a white elephant because of the ending of the era of mail ships, 

within a relatively short time after the construction of the ter-

minal, and the rapid growth in air transport for passenger traffi  c. 

Th e building was converted into the headquarters of the National 

Ports Authority in Durban.

With the growth in freight traffi  c, work commenced in 1965 

on the conversion of Salisbury and Farewell Islands, as well as 

the area embracing the mangrove swamps, into a new deep-

water general cargo pier. Within a decade work was also begun 

on constructing what remained of the mangrove swamps into a 

container terminal to meet the demand for a more effi  cient form 

of cargo handling. Th is work was completed in 1977, and since 
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then the eight container berths have played an increasing role 

in maintaining Durban’s position as the principal port of South 

Africa. At the end of the century the terminal handled 1.5 mil-

lion TEUs – about 65% of the country’s total.

Th e challenges set by container handling and increasing 

vessel sizes, as well as growth in traffi  c, have set the scene for 

the next phase in the development of infrastructure in the port, 

due for completion within the early years of the 21st century. 

Unfortunately the landside facilities for road and rail transport 

have not kept pace with the growth in traffi  c, often leading to 

severe congestion or delays in the port. A particular problem 

is the looming inability of the two-track railway line along-

side the Victoria Embankment to handle the large motor car 

export traffi  c volumes and the consequent major road traffi  c 

disruption if this freight were to be conveyed by road along the 

Victoria Embankment. Th e National Ports Authority, in con-

junction with the other relevant authorities, is addressing these 

problems. Proposals are also being discussed for increasing the 

capacity of the port, as well as increasing the draught at some 

of the current deep-water berths, which are becoming progres-

sively shallower. Th ese investigations also include a new “dug 

out” harbour incorporating land currently occupied by the 

Durban International Airport.

SOUTH AFRICA’S OTHER PORTS
Development at the other major ports in the country, Cape 

Town, Port Elizabeth and East London, have paralleled that in 

Durban during the past 50 or so years, albeit on a lesser scale. In 

Cape Town a large container terminal has also been constructed.

It is, however, possible that Port Elizabeth harbour will suff er a 

signifi cant reduction in importance with the construction of the 

new port under construction at Ngqura.

Unfortunately it has not been possible to access information 

for these three ports to the same depth as that for Durban, and 

possible sources would be welcomed.

In addition, there are two inland “ports” or rather “port facili-

ties”, namely the container terminals at Pretcor in Pretoria and at 

City Deep in Johannesburg. Th ese two facilities opened in 1990 

and 1977 respectively, operating as custom enfranchised inland 

terminals for the import and export of containers.

PIPELINE INFRASTRUCTURE
Pipeline infrastructure for the conveyance of petroleum products, 

of approximately 3 000 km in length at the turn of the century, 

was fi rst introduced into South Africa during the mid-sixties by 

the then South African Railways & Harbours Administration 

(SAR&H). In terms of the Bill, which had its fi rst reading in 

Parliament in 1963, the agency was required, “wherever practi-

cable, to place the pipeline at least 1.5 metres below the surface of 

the ground and to leave the site on which any work has been car-

ried out, as nearly as possible, in the condition it was before.”

The two primary reasons for the provision of pipelines 

for the transport of these products were that rail could not 

handle the demand at that stage (the conveyance of goods 
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by roads was strictly regulated), and secondly, the conver-

sion at the time of the Natref inland refinery from a coal to 

a crude oil base. Back in the early 1960s, with South Africa’s 

economy expanding rapidly and the oil industry forecasting 

an annual 12% growth in the demand for petroleum products, 

it became evident that the rail link from Lourenςo Marques 

(now Maputo) in Mozambique and from Durban would soon 

be unable to meet the demands of imports and exports. After 

considering various alternatives, the government of the day 

decided to lay a pipeline from Durban to the Reef to convey 

the petroleum products, thereby relieving the pressure on the 

rail system. The government recognised not only the strategic 

importance of this project, but also the economic necessity of 

transporting fuel by pipeline.

Th is fi rst pipeline was originally planned by industry, but 

was later constructed, operated and fi nanced by government. 

Th e 12-inch (300 mm) diameter pipeline, with a capacity of 430 

cubic metres per hour, was constructed at a cost of approxi-

mately R20 million (at the time) and was routed from Durban via 

Pietermaritzburg, Ladysmith, Bethlehem, Kroonstad, Sasolburg, 

and Alberton to Pretoria. At each of these points depots for the 

“drawing off ” of products were constructed.

Th e original pipeline, which was to transport both crude 

oil and multi-petroleum products, was not very successful in 

its operation, and this fact, combined with the government’s 

desire at the time to stockpile crude oil against a possible oil 

boycott of South Africa, led to the decision by the SAR&H to 

construct a second and primarily crude oil pipeline to transport 

crude oil, landed at the coast to both the inland Natref refi nery 

at Sasolburg, and also to storage in disused underground mines. 

Th is eighteen-inch (450 mm) diameter pipeline was routed from 

Durban to Empangeni (with a spur to Richards Bay), over the 

Drakensberg at Kwaggas Nek to the Natref refi nery at Sasolburg, 

and on to Kendal and Ogies for storage of the crude oil in under-

ground mines.

