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Entitlement, where individuals or a group 

of individuals feel that a measure of debt 

is owing to them, is a disease that inhibits 

collaborative eff ort to achieve success in 

South Africa, and imposes the millstone 

of development onto fewer shoulders. 

Entitlement holds that government 

is either the debtor, or that it (or a union) 

ought to spearhead initiatives for recom-

pense justifi ed by our sense of entitlement 

– expecting that others are obliged to make 

real our personal aspirations for wealth, sta-

bility and equal opportunity, without having 

to put hands to the plough ourselves. 

During my engagements with ‘other’ 

civil engineers across the country, there 

are two perennial issues that surface, the 

fi rst being the perception that SAICE is an 

old boys’ club for white civil engineering 

practitioners. Let me swiftly nail this 

one down – regardless of demographic 

persuasion, if you are a civil engineering 

practitioner in South Africa, SAICE is 

your home. 

Th e second issue relates to the benefi ts 

of membership. What do I get for my 

subscription? I thought I should nail this 

one down, too. 

A professional civil engineering 

practitioner who is a non-SAICE member 

(because SAICE ‘does nothing for me’) 

has DSTV premium entertainment at a 

handsome R7 500 per year subscription. 

But he fi nds no value in his professional 

institution – the same SAICE that lob-

bies on his behalf, that provides technical 

leadership, learned institution activity, 

heritage, and which infl uences the civil 

engineering pipeline and direction of the 

industry for R1 700 per year. 

Th e civil engineering profession is only 

as strong as its institution, and SAICE is 

famously known as a home for the civil 

engineering professional – it does what 

the individual civil engineer cannot do 

on his own. If you are a civil engineering 

practitioner, then you should be a member 

of SAICE. If you are an employer of civil 

engineers, you should be reimbursing your 

employees their SAICE membership fees.

At this juncture I could wax lyrical 

about benefi ts like the magazine, journal, 

CPD, professional registration, our lobbying 

with government, exhorting uninformed 

offi  cials about what we do, infl uencing legis-

lation and policies, developing learned insti-

tution material (such as standards, contracts 

and guidelines), promoting our members 

to the client base, the SAICE bookshop and 

around 30 other benefi ts, but I will attempt 

a unique benefi t instead – business leader-

ship development.

Membership of SAICE usually requires 

engagement in a committee, a structure 

and/or a project. Participation involves 

working in a low-risk business adminis-

tration environment together with civil 

engineering colleagues (often experts in 

their fi eld), fi nancial administration and 

teamwork. Th is is an ideal opportunity to 

groom business leaders for the future, at 

little cost to employers. As young engineers 

are often earmarked for leadership posts 

in organisations, I urge you to encourage 

the civil engineering staff  in your employ 

to join SAICE, and to support them when 

they participate in SAICE activities, as your 

organisation and the individual will both 

benefi t from such participation, while the 

country will benefi t from a stronger SAICE 

which is already dedicated to the upliftment 

of our people and our profession. 

So what do you get for your subscrip-

tion at SAICE? You get a clean canvas 

upon which you paint the impressions of 

what civil engineering should look like 

and the socio-economic images you en-

visage society to be. 

Civil engineering professionals sub-

scribe to hard work in the intellectual 

and problem-solving space. SAICE – your 

institution – needs you. It is unbecoming 

of us to appear to be succumbing to the 

philosophy of entitlement. 
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Open canvas To all SAICE members who 
support the cause of civil 
engineering through volunteerism, 
and who faithfully pay their 
subscriptions – thank you for your 
commitment to the Institution. 
The profession is moving forward 
because of your contribution.
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ON THE COVER
Johannesburg Water has embarked on 

a major capital investment programme 

to upgrade and expand each of its six 

wastewater treatment facilities. The 

upgrading of the sludge digestion 

facilities forms an integral part of this 

programme. The fi rst facility to undergo 

the expansion and upgrade was the 

Northern Wastewater Treatment Works.
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AFRICA HAS SEEN a number of 

revolutions in the period between 2000 

and 2013, such as the Libyan, Tunisian, 

Sudanese and many others. The latest 

that still rings bells in most of our 

minds is the Egyptian revolution that 

ushered in the government of President 

Mohammed Morsi on 30 June 2011. 

In most revolutions, there are specific 

objectives that the revolutionaries are 

looking forward to achieve. In this case 

the main objective was to overthrow 

the regime of President Hosni Mubarak. 

There are also specific grievances and 

primary demands (freedom of speech, 

food prices, etc) that propel the revolu-

tionaries towards taking various actions 

(civil resistance, civil disobedience, 

labour strikes, and so forth) that will 

force the regime to relent. 

Th e important questions in the case 

of our own CIVILUTION are: Do we have 

well-defi ned objectives or motives? Who 

are the revolutionaries? What are the 

grievances or the primary demands? Who 

is the regime that needs to be toppled?

Th e answers to some of these ques-

tions are quite straightforward. Our 

main objectives, as the South African 

Institution of Civil Engineering (SAICE), 

are to consider our members’ welfare – 

their needs and aspirations, and their 

professional careers – as well as those 

of society in general, also within the 

African context. While we contemplate 

these objectives, it would be prudent not 

to forget that in the built environment 

we have brothers and sisters locally in 

fellow voluntary associations (VAs), 

and good engineering neighbours on 

the African continent in the form of 

the Southern African Federation of 

Engineering Organisations (SAFEO). 

It would be wise to involve them in de-

fi ning our objectives for this particular 

‘revolution’. For our objectives to be 

more eff ective and implementable, it is 

essential that the relationships between 

these brother-sister organisations should 

remain strong. Th e old adage unity is 

strength is particularly true in this case. 

Who the revolutionaries are, is 

obvious. SAICE is one of the largest 

voluntary associations in the country. It 

has enjoyed constant growth, and it now 

stands at a membership of approximately 

ten thousand, of whom around three 

thousand are students. SAICE members 

are distributed throughout the country 

in nine technical divisions and eighteen 

branches, and can be found in the employ 

of government, state-owned institutions 

and the private sector, while many retired 

C I V I L U T I O N
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members are also still professionally 

active. To this membership we could 

add those of our sister VAs and African 

organisations. By implication this revolu-

tion should be fought by all, including the 

governments in their various establish-

ments in southern Africa. We have a 

common enemy! 

Who then is our enemy, or what are 

the issues at hand, the grievances and 

demands? A quick look around reveals 

problems ranging from the incapacity of 

some of SAICE’s own structures (such as 

lack of proper and eff ective programmes 

at branch level), inadequate education, 

lack of proper training and capacity 

building, high numbers of unemployed 

people in Africa, poverty, the declining 

quality of our infrastructure, poor infra-

structure provision in our communities, 

poor planning of infrastructure delivery 

programmes at government level, and 

many other issues that are stated in the 

National Development Plan. 

Th e challenge in getting our 

CIVILUTION off  the ground success-

fully lies in understanding our objectives 

and getting our ‘revolutionaries’ to con-

sistently move in a common direction, 

which in turn depends on whether we 

have gathered all the revolutionaries and 

whether we know one another, so that 

we have uniformity in the implementa-

tion – you do not shoot your own in 

battle! Each of the stakeholders in the 

battle should understand all the primary 

demands – the issues that will enhance 

society’s wellbeing. 

The most important conditions for 

the realisation of CIVILUTION are, 

among others, the following:

 ■ Effective leadership of the VAs, 

SAFEO and related bodies.

 ■ Aliveness of SAICE branches: Are 

they active within their communities? 

Are their structures streamlined – 

meeting regularly, interacting with 

the communities, conducting pro-

grammes that ensure effective career 

guidance for engineering? 

 ■ Active involvement and engage-

ment of SAICE divisions with 

members: Th is involves recruiting 

members, conducting training 

in all SAICE branches, including 

those branches that are in far-

fl ung areas of the country.

 ■ Alignment and harmonisation of our 

educational institutions: Integrating 

the curricula from school/college level 

through to higher education.

 ■ Alignment and harmonisation of our 

engineering institutions with govern-

ments and state-owned enterprises in 

order to maximise resources and the 

delivery of services to society.

I believe that we have a potential ‘giant 

revolutionary’ that needs to be fully 

awakened. Th e signal has already been 

received in the brain of the giant to start 

an uprising that will ultimately redeem 

African society. Th is giant has tremen-

dous power and potential to succeed – it 

has a huge brain, a huge body with legs 

and toes, strong arms and fi ngers, and 

thick arteries connecting the various 

parts of its body, although the blood may 

not currently be fl owing at full capacity. 

Let us bring the engineering profes-

sion together to realise success. Let us 

RELEASE THE GIANT!  
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O N  T H E  C O V E R

JOHANNESBURG WATER, a leading 

South African water and sanitation utility, 

has over the last few years embarked on 

a multibillion-rand capital investment 

programme to upgrade, expand and 

modernise each of its six wastewater 

treatment facilities. Th e upgrading of the 

sludge digestion facilities forms an inte-

gral part of this programme.

As part of the professional team, 

Zitholele Consulting and its specialist 

advisor, global consulting fi rm Golder 

Associates, utilised the opportunity to in-

troduce renewable energy principles into 

the upgrades, and these were enthusiasti-

cally embraced by Johannesburg Water’s 

visionary management.   

Golder’s Head of Engineering, Charles 

Naidoo, says that the fi rst wastewater 

treatment works (WWTW) to undergo 

expansion and upgrading was the 

utility’s Northern WWTW, which is 

Johannesburg Water’s largest works with 

a capacity of 450 Mℓ/day. Naidoo explains 

that the main reasons behind wanting to 

upgrade and retrofi t the sludge handling 

facilities of the Northern WWTW were 

as follows: 

 ■ Improved digestion of sludge would fur-

ther reduce the sludge mass required to 

be transported and disposed of, which 

would reduce road haulage costs.

 ■ Improved digestion of sludge would 

produce a more stable sludge product 

with less risk of odour generation and 

vector attraction.

 ■ Th e upgrades and retrofi ts would also 

enable Johannesburg Water to easily 

comply with the Department of Water 

Aff airs’ South African Guidelines for 

Wastewater Sludge Handling and 

Disposal 2006–2009, for all revised or 

new water use licences.  

“Johannesburg Water opted to implement 

high-performance mesophilic anaerobic 

digestion with pre-thickening, as well as 

mixed and heated anaerobic digesters 

with biogas collection and storage fa-

cilities, at the Northern WWTW. An 

increase in biogas production is a major 

benefi t associated with the implementa-

tion of a high-performance digestion 

facility,” Naidoo says. 

Despite implementing biological nu-

trient removal (BNR) – a process that uses 

relatively less electrical power compared 

to other conventional activated sludge 

treatment processes – Johannesburg 

Water’s operating budgets at all six of its 

WWTWs were still being placed under 

strain owing to the cost of high electrical 

power usage, which is required for the 

mechanical aeration of the aerobic com-

partments of the BNR reactor tanks. 

Th e high energy costs, coupled with 

the increase in biogas production from 

the high-performance digestion facilities, 

presented Johannesburg Water with the 

unique opportunity of implementing a 

‘biogas-to-energy’ project.  

Johannesburg Water appointed 

Zitholele, in conjunction with Golder 

and engineering and design consultancy 

WSP Industrial, to design and implement 

a biogas-to-energy project for the utility’s 

Northern WWTW. After an open tender 

process, contractor WEC Projects was 

appointed to design, build and operate 

the project.  

Golder provided specialised process 

inputs and technical reviews on various 

aspects of the project, including the com-

bined heat and power, and biogas scrub-

bing installations.  

Johannesburg Water’s foray 
into renewable energy

Part of the biogas-to-energy production plant at Johannesburg Water’s Northern 
Wastewater Treatment Works – a fi rst for municipalities in South Africa Charles Naidoo, Head of Engineering 

Services at Golder Associates
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Th e multimillion-rand bench-

mark project is the fi rst of its kind for 

Johannesburg Water in that it makes use 

of highly specialised technology called 

‘cell lysis’ – a process that has yet to be 

utilised by any water and sanitation utility 

in the country. 

“Th e use of cell lysis technology in 

the application of biogas-to-energy for 

a WWTW is most certainly unique in 

South Africa. Johannesburg Water is the 

fi rst water and sanitation utility in the 

country to make use of such ground-

breaking technology, and to also make 

the foray into the use of renewable energy 

(biogas) in their processes. Golder and 

Zitholele cleverly managed to incorporate 

the cutting-edge technology into the 

utility’s processes in order to increase ef-

fi ciencies of the overall biogas-to-energy 

system, and to save on electricity costs for 

Johannesburg Water,” Naidoo explains. 

Th e promise of benefi ts from pre-treat-

ment systems that break up cell structures 

in sludge (such as cell lysis) have long been 

accepted across the globe, yet wide-spread 

use has not yet taken place. Johannesburg 

Water, under the guidance of Golder and 

Zitholele, can be commended for pio-

neering the entry of this technology into 

WWTWs in South Africa. Considering 

the increasing pressure today for energy 

effi  ciency and for sustainable bio-solids 

disposal, these benefi ts are more valuable 

now than ever before.

According to Naidoo the biogas-to-

energy project for Johannesburg Water is 

a benchmark project for South Africa in 

that it represents the shifting of mind sets 

when it comes to adopting new technolo-

gies in the quest for increased plant ef-

fi ciencies at municipal level. Johannesburg 

Water’s Northern WWTW is not only 

the fi rst municipal utility in the country 

to make use of renewable energy, but also 

one of the fi rst WWTWs in the world to 

make use of cell lysis technology. 

Zitholele and Golder’s combined 

expertise and vision on this project could 

save Johannesburg Water more than 

55% on its energy costs at the Northern 

WWTW. Th is achievement translates 

into more than just monetary savings, as 

biogas could potentially reduce climate 

change (if used on a large scale). Th e pro-

ject also has the potential to pay back the 

capital invested by Johannesburg Water 

over a relatively short period of time.

Th e Johannesburg Water Northern 

WWTW biogas-to-energy project was 

delivered on time, within budget and 

to strict quality requirements, and was 

handed over to the client in January 

2013. Johannesburg Water has awarded a 

second contract to Golder and Zitholele 

for a biogas-to-energy project at its 

Driefontein WWTW, and has announced 

that it envisages similar installations 

for its Goudkoppies, Olifantsvlei and 

Bushkoppie WWTWs.

 INFO

Lucinda Scholtz

Media Relations Manager
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011 254 4800
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Golder Associates is an employee-
owned, global organisation providing 
consulting, design and construction 
services in the specialist areas of 
earth, environment and energy. The 
company’s clients represent the 
world's major industries and drivers 
of development, such as: oil and gas, 
mining, manufacturing, power, urban 
development and infrastructure.

The generator within Johannesburg Water’s biogas-to- 
energy project at the Northern Wastewater Treatment Works
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W A T E R  E N G I N E E R I N G

Strategic partners for 
successful water management
AS WE TRY TO understand the chal-

lenges that face us we should always try 

to learn from the experience of others 

– especially from their mistakes, but also 

from their successes. I am fortunate to be 

involved in a review of water policy in the 

Netherlands, which has given me some 

new perspectives about the challenges of 

water management in South Africa.

South Africans have justifi ably mixed 

feelings about little Netherlands, whose 

colonisation of our country created so 

many of the problems and opportunities 

that we still wrestle with today. But a less 

controversial Dutch legacy to the world is 

their water management expertise. Th is 

is based on their work over centuries to 

transform coastal swamps by enclosing 

them in polders, turning them into pro-

ductive farmlands and keeping them dry. 

Although the Dutch usually have 

to deal with too much water, while we 

normally have to manage a supply that is 

either too little or too variable, their ex-

perience is surprisingly relevant to a dry 

South Africa. Specifi cally, in both coun-

tries we have to devote time and money 

and expertise to the eff ort, and organise 

ourselves appropriately to achieve the 

water security that many other countries 

can take for granted.

Th e Netherlands system of water man-

agement is perhaps the oldest in Europe, 

and indeed one of the oldest in the world. It 

developed as a logical response to the need 

for communities to organise themselves 

to work together to keep their feet dry and 

maintain a solid foundation for social and 

economic life, and to do this in a way that 

manages the diff erent interests of diff erent 

people and groups.

Th e threat of fl oods kept them fo-

cused.  So, in every low-lying corner of the 

country they established waterschappen, 

organisations which they translate as 

“water boards” although they perform a 

very diff erent role to the regional water 

supply utilities that we call water boards. 

Th e waterschappen predated the modern 

nation of the Netherlands by many centu-

ries. And they still have special status in 

the Dutch Constitution, with autonomy 

from other levels of government and the 

right to raise taxes!

As the waterschappen evolved, they 

shaped the way in which the Dutch 

responded to their complex water chal-

lenges. In particular, they demonstrated 

the benefi ts of organising communities to 

work together. When the waves were lap-

ping at their doors, or the intrusion of salt 

water was threatening the fertility of their 

fi elds, it was necessary for each member of 

a community to work together to protect 

the interests of all. So, an important lesson 

from the Dutch experience is that water 

is best managed by bringing all interested 

parties together to share the challenges. 
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Indeed, the way the Dutch manage 

water has spread into their broader poli-

tics. So they do not consult about diffi  cult 

issues, they polder together until they 

reach a consensus about the way forward, 

sometimes to the frustration of people who 

want quick action. But after 800 years, they 

have learned that it is worthwhile getting 

agreement before going forward.

I suggest that South Africa has 

reached the point where such water man-

agement partnerships are now essential to 

ensuring that we continue to enjoy water 

security and  that we do not allow a major 

national water crisis to develop. And this 

means that we, too, must rethink our or-

ganisations and the way we work together.

GLASS HALF FULL OR HALF EMPTY
South Africa faces many water manage-

ment problems. Basic water supply and 

sanitation – and the health of all South 

Africans – is increasingly hostage to the 

health of our municipalities, and too 

many are sickly. As a result, the water is 

sickly too. In too many places in South 

Africa, when people turn on the taps, no 

water comes out and when it does, it is 

sometimes not safe to drink. While the 

quality of drinking water is at least moni-

tored and still meets standards in cities 

and most large towns, another important 

indicator – the reliability of supplies – is 

getting worse. One reason for this is 

that the target set by the President in 

2010 to reduce water losses has not been 

met – if anything, losses are growing, 

which reduces the amount of water avail-

able for consumers. And because local 

government is not monitoring who uses 

how much water, unauthorised use also 

appears to be growing as people whose 

use is not metered or billed take more and 

leave less for their neighbours.

At the other end of the pipe, the 

problems are even worse. Many of the 

country’s sewage works simply do not 

work. Sewage spilt into rivers damages the 

environment and threatens the health of 

people downstream, and even our agri-

cultural exports. Th is failure adds to the 

quality challenges posed by industry and 

agriculture. While local reports suggest 

that water quality is deteriorating in many 

parts of the country, there is no system-

atic information available about national 

water quality trends.

Th e Department of Water Aff airs 

(DWA) acknowledges that keeping track 

of these trends is a serious challenge. Th e 

revised National Water Resource Strategy, 

when it is fi nally published, will not con-

tain any update from 2000 on how much 

water is being used at a national level, 

let alone for what purpose. (Fortunately, 

there is still local information for key 

systems to support planning, but it is 

patchy and not consolidated to reveal 

trends.) While concerns are justifi ably 

raised about ensuring that there is equity 

in water allocation, DWA cannot tell us 

how much water is being used by “histori-

cally disadvantaged” people and entities 

or other sectors. 

Despite the focus on equity, little pro-

gress has been made on implementing the 

proposals of the Department of Economic 

Development and others, supported by the 

National Planning Commission, to make 

water available for new jobs through small-

holder irrigation farming, by improving 

effi  ciency in current irrigation systems, and 

identifying and expanding new schemes. 

Similarly, little progress has been made on 

managing water scarcity in catchments like 

the Olifants, Limpopo and Komati where 

demand exceeds the environmentally sus-

tainable supply.  As a result, the prospects 

for achieving the levels of environmental 

protection envisaged in the National Water 

Act are dwindling fast. 

Taking a pessimist’s view, South 

Africa’s water glass is at least half empty; 

we can see the bottom.

YET THE SITUATION IS NOT 
UNIFORMLY BAD
Th e fact that many of the problems are 

acknowledged is important because 

denial is a serious barrier to eff ective 

remedial action. So it is commendable 

that Minister Molewa quickly released 

the Water Research Commission’s report 

which showed how poorly the munici-

palities are performing on water losses 

and unaccounted-for water. But we need 

more, because the absence of informa-

tion hides problems, as well as progress. 

Equity in water use is almost certainly 

better than feared. Many more black 

people have access to water for produc-

tive purposes as a result of land reform, 

as well as through the extension of basic 

municipal services. Th e proportion of 

water taken by BEE-compliant compa-

nies has surely grown. Th e need to fi ll 

these information gaps is acknowledged. 

From a macro perspective, we know 

that the gloomsters who say that South 

Africa is using 98% of its water just do not 

Despite the focus on equity, 

little progress has been 

made on implementing the 

proposals of the Department 

of Economic Development 

and others, supported by the 

National Planning Commission, 

to make water available for 

new jobs through smallholder 

irrigation farming, by improving 

effi ciency in current irrigation 

systems, and identifying and 

expanding new schemes. 

Similarly, little progress has 

been made on managing 

water scarcity in catchments 

like the Olifants, Limpopo 

and Komati where demand 

exceeds the environmentally 

sustainable supply.  As 

a result, the prospects 

for achieving the levels of 

environmental protection 

envisaged in the National 

Water Act are dwindling fast
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understand the numbers. Yes, we use 98% 

of the water that current infrastructure 

can supply reliably in the event of a once-

in-50-year drought. But this only repre-

sents around 30% of the average volume 

of water that fl ows in our rivers every 

year. We can probably reach 40% through 

further infrastructure development, 

although that will need to be planned, 

implemented, paid for and properly oper-

ated. And even then more can be made 

available inland by recycling and reuse, 

while at the coast desalinated water will 

always be available, albeit at a cost.

As SAICE members know, action is 

being taken to address some key priorities. 

Th e Lesotho Highlands Water Project 

Phase II is getting under way (although 

Gauteng should not relax until bilateral 

agreements are reached and construc-

tion contracts are signed). We are told 

that the farmers who have been helping 

themselves to water from the Lesotho 

Highlands scheme will be stopped. 

Other key infrastructure projects 

serving cities such as eTh ekwini and 

Cape Town are also on track, while 

the Nelson Mandela Bay municipality 

is fi nally solving that city’s immediate 

water crisis by building the 50 km 

pipeline needed to bring the water that 

has always been available to the City’s 

treatment works. Water shortages will 

not contribute to electricity problems 

– the future needs of ESKOM’s power 

stations are being met by a range of pro-

jects, most recently the initiation of the 

Komati Water Project.

In Gauteng, the challenge of acid mine 

drainage (AMD) is being addressed (al-

though it would be good to see more done 

to stop water leaking from municipal pipes 

and streams, which adds to the under-

ground fl ows – and to the cost of treating 

them). Specialist service providers are now 

being identifi ed and mobilised in an appro-

priately structured and professional way. 

Johannesburg will not be dissolved and the 

Vaal will not become undrinkable.

A few local projects to reduce water 

losses are meeting with notable success. 

In eTh ekwini, hundreds of kilometres of 

leaking asbestos cement pipes have been 

replaced, helping to reduce overall water 

requirements. Emfuleni municipality and 

Rand Water have shown that it is possible 

to create jobs and save money by reducing 

water losses – if only every mayor realised 

that managing their water better would 

save enough money to allow them to buy 

a new car. In Emfuleni, reducing water 

leaks also reduced water pollution in 

the Vaal River, while improving service 

reliability. Th at eff ort is now being taken 

further by SASOL, again in partnership 

with the municipality. 

Th e Hartbeespoort Dam’s water 

quality is not getting worse, although it 

will not improve greatly until upstream 

wastewater is properly managed. In 

places like eMalahleni, polluted mine 

water is being treated for human use, 

while in Rustenburg and elsewhere urban 

wastewater is being treated and reused in 

mines. And in Mossel Bay, an acute water 

crisis has been averted by the construc-

tion of a desalination plant, in partner-

ship with PetroSA, while companies like 

Nestlé have reduced pressure on the 

system by dramatically improving the 

water effi  ciency of their dairy operations. 

So, from an optimist’s point of view, 

all is not lost; progress is being made and 

we need not “run out of water” – pro-

vided that we do the right things at the 

right time. What is signifi cant is that in 

many of these cases where progress is 

being made, it is as a result of partner-

ships between diverse groups of water 

users, which off ers new hope to address 

key problems

THE CONTRIBUTION OF 
PARTNERSHIPS 
One great advantage of water is that water 

systems are dispersed and local. So there 

will not be a single national water crisis, 

as occurred with ESKOM’s rolling power 

cuts across the country. And because 

water problems are relatively local, there 

is an opportunity for local people and 

interested parties, such as municipalities 

and business, to get together to manage (if 

not always to resolve) their diffi  culties.

Recognising this, a number of large 

businesses have come together in the 

Strategic Water Partners Network, 

working with the Department of Water 

Aff airs and some municipalities and 

public institutions, including the National 

Planning Commission. Th ey are fi nding 

ways to use their own technical and 

management capacities (rather than just 

their money) to help address some of the 
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problems that we confront. Some con-

crete results from their eff orts are already 

emerging from their initial focus on three 

areas – reducing water losses, reducing 

pollution and increasing the effi  ciency of 

agricultural water use.

Another unique initiative is that of 

the UASA, a trade union with a signifi -

cant number of its members in the water 

sector, particularly in the water boards on 

which we are coming to rely to fi ll the gaps 

left by failing municipalities. Th e UASA 

called for a discussion in NEDLAC of what 

they saw as a looming crisis, focusing on 

the provision of unsafe water, the failure 

of sewage works and the lack of control 

of mining pollution. Because UASA’s 

members have a unique vantage point, as 

technicians working in the actual opera-

tions, this is another partnership that we 

need to welcome and encourage. It off ers 

an opportunity for government at all levels 

to join with organised business and com-

munities, as well as labour, to fi nd con-

structive ways to address the challenges 

that they have highlighted.

Th e NEDLAC process has highlighted 

the diffi  culty that diff erent groups have 

in working together. Government is not 

always comfortable working with com-

panies whose main motive is to make 

profi ts. Similarly, not everyone agrees 

that trade unions should engage in water 

management. But we should applaud 

their eff orts. Because, as the Dutch have 

shown, water is best managed and water 

problems are best solved when interested 

parties work together.

HOW TO MAKE PARTNERSHIPS 
WORK BETTER
None of this is news to SAICE members. 

We know that getting all parties working 

together is important if any project is to 

be built and operated successfully. But 

another lesson that we can draw from 

other countries is that partnerships can 

only work if they are allowed to. For 

that, government, in all spheres, needs 

to come to the table. Water infrastruc-

ture is publicly owned; the mandate for 

the management of water services is, 

constitutionally, with local governments; 

much of the public fi nance that is avail-

able (although often poorly used) sits in 

government accounts. So, cooperation 

can only occur if government creates the 

framework in which it can happen.

In some cases this already exists. Local 

government is allowed to use a variety of 

diff erent mechanisms for service delivery. 

Th ere is no law preventing them from 

working with other organisations to do so. 

But, if they don’t and then fail to deliver 

services, we need to think hard about how 

to hold them accountable. In many cases 

they receive government funds, as well as 

community payments, for service provi-

sion. But we have reached the stage where 

giving more money to municipalities may 

actually worsen the situation, in some 

places covering up planning failures and 

maintenance neglect that should never 

have happened in the fi rst place.

So, national government must make its 

grants conditional on municipalities put-

ting adequate management arrangements 

in place – at the very least to have qualifi ed 

professionals in place to take charge of 

essential water services. And those profes-

sionals should be allowed to do their job. 

Municipalities that cannot or will not 

allow that should forfeit the management 

of the services (and the money that goes 

with it) to people and agencies that can. 

But, as we demand better performance 

of local governments, we also need to 

support them. It is in that context that 

partnerships will prove their worth. 

Imagine the diff erence if every town had 

a technical committee composed of local 

“experts” (experienced plumbers and shop-

keepers can be more expert in some of the 

practical issues than scientists with PhDs 

or chartered accountants) to monitor the 

performance of their water supply and hold 

municipal offi  cials to account, but also to 

help them when the truck breaks down 

or the pump burns out. Imagine if com-

munities were told how much water was 

available from their system and could call 

to account neighbours who had stolen or 

wasted scarce water.

Similarly, in the management of our 

natural water resources, there are many 

people and organisations who want to help 

– companies who realise that the security 

of their supplies depends on them working 

with their neighbours beyond their fac-

tory fence; farmers who know which of 

their neighbours is taking too much water; 

environmentalists who know which mine 

is without a water licence; and also con-

sulting engineers who can help to solve the 

sometimes complex technical questions 

that water licensing requires.

Th ere is a framework for this in the 

National Water Act which provides 

for the establishment of Catchment 

Management Agencies, with Boards of 

outside experts who can engage with 

water users and call on external expertise 

to resolve local problems and confl icts. 

Fifteen years after the National Water Act 

was passed, we must now get on and put 

these agencies in place – countries like 

Kenya and Mozambique, who copied the 

approach of our law, have done so and 

report that it has indeed been helpful, 

and wonder why we have taken so long to 

implement it here.

A combination of sensible input and 

active, organised communities could 

solve at least half of the water problems 

that we face today and allow limited 

resources to be focused on the really 

difficult challenges. So, one of the more 

sensible decisions of the United Nations 

was to declare 2013 the International 

Year of Water Cooperation. We do still 

have enough water for healthy people 

and a thriving economy. We do still 

have the ability as a society to achieve 

those goals. But we need to organise 

ourselves to do so using the resources 

that we have available.