Th e pipeline was commissioned in 1969 and operated very 

successfully, incorporating state-of-the-art technology with 

remote control operation. A great deal of crude oil was eventu-

ally stored underground; its construction cost was of the order 

of R50 million in 1970 rand values. Th e spur to Richards Bay was 

based on the supposition at the time that the Richards Bay har-

bour was also to be used to berth crude oil tankers. Th e pricing 

regime was such that the refi nery was charged for transportation 

by the pipeline at coastal prices.

Th e next phase in the development of pipeline infrastructure 

was dictated by the need for a distribution network for petroleum 

products. To accomplish this, the existing 12-inch (300 mm) 

pipeline was extended to provide a distribution network to places 

such as Klerksdorp, Potchefstroom and Langlaagte.

Th is third pipeline, however, became almost redundant at an 

early stage of its life, because of the opening of the new oil-from-

coal plants at Secunda, Sasol I and II.

 During 1995 Petronet, in line with its vision to be the na-

tional gas transporter of choice in southern Africa, decided to 

reconfi gure and convert sections of the existing network to allow 

for the transportation of methane-rich gas (MRG) from Secunda 

to KwaZulu-Natal, with possible link-up to, amongst others, 

Pande gas from Mozambique in the future. Over the past 30 

years many modifi cations have been made to the existing system, 

which now consists of three lines, one for fuel (refi ned products), 

one for crude oil, and another for gas, which run from Secunda 

to the coast. A dedicated 150 mm diameter line transports avia-

tion fuel, Avtur, from the Natref refi nery at Coalbrook to the 

Johannesburg International Airport (now OR Tambo).

Th is aspect brings home the fact that it is possible to 

address one of the supposed disadvantages of pipeline infra-

structure, namely its infl exibility to adapt to changing cir-

cumstances. Whilst it generally has low operating costs, with 

a high development cost, it does not generally easily adapt to 

changes in distribution or supply patterns. However, for well-

defi ned and uniform fl ow volumes it can be very successful and 

for many years has been the prime fi nancial performer in the 

Transnet stable of companies.

The pricing regime, or tariff issue, for pipelines in South 

Africa has regularly come to the fore in respect of competi-

tion with the rail and road modes, and has been the subject of 

much debate. 

Th e history of Petronet is entwined in a “tariff -tangle”, with 

Petronet continually endeavouring to justify the tariff s charged. 

Shortly after the fi rst project was launched the tariff  vs cross-

subsidisation controversy began. Th is debate has continued for 

a few decades with the rail and road modes of transport com-

plaining about “unfair competition”. Since 1987 pipeline tariff s 

have been calculated and fi xed independently to that of rail and 

are about 25% below that of rail, on routes where both modes of 

transport operate.

At the turn of the century approximately 16 billion litres of 

petroleum products are transported annually via the Petronet 

pipelines. 

Civillain by Jonah Ptak
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Leo Grutters is an independent expert for 
dispute resolution in many large prestigious 
international projects with about 30 years of 
experience. A Dutch civil engineer, Grutters 
previously worked and lived in South Africa for 
ten years. He holds an MBA and is a Fellow of the 
Chartered Institute of Arbitrators. As a member 
of the FIDIC President’s List of Approved Dispute 
Adjudicators, he has been involved in many large 
international engineering projects as a neutral 
expert or Dispute Board Member. He is a forensic 
analyst focused on the logical and fair resolution 
of contractual disputes. 

Brian Barr is a civil engineer with over 40 
years of working experience in the United 
Kingdom, Eastern Europe, Africa, the 
Caribbean and the Far East. He has been 
involved in many international projects in 
positions ranging from dispute review expert, 
adjudicator, mediator, conciliator, engineer 
and claims advisor, to technical auditor. He 
has specialised experience in construction 
design, contract administration, and 
supervision of major infrastructure works, 
particularly projects funded by international 
fi nancing institutions.

S A I C E  A N D  P R O F E S S I O N A L  N E W S

THE RECENT LAUNCH of the FIDIC 

Users’ Guide 3rd Edition couldn’t be 

more timely. Th is edition of the world-

renowned Brian Totterdill’s FIDIC Userś  

Guide was revised comprehensively by 

Brian Barr of Brian Barr Consulting 

Services in the UK, and Leo Grutters, co-

founder of GibConsult in Germany, who 

have more than 40 years’ in-depth FIDIC 

experience. Both are members of the ex-

clusive FIDIC President’s List of Approved 

Dispute Adjudicators, of whom there are 

only 59 worldwide. 

South Africa was privileged to have 

hosted the global launch of the Guide as 

a result of GibConsult South Africa’s ini-

tiative. Stefan Müller, managing director 

in South Africa, and Leo Grutters were 

co-founders of GibConsult in Germany 

back in 2000, and in 2010 Stefan estab-

lished GibConsult South Africa; there-

fore the launch here. Furthermore, from 

here it is easy to access southern Africa. 

Th e company specialises in contract, 

claims and dispute management, and 

in administration for medium to large 

infrastructure projects.