CONCLUSION
We can still learn from the Dutch. The 

first lesson is that good water manage-

ment is a matter of national survival 

and must evolve with the needs of so-

ciety. So they are again reviewing their 

water management arrangements, to 

enable them to cope with new demands 

and new challenges – and at the same 

time discovering new opportunities. 

After 800 years of waterschappen, once 

responsible only for f lood protection 

and drainage, the water boards are 

now undertaking wastewater treat-

ment – since they pump the water, it 

was felt that they could ensure that it 

is clean before it is discharged into the 

rivers. As their job has changed, so has 

their structure. There were once over 

3 000 water boards; they have now been 

consolidated into just 26. The question 

now being raised is whether they can 

still effectively bring communities and 

partners together or whether their func-

tion needs to be further adapted. 

Th e second lesson is that water 

management is complex, and approaches 

need to keep changing as society’s needs 

change. To address these, we need both 

leadership and partnership across society. 

As the examples above show, South Africa 

still has the potential to harness both to 

maintain a water secure future for all.  
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Integrating pipe replacement prioritisation 
in the master planning process
BACKGROUND
South Africa faces the challenge of 

operating and maintaining world class-

infrastructure, while at the same time 

experiencing a backlog in services for 

those living in informal settlements. 

On-going planning for future growth 

and development must be performed to 

ensure acceptable future service levels. 

As existing infrastructure ages and 

deteriorates, maintenance and the prior-

itisation of infrastructure refurbishment 

become critical. Planning for the future 

includes planning for infrastructure 

provision, planning for maintenance 

and pipe replacements, as well as sound 

fi nancial planning. Water and sewer 

master planning has traditionally taken 

the form of establishing a model of 

existing infrastructure, followed by com-

piling the master plan defi ning future 

improvements to the system to meet 

the requirements for expected develop-

ments. Infrastructure refurbishment 

programmes and proactive component 

replacement actions should be designed 

to be integrated with the master plan-

ning process. With the extensive GIS-

based information from the Wadiso and 

Sewsan data models available as part of 

the master planning process, GLS has 

implemented a pipe replacement prior-

itisation methodology specifi cally suited 

for South African conditions, also taking 

account of the available information and 

reliability thereof. 

PIPE REPLACEMENT PRIORITISATION
Th e Pipe Replacement Potential (PRP) 

analogous to risk for any one modelled 

pipe in the water distribution model is 

assessed by the product of two critical 

indices – the Likelihood of Failure (LF) 

and the Consequence of Failure (CF):

PRP = LF x CF

Independent weighted factors contribute 

to each of these indices. For LF the fol-

lowing factors pertaining to each pipe are 

typically identifi ed and contribute to a 

high factor value:

1.  High historic pipe failure frequency

2.  Poor assessed condition (if available)
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3.  Short catalogue remaining useful life

4.  High reserve pressure ratio 

(actual static pressure over 

design pressure rating)

5.  Presence of a master plan up-

grade item in existing model

6.  Undesired pipe material (such 

as AC pipe material)

For CF the following factors pertaining 

to each pipe are typically identifi ed and 

contribute to a high factor value:

1.  Cost of damage to consumer 

due to high water pressure 

2.  Cost of damage to consumer 

due to high fl ow rate 

3.  High repair cost based 

on pipe location

4.  Cost of outage of strategic 

location serviced

5.  Long outage due to lack of 

network redundancy

Each factor is scored from 1 to 5, with 

1 the best and 5 the worst score. The 

applicable factors, the mapping to the 

1 to 5 score, as well as the weighting of 

each factor in the index, are discussed 

and agreed with the client during work-

shops. As factors are added or removed, 

each index is therefore customised for 

every client.

Figure 1 shows how historic incidents 

of pipe failures from maintenance man-

agement systems are related to the net-

work layout, and then in Table 1 mapped 

to the 1 to 5 score based on the calculated 

number of failures/km/year.

By calculating the product of the LF 

and CF indices the compound risk is as-

sessed. Only if a pipe has a high index 

for likelihood of failure and a high index 

for consequence of failure will a high 

potential for replacement result. In addi-

tion, the expected replacement cost for 

every pipe is calculated. Th e table of pipes 

in the model can then be sorted in order 

of decreasing PRP. Th e pipes with the 

highest replacement potential can then be 

visualised graphically.

Table 1  Mapping of historic number 
of failures to the 1 to 5 score

Criteria Rating

(failures/km/a) (1–5)

0.0 1

2.0 2

3.5 3

5.5 4

>5.5 5

Figure 1: Historic incidents of pipe failures on top of the network layout

Figure 2:  Typical rolled-up results showing fi nal weighted PRP score ranked in fi ve categories

Figure 3:  Typical graph of Criticality Grade plotted against Remaining Useful Life (RUL)
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ROLL-UP OF RESULTS
In larger towns and cities where replace-

ments are typically not done on an 

isolated individual basis, the  PRP of a set 

of pipes can be rolled-up to provide the 

weighted average, maximum or minimum 

PRP for various areas of replacements, 

such as:

 ■ Political region

 ■ Reservoir system

 ■ Suburb extension

 ■ Street block

Figure 2 shows typical rolled-up results 

with the fi nal PRP score ranked in seven 

categories.

ALIGNMENT WITH ASSET 
MANAGEMENT PRINCIPLES
Th e outcome of the PRP analysis is 

typically a relative PRP score that, 

when sorted from high to low for all 

the pipes in a model or for all the pipes 

in a roll-up area, provides a ranking 

from worst to best existing pipe. It was 

proposed to align the PRP methodology 

with asset management principles such 

as Remaining Useful Life (RUL) and 

Criticality Grade (CG). In addition, an 

absolute measure for requirement of 

replacement was needed so that the PRP 

of pipes among diff erent models can be 

compared with one another.

Typically different failure modes 

are considered when establishing the 

RUL of a pipe. The following three 

failure modes can be considered with 

the available data from the PRP model: 

Capacity, Performance and Condition. 

A model was adopted where various 

failure modes are considered to increase 

or decrease the catalogue RUL (the RUL 

based on a catalogue of pipe materials 

and their respective standard Expected 

Useful Life).

Each of the individual LF factors has 

previously been scored from 1 to 5 as part 

of the PRP analysis. Weights have also 

been assigned to each factor within the 

set of LF parameters. Th ese scores and 

weights (with the exclusion of catalogue 

RUL) are reused to calculate a fi nal RUL. 

Th e CG factors coincide with the CF fac-

tors. In the simplifi ed approach, the CF 

index is substituted for CG.

Similar to the LF ´ CF product, a 

(RUL
max

RUL) ´ CG product can be 

formed to assess the compound eff ect. 

Th is metric is called the Risk Exposure 

(RE). Th e RE value now provides an in-

dependent metric for comparing the Pipe 

Replacement Potential of one pipe to an-

other, even in diff erent models. Th e RUL 

and CG can be used as inputs for asset 

registers and asset management plans.

Figure 3 shows a typical graph of CG 

(in %) plotted against RUL in years, and 

also identifi es the best and worst pipes in 

the sample set based on the RE metric.

MULTI-YEAR SIMULATION
A recent development for an interna-

tional project involved the extension 

of the PRP analysis to simulate annual 

pipe replacement actions over a multi-

year period. Various annual Capital 

Expenditure (CAPEX) budgets and 

Operating Expenditure (OPEX) budgets 

can be provided as input to the analysis. 

Pipe replacement programmes form part 

of the CAPEX budget, while pipe repair 

and maintenance forms part of the OPEX 
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budget. One aim of the simulation is to 

establish what CAPEX budget must be 

provided for every year in order to prevent 

the OPEX from increasing annually.

Several parameters are introduced to 

determine the number of theoretical fail-

ures per year (based on statistical infor-

mation) as well as the total time of service 

interruption due to failures per year. Th e 

aim is to minimise both these parameters 

by spending the CAPEX budget effi  ciently 

on preventative replacement or refurbish-

ment of existing pipes.

In Figure 4 the simulated results for 

three scenarios are displayed and graphs for 

CAPEX, OPEX and a theoretical number 

of failures are presented. It can be seen that 

only for an increasing CAPEX budget, as 

per scenario 2, the OPEX decreases as well 

as the number of failures predicted.

RESULTS AND CONCLUSIONS
Th e Wadiso-PRP software has been de-

veloped by GLS Software to perform the 

required analysis. Results are then reported 

in the embedded GIS system. In a typical 

analysis result as shown in Figure 5, it can 

for example be seen how the pipe high-

lighted in red has a number of high LF and 

CF factors contributing to a relative high 

PRP score of 0.27. Th e short pipe shown in 

magenta has a PRP score of 0.30, mainly 

contributed also by its high failure fre-

quency and location under the tarred road.

Advanced reporting is available from 

the PRP module in IMQS, where results 

per pipe or roll-up area can be inspected 

in table or graphical format. PRP analyses 

have been successfully performed for fi ve 

municipalities in the Western Cape, two 

metros in South Africa and a European 

water utility, and have been extended to 

sanitation and stormwater infrastructure. 

Combining the pipe replacement pro-

gramme with the required infrastructure 

programme ensures that upgrades and re-

placements are planned and implemented 

in an effi  cient and cost-eff ective manner. 

With the extension of the master planning 

to include the assessment of infrastructure 

replacement it is now possible not only to 

generate a list of costs for infrastructure 

requirements to accommodate the future 

scenario, but to also assess the cost to 

maintain the current infrastructure.

NOTE
Wadiso, Wadiso-PRP and Sewsan are trade-
marks of GLS Software (Pty) Ltd. IMQS is a 
trademark of IMQS Software (Pty) Ltd.  

Figure 4:  Simulated results for three scenarios

Figure 5:  Typical PRP analysis result
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REPLACEMENT OF WATER PIPES 
IN MAJOR MUNICIPALITIES 
IS LONG OVERDUE
Th e South African Plastic Pipe 

Manufacturers Association (SAPPMA) 

warns that the replacement of old water 

pipes around the country is long overdue. 

According to Jan Venter, SAPPMA 

chairman, the existing steel and asbestos 

cement pipe infrastructure in South 

Africa has undoubtedly corroded during 

the last 50 years.

“Water distribution, waste disposal, 

irrigation and telecommunication all 

rely on pipelines to function. Pipelines, 

therefore, lie at the heart of South Africa’s 

infrastructure and should be replaced 

before they fail,” Venter warns.  

Referring to the 2011 Census results, 

which show that South Africa’s popula-

tion has increased from an estimated 

40.5 million people in 1996 to an esti-

mated 51.8 million in 2011, Venter warns 

that the country’s infrastructure is under 

pressure and could collapse if munici-

palities do not follow the example of the 

eTh ekwini municipality in Durban, who 

recently completed a  $US205 million 

Asbestos Cement (AC) Pipe Replacement 

Project, replacing 1 750 km of ageing 

asbestos cement water pipe with modifi ed 

polyvinyl chloride (mPVC) and high-

density polyethylene (HDPE) pipe.

“Most of the old pipes were installed 

in the early 1960s and have undoubtedly 

reached the end of their eff ective life 

span. Unless urgent attention is given to 

the replacement and maintenance of the 

water infrastructure, the end result is pre-

dictable – bursts will start occurring on a 

daily basis, followed by catastrophic com-

ponent failure and regular and prolonged 

disruptions in service delivery.” 

Venter warns further that both the 

quality and quantity of water are under 

severe pressure in South Africa, aggravated 

by rapidly increasing demand, severe pol-

lution and huge losses in distribution. “Two 

major causes of water loss are corrosion 

and poor jointing.  For this reason, old 

steel or asbestos pipes are being replaced 

around the country with plastic pipes, 

because they do not corrode and the joints 

are leak-proof if done correctly.”

“Although the plastic pipe industry 

is relatively small, it is of extreme im-

portance in the development and main-

tenance of the country’s infrastructure,” 

Venter says.  “It is also one of the most 

demanding industries, as our products 

are required to last in excess of a hundred 

years.” HDPE and PVC pipes answer these 

calls with distinction as the materials 

are lightweight and easy to handle, easy 

to join, available in a range of sizes and 

pressure ratings and have low frictional 

resistance, with hydraulic properties 

that remain virtually unchanged over its 

useful life, which results in low pumping 

costs.  

Venter says that not many people 

spare a thought for the thousands of 

kilometres of plastic pipes that supply 

rural communities across Africa with 

clean drinking water. “However, water is 

fast becoming a critical problem, and we 

urge local governments to pay attention 

Pipe alerts from SAPPMA

The Southern African Plastic Pipe Manufacturers Association (SAPPMA) is a voluntary association of leading companies in the plastic 
piping business whose purpose is to facilitate high standards of ethics, product quality and technical information. The association is 
registered as a Section 21 not for gain company. South Africa produces approximately 140 000 tons of plastic pipe annually (which 

translates to approximately R3 billion in sales). These pipes are used in a wide spectrum of markets, such as civil engineering, mining, 
building, agriculture and telecommunication.   

SAPPMA  |  011 314 4021  |  admin@sappma.co.za  |  www.sappma.co.za
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to the warning signs by implementing a 

pipe-replacement project and investing 

in developing the necessary technical 

skills required for such a project.”

INVESTIGATION INTO THE 
ENVIRONMENTAL IMPACT AND 
ENERGY COSTS OF PLASTIC PIPE
SAPPMA recently released the fi ndings 

of a study which aimed to investigate the 

environmental footprint caused by the 

manufacturing and use of plastic pipes.  

Venter explains: “Th e dramatic increase 

in the world’s population, industrialisation 

and urbanisation, is making people realise 

that present energy sources are limited and 

are bound to run out unless they are better 

preserved. It is also leading to renewed ef-

fort to develop alternative energy sources 

on an economic and commercial scale. 

Energy is subject to the law of conservation 

of energy, which states that energy can only 

be transferred or transformed from one 

form to another – it cannot be created or 

destroyed. All of this has led to an increased 

awareness of the energy needed to produce, 

operate and maintain systems.  Piping sys-

tems are costly elements in infrastructure 

and it is therefore correct to also evaluate 

the associated energy costs.”

Embedded/embodied energy of plastic pipe

In order to quantify and correctly assess 

the amount of energy that is used to 

manufacture a material or product, an 

embodied energy analysis is performed. 

Jan Venter, chairman of SAPPMA

Table 1  Embodied energy coeffi cients for pipe types (GJ)

Pipe Material Embodied Energy GJ

DICL 1 100

PVC-U PN 12 312

PE 100 PN 12.5 312

PVC-M S1 PN 12 225

PVC-O S1 200

Table 4  Approximate mass in kg/m of 600 mm diameter pipe

HDPE RCC Steel 

31 297 141

Table 3  Results obtained from a study done in Europe

PVC PEHD PP PET Clay DI

Material energy MJ/kg 56 76 73 83 10 25

Pipe weight kg/m 5.7 5.4 4.4 5.8 33 40

Energy MJ/m 319 410 318 481 330 1 000

Oil consumption kg 6.9 8.9 6.9 10.5 7.2 21.7

CO2 emitted kg 20.8 26.8 20.7 31.4 21.5 65.2

Table 2  Energy requirement in the manufacturing of 1 km of 110 mm pipe (MT oil equivalent)

CI GI RCC PVC

19.7 10.0 6.0 3.5

NOTE: CI = Cast Iron; GI = Galvanised Iron; RCC = Reinforced Cement Concrete; PVC = Polyvinylchloride
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Th is involves assessing the overall 

amount of energy that is needed to ex-

tract the raw material, manufacture the 

product and maintain it.