Th is must-have Guide is a reference 

book that conveys professional insights and 

practical solutions for the more conten-

tious and controversial issues when using 

FIDIC contracts from the tender stage and 

during a construction project. Users who 

will benefi t from the Guide are:

 ■ construction engineers 

 ■ construction lawyers 

 ■ contract managers 

 ■ contractors 

 ■ claims specialists

 ■ developers 

 ■ quantity surveyors

 ■ local authorities, and

 ■ anyone dealing with FIDIC contracts, 

or anyone who will be involved in a 

construction project using or contem-

plating using FIDIC.

According to Brian Barr the book ac-

knowledges the growing tendency for 

projects to be administered by local 

employers, consultants and contractors, 

as well as by experienced international 

organisations. In essence, it is a practical 

guide to the Red, Yellow, Multilateral 

Development Bank (MDB) Harmonised 

(Pink) Edition and sub-contract books. 

Its focus is on the practical administra-

tion of the FIDIC Conditions of Contract 

(1999), which addresses the increasing 

magnitude and complexity of construc-

tion projects.

Not only does this 1.6 kg publication 

stimulate better contract administration, 

it highlights accountability and addresses 

contentious issues with relevant conclu-

sions on dispute avoidance rather than 

dispute resolution.

New edition FIDIC Users’ Guide –
professional insights and practical solutions for controversial issues
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Th e authors took into account newly 

published forms of contract, case studies, 

and the increased use of the 1999 FIDIC 

Conditions of Contract on construction 

projects in a more international arena, 

and incorporated the current industry’s 

thinking and understanding of the FIDIC 

terms and conditions, making the book an 

all-encompassing volume for readers. Th e 

proper use of these standard forms of con-

tract signifi cantly reduces the inherent risks 

contained within development projects.

Clear advice to practitioners on how 

to mitigate and avoid contractual prob-

lems are provided. Leo Grutters explains, 

“Over the years it became even clearer 

that the day-to-day users of FIDIC forms 

of contract were trapped within the com-

plexity of these forms of contract. Th is 

predominantly stems from a signifi cant 

interlinking of the various sub-clauses. 

Th e need for clarity and transparency 

was established and the book aims at 

providing this for all users legally trained 

or not.” 

Additionally, the need to expand 

training of the people using these forms 

of contract is also important. For ex-

ample, in South Africa there is need 

for more training through industry or-

ganisations such as Consulting Engineers 

South Africa (CESA), the South African 

Institution of Civil Engineering (SAICE) 

and the South African Forum of Civil 

Engineering Contractors (SAFCEC). By 

doing this the industry will be better 

equipped to deal with the FIDIC form 

of contract. Many failed and delayed 

contracts are a result of lack of contract 

administration knowledge.

Dr Cyril Chern, from the Dispute 

Board Federation, stated, “Th is work of 

reference brings professional insights 

into, and practical solutions for, the more 

contentious and controversial issues when 

dealing with FIDIC contracts.” 

SAICE and CESA supported the 

GibConsult South Africa initiative to 

bring these renowned specialists and 

co-authors to South Africa for the benefi t 

of their members and the broader contin-

gent that had already been mentioned.

Th e third edition of the FIDIC Users’ 

Guide is essential reading, and is avail-

able from the SAICE bookshop and can 

be ordered online at www.saice.org.za/

book-store.

 INFO

Marie Ashpole

marie@saice.org.za

FIDIC
The International Fédération 

of Consulting Engineers or 

Fédération Internationale des 

Ingenieurs Conseils (FIDIC), 

established in 1913, is the most 

important international umbrella 

organisation of national associa-

tions of consulting engineers in 

the construction industry. The 

FIDIC contracts are standardised 

model agreements for interna-

tional construction projects and 

have become more important 

worldwide because, in general, 

they aim at a fair balance of risk.
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It is of critical importance today that 

emerging engineers proactively learn from 

infrastructure planning, design, implemen-

tation, operation and maintenance experi-

ences. Th is is because sustainable infra-

structure provision employs a diversity of 

resources (human, natural and processed) 

at various stages of the infrastructure’s life 

cycle, and the contribution from each of 

these resource groups needs to be carefully 

considered and incorporated. 

An essay was given to fourth-year Civil 

and Environmental Engineering students 

at the University of the Witwatersrand, 

registered for the course titled Integrated 

Resources Management. Th e essay re-

quired the students to critique either 

the Bruma Lake clean-up operation or 

SANRAL’s e-toll. From the diversity of 

essay critiques submitted, the following 

are two which I found interesting to read 

and hope you do, too.

Think more.
Be more.YOUNG MEMBERS’ PAGES

Prof Adesola Ilemobade

Course Lecturer

School of Civil and 

Environmental Engineering

University of the Witwatersrand

adesola.ilemobade@wits.ac.za

Luke Jabulani Reid

For many years the City of 

Johannesburg (CoJ) has been trying 

unsuccessfully to deal with a stubborn 

pollution problem that demands a broad 

perspective.

What is the Bruma Lake 
pollution problem?
Bruma Lake (Photo 1) is a small 

artificial lake several kilometres to 

the northeast of the Johannesburg 

Central Business District. It was once 

a popular recreation spot (CoJ 2010), 

but is now plagued by environmental 

problems resulting from high levels 

of sewage and solid waste inf low. 

Concerns include toxic algae blooms 

that kill wildlife, dangerously high 

e.coli levels, unsightly litter and sludge 

and, most importantly, unpleasant 

smells. There is a direct negative effect 

on surrounding businesses that were 

built as part of a commercial node cen-

tred on the lake (Ibid). The pollution 

f lowing into the lake is largely the re-

sult of broken or inadequate sewer and 

stormwater systems in the inner-city 

which allow raw sewage, silt and large 

amounts of household and commercial 

waste to enter the stormwater system 

(Bodasing 2010). 

What has been done 
about the problem?
Th e fi rst large intervention was in 

2004, when a R9 million litter trap was 

constructed to reduce the infl ow of 

solid waste. Since then numerous other 

methods have been used, including (Van 

Schie 2012; Bodasing 2013):

 ■ construction of other kinds of litter 

traps upstream (Photo 2)

 ■ installation of gabion weirs to trap sedi-

ment upstream and prevent collapse of 

banks

 ■ construction of a fl oating wetland on 

the lake

 ■ rehabilitation of an upstream wetland

 ■ application of chemicals and various 

biological substances to accelerate the 

breakdown of biological material

 ■ manually picking up litter or siphoning 

it into trucks

 ■ placing oil-absorbing textiles in the 

lake, or alongside an oil-diversion bar-

rier upstream 

 ■ installation of solar-powered fl oating 

aerators called ‘Solar Bees’ to accelerate 

breakdown of biological waste.

Th ese methods have had limited sustain-

able success (if any) in dealing with the 

pollution sources and reducing the pollu-

tion in the lake (Van Schie 2012). 

Final-year students review two cases
in terms of Integrated Resource Management

The Bruma Lake clean-up operation
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What is Integrated Resource 
Management (IRM) and 
how does it help?
Th e long-term failure of the above meas-

ures, often applied in isolation, to deal 

with the pollution points to the presence 

of larger, systemic problems involved in 

the Bruma Lake pollution. Th is is where 

IRM becomes not just a valuable ap-

proach, but an essential one.

IRM is a planning and decision-

making process that looks at a problem 

as eff ecting and being aff ected by a much 

wider range of systems and resources 

than is traditionally assumed. It is based 

on the idea that “the environment func-

tions as an integrated whole and each part 

is to some degree dependent on the other” 

(UKDoE 1988). Th is means that long-

term sustainable benefi ts can be realised 

by bringing together diff erent kinds of 

resources, and balancing priorities across 

diff erent spheres that are often examined 

in isolation. Th ese could be the social, 

environmental and economic spheres, or 

just diff erent parts of a city or country.

Has IRM been applied in dealing with 
the Bruma Lake pollution up to now?
Bruma Lake lends itself to an IRM ap-

proach, because it is driven by a complex 

interaction of diff erent environmental 

systems. It involves infrastructure, eco-

nomic and social issues that have resulted 

in a water-quality problem, which has in 

turn produced an air-quality problem, 

which has caused a commercial problem 

for the local businesses.

Th e CoJ has been making some at-

tempts to deal with the underlying causes 

of the Bruma Lake pollution. For example 

CoJ spokesperson, Nthatisi Mogingoane, 

stated that, “Th e city’s department of 

housing is addressing the overcrowded 

buildings in the inner-city that do not have 

suffi  cient toilets, and Johannesburg Water 

is also addressing the sewer infrastruc-

ture.” (Bodasing 2013)

However, the unabated fl ow of pollu-

tion makes it clear that this work has been 

woefully inadequate. 

Another major way in which the CoJ 

can be seen to have engaged in IRM is by 

working across diff erent departments, 

including City Parks, the Expanded Public 

Works Programme, and provincial and local 

environment and agriculture departments. 

Th e Johannesburg Development Agency has 

also been tasked with implementing a much 

more substantial response to the problem, 

in its capacity as a government entity that 

is able to overcome boundaries between 

government departments.

But there are also a variety of other 

departments, as well as non-governmental 

institutions, that the CoJ has failed to 

coordinate with suffi  ciently. In 2010, 

Councillor Laurette van Zijl described how 

the Johannesburg Metro Police Department 

and the CoJ’s Environmental Health 

Department could be used to combat 

many types of illegal pollution or dumping 

(Bodasing 2010). Concerned local citizens 

and activists, such as wetlands experts 

from the Jukskei River Catchment Area 

Management Forum, have introduced many 

of their own measures to combat pollu-

tion in the lake and treat wildlife poisoned 

by algae blooms (Bodasing 2013). Th ese 

people or groups can provide valuable free 

technical expertise, especially when com-

pared to the R5 million spent by the CoJ on 

specialist studies in recent years (Van Schie 

2012). Th ese individuals can also provide 

feedback and monitoring of conditions in 

the lake, and help to motivate for funding 

allocations. Local businesses, who are di-

rectly incentivised to get involved, can pro-

vide similar support, including fi nancially. 