Th e basic factors that infl uence the 

embodied energy of a piping system are: 

 ■ Pipe size (quantity of material used)

 ■ Type of material used

 ■ Durability and design life of the system

 ■ Th e amount of energy re-

quired to pump the fl uid

 ■ Amount of maintenance re-

quired during its lifespan

 ■ Th e use of recycled material

 ■ Whether the material can be 

recycled after its useful life.

Studies using 1 000 metres of 100 mm 

nominal size pipes were conducted in 

Australia, arriving at comparative sizing 

based on a fl ow rate of 10.4 ℓ/s and a head 

loss of 7.84 m with results as shown in 

Tables 1 and 2. Results obtained in another 

study done in Europe are shown in Table 3.

Even though the material energy of duc-

tile iron is a lot less than that of plastics in 

terms of mass (MJ/kg), the picture reverses 

when the wall thickness and mass per 

metre are taken into consideration (MJ/m). 

Similarly, the amount of carbon dioxide that 

is emitted by the production of plastic pipe 

is far below that of ductile iron.

Transportation

Th anks to the low mass of plastic pipe 

(see Table 4 for comparison) the study has 

shown that the cost of transporting plastic 

pipe is considerably less than that for the 

equivalent pipes in steel or concrete.

Pumping cost

“It is vitally important to consider the 

amount of electricity used in the pumping 

of fl uids through pipelines,” Venter says, 

adding that it is estimated that 60% of 

the world’s electricity is used by electric 

motors and that 20% of this is used for 

pumping. “Because of the specifi c proper-

ties of plastic pipe, the walls off er very 

limited resistance to fl ow (low friction), 

and even more importantly, remain virtu-

ally unchanged throughout its design life.”

Comparative calculations show that 

the increase in power or pumping costs 

after 50 years is only 13.6% for thermo-

plastics compared to the massive 62.6% for 

steel. Th e situation gets much worse be-

yond 50 years, as can be seen from Table 5.

Recovery and recycling

Plastic pipe can be recycled easily and is 

indeed being recycled on a relatively large 

scale because of the high value of polymer 

used in the manufacturing process. 

Although it is diffi  cult to fi nd old, unused 

pipe simply lying around anywhere which 

can be collected for recycling, a recent 

survey has shown that approximately 

14 000 tons of HDPE and PVC pipe were 

recycled at external facilities. In-house 

recycling by pipe manufacturers is esti-

mated to be in the region of 8 000 tons, 

bringing the total for these two pipe ma-

terials to about 22 000 tons per annum.  

“Plastic pipe is not wasted and there-

fore does not contribute to environmental 

pollution. Hundred percent of recycled 

pipe can be re-used, but strict quality 

requirements set by SAPPMA allow most 

of it to be used only in non-critical ap-

plications,” Venter says. Although ductile 

iron and steel pipes can also be recycled, 
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the energy cost to do so makes the pro-

cess considerably more expensive than 

for plastics. Basic calculations show that 

the power consumption to recycle plastic 

pipe is approximately R0.09/kg compared 

to R0.23–R0.45 for steel, bearing in mind 

that many steel pipelines are internally 

lined with material that fi rst needs to be 

stripped from the steel.

CONCLUSION
Th e results of the local tests support 

the fi ndings of the European Denkstatt 

Study, which analysed the environmental 

impact of 173 products throughout 

their entire life cycle in a study enti-

tled Plastics’ Contribution to Climate 

Protection and which was funded by the 

European plastics industry. Th is study 

identifi ed plastics’ share of citizens’ 

carbon footprint and provided a carbon 

lifecycle analysis of plastics compared 

to their alternatives in packaging, trans-

portation, building and construction, 

and eco-product enablement (e.g. solar 

panels, wind turbines, etc).

Initial results revealed that, while the 

carbon footprint of an average European 

consumer amounted to approximately 

14 tons of CO
2
 per capita, a mere 1.3% 

(170 kg) stemmed from the use of plastic 

products. Th e preview data released 

during this event unveils that plastic saves 

2 300 million GJ in energy every year. 

Th is equates to 50 million tons of crude 

oil – the size of 194 very large oil tankers. 

Th ey also prevent GHG emissions of 

120 million tons per year.
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Table 5  Comparison of power costs  

Years 0 10 20 30 40 50
%

increase
100

%
increase

Thermo-
plastics

33.446 34.288 35.163 36.073 37.019 38.004 13.6 43.352 29.6

DI 38.004 40.100 42.380 44.865 47.581 50.560 33.0 67.008 76.3

Steel 43.595 47.581 52.159 57.451 63.618 70.867 62.6 114.059 161.6
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INTRODUCTION
Reducing the operating costs of water in-

frastructure projects demands improved 

effi  ciencies in operating treatment plants 

(water and wastewater). To eliminate 

or reduce contaminants in raw water in 

order to render it safe for drinking, or to 

reduce pollutants in wastewater to render 

it acceptable for disposal into our envi-

ronment, costs money. Th ese operating 

costs include the following:

 ■ Wastewater discharge fee/Water

resource fee

 ■ Electricity cost

 ■ Chemical cost

 ■ Staff  cost 

 ■ Maintenance and replacement cost

 ■ Administration cost

 ■ Sludge disposal cost

Operating costs need to be recorded and 

analysed in the course of operating and 

maintaining the plant, thereby allowing 

Management to identify areas for conserva-

tion and to determine where costs are being 

expended ineffi  ciently so that appropriate 

measures can be taken to reduce costs. 

Th ese operating costs can of course 

be reduced during the earlier stages of the 

infrastructure project cycle:  

 ■ Inception (selection of appropriate tech-

nology, and an appropriate Operation 

and Management (O&M) system)

 ■ Design 

 ■ Construction

Before anybody is allowed to design and 

construct any water infrastructure, he/she 

should in fact endure the inconvenience 

of operating and maintaining some of the 

very bad ones, so that the person is able 

to vividly recall the challenges involved 

and hence will endeavour to eliminate 

them in his/her designs. Design and con-

struction of water infrastructure should 

not be undertaken casually, as a careful 

approach from the outset can go a long 

way towards reducing operating costs. 

Th e positive long-term eff ects of the selec-

tion of appropriate technology and an 

appropriate O&M management system at 

the inception of the project should not be 

underestimated. 

Th e challenges facing Africa in re-

spect of ineffi  ciency and high operating 

costs for water infrastructure can be 

addressed by giving careful attention to 

all the stages of project implementation 

and operation and maintenance of the 

infrastructure.

In this article, these four areas are 

discussed, and some factors that can be 

considered to improve plant effi  ciency and 

operating costs in Africa are provided. 

Th e emphasis is on reducing operating 

costs in three typical expense categories 

under O&M, namely chemical expense, 

power expense and equipment expense.

APPROPRIATE TECHNOLOGY AND 
O&M MANAGEMENT SYSTEM
Th e issue of appropriate technology 

should be considered along with avail-

able labour and skill in the project area. 

Installing high-tech systems has the po-

tential of eliminating the use of unskilled 

local labour. Most water infrastructure 

projects contribute towards alleviating 

poverty in remote and deprived areas in 

Africa by engaging local labour, thereby 

creating employment and equipping 

locals with skills to live a better life. 

High-tech systems, although effi  cient, 

should not be chosen over other options 

that would utilise the available local 

labour. Other factors to consider in 

selecting appropriate technology include 

complexity, familiarity, standardisation 

and the availability of spares.

Management models range from 

highly centralised government systems 

to localised community management. 

Several models lie between these ex-

tremes. Typically O&M management 

systems comprise stratifi ed levels of 

maintenance and repair bodies. A 

common model has a central govern-

ment agency at the fi rst tier, a second tier 

regional government or private body, and 

a third tier community organisation, as 

illustrated in Figure 1.

A suitable management model must 

be considered and selected in consulta-

tion with the relevant stakeholders at 

inception.

DESIGN
Design standards/criteria must be loca-

tion-specifi c (customised). Calculation of 

design fl ows and determination of fl ow 

patterns can lead to over-sizing or under-

sizing of the plant, which will aff ect the 

operating costs and the effi  ciency of the 

Ebenezer Appiah 

Systems Engineer

 Water Solutions Southern Africa

ebenezer@wssa.co.za

Improving plant effi ciency and operating costs for
water infrastructure projects in Africa
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plant. Local information must therefore 

be sought to enable realistic calculations.

Th e location of a plant relative to 

living/residential/recreational areas is 

important. Bad odours, especially in the 

case of inappropriately located wastewater 

treatment plants, will, for example, not be 

acceptable to residents. A plant’s accessi-

bility by staff  from their residences should 

also be addressed adequately, as problems 

in this area could dampen work motiva-

tion, which would in turn negatively aff ect 

plant operations. 

Chemical dosing and mixing in 

treatment plants can be achieved by 

using devices that make use of electrical 

energy (pump) or natural gradient 

(gravity). The cheaper, energy-saving 

gravity method is obviously the pre-

ferred method, if possible.

Devices for removing scum, sludge and 

screenings are available in either manual 

or automatic systems. It is not always true 

that automatic systems work better and 

more effi  ciently than manual systems. 

Automatic systems, if not managed prop-

erly, can lead to a waste of energy and poor 

operating effi  ciency in the same way as 

in the case of a manual system that is not 

managed properly. 

Consultation with the communities 

who will be benefi ting from the plant is 

very important to understand their life-

style – culture, religion, beliefs, practices, 

expectations – and to incorporate these 

insights into the early stages of design. 

Carrying loads on the head is, for ex-

ample, against custom in some communi-

ties in Africa, so providing wheel barrows, 

dumper trucks or other acceptable local 

means of carrying loads should be consid-

ered in such instances. 

CONSTRUCTION
To ensure safety during operation and 

maintenance, construction must be in 

accordance with the design and must 

meet the specifications. The use of poor 

quality materials, poor workmanship 

and poor methods results in poor con-

struction. The potential for such prob-

lems must be foreseen and dealt with in 

the design phase, and implementation 

of prescribed materials and methods 

must be enforced during construction. 

Good construction can ease some of the 

difficulties encountered in operating 

the plant, and this will go a long way 

towards reducing costs.

OPERATION AND
MAINTENANCE (O&M)
An O&M manual must be provided on 

completion of the project, and the oper-

ator must receive training in the use of 

equipment. The training and the O&M 

manual should be of such a standard 

that it fully informs the operator of the 

details, the operation and the mainte-

nance of the plant without the operator 

having to revert to the consulting en-

gineer or to the respective equipment 

suppliers. Attention should particularly 

be given to the following:

Improving effi ciency
 ■ Operate the plant within 

its design capacity.

 ■ Ensure that the performance of each 

component of the treatment plant 

is optimal by monitoring process 

parameters at critical points.

 ■ Monitor process changes: equalisa-

tion basin, and primary settling 

tanks in activated sludge systems.

 ■ Follow a planned maintenance 

schedule of all components: proper 

maintenance and upkeep of the 

equipment and processes in a facility 

is an integral component of a com-

plete energy conservation plan.

 ■ Enforce the use of personal 

protective equipment and en-

sure safety at all times.

 ■ Use advanced continuous, on-line mon-

itoring technologies, e.g. a supervisory 

control and data acquisition (SCADA) 

system (such as im-PROSERVTM).

Reducing operating costs
The three typical expense categories 

are chemical, power and equipment 

expenses. The following measures can 

be considered in saving energy and re-

ducing operating costs:

Chemical expense

 ■ Avoid wastage through leakage, overfl ow, 

spillage, inadequate handling and storage.

 ■ Determine and apply correct dosage.

 ■ Keep accurate stock of chemicals by 

checking expiry dates of chemicals and 

quantities regularly.

 ■ Employ advanced chemical inventory 

management technologies (such as 

ChemTRACTM). 

Power expense

Pumping:

 Reduce/manage load through 

a pumping schedule

 Water-to-wire effi  ciency (i.e. the effi  -

ciency of a pump and motor together)

 Proper pump selection 

(operate as near to best 

effi  ciency point as is practical)

 Proper motor and drive selection 

(operate at nameplate voltage 

or as closely as is practical)

 Automated control

 Proper preventive maintenance

 Set criteria for repair, or replace pump

Aeration:

 Fine bubble diff users

 Two-speed mechanical aerators

 Improved surface aerators

 High-effi  ciency motor drive

 Variable and multiple-staged 

single-speed blower

 Continuous dissolved oxygen (DO) 

monitoring or lowest DO concentra-

tion consistent with stable opera-

tion and treatment objectives

 Proper preventive maintenance

 Set criteria for repairing 

or replacing aerator
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Figure 1: Management models and tiers of responsibility (after Roark, P et al 1993)
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Dewatering:

 Replace vacuum systems

 High-effi  ciency motors

 Variable frequency drives 

for plant water pump

Lighting:

 Motion sensors

 Energy-saving bulbs

 Pulse-start metal halide

 Indirect lighting fl uorescent

Heating, ventilation, air-conditioning 

(HVAC):

 Improving insulation

 Sealing leaks

 Properly sizing the system

 Selecting an energy-effi  cient system 

(water-source heat pumps)

An energy conservation team within the 

utility, with knowledge of utility processes 

and energy usage, can follow through with 

the development and implementation of 

an energy conservation plan.  

A good option for conserving energy 

at a wastewater treatment plant (WWTP) 

is the possibility of reducing fl ows to the 

plant by reducing water use in the com-

munity. As less water fl ows into the plant, 

less volume is treated and thus less energy 

is consumed. An aggressive infi ltration 

and infl ow programme can also reduce 

fl ows to the plant. Ideas for promoting 

water conservation include:

 ■ Educating residents about high-

effi  ciency appliances, plumbing fi xtures 

and water-saving habits.

 ■ Educating residents to reduce peak 

water demands to avoid the extra costs 

associated with operating additional 

pumps and equipment during peak-fl ow 

periods. A water conservation team 

within the utility can follow through 

with a water conservation plan.

An example of an emerging technology 

with potential application in a WWTP is 

fuel cells. Although fuel cells are costly 

to install, they have distinct advantages 

over the combustion power sources such 

as diesel/petrol generators. Fuel cells 

use hydrogen, which can be derived 

from methane, natural gas or anaerobic 

digester gas.

Another option in energy conser-

vation is investing in auxiliary and 

supplementary power sources (ASPS) 

or energy recovery equipment, which 

will allow energy to be produced on-

site. This energy could then be used 

to run processes, or power buildings 

on-site (partially or fully), or could be 

sold to other users if there is an ap-

propriate delivery system to the electric 

grid. Examples include biogas-fuelled 

internal combustion engines, micro tur-

bines, wind turbines, solar cells and fuel 

cells (described above).