Will 2014 be different?
2014 sees the initiation of an ambitious 

project by the CoJ to deal with Bruma 

Lake’s pollution by destroying the lake and 

restoring it to the river that it used to be. Th is 

is an expensive project, fi rst announced in 

2010 and forecast to cost at least R46 mil-

lion. It will deal with pollution by allowing 

enough fl ow through the watercourse to 

naturally fl ush out solid waste and digest bio-

logical waste (Bodasing 2013). Th is should be 

seen as an excellent example of IRM, as it is 

a measure that takes a broad perspective on 

the options available, and prioritises environ-

mental health above maintaining the status 

quo of a commercial node built around a 

lake. It is hoped the use of litter traps and the 

natural breakdown of biological waste will 

also prevent the pollution problems from 

simply being shifted downstream.

It is important to note that when the 

restoration project is complete, the CoJ will 

still not have dealt with the biggest under-

lying cause of the Bruma Lake pollution, 

which is sewage from the inner-city fl owing 

into the stormwater system. However, the 

river is now being seen as playing a role 

in dealing with inner-city pollution by 

allowing enough fl ow for it to digest acci-

dental sewage infl ows. Th e reconfi guration 

of Bruma Lake thus becomes part of a solu-

tion to the problem of inner-city infrastruc-

ture challenges. Th is suggests a pragmatic 

approach that involves prioritising cost-

eff ective natural sewage treatment over the 

desire to have a perfectly pristine artifi cial 

lake. Maintaining this artifi cial fantasy 

would be extremely expensive, and almost 

certainly impossible in the short term, given 

the challenges in the inner-city.

Th us, 2014 looks to be the year that 

proper IRM is fi nally brought to bear on 

Bruma Lake. Please turn over 

Photo 1: Bruma Lake looks good, 
but smells bad

Photo 2: Litter traps on stormwater 
outlets upstream of Bruma Lake



Introduction and background
Gauteng supplies almost 11% of Africa’s 

and 35% of South Africa’s GDP (Gauteng 

Online 2012). Substantial surges in ur-

banisation and economic growth have 

required effi  cient and dependable means of 

transportation and therefore an upgrade of 

many national, provincial and local roads 

experiencing congestion and/or requiring 

repair, refurbishment or reconstruction. 

In the past, many commuters experienced 

morning and afternoon peak traffi  c periods 

of almost three hours (SANRAL 2007). Th e 

AA (Automobile Association) conducted 

a study by estimating the cost implica-

tions of congestion between Johannesburg 

and Pretoria in 2007. Th e study examined 

80 000 commuters, and the following 

annual congestion cost estimations were 

presented (DoT 2011):

 ■ R400 million (equivalent to 56 million 

litres) worth of fuel was wasted (fuel costs 

were based on 2008 prices)

 ■ R1.69 billion worth of time was wasted 

when converted into income lost (based 

on a R45 hourly rate)

 ■ 1.57 million person days were wasted.

Th e study clearly emphasised the fact that 

road networks needed to be improved.

Against this backdrop, the South 

African National Roads Agency Limited 

(SANRAL) initiated the highly contro-

versial Gauteng Freeway Improvement 

Project (GFIP) which was aimed at 

creating new, and enhancing existing 

freeways, on- and off -ramps and roads be-

tween the Johannesburg, Ekurhuleni and 

Tshwane metropolitan areas (SANRAL 

2007). Th e GFIP was also aimed at 

increasing economic productivity by 

reducing the amount of time vehicles 

conveying individuals and resources 

spent on the road. Th e GFIP incorporates 

electronic tolling (popularly known as 

e-toll) or open road tolling (ORT), which 

requires users to pay for the use of the 

roads. Th is decision has thus been highly 

controversial and there have been several 

actions, including court cases and public 

protests, attempting to prevent e-toll. Th is 

article briefl y interrogates whether the 

implementation of e-toll is a case or not of 

Integrated Resources Management (IRM).

Integrated Resource Management is 

defi ned as “A planning and decision-making 

process that coordinates resource use so 

that the long-term sustainable benefi ts are 

optimised, and confl icts among users are 

minimised. IRM brings together all resource 

groups rather than each working in isolation 

to balance the economic, environmental and 

social requirements of society.” (California 

Natural Resources Agency 2010)

Argument FOR e-toll as a case of IRM
Th e need to upgrade the Gauteng freeway 

network had been evident since 2007. 

Th e plan was for the GFIP to be funded 

by e-toll, which allows for tolls to be col-

lected without vehicles, travelling on 

multiple lanes, having to stop or slow 

down (SANRAL 2007). As at 2009, the N1 

highway linking Johannesburg and Pretoria 

was the busiest freeway in South Africa 

with over 157 000 vehicles utilising the 

freeway each day (Gautrain 2009). Th us, 

an introduction of “boom tolling” was seen 

as potentially catastrophic and a cause for 

additional congestion and traffi  c delays. 

Alternatively, funding the GFIP via fuel 

levies would have required extracting dedi-

cated GFIP funds from national treasury, 

which is constantly optimising how to meet 

a diversity of demanding national and other 

needs, and this would have been diffi  cult. 

Also, fuel levies would have billed those not 

using the national roads. Th e billing system 

ultimately chosen was e-toll, which cur-

rently incorporates 49 gantries spanning the 

length of the national freeways in Gauteng. 

Th ese gantries are fi tted with sensors to 

read electronic tags (e-tags) installed within 

vehicles and cameras to photograph vehicle 

number plates. In principle, e-toll was set 

up to ensure that all vehicles travelling 

on national roads are scanned and tolled 

correctly. Th is has, however, not been the 

case, as billing problems, such as duplicated 

vehicle number plates, a sub-optimal vehicle 

licencing database and refusal to purchase 

e-tags, have been overwhelming. Some 

positive outcomes from resolving these 

problems have included the identifi cation 

of cloned licence plates, unregistered ve-

Kimon Blyth

Kean Southern

SANRAL’s e-toll
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hicles and vehicles without number plates 

(News24 2014). Road safety has also been 

improved through improved lighting, real-

time signage and a freeway management 

system. Also noteworthy is the creation of 

approximately 20 000 jobs (construction 

workers, call centre agents, gantry operation 

and maintenance teams, security and ac-

counts personnel).

Another major concern that e-toll 

mitigated was the environmental impact 

caused by traffi  c congestion. Traffi  c 

congestion translates to more carbon 

emissions emitted by vehicles, and vehi-

cles in Gauteng alone contribute 17% to 

South Africa’s CO
2 
emissions (Airshed 

2012). SANRAL envisaged that e-toll 

would promote car-pooling and the use of 

public transportation, and thus reduce the 

total carbon emissions by decreasing the 

number of vehicles on the road, and also 

vehicle accidents.  

Hence, in terms of the California 

Natural Resources Agency (2010) IRM 

defi nition, SANRAL employed a rig-

orous “... planning and decision-making 

process…” while considering the various 

tolling options discussed above. SANRAL 

also attempted to ensure that “…long-term 

benefi ts are optimised…”, such as the re-

duction in carbon emissions through the 

mitigation of traffi  c congestion, potentially 

fewer accidents from a reduction of ve-

hicle numbers on the roads, encouraging 

commuters to use public transportation 

or car pools, the creation of 20 000 jobs, 

improved lighting, real-time signage and 

freeway management systems and the 

identifi cation of unregistered vehicles and 

cloned licence plates. All of the above fac-

tors support e-toll as a case of IRM.

Argument AGAINST e-toll 
as a case of IRM
A signifi cant portion of the planning for 

the GFIP was completed in 2007. However, 

public participation and awareness were 

inadequate. A single newspaper advertise-

ment was placed in six newspapers in 

October of 2010. From this advertisement, 

SANRAL received 28 responses – a woeful 

response considering the approximate 3.5 

million freeway users (itweb 2013). It was 

only in 2010, when construction began, that 

most citizens became increasingly aware of 

e-toll. However, uncertainty and confusion 

increased among commuters due to the 

2010 FIFA World Cup infrastructure and 

programmes which occurred at about the 

same time, the diff ering tariff s which were 

often discussed in terms of cost per kilo-

metre instead of cost per gantry, as well as 

the media and other utterances concerning 

the necessity or not of purchasing e-tags.

Spatially, effi  cient and reliable public 

transportation is lacking along e-toll routes. 

Although public transportation options 

such as the Rea Vaya Bus Rapid Transit 

System, Metrobus, Metrorail, private mini-

buses and the Gautrain are operational, 

these transport options do not necessarily 

run parallel to e-toll roads, are often 

unreliable and unsafe (particularly mini-

buses), are considered costly (particularly 

Gautrain), and often convey commuters 

via congested and busy local roads. Th ese 

public transportation options are not inte-

grated and hence will require commuters, 

who would typically travel on the national 

roads, to use multiple forms in order to 

reach their destinations.

Goods and services are most often 

transported via roads. Th e e-toll system has 

increased transportation costs for goods 

and services, and is therefore impacting 

on the prices of basic commodities. Th is 

remains a serious concern regarding e-toll. 

According to the Automobile Association 

(AA 2014), “Th e potential impact on the 

greater Gauteng economy is estimated to 

cause an increase in the Consumer Price 

Index of between 1 and 1.2 percent.” An 

additional issue adding to the cost of basic 

commodities, and thus an additional frus-

tration for commuters, is “…the additional 

R1.5 billion – R2 billion per annum required 

to police and administer the collection of the 

GFIP funding through e-tolls…” (Avis 2014).

Th e above has led to protests, court 

cases, public disobedience, refusal to 

purchase e-tags, non-payment of e-toll ac-

counts and an overwhelming rejection by 

the majority of Gauteng’s residents. Th ese 

negate some aspects of the California 

Natural Resources Agency (2010) IRM defi -

nition, particularly, “…confl icts among users 

are minimised”.

Conclusion
As attributed to the late President John 

F Kennedy, “It is not our wealth which 

has built our roads, but our roads which 

built our wealth”, the importance of 

excellent roads in promoting social 

and economic growth cannot be over-

emphasised. Gauteng needs excellent 

roads to remain South Africa and 

Africa’s powerhouse. However, critical 

aspects of e-toll implementation in 

Gauteng and the attendant spin-offs 

(i.e. poor public engagement, sub-op-

timal public transportation alternatives, 

and increased household expenditure) 

have caused major conflicts among 

users. This article concludes that 

SANRAL’s e-toll is not a case of IRM.
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FIFA 2014 WORLD CUP

The FIFA 2014 World Cup is currently being 
held in Brazil. Although eighteen locations 
were initially presented as potential World 
Cup host cities, only twelve were picked. 
An estimated R34.7 billion was spent on 
the stadium projects. This included fi ve 
new stadiums in Sao Paulo, Salvador, 
Recife, Cuiabá, Manaus and Natal. Existing 
stadiums in Rio de Janeiro, Fortaleza, Belo 
Horizonte, Porto Alegre and Curitiba were 
renovated, while the Estádio Nacional Mané 
Garrincha in the capital Brasília was demol-
ished and rebuilt.