Equipment expense

Th is includes acquisition of new equip-

ment and cost of equipment mainte-

nance. Consideration should be given to 

installing high-effi  ciency pumps, high-

effi  ciency motors and variable-frequency 

drives for all new purchases and replace-

ments. Th ese high-effi  ciency motors have 

a 10–15% higher initial cost, but are up to 

8% more effi  cient than standard motors. 

Taking into consideration that energy 

expenses due to pump and motor are 

high (80% of WWTP energy costs) huge 

benefi ts can be derived from opting for 

high-effi  ciency motors, which have the 

additional benefi t of a lower failure rate. 

CONCLUSION
Th ere are many opportunities for im-

proving plant effi  ciency and reducing 

operating costs in water infrastructure 

projects if one looks carefully at the entire 

project cycle. Detailed consideration at 

each stage of implementing a water in-

frastructure project would contribute to 

conserving water, energy and cost without 

compromising the quality of treated water 

or wastewater effl  uent. Poor operation 

and maintenance of water infrastructure 

plants can have a catastrophic eff ect on 

human beings and the environment. 
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Aqueducts to address Durban’s water needs Aqueducts to address Durban’s water needs 
INTRODUCTION
Th e eTh ekwini municipality is throwing 

Durban two urgently needed water life-

lines – the second phase of the Western 

Aqueduct (WA) which begins at Inchanga 

Station and ends at Ntuzuma with 

spur pipelines to Mount Moriah and 

Tshelimnyama, and the urgently needed 

Northern Aqueduct Augmentation 

(NAA) project, which will carry much 

needed water to the eastern and northern 

regions of eTh ekwini as far as Umhlanga, 

Phoenix and Waterloo.

Neil Macleod, head of eTh ekwini 

Water and Sanitation (EWS), has con-

fi rmed that the two long-term projects, 

which are expected to span at least seven 

years, are now offi  cially under way, al-

though at diff erent stages of roll-out. 

He says the initial studies carried out 

by EWS indicated that the optimal solu-

tion to address imminent capacity prob-

lems would be the installation of a new 

bulk supply pipeline from Umlaas Road 

through the outer and inner west areas, 

and terminating in Ntuzuma. 

Th is became known as the Western 

Aqueduct.

THE WESTERN AQUEDUCT (WA) 
Th e fi rst phase of the WA project, which 

was completed at the end of 2010, fol-

lowed a 20 km route close to the N3 

highway from Umlaas Road Reservoir 

up to the railway station at Inchanga. 

However, the full eff ect of this pipeline 

is only expected to be realised when the 

55 km long second phase of the project is 

commissioned.  

This second phase was initially 

planned as a single mega water project. 

However, in the wake of unforeseen 

delays, EWS has now unbundled it into 

six individual contracts. Macleod says 

that, in light of the complexity of the 

two projects, and to expedite the tender 

process, EWS had called for expressions 

of interest last year. Sixteen contractors 

were selected for two different panels 

– one comprising companies qualified 

to deal with large-diameter pipes and 

another capable of working with pipes 

of a smaller diameter. 

Cycad Pipelines (part of Stefanutti 

Stocks) was awarded the fi rst contract 

for the seven km stretch from Inchanga 

Station to Alverstone Neck in April of this 

year, having won the tender on a competi-

tive bid against the other pre-qualifi ed 

contractors in the large-diameter pipe 

category. "Th e balance of the contracts 

A substantial number of pipes will be 
needed in Durban for the second phase of 

the Western Aqueduct and the Northern 
Aqueduct Augmentation projects

Neil Macleod, head of 
eThekwini Water and Sanitation 
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will be competitively tendered between 

pre-qualifi ed contractors making up the 

two panels," Macleod says. 

Tenders for the second contract, which 

also measures seven km and begins at 

Alverstone Neck and ends at Ashley Drive 

in Kloof, closed at the beginning of May. 

Th e contract is expected to be awarded 

within the next three months, with contrac-

tors moving on site during the last quarter 

of 2013. Construction of the Ashley Road 

Reservoir – which should go out to tender 

towards the end of this year – could begin 

within the fi rst quarter of 2014. 

According to Macleod, this massive 

outlay of water infrastructure is in re-

sponse to looming water shortages within 

one of South Africa’s fastest growing 

cities. Th e completed WA is expected to 

signifi cantly strengthen the capacity of 

bulk water supply to the western regions 

of eTh ekwini, injecting up to 400 Mℓ/day. 

Th e city’s current water consumption 

stands at 860 Mℓ/day.

DURBAN FACES WATER SHORTAGES
With the democratisation of South 

Africa, the operational area of the eTh ek-

wini municipality increased tenfold, 

creating massive engineering challenges 

when it came to delivering safe water and 

sanitation. “Th e eTh ekwini region is still 

seeing increased migration from rural 

areas, so the population growth rate is 

above the national average. Th e year 2010 

saw the highest growth in fi ve years, with 

an additional 30 000 families in the city 

needing services,” Macleod explains. 

Th is has not abated and he says that 

the city’s population is expected to in-

crease by at least another 20% by 2030. 

Th e threat of water restrictions is 

already very real. “We are at a point where 

our dams are unable to sustain the cur-

rent demand over an extended period, 

and the risk of failure is one in 15 years 

– this means severe water rationing every 

15 years as opposed to every 50 years 

in the past. Durban’s last water restric-

tions were in 1997 and they are now long 

overdue. Th e only reason why we have not 

introduced restrictions or rationing yet is 

because we have enjoyed above-average 

rainfall for a number of years. Th e situ-

ation can turn around very fast, though, 

and it could fl ip back to a dry cycle. Th e 

impact will be felt the moment we have a 

drier year,” he says.

Even without extreme weather condi-

tions, Durban is heading for severe water 

shortages. If current consumption pat-

terns continue, water demand in the city 

will outstrip supply within the next 15 

to 20 years. Th e Umgeni is the only river 

in Durban which can provide signifi cant 

quantities of potable water to the city. 

Th e full potential of this river has, how-

ever, already been harnessed by its four 

dams – Nagle, Midmar, Albert Falls and 

Inanda. In addition to practical conserva-

tion measures, EWS is looking at the most 

eff ective way to optimise the water that is 

accessible to Durban residents. 

Th e Western Aqueduct project has 

been conceived not only to alleviate the 

water supply problems of the western 

regions of Durban (Hillcrest/Kloof), but 

also to inject additional potable water 

capacity into the strategic focal points of 

other areas of the Durban region, such 

as Ntuzuma/Inanda, Westville, Southern 

Pinetown, Tshelimnyama and, eventu-

ally, the Northern Aqueduct supplying 

Umhlanga, Phoenix and Waterloo. 

Macleod points out that unprec-

edented growth in water demand in 

the western and northern supply areas 

was already leading to infrastructure 

capacity problems and placing extreme 

loading on the existing bulk water supply 

infrastructure.  In particular, the pipeline 

infrastructure of the western regions of 

eTh ekwini, supplying potable water from 

Umgeni Water’s Umlaas Road Reservoir, 

is currently operating at maximum ca-

pacity and at times is unable to meet peak 

demands, resulting in interruption of 

service to consumers.

EWS is also experiencing problems 

when it comes to providing a reliable 

supply of water to the Ntuzuma area, 

north of Durban. Ntuzuma presently 

receives its water supply from the Durban 

Heights Waterworks. Th e Durban Heights 

purifi cation works draws water from the 

Albert Falls and Nagle dams and supplies 

about 93% of total water demand for the 

entire northern area. However, it has 

reached its maximum treatment capacity, 

and the aqueducts that convey raw water 

from the Nagle Dam to the waterworks 

are presently operating at close to max-

imum capacity as well.  

Because planned developments in 

the northeast are expected to add a 

substantial new demand at the tail end 

of the Northern Aqueduct, exacerbating 

its existing capacity problems, Macleod 

says that there has already been a negative 

impact on planning approvals for massive 

new developments, including further con-

struction at the King Shaka airport and 

the Dube Trade Port. In addition, water 

shortages are also likely to impact on 

further development in the La Mercy and 

Westbrook areas. 

However, the greatest concern is that 

a lack of adequate water infrastructure 

could completely stall the proposed 

multi-billion rand mixed-use Cornubia 

development. In addition to housing the 

next major industrial area in the north 

with linkages to the new international 

airport, it will also provide approximately 

24 000 homes, of which 15 000 are pro-

posed for subsidised housing and the 

Construction during Phase 1 
of the Western Aqueduct
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balance for a wide range of aff ordability 

levels. It is envisaged that Cornubia will 

create substantial housing, employment 

and economic opportunities. 

TAKING WATER TO THE NORTH
Macleod says that water supplies to both 

the western and northern reaches of 

the city are closely linked. Th e NAA is 

expected to be built in three phases, with 

the fi rst phase beginning in September 

this year. At this point, the project is 

expected to be completed by June 2015. 

Th e fi nal stages of the project will link the 

NAA and the WA.  

Macleod presented a massive R3.6 bil-

lion 10-year master plan for augmentation 

of water supply to the northern areas of 

the city, to the eTh ekwini municipality. 

Th is includes transferring surplus water 

from the WA to the northern areas and 

enhancing surplus capacity at the Durban 

Heights Waterworks which can be used to 

augment the existing northern aqueduct.

He says the main functions of the 

WA pipeline would be to service the 

natural growth in water demand in the 

western areas of Durban and shed de-

mand to the Ntuzuma, Mount Moriah, 

KwaDabeka and Pinetown South areas, 

which are currently supplied by the 

Durban Heights Waterworks. By in-

cluding off -takes to the Mount Moriah, 

KwaDabeka and Pinetown South areas, 

some of the operational pumping costs 

to these areas can also be avoided. 

Umgeni Water is expected to play 

an integral part in this project, as their 

infrastructure between Midmar Dam 

and Umlaas Road will be augmented 

to cope with the increased demand of 

the WA pipeline. Th e WA will tie into 

Umgeni Water’s infrastructure at the 

Umgungundlovu eTh ekwini boundary. 

THE NORTHERN AQUEDUCT 
AUGMENTATION (NAA) PROJECT
The Northern Aqueduct, which is cur-

rently operated by EWS, is a network 

of bulk supply pipelines that serves the 

northeastern portion of the EWS supply 

area to the north of the Umgeni River, 

to the south of the Ohlanga River and 

to the east of Ntuzuma. The aqueduct 

conveys potable water from the Durban 

Heights Waterworks to a large number 

of terminal reservoirs in the system, 

which in turn supply water to residents 

and businesses. 

“Th e Northern Aqueduct has reached 

capacity on various sections of the trunk 

mains as a result of growth in demand 

over the years. Th e Ntuzuma region, 

which is supplied from a branch at the 

start of the aqueduct, typically suff ers a 

shortfall in supply during the summer 

months. Th e regions of Mzinyathi and 

The New Germany pipe yard where some of the pipes 
for the Western Aqueduct Phase 2 are stored
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Senzokuhle, which are supplied from 

the Ntuzuma system, have to be manu-

ally isolated on a daily basis so that the 

Ntuzuma system does not run out of 

water. Th e Umhlanga region, which 

receives water at the tail end of the aque-

duct, suff ers from low residual pressures 

as a result of friction losses in the trunk 

mains,” Macleod explains. 

Based on the existing operating cri-

teria of the existing Northern Aqueduct 

system, and because the Durban Heights 

Waterworks is presently at capacity and 

unlikely to acquire additional capacity due 

to space constraints, EWS has decided not 

to duplicate or triplicate various existing 

trunk mains. 

Instead, they will inject water 

from the Western Aqueduct into the 

Northern Aqueduct system via an off-

take at KwaDabeka, as well as through a 

pipeline from Emachobeni to Umhlanga 

via the proposed Blackburn Reservoir. 

An additional branch pipeline from 

Kwadabeka to Ogunjini in the north will 

inject water northwards, whilst minor 

augmentations at Phoenix 1 and 6 

Reservoirs and Nyaninga Reservoir will 

increase the capacity of the Northern 

Aqueduct system. 

The NAA project has been divided 

into three phases in order to highlight 

and prioritise urgent sections of the 

project. Phase one, which will provide 

water to the first stages of the Cornubia 

housing development, will comprise the 

laying and commissioning of a section 

of pipeline linking Phoenix 2 Reservoir 

to the proposed Blackburn Reservoir, 

the laying and commissioning of the 

section of pipeline from the Blackburn 

Reservoir off-take to Umhlanga 2 

Reservoir, and the upsizing of the ex-

isting inlet main to Phoenix 1 Reservoir. 

Th e second phase of the NAA will 

include the laying and commissioning 

of a section of pipeline between the 

Emachobeni off -take and the Ntuzuma 2 

Reservoir, the laying and commis-

sioning of sections of pipeline linking 

the Ntuzuma 2 Reservoir and Phoenix 4 

Reservoirs, and the Phoenix 4 Reservoir 

and Phoenix 2 Reservoir, as well as new 

pipelines to the Ntuzuma 7 Reservoir 

and Waterloo Reservoir. Th is phase also 

includes the construction and commis-

sioning of the proposed new inlet main 

to Nyaninga Reservoir from the existing 

Hazelmere Dam.  

“Th is phase of the project provides the 

much needed link network to where most 

of the new developments are planned to 

take place between the Western Aqueduct 

and the northernmost portions of the 

eTh ekwini water supply,” Macleod says.

Th e third phase of the NAA provides 

for the construction of a pipeline from the 

Ntuzuma 5 Reservoir inlet main to the 

proposed Ntanda Reservoir, construction 

of the reservoir itself, as well as construc-

tion of the proposed booster pump station 

at the reservoir, a pumping main from 

Ntanda Reservoir to the Kwa Silwane 

surge tank, and the construction of a 

pipeline from the Kwa Silwane surge tank 

to the existing Ogunjini 4 Reservoir.

Shirley Williams Communications

for the Western Aqueduct Project

031 564 7700

admin@swcommunications.co.za
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Wetland rehabilitation:
an integrated approach to protecting 

our ecological infrastructure
DEFINITION AND IMPORTANCE OF WETLANDS
What constitutes a wetland is often not fully understood.  Common 

misconceptions are that wetlands must be wet, have a river running 

through them, or are always situated in low-lying areas. Th e defi ni-

tion of a wetland is much broader and more textured: they are char-

acterised more by soil properties and fl ora than by an abundance of 

water. Wetlands can be seasonal, staying dry for up to several years, 

or they can be permanently wet. A pan, for example, is a wetland 

which forms in a depression. Th is may even occur at the top of a hill, 

nowhere near a river, and dry out completely during the dry season. 

Wetlands also come in many sizes – they can be as small as a few 

square metres (e.g. at a low point along the side of a road) or cover a 

signifi cant portion of a country (e.g. the Okavango Delta).

Wetlands provide a range of ecological and social services. 