The Estádio Nacional is the second-
most expensive soccer stadium in the world 
after England’s Wembley Stadium at an 
estimated R9 billion. The stadium is named 

after the legendary Mané Garrincha, who 
won the 1958 and 1962 World Cups with 
the Brazil national team. The new stadium 
was founded on the philosophy of carbon 
neutrality, recycling and complete access via 
public transport. This environmentally friendly 
construction project distinguishes Brasília as 
a world leader in sustainable urban planning.

The airports in Brazil also needed 
to be upgraded to accommodate the 
estimated 3 million people using fl ights to 
travel between matches. Major upgrades 
were also required to the existing road 
network which spans over 4 300 km of 
highways, light rail and bus rapid transit 
that connect the airports to the stadiums 
and the city centres. Over R50 billion is 
being spent on building new hotels to ac-

commodate not only World Cup specta-
tors, but also visitors to the 2016 Summer 
Olympics to be held in Rio de Janeiro. 

Brazil won the World Cup in 1958, 1962, 
1970, 1994 and 2002. The 2014 World 
Cup is the second World Cup that Brazil is 
hosting. In the 1950 World Cup that Brazil 
hosted, they lost in the fi nals to Uruguay. 
The result is said to have been one of the 
biggest upsets in football history, and since 
then the term Maracanazo has been used 
to refer to the victory of an underdog playing 
in the Maracana Stadium in Rio de Janeiro 
against the Brazil national team. 

Avinash Menon

SAICE Young Members Panel

avinash@itse.co.za

It was exam time again for the third-year civil 
engineering class. The exam papers were 
handed out together with strict instruc-
tions that the paper had to be completed 
within the time allotted. Their professor 
warned that not a single minute longer than 
the allowed two hours would be granted. 
Students whose scripts were not on his 
desk within the next two hours would fail.

Half an hour into the exam a student 
came running in and requested an exam 
paper. “You will not have enough time to 

fi nish,” the professor remarked sarcastically. 
“Not to worry, I will complete the paper,” the 
student assured him, took the paper, sat 
down and started writing.

After two hours the professor an-
nounced that the time was up, and de-
manded that all exam scripts be handed in 
immediately. As the students fi led out they 
piled their scripts on his desk, everyone 
except the student who had arrived late. He 
quietly continued answering the paper. Half 
an hour later he stood up, went to the pro-

fessor’s desk and tried to place his exam 
paper on top of the pile.

“Oh no,” said the professor, looking up 
from his work, “you were late, so I will not 
allow this.”

“Professor, do you know who I am?” 
the student asked politely.

“No,” the professor replied tersely.
“DON’T YOU KNOW WHO I AM?” the 

student insisted.
“No, and I don’t care either,” the pro-

fessor replied, visibly irritated by now.
“Cool,” replied the student, as he deftly 

slipped his script into the middle of the pile, 
and calmly walked out of the room.

 DID YOU KNOW?

 DO YOU KNOW WHO I AM?



Civil Engineering  June 2014 85

The SAICE UCT Student Chapter 

cordially invites all SAICE members to 

attend our 5th annual

Cocktail Evening
When: 18h00–21h00, 7 August 2014

Where:  Main Foyer, Leslie Social Science Building,
UCT Upper Campus

Dress: Smart-casual

The Cocktail Evening provides an 

opportunity for constructive interaction 

between students and professional civil 

engineers in a semi-formal environment. 

Food and drinks will be provided.

Companies wishing to be offi cially 
represented at the event will be 
acknowledged in the event programme 
and provided with tables and space 
to set up an advertising stall.

For more information please contact:
Sam Wegener, wgnsam001@myuct.ac.za

Corporate sponsorship will be 
greatly appreciated.

MPumi’s cartoon of the month

The long walk has only just begun
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Clause 3.1.1 of the By-Laws reads as follows: 
“Every candidate for election to the Council shall be a 

Corporate Member and shall be proposed by a Corporate 

Member and seconded by another Corporate Member.” 

Nominees accepting nomination are required to sign op-

posite their names in the last column of the nomination form. 

Nomination for election to Council must be accompanied by 

a Curriculum Vitae of the nominee not exceeding 75 words. 

The CV will accompany the ballot form, and the format of 

the CV is described in Sections A and B. According to a 2004 

Council resolution, candidates are requested to also submit a 

focus statement. Please see Section C in this regard.

Section A:  Information concerning the nominee’s con-

tribution to the Institution.

Section B:  Information concerning nominee’s career, 

with special reference to civil engineering 

positions held, etc.

Section C:  A brief statement of what the nominee in-

tends to promote / achieve / stand for / intro-

duce / contribute, or preferred area of interest.

Please Note: Nominations received without 
an attached CV will not be considered.
Closing date: 31 July 2014. Acceptable transmission formats – 

email, fax and ordinary mail. All nominations are treated with 

due respect of confi dentiality.