Th ey are bio-diverse environments which support species that 

Figure 1:  Wetlands at work – ecological infrastructure 
providing fl ood control and water purifi cation services 
in the Eastern Cape near Matatiele 
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occur nowhere else in the landscape. Ecological infrastructure 

replaces the need for municipal infrastructure by providing the 

same or better benefi ts at a fraction of the cost. Wetlands retard 

the movement of water in the landscape, which off ers the dual 

benefi t of fl ood control and a purifying eff ect, as the slow move-

ment of water allows heavier impurities to settle and phreatic 

vegetation and micro-bacteria to remove nutrients. For these 

reasons, artifi cially created wetlands are often used in newer 

urban drainage systems to aid both mitigation of fl ooding and 

improvement of water quality.

It has been estimated that originally over 10% of South Africa 

was covered by wetlands. However, this fi gure decreases sig-

nifi cantly every year owing to unsustainable land-use practices. 

According to a recent CSIR study1 wetlands were identifi ed as 

the most threatened of all South Africa’s ecosystems, with 48% of 

wetland ecosystem types critically endangered.

THE WORKING FOR WETLANDS PROGRAMME
Working for Wetlands is a national government programme 

managed by the South African National Biodiversity Institute 

(SANBI), co-governed by the departments of Water Affairs, 

and Agriculture Forestry and Fisheries, and funded by the 

Department of Environmental Affairs (DEA). The programme 

is mandated to rehabilitate damaged wetlands and to pro-

tect pristine wetlands, with an emphasis on complying with 

the principles of the Expanded Public Works Programme 

and using only local small, medium and micro enterprises 

(SMMEs). Working for Wetlands currently has a budget of 

approximately R85 million per year, of which R29 million is 

allocated directly to paying wages.

Since 2001 the programme has involved work in over 

700 wetlands throughout South Africa, and currently imple-

ments approximately 500 interventions per year. In order to 

manage this, wetlands have been grouped into “projects”, and 

each project encompasses several smaller wetland systems with 

numerous interventions.

Aurecon was appointed for a three-year period from 2010 to 

early 2013 to assist with the planning and design of the wetland 

rehabilitation work undertaken by SANBI.

The programme is managed in three phases over a two-

year cycle as shown in the f low diagram in Figure 3. The first 

two phases straddle the first year of the cycle and involve 

planning, identification, design and authorisation of interven-

tions. The third phase is implementation, which takes place 

during the second year.

Th e fi rst phase is the identifi cation of suitable wetlands which 

require intervention. Th is involves a high-level assessment by a 

wetland ecologist of the interventions required and benefi ts to be 

gained. Provincial Wetland Forums are critical components of 

the wetland identifi cation processes since they are representative 

of diverse groups with shared interests (e.g. from government 

institutions to amateur ecological enthusiasts). Th is phase also 

involves initial communication with local land owners and stake-

holders to gauge the social benefi ts of the work.

The result of the second phase is a set of rehabilitation 

plans for each project, informed by site visits attended by 

the design team consisting of a wetland ecologist, engineer, 

environmental assessment practitioner and any interested 

stakeholders. This allows a highly collaborative approach to 

be used, as options are discussed by experts from different 

scientific disciplines, as well as local inhabitants with deep 

anecdotal knowledge. While on site, details of the interven-

tions are discussed and agreed upon, and some survey work 

is done by the engineers. Monitoring benchmarks are de-

veloped at this stage with the assistance of the information 

gathered during the desk-top investigations of the site and 

the current site conditions. The rehabilitation plans include 

details of each intervention to be implemented, preliminary 

Figure 2:  An example of headcut erosion draining the wetland
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construction drawings and all necessary documentation 

required by the applicable legislation. The rehabilitation 

plans are reviewed by various government departments, 

stakeholders and the general public before a specific subset of 

interventions is selected for implementation.

For all interventions that are based on engineering designs, 

the engineer visits the site before construction to ensure that the 

original design is still appropriate and to assist with the setting 

out of the fi nal design. At this point, fi nal construction drawings 

are issued to the implementing contractors.

During Phase 2, monitoring systems are put in place to 

support the continuous evaluation of interventions. The sys-

tems monitor both the environmental and social benefits of 

the interventions.

BENEFITS OF THE PROGRAMME
Th e immediate environmental benefi t of the Working for 

Wetlands programme is obvious, with, on average, more than 

100 wetlands being saved and rehabilitated every year.

However, saving wetlands cannot be achieved only by 

building structures which physically rehabilitate the wetlands. 

It is equally important to educate local communities, devel-

opers and farmers in the wise use of wetlands and to appre-

ciate their role in the ecology of river systems and the benefits 

which can be gleaned from their appropriate use. This educa-

tion theme is an integral part of the Working for Wetlands 

programme, as its success depends on local involvement and 

support, which can only happen if the local communities un-

derstand the importance of the work. 

Job creation and skills development are primary objectives 

of the Working for Wetlands programme, with an annual labour 

wages target of 35% of the project budget and over 1 500 jobs 

being created every year. Th is target infl uences the interven-

tion design directly, and the extent of labour-intensive work is a 

major criterion in the selection and design of interventions. It is 

worth noting that only SMME implementation contractors are 

employed and that they source most of their materials from local 

SMME builders’ supply businesses.

It should be stressed that the work environment for the 

implementing contractors is generally far more hostile than that 

of many conventional construction sites. Working in wet areas 

is always challenging, even for experienced construction teams, 

and the wetland sites are mostly remote and relatively inacces-

sible, making the supply of resources a diffi  cult task. It is a tribute 

to both the programme and the implementing contractors that, 

despite these hostile conditions, most of the structures are built 

to a high standard, which underlines that skills are being devel-

oped appropriately.

PROFESSIONAL CONSULTANT ROLES
Wetland ecologists
Wetland ecologists are integral to the programme since they pro-

vide scientifi c insight into the operation of wetlands and bring 

expert knowledge to the design teams. Th ey are mainly involved 

in Phases 1 and 2 of the programme.

During Phase 1 the ecologists evaluate wetlands in order 

to establish the viability of rehabilitation by using existing 

studies as far as possible, specifically provincial conservation 

plans, where both terrestrial and aquatic environments are 

considered.     

START Level 1 Assessment

Identification of suitable wetlands
Desktop evaluation and limited site visits

Phase 1 Reports

Phase 1

Public Participation Process (PPP)
Draft and final Phase 1 reports

Site Visits

Rapid wetland assessments
Identify interventions
Gathering of engineering design data

Ph 2
Phase 2 Reports

Draft and final rehab and basis assessment 
reports
Public Particpation Process (PPP)
Intervention design and BOQ
Environmental authorisation

Phase 2

Environmental authorisation

Implementation Support

Setting out of structures
Identify training needs
Completion visits and sign off of structures

Phase 3

Completion visits and sign-off of structures

Figure 3:  Flow diagram of the biannual 
Working for Wetlands programme cycle

Figure 4:  Community use of a wetland – a 
structure designed to arrest a headcut formation 

is used as a washing area for laundry

Figure 5:  Labourers working on a gabion weir 
designed to arrest erosion, trap sediment and 
re-saturate previously drained areas, thereby 

improving its benefi cial functioning
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Phase 2 involves a more detailed review of problems in 

specific wetlands, using desktop analysis and site visits with 

the rest of the design team. Rapid wetland assessment tech-

niques are used throughout this phase to evaluate the present 

ecological state, importance and sensitivity of each wetland, 

formulate the rehabilitation objectives, design an appropriate 

rehabilitation strategy, assess the likely impact of wetland 

rehabilitation on wetland health and ecosystem delivery, and 

assess the value of rehabilitation in terms of the improvement 

in wetland health and ecosystem service delivery. The results 

of this assessment are compiled into a report on each wetland, 

which forms part of the rehabilitation plans. During Phase 2, 

baseline monitoring information is collected by the wetland 

ecologists to provide a point of comparison for evaluating the 

success of specific wetland interventions in future.

Environmental assessment practitioners
South Africa’s legislative landscape has undergone numerous 

changes over the years and has resulted in additional demands 

on the Working for Wetlands programme in order for it to be 

compliant. Aurecon’s EAPs have assisted SANBI to negotiate 

their way through this regulatory maze by means of innova-

tive approaches and engagement with national organs of state.  

Design engineers
One of the main strengths added to the programme by Aurecon’s 

appointment was technical, scientifi c and management exper-

tise. Th e nature of the programme is such that conventional 

engineering practice is usually not possible, and this has led to 

several challenges.

Challenges encountered

Th e most signifi cant challenge was the shift in perspective 

required of many participating team members. Conventionally 

designed and engineered structures have a high cost of failure. 

Th erefore, it is crucial to ensure that they are accurately and 

precisely designed, both hydraulically and structurally. In 

this programme, however, a balance is required between the 

complexity of designs and the number of designs, in order to 

optimise both the aggregate area of wetland restored and the 

total number of jobs created. Th is implies that a less risk-averse 

approach to design can be followed, since the consequences 

of failure of rehabilitation interventions are generally minor 

and pose no threat to life or property. Th e programme annu-

ally makes provision for maintaining previously implemented 

interventions, so any failures can be rectifi ed. Th e value of 

this approach is that it allows structures to be less design and 

materials intensive, which in turn allows a greater number of 

wetlands to be rehabilitated. Th is is, however, an uncomfortable 

situation for design engineers, because in conventional designs, 

structural or functional failure would only be acceptable at low 

probability of failure. Th is has led the Aurecon engineers to 

develop a risk-focused design method for this programme. 

Another factor aff ecting the design approach is the require-

ment that a large number of structures needs to be designed in 

a very short period, with very little background information, 

and for the structurally poor soil conditions typical of wetlands. 

Th e key to effi  ciently negotiating these challenges was through 

“standardising” the design details according to criteria that are 

relatively common in wetland environments. 
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Standardisation

Th e methodology developed consists of three phases, as shown in 

Table 1. Th e fi rst steps are information gathering, and, using the 

risk-focused approach, the extent of data collection is minimised 

in order to save costs, with consideration of the risks involved. Th e 

next step is a decision on the type of intervention to implement. 

Th is involves a discussion between all members of the design 

team, and requires a delicate balance between the engineering 

and environmental aspects of the solution, taking into account the 

simplicity of implementation and the labour-days created.

Th e types of interventions used in Working for Wetlands 

generally fall into three categories. Th e simplest are small, soft 

interventions, such as earth berms or geo-cell linings, which do 

not require much in the way of engineering design. Th e other 

two most popular types of intervention are gabion and concrete 

weirs. Aurecon’s structural and water engineers investigated 

several examples of these types of structures and developed 

simple design guidelines and standard details for them. For the 

concrete weirs in particular, a booklet of standard reinforcing 

details was developed, signifi cantly reducing the time taken to 

design a structure.

CONCLUSION
Despite the excellent work undertaken by Working for Wetlands 

to date it remains a challenge to balance available funds between 

planning and design costs, and implementation costs, of which a 

signifi cant portion goes to labourers’ wages. As a result, the pro-

gramme needs to continuously evolve and innovate to maximise 

the benefi ts to the environment and local communities.

Th e Working for Wetlands programme presents an interna-

tional role model of what is achievable in wetland rehabilitation. 

In the last six years, it has created 12 000 jobs and 1.5 million 

person-days of paid work, and has restored over 700 wetland 

sites. It has also achieved close and nurturing collaboration 

between multiple disciplines, particularly between engineers 

and environmental scientists, who generally have limited under-

standing of one another’s competencies.

REFERENCE
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Table 1  Engineering design methodology  

Preliminary 
investigation

Geotechnical survey
A full geotechnical investigation is done in several typical wetlands throughout the 
country in order to identify characteristic traits and develop general guidelines.

Study of aerial photography
A study of the area is done using available aerial photography (e.g. Google 
Earth and 1:10 000 maps). This gives insight into the wetland and its operation.

Site visit

Assess the problem
The scale and the nature of the problem are discussed between the engineer 
and wetland ecologist.

Decide on type of
intervention

The wetland ecologist, engineer, EAP and PC discuss and decide on the type 
of intervention required, taking into account factors such as the wetland re-
quirements, engineering requirements, social drivers, implementer capability, 
availability of suitable materials, etc.

Geotechnical assessment
The engineer performs a basic geotechnical assessment by a visual inspec-
tion with the aid of an augur, and using dynamic cone penetration (DCP) tests.

Basic survey The engineer does a basic survey using a tape measure and dumpy level.

Assess hydrology
Through a visual inspection of the wetland, the engineer identifi es annual 
fl ood levels and assesses its fl ow characteristics.

Design

Hydrology and hydraulics

A detailed hydrological study is not needed for most structures, as they are 
intended to be drowned during large storm events. Simple hydraulic methods 
are used, however, to ensure that they act effi ciently up to the point where 
they become drowned.

Interpret survey and DCP 
results

The engineer plots the survey and DCP results to guide decisions regarding 
the height and depth of the structure.

Preliminary design
A preliminary design is done, indicating characterising dimensions and the 
structure type.

Detailed design
For most structures, a detailed design is done according to the standard 
detailed design methods developed. For high-risk structures, a conventional 
engineering approach is used, sometimes requiring more detailed surveys.

Figure 6:  Completed wetland rehabilitation intervention
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Use of seawater for compaction 
of bitumen-surfaced pavements

Construction of a new bitumen-

surfaced road or airport pavement in 

an arid area usually requires the use of 

several thousand cubic metres of water 

per day for compaction.

Th e use of salt water – or even only 

brack water – for compaction in the past 

has had mixed success and often resulted 

in surface disintegration of the primed 

base course and/or blistering of the sur-

facing. Th is experience led to fresh water 

usually being specifi ed – particularly in 

the granular base course – in order to 

avoid such salt damage.

However, fresh water is usually scarce 

in such areas and fresh groundwater may 

also be “fossil” or only slowly recharged, 

and thus essentially non-renewable. In the 

past this has often resulted in fresh water 

having to be piped in over long distances, 

and in at least one case also up to an ele-

vation of 1 000 m above the source.

Experimental sections were there-

fore constructed in 1976 at Lüderitz on 

the arid coast of Namibia in order to 

develop methods of successfully using 

seawater for the compaction of all layers 

of a new road with a G3 base course 

under a Cape seal surfacing.

Th ese experiments have shown that, 

provided certain precautions are taken in 

the design and construction, seawater can 

be used in all layers including a G3 base 

course without experiencing any sig-

nifi cant degree or extent of salt damage, 

either during construction or in the long 

term – at least up to 36 years.

The sections in which seawater were 

used have never even been resealed and 

have only received two rejuvenation 

sprays and some edge patching and 

shoulder regravelling in 36 years (see 

photo) – a remarkable performance for 

any road!

Th e early results of these experi-

ments were successfully applied in the 

construction of a private road in the 

diamond area along the west coast, but it 

is only now that long-term performance-

related proof of their success with a G3 

base on a Category B trunk road is be-

coming available.

It is expected that details of this work, 

as well as that involving the successful use 

of G3 and G4 bases containing far more 

salt and gypsum than normally allowed, 

will be released later in the year by the 

Namibia Roads Authority. 