If more than 10 nominees from Corporate Members are 

received, a ballot will have to be held. If a ballot is to be held, the 

closing date for the ballot will be 31 August 2014. Notice of the 

ballot will be sent out using two formats, i.e.

1  By e-mail to those Corporate Members whose electronic 

address appears on the SAICE database, and

2  By normal surface mail to those members who have not in-

formed SAICE of an e-mail address.

M Pillay Pr Eng

Chief Executive Offi cer

April 2014

TO ALL CORPORATE MEMBERS
NOMINATIONS FOR ELECTION 
OF COUNCIL FOR 2015

In accordance with Clause 3.3 of the Constitution, the Council 
has elected Offi ce Bearers for the Institution for 2015 as follows:

President Mr M Pautz

President-Elect Mr DB Botha

Vice-President Mr S Naicker

Vice-President Dr C Herold

Vice-President Mr E Kerst

Vice-President Mrs D Magugumela

In terms of Clause 3.3.4 of the Constitution, the following are 
ipso facto members of the Council for the year 2015:

The immediate Past-President Mr S Mkhacane

The two most recent Past-
Presidents

Mr P Kleynhans

Dr M van Veelen

THE SOUTH AFRICAN INSTITUTION OF CIVIL ENGINEERING – Nomination for election 
of Members of Council for the year 2015 in terms of Clause 3.1 of the By-Laws 
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Course Name Course Dates Location
CPD Accreditation 

Number
Course 

Presenter
Contact

GCC 2010

28–29 August 2014 Midrand

SAICEcon13/01359/16 Neville Gurry cheryl-lee@saice.org.za
4–5 September 2014 Bloemfontein

13–14 October 2014 Midrand

27–28 October 2014 Port Elizabeth

Bridge Maintenance
15 September 2014 Pietermaritzburg

SAICErail12/01156/15 Ed Elton dawn@saice.org.za
10 November 2014 Midrand

Basics of Track 
Engineering

16–17 September 2014 Pietermaritzburg
SAICErail12/01155/15 Ed Elton dawn@saice.org.za

11–12 November 2014 Midrand

Railway Transport
18–19 September 2014 Pietermaritzburg

SAICErail11/00887/14 Ed Elton dawn@saice.org.za
13–14 November 2014 Midrand

Technical Report 
Writing

13–14 August 2014 Midrand

SAICEbus12/01067/15 Les Wiggill cheryl-lee@saice.org.za
1–2 September 2014 Cape Town

30–31 October 2014 Midrand

3–4 November 2014 Port Elizabeth

Practical Geometric 
Design

20–24 October 2014 Cape Town
SAICEtr13/01418/16 Tom McKune dawn@saice.org.za

8–12 December 2014 Midrand

Reinforced Concrete 
Design to SANS
10100-1:2000

16 July 2014 Cape Town

SAICEstr12/01066/15 Greg Parrott cheryl-lee@saice.org.za
20 August 2014 East London

29 October 2014 Midrand

26 November 2014 Port Elizabeth

Structural Steel Design 
Code to SANS 
10162: 1-2005

15 July 2014 Cape Town

SAICEstr12/01158/15 Greg Parrott cheryl-lee@saice.org.za
19 August 2014 East London

28 October 2014 Midrand

25 November 2014 Port Elizabeth

Business Finances 
for Built Environment 
Professionals

7–8 August 2014 Durban

SAICEfi n12/01021/15
Wolf 
Weidemann

dawn@saice.org.za20–21 August 2014 Polokwane

6–7 November 2014 Midrand

Handling Projects in a 
Consulting Engineer's 
Practice

4–5 August 2014 Durban
SAICEproj12/01022/15

Wolf 
Weidemann

dawn@saice.org.za
3–4 November 2014 Midrand

Leadership and 
Management 
Principles & Practice in 
Engineering

13–14 August 2014 Cape Town

SAIMechE-0543-02/15 David Ramsay dawn@saice.org.za
20–21 August 2014 Midrand

9–10  September 2014 Durban

8–9 October 2014 Bloemfontein

Concrete Pavement 

Slabs

3 July 2014 Durban

IPET2010/03 Bruce Raath cheryl-lee@saice.org.za
9 July 2014 Port Elizabeth

20 August 2014 Bloemfontein

23 October 2014 Midrand

Water Law
27–28 August 2014 Cape Town

SAICEwat13/01308/16
Hubert 

Thompson
dawn@saice.org.za

10–11 September 2014 Durban

The Different Legal 
Procedures to Resolve 
Constructional Disputes

30–31 July 2014 Port Elizabeth
SAICEcon13/01368/16

Hubert 

Thompson
dawn@saice.org.za

6–7 August 2014 Durban

In-house courses are available. To arrange, please contact:
Cheryl-Lee Williams (cheryl-lee@saice.org.za) or Dawn Hermanus (dawn@saice.org.za) on 011 805 5947

SAICE Training Calendar 2014 



Concrete was there…

www.theconcreteinstitute.org.za

New and independent, The Concrete Institute, created for concrete and related industries, 
incorporating the original School of Concrete Technology, the Information Centre and 
Technical Advisory services.