The experimental seawater base section 
at Lüderitz, Namibia, in 2012 after 
36 years of service without a reseal
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THE ORIGINAL DESIGN CAPACITY of the dam would provide 

11 000 m3/day, but with a predicted demand of 30 000 m3/day for 

the city of Nacala by 2020, it became clear that additional water 

security had to be provided. A study was therefore commissioned 

to augment the supply by the raising of the existing dam.

In 2008 the government of Mozambique received a grant from 

the US-based Millennium Challenge Corporation (MCC), and a 

portion of the grant was allocated to the rehabilitation and raising 

of the Nacala Dam. Th e funding was managed by the locally-based 

Millennium Challenge Account Mozambique, and the US Army 

Corps of Engineers was engaged by the MCC as review consultants 

for the project. In June 2009, Jeff ares & Green (J&G) was appointed 

as lead consultant, in association with Conseng (Mozambique) and 

Lamont (Zimbabwe), to undertake the study. After a tender process, 

WBHO was appointed to construct the project.

FEASIBILITY STUDY
In 1982 the dam wall was over-topped for ten consecutive hours 

due to the non-operation of the spillway gates, which resulted in 

considerable erosion damage to the downstream face. In 1983 re-

pair work included the removal of the berm on the downstream 

face, fl attening of the downstream slope inclination to 1V:2.7H, 

the placing of stone pitching over the entire surface of the down-

stream face, and the construction of drainage channels down the 

face, connecting into a concrete-lined toe drain.  

Further fl ooding occurred in 1994 and, although it did not 

overtop the dam, it did result in high leakage in the area adjacent 

to the downstream spillway side wall, resulting in the collapse of 

the stone pitching into voids within the downstream shoulder. 

Th ese voids were fi lled and the stone pitching reinstated, but in 

1997 a second hole was observed in the shoulder and leakage 

through the downstream face was observed when the reservoir 

level was 4 m below the crest level. From then onwards, for safety 

reasons, the dam level was restricted to 3.5 m below crest level, 

or 2 m below full supply level, resulting in substantially less water 

being available than originally planned.

Field inspections

In August 2009, fi eld inspections were undertaken by J&G’s 

technical team to determine the cause of the leak in the down-

stream shoulder. Th ree theories were originally proposed: (1) that 

the leak was caused by internal erosion through the body of the 

dam resulting in fi nes being gradually washed out and thereby 

creating an ever-increasing cavity which could ultimately lead 

to the total failure of the dam, (2) that the leakage was caused by 

water passing through the contact between the concrete spillway 

wall and the core material, or (3) that water was passing from the 

spillway channel and through poor quality concrete in the wall 

into the embankment material.

Th e investigation comprised the removal of the stone 

pitching in the area of the leak. Th is revealed a 500 mm by 

500 mm cavity under the stone pitching with free-fl owing water 

along the base (Figure 1). Two HDPE pipes were encountered – 

evidence of a previous repair solution. 

Excavations into the upstream shoulder, underneath the 

rip-rap, did not encounter any voids or signs of leakage. Th is 

suggested that the leak was unlikely to be a piping-type of failure 

caused by internal erosion, as voids within the upstream shoulder 

would then have been visible. In order to see if the leakage was 

Jan Norris 

Director and Branch Manager (Pietermaritzburg)

Jeffares & Green (Pty) Ltd

norrisj@jgi.co.za

The rehabilitation and raising of the 

Nacala Dam in Mozambique
The Nacala Dam, located on the Muecula River 

approximately 30 km southwest of the city of 
Nacala, in the Nampula Province of Mozambique, 

was designed and constructed between 1968 
and 1975 to serve as the main water source 
to the city and port of Nacala. However, the 

lack of capacity of the original spillway gates 
caused the dam to overtop twice in its history. 

Due to the risk of dam failure, water levels at 
the dam were therefore kept low, reducing 

the water supply to Nacala signifi cantly.
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coming through the spillway channel, attempts were made to 

seal the inside walls of the channel by painting a bitumen-based 

seal onto the wall. Th is solution was only partially successful and 

it was not possible to completely seal the wall, as access to the 

channel was limited due to the height of the water level.

Th e downstream shoulder was reinstated with drainage 

material surrounding the HDPE pipes in the hope that any fl ows 

would at least be controlled until the construction phase of the 

rehabilitation contract. As the reservoir level started to rise with 

the coming of the rainy season, the leakage zone was monitored 

to determine the water level at which leakage started. By the time 

the dam had reached its capped full supply level at 3.5 m below 

crest level, the water from the leak was fl owing at such a rate 

that members of the local community were using it for washing 

themselves and their clothes!

Further fi eld investigations were then postponed until the start 

of the construction phase in the second half of 2011. During this 

time the top of the existing embankment was removed as part of 

the design for the ultimate raising of the embankment. Th is was to 

ensure that the new section would be adequately keyed into the old 

section of the embankment. Th e core was over-excavated to a depth 

of 7 m below the crest level so that the condition of the spillway 

wing wall could be inspected. Th e inspection revealed that the 

concrete on the spillway channel wall was badly honeycombed, with 

deep cavities visible in places. Th is, coupled with water-staining on 

the wall, led to the conclusion that the cause of the leak was in fact 

poor quality concrete – water had fl owed from inside the spillway 

channel and through the side wall into the downstream shoulder. 

REHABILITATION OF THE DAM
Project activities included a spillway upgrade, raising of the dam 

wall, a realignment of the N12 National Road, and the excavation 

of materials from borrow pits.  

The spillway

Th e existing spillway was in a state of disrepair and was consid-

ered a safety risk, especially since the upgrade would increase the 

dam capacity from 300 m3/sec to 734 m3/sec. 

A new horse-shoe spillway was designed to international 

dam safety requirements to replace the undersized radial-gated 

spillway. Th e horse-shoe shape of the spillway was developed 

as being the best design solution due to the limited space of the 

existing dam site and the proposed increase in capacity. 

Th e new spillway has a free overfl ow crest that does not need 

to be operated by staff , and spilling will occur automatically 

when the water level exceeds the spillway crest.  

Pump house

Th e new pump house and outlet works were constructed inside 

the old spillway channel, and a new spillway wing wall was con-

structed against the existing wall as a skin to isolate the poor 

quality concrete.

Figure 1:  Cavity discovered 
beneath the stone pitching in 

the downstream shoulder

Figure 2:  Jan Norris (right) and 
geologist Cas Isherwood assess 

dam material in a trial pit

Figure 3:  Original spillway in a 
severe state of disrepair



Civil Engineering June 2013 43

At J&G we have professional specialists 

connecting all the dots along the water cycle 

route, from source to consumer and discharge 

back into the environment. This holistic approach 

to water management means we can fi nd 

sustainable, well-engineered and innovative 

solutions to any clients’ needs – 

and we’ve got the track record to prove it.

J&G –  in the water cycle
from start to fi nish

Contact Neal Bromley 

on +27 33 343 6700

or bromleyn@jgi.co.za

Our services include:

  Water resource management

  Dam planning, design and 
   construction supervision

  Water abstraction and  
   pump stations

  Water and wastewater 
   treatment works

  Water reticulation and 
   wastewater collection

  Water conservation and 
    demand management

   Water sector analysis

   Institutional development
    and support

   Hydrological
    investigations (catchment
    and design fl ood)

   Geohydrological
     investigations

   Irrigation.

.

Raising the embankment

At the same time as building the new spillway, the 200 m 

long dam embankment, comprising clay-core, sand filters and 

random fill, was raised to increase the capacity and yield of 

the existing dam.

A matter for concern was that there was no internal fi lter 

adjacent to the downstream face of the core incorporated into 

the embankment – a fact verifi ed by the 1968 construction 

drawings and from in-situ tests. Although it was not possible 

to reconstruct the entire dam with a fi lter, a downstream fi lter 

was incorporated into the raised design to a level of 8 m below 

crest level. A drainage system was also incorporated into the new 

portion of the downstream shoulder, after saturated materials 

were encountered during the early stages of construction. Th is 

comprised fi nger drains which connected into a toe drain and 

linked into monitoring weirs spaced at 50 m intervals along the 

length of the toe.

Th e original 1968 geotechnical investigation indicated that 

the embankment was founded on residual and bedrock gneiss 

of the Rapala Suite, Nampula Complex. It was reported that the 

founding conditions under the old river bed was of good quality 

rock with minimal fracturing. No evidence was found that foun-

dation grouting was ever carried out for the embankment. 

Th e criteria for grouting were 5 Lugeons or higher. Th e cri-

teria were relaxed from the usual 3 Lugeons for a new dam, as 

there were concerns regarding the grouting pressures that would 

be required, and the associated risk of inducing hydro-fracture at 

the interface of the bedrock and core trench if the pressures were 

too high. Th e Lugeon values recorded during the investigation 

phase were generally greater than 5 Lugeons, and it was therefore 
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decided to provide for the grouting of the foundations over the 

highest portion of the embankment. 

Realignment of NR12

Th e raising of the dam wall involved moving the existing N12 

National Road, running between Nacala Port and Nampula, off  

the embankment crest and onto a new embankment downstream 

of the dam wall (see Figure 4). 

By removing the National Road the crest width could be reduced 

from the original 11 m to 6 m and the new 4 m raised portion could 

be achieved by adding onto the downstream shoulder and placing 

the upper portion of the embankment at side slopes of 1V:2H.

Works included two new bridges across the new spillway 

chute and river channel.

The old spillway channel was used for the construction of 

the outlet works and a new side channel bath tub spillway was 

constructed into the rock outcrop on the left f lank. Material 

excavated for the new spillway was used for the raising of the 

dam embankment, as well as for the new road embankment.

CHALLENGES
Th e rehabilitation and raising of the Nacala Dam posed a number 

of challenges to both the design and construction teams. 

From a designer’s perspective it was difficult to design the 

rehabilitation of the dam without all the original design data 

and as-built drawings, with the result that a number of as-

sumptions had to be made. The fact that the leak in the dam 

was ultimately due to poor quality concrete, which had dete-

riorated over time to become a conduit for the f low of water 

through the downstream shoulder, is something which should 

be considered with other older dams – regular monitoring 

and inspections should be undertaken.  

The design team had to be available on site to a greater de-

gree than had been expected, to modify the design during the 

construction phase, as up-to-date information on the actual 

design, foundations and ground conditions became available. 

Challenges on the contractors’ side included difficulty in 

obtaining security of materials at the time, due to pressure 

placed on local suppliers (such as the cement industry and 

quarries), as there were a number of other large projects under 

construction in the region at the same time.

CONCLUSION
An additional goal which was achieved was the training

and capacity building of members of the local community, 

particularly significant in a region where unemployment

is so high. 

Despite its challenges, as the project nears completion, 

everyone involved waits in anticipation for the rains and, 

hopefully, a dam filled to capacity for the first time. 

New spillway channel
Realigned National Road

Figure 4:  Nacala Dam 
under construction

Figure 5: The Nacala Dam 
nearing completion
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WITH RCC (roller compacted concrete) placement ongoing at the 

1.6 million m3, 173 m high Ayvali Dam, and construction recently 

started at the 70 m high Kotanli Dam, both in northeastern Turkey, 

ARQ’s dam activities for 2013 will also encompass a number of 

smaller dams, including the 23 m high Umti and the 18 m high 

Wadi Kalboh dams in Oman, the 30 m high Mndwaka and the 

24 m high Port St Johns dams in South Africa, the 24 m high 

Mukurumudzi Dam in Kenya and the 16 m high Arnaud Dam in 

Mauritius. In addition, ARQ is assisting with repair works and a new 

spillway at the 20 m high “My Own Dam” in Mpumalanga. 

UMTI DAM, OMAN
ARQ will have its fi rst experience of hardfi ll in 2013 at the Umti 

Dam in central Oman, having generally been involved in high- 

and medium-paste content RCCs to date.

Th e Wadi Umti project was recently awarded by the Ministry 

of Regional Municipalities and Water Resources to Omani 

contractors Premier International Projects (PIP), and ARQ is 

providing assistance in various forms to PIP in the planning and 

implementation of the proposed dam structure.

Although the proposed fl ood alleviation and wadi-recharge 

dam is only 23 m in height, deep excavations, signifi cant founda-

tion treatment, the requirement for permanent road access for 

upstream residents and no space for river diversion in the steep-

sided valley imply that the intended 12-month construction 

programme is rather ambitious. With PIP having no previous 

experience in RCC/hardfi ll dam construction, ARQ is playing a 

signifi cant role in the programming and plant resourcing, as well 

as the design and development of the hardfi ll mix. Th e character-

istics of the natural gravel at Umti are particularly favourable for 

hardfi ll, with minimal processing required. 

In fact, it is anticipated that the natural material can be used 

to produce a good quality, impermeable RCC in certain zones of 

the dam with as little as 120 kg of cementitious materials. Th e 

bulk hardfi ll will contain 60–80 kg/m3 of cementitious materials, 

to achieve a 90-day compressive strength of 4 MPa.

Accelerated cylinder curing will be used as part of the hard-

fi ll mix development programme, which commenced in April of 

this year. Hardfi ll placement for the dam should be completed by 

the end of 2013. 

WADI KALBOH DAM, OMAN
ARQ is also providing technical assistance to PIP Oman on the 

18 m high Wadi Kalboh Dam, recently awarded to the company 

by the Ministry of Regional Municipalities and Water Resources.

Wadi Kalboh is a groundwater recharge dam, designed to 

feed aquifers and a main falaj in the Nizwa wilayat of Oman. Th e 

dam is located on 25 m deep wadi gravels, which overlay serpen-

tinized harzburgite. A water supply falaj is located approximately 

19 m below the base of the dam wall.

Both the partial cut-off , which penetrates 5 m into the wadi 

gravels below the dam wall, and the core of the embankment 

dam are to be constructed using plastic concrete, with very 

diff erent methods of construction to form this impermeable 

element below and above natural ground level. A reinforced con-

crete spillway, with an energy dissipation apron, is located over 

200 m of the 320 m long embankment.

ARQ is assisting PIP with the construction methodology, the 

necessary resourcing, construction programming and the plastic 

bentonite concrete mix design. In addition, technical and quality 

assurance assistance will be provided throughout the construc-

tion period. A construction contract of approximately 14 months 

will see the completion of the dam in mid-2014.

Dr Quentin Shaw 

Director Dams and Hydro

ARQ Consulting Engineers

quentin@arq.co.za

Site for the proposed RCC/hardfi ll Umti Dam in central Oman   

globally dams
Constructing
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MNDWAKA DAM, EASTERN CAPE, SOUTH AFRICA
With the preparatory work completed last year, 2013 will see 

the placement of rubble masonry concrete at Mndwaka on 

southern Africa’s largest example of an RMC (ready-mix con-

crete) multiple-arch buttress dam. Situated close to Hole in the 

Wall, between Elliotdale and Coff ee Bay in the Eastern Cape, the 

Mndwaka Dam is being constructed as the storage component of 

the Mncwasa Water Supply Scheme, which will provide domestic 

water supply to 63 rural villages.

While its height of 30 m will make Mndwaka Dam the 

highest RMC dam yet to be constructed in South Africa, its 

RMC volume of approximately 30 000 m3 also makes the dam 

the largest of this type yet constructed in southern Africa. RMC 

dam construction off ers advantages in terms of lower cost on a 

small scale and in a remote location, but it is the high utilisation 

of labour, with associated skills development and the insensi-

tivity to fl oods during construction that makes this particular 

type of dam construction so attractive in rural southern Africa. 

RMC dam construction typically creates in excess of fi ve times 

more person-days of employment than would be the case for an 

embankment dam.

With foundation excavation completed by the beginning 

of the year and RMC trials on site having demonstrated the 

contractor’s ability to produce the necessary quality of RMC, 

construction work on the dam wall itself commenced during 

February.

At Mndwaka, ARQ is providing design and construction 

supervision assistance services to Sontinga Consulting, while the 

construction is being done by contractors ZMJV, a joint venture 

between Zana Manzi Services, WSSA and Amanz’ Abantu Services. 

Completion of the main dam structure is scheduled for late 2014.

PORT ST JOHNS DAM, EASTERN CAPE, SOUTH AFRICA
Opening of the foundation on the site of the planned Port St 

Johns Dam revealed a rock mass with a higher degree of frac-

turing than had been suggested by the earlier geotechnical 

investigations. Evaluating the consequential mechanical strength 

properties, it was apparent that insuffi  cient sliding resistance 

would be provided for the thin RMC arch initially proposed.

Th e design was subsequently optimised on the basis of the 

tested shear properties of the rock mass and site topography, and 

a single-curvature, arch/gravity structure was developed. With 

the necessary excavations completed early in 2013, placement of 

rubble masonry concrete was initiated during the second quarter 

of this year.

Cross section of the 18 m high Wadi Kalboh Dam in Oman, a groundwater recharge dam

Construction in progress on the 
Mndwaka Dam in the Eastern Cape 
between Elliotdale and Coffee Bay

RMC dam construction, like here 
on the Mndwaka Dam, typically 
creates fi ve times more person-

days of employment than would be 
the case for an embankment dam

The start of construction work on 
the Port St Johns Dam in the Eastern 

Cape; the dam will be a single-
curvature, arch/gravity structure
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MUKURUMUDZI DAM, KENYA
In August 2011, ARQ was appointed as sub-consultant to Wave 

Solutions to undertake the tender and detail design of the 

Mukurumudzi Dam, south of Mombasa in Kenya. Th e dam will 

provide water supply for the Kwale Mineral Sands Mining pro-

ject, currently being developed by Australia’s Base Titanium Ltd 

(also see the Kwale Mineral Sands article on page 50 of the April 

2013 edition of Civil Engineering). 

Construction of the 24 m high earthfi ll embankment dam 

was initiated at the beginning of 2012 and the coff erdams and 

river diversion were completed to allow placement of the bulk of 

the embankment fi ll during the dry season of early 2013. First 

impoundment was initiated through closure of the river diver-

sion in April.

Construction of the Mukurumudzi Dam is being undertaken 

by Kenyan contractor HB Singh & Sons, with separate contracts 

for the spillway and the embankment. Th e dam is scheduled to 

be completed before the end of the year.

ARNAUD DAM, MAURITIUS
Th e Arnaud Dam is currently being constructed to augment 

water supply to the Mare aux Vacoas Reservoir on the Tamarin 

River in southern Mauritius. Th e Arnaud Dam will increase the 

yield from Mare aux Vacoas by diverting fl ow from the adjacent 

Rivière du Poste catchment.

ARQ has been assisting Lux-Consult and PDNA 

International on the project since 2010, and the company 

was appointed in April 2011 to supervise geotechnical and 

materials investigations, and to complete the design of the 

dam, the spillway and the diversion canal. The subsequent 

design studies identified an earthfill embankment with an 

uncontrolled, partially concrete-lined by-wash spillway as the 

optimal arrangement for the 16 m high dam. 

The contract for the construction of the Arnaud Dam 

and Diversion Canal was awarded to Chinese contractors 

Sinohydro in mid-2012, with completion scheduled for mid-

2013. ARQ is providing technical assistance and guidance to 

Lux-Consult for the construction supervision.

Construction in progress on the 
Mukurumudzi Dam in Kenya, a 24 m 

high earthfi ll embankment dam

Construction in progress on the Arnaud Dam in Mauritius
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AYVALI DAM, BLACK SEA REGION, TURKEY
At the Ayvali Dam in Turkey, the river diversion tunnel and 

the necessary cofferdams were completed to allow dewatering 

and excavation in the river course to start by mid-2012. With 

a maximum depth of alluvium in the river course of almost 

60 m, a dewatering well system was established in the shoul-

ders of both the up- and downstream cofferdams, avoiding the 

need for the creation of deep cut-off walls. Excavation of more 

than 1.5 million m3 of alluvium was subsequently completed 

over a period of less than six months, allowing RCC placement 

to start in December 2012.

At the Ayvali Dam, two RCC mixes are being used, with the 

bulk of the placement comprising a nominal 15 MPa mix, and a 

24 MPa mix being used for the more highly-stressed zones of the 

structure. Both are impermeable, high-workability RCC mixes, 

which can be compacted directly by immersion vibrators against 

the formwork, without requiring additional grout. Designing 

the crushing plant from the outset to meet a tight aggregate 

Ayvali Dam, Turkey – excavation of more than 1.5 million m3 
of alluvium was completed in less than six months

Site of the Kotanli Dam in Turkey; RCC 
placement is planned for August this year



Civil Engineering June 2013 51

specifi cation has allowed the saving of a signifi cant quantity of 

cementitious materials in both RCC mixes. Initial testing on po-

tential natural pozzolans proved unsuccessful, and the RCC used 

comprises an ordinary Portland cement blended with fl y ash. 

Th e use of a set retarder allows the development of good bond 

between placement layers.

Placement of the full 1.6 million m3 of RCC comprising the 

dam wall is scheduled over 30 months, with completion planned 

for mid-2015.

KOTANLI AND KOROGLU DAMS,
BLACK SEA REGION, TURKEY
With the fi nal environmental permits obtained and the last prop-

erty purchases successfully made, Ünal Construction began estab-

lishment and the construction of access roads for the Kotanli Dam 

in Turkey late in 2012. Th e Kotanli and neighbouring Koroglu Dams 

will form a cascade with a combined capacity of 130 MW.

Early 2013 saw the commencement of the detailed design of the 

Kotanli Dam and power station, in conjunction with the RCC mix 

development programme. In preliminary testing, a locally available 

natural pozzolan demonstrated very promising results, although the 

cost of establishing a milling plant may fi nally result in this option 

not being the most economical solution at the two dams.

While it is hoped that RCC placement at Kotanli will be 

started in August this year, ARQ is scheduled to initiate design 

work for the Koroglu Dam in July, once minor additional founda-

tion investigation work has been completed.

YUSUFELI DAM, BLACK SEA REGION, TURKEY
ARQ is providing assistance to consultants Su Yapi and contrac-

tors Limak with the fi nal design and construction of the 273 m 

Yusufeli double-curvature concrete arch dam on the Çoruh River 

in the Black Sea region of Turkey. In addition to completing the 

fi nal structural analyses and acting as arch dam specialists, ARQ 

will be preparing construction method statements, assisting the 

contractor with his construction planning and logistics, and pre-

paring the concrete mix designs.

Th e 540 MW Yusufeli hydropower scheme is the largest com-

ponent of the Çoruh River development and the 2.2 billion m3 

Ayvali Dam, Turkey – placement of the 
1.6 million m3 of RCC comprising the dam 

wall is scheduled for completion in mid-2015
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impoundment will completely inundate the town of Yusufeli 

(population 6 400). Th e contractor’s goal of completing the 

project in a period of fi ve years will require the placement of ap-

proximately 3 million m3 of conventional concrete for the dam in 

just 42 months. 

Yusufeli Dam will be the fourth or fi fth highest dam in the 

world when completed, depending on whether the 315 m high 

Bakhtiari Dam in Iran is completed fi rst.

RATLE DAM, JAMNU AND KASHMIR, INDIA
ARQ was recently appointed by Larsen & Toubro for construc-

tion design services on the 133 m Ratle RCC dam, which forms 

the impoundment for an 850 MW hydropower scheme on the 

Chanab River in Jammu and Kashmir, India. Th e project is 

being developed for GVK under an EPC contract, which will 

see the scheme being brought into operation before the end of 

2018. Th e site is ideal for an RCC arch, which could save more 

than 500 000 m3 of RCC, but some signifi cant energy will be 

required to motivate such a change against the momentum of 

the Indian bureaucracy. Th e requirements to discharge a PMF 

of 13 800 m3/s into a narrow gorge, to maintain the live storage 

in a river with a high sediment load, and to accommodate high 

seismic loadings, represent signifi cant additional design and con-

struction challenges associated with the project.

TRUNG SON, VIETNAM
ARQ is providing specialist input and assistance to AECOM 

New Zealand on the supervision of the Trung Son 260 MW hy-

dropower scheme in Vietnam, where construction was recently 

started. Th e scheme includes an 85 m high RCC gravity dam on 

the Ma River, comprising approximately 770 000 m3 of RCC.

Mobilisation of the supervision team started during the last 

quarter of 2012, and construction of the river diversion works 

during 2013 will allow the dam works to start in earnest during 

2014. Th e scheme will enter the commissioning phase in late 2016, 

with completion scheduled for mid-2017. 

The mountainous Yusufeli 
Dam environment in Turkey

The narrow gorge environment of 
the Ratle Dam in Kashmir, India

Environment of the Trung Son 
260 MW hydropower scheme 
in Vietnam where construction 
has recently started
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Hall Longmore ranks amongst the leading international 
manufacturers of large diameter steel pipe for the 
transportation of water, gas and petrochemicals. 

The state-of-the art manufacturing facilities feature the most 
modern pipe making equipment and technology driven 
coatings and linings application processes. 

The in-house application of high performance protective 
coatings and linings to steel pipe is an essential ingredient 
when years of trouble-free pipeline service is a pre requisite.

Since 1924, the Hall Longmore name has been synonymous
with quality and to this end holds the esteemed accreditation 
of the American Petroleum Institute (API), ISO 9001:2008, BS 

Tel:  +27 11 874 7300
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Email:  info@hall-longmore.co.za
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WATER AND DAMS
Th e availability of adequate water of ac-

ceptable quality is essential for South 

Africa’s social and economic development. 

South Africa has an arid climate and con-

sequently the storage of water is essential, 

in both dams and groundwater aquifers. 

Th e importance of water infrastructure, 

including its development, maintenance 

and rehabilitation, is accorded a high pri-

ority, as refl ected in recent Parliamentary 

discussions and in the National 

Development Plan. SANCOLD is one of 

the key role-players in the water sector and 

over the years has made important inputs. 

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 governance in 2008 and 

is now based on a more democratic and 

representative structure.  Details and the 

Constitution are on the website. SANCOLD 

currently has 48 Corporate Members and 

142 Individual Members. Paid-up mem-

bers receive a Membership Certifi cate for 

the year in question. Membership has a 

number of benefi ts, including a signifi cant 

discount for the attendance of the Annual 

SANCOLD Conference, and access to free 

ICOLD publications.

Th e mission of SANCOLD is to:

 ■ create and promote an awareness 

and understanding amongst South 

Africans of the role of dams in the 

benefi cial and sustainable develop-

ment of South Africa’s water re-

sources (readers may wish to visit the 

SANCOLD website for an interesting 

article on the purpose of dams);

 ■ advance the knowledge and skills 

relating to the science and art of 

planning, design, construction, man-

agement, operation, maintenance, 

rehabilitation and decommissioning 

of dams amongst its members in a 

safe, fi nancially sound, ecologically 

and socially sustainable manner;

 ■ provide a democratically elected na-

tional committee in South Africa to 

represent South Africa on ICOLD;

 ■ provide forums for local interac-

tion between interested partici-

pants in the dam industry; and 

 ■ engage with other African coun-

tries in support of initiatives such 

as those of the New Partnership for 

Africa’s Development (NEPAD), 

as well as those of ICOLD.

It is evident from the above that 

SANCOLD focuses its attention 

mostly on local and regional activities. 

SANCOLD’s activities cover both large 

and small dams, as well as tailings dams. 

SAICE has a reserved position on the 

SANCOLD Management Committee, 

with the current representative being 

Dr Eduard Vorster from the SAICE 

Geotechnical Division, and 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. Th e organisation leads 

the profession in ensuring that dams are 

built safely, effi  ciently, economically and 

without detrimental eff ects to the environ-

ment. ICOLD was founded in 1928 and 

has National Committees in 95 countries 

(in 2013) with more than 10 000 individual 

members who are practising engineers, 

geologists and scientists from govern-

mental and private organisations, con-

sulting fi rms, universities and construction 

companies. ICOLD holds an Annual 

Meeting in a diff erent country every year 

where its business (both managerial and 

technical) is discussed. Th e next ICOLD 

Annual Meeting will be held in Seattle in 

the USA, in August 2013 (details are avail-

able on www.icold2013.org). Every third 

year the Annual Meeting is combined with 

a Congress where a greater number of par-

ticipants attend the technical sessions. Th e 

next Congress will be in 2015 in Stavanger, 

Norway. Further information about the 

organisation is available on the ICOLD 

website (www.icold-cigb.net). SANCOLD 

is currently preparing proposals for topics 

to be considered at the Congress.

Prof Gerrit Basson, of the Department 

of Civil Engineering at the University of 

Stellenbosch, is currently a Vice-President 

of ICOLD for the African Zone for the 

term 2012 to 2015.

Dr Paul Roberts

Secretary: SANCOLD

secretary@sancold.org.za 

www.sancold.org.za

SANCOLD supports dam engineering

in South Africa
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ICOLD has a number of regional or-

ganisations and Gerrit is the Chairperson 

of the African Regional Club (ARC). Th e 

ARC meets annually during the ICOLD 

Annual Meeting and the networking 

between the 17 African member coun-

tries of ICOLD is most valuable. Th is 

networking has already led to subsequent 

commercial activities. Th e ARC met in 

April this year in Ethiopia during the 

Africa 2013 Conference.

AFRICA 2013
A major conference on Water Storage and 

Hydropower Development for Africa was 

held in Addis Ababa, Ethiopia, during April, 

and there was signifi cant participation from 

a number of South Africans. Africa, with 

some of the world’s largest waterways, is 

the continent with the greatest potential 

for future water resources and hydropower 

development, and the most urgent need for 

accelerated development. Unlocking the 

vast potential of the region is the key to pov-

erty alleviation and rapid socio-economic 

development. Th e Conference organisers 

included ICOLD, and feedback will be given 

at a later stage. African water resources de-

velopment holds many potential benefi ts for 

the South African engineering sector.

SANCOLD ACTIVITIES
SANCOLD has set an ambitious pro-

gramme of activities for 2013 and the full 

details are available on our website.  Th e 

following are a few of the major activities:

SANCOLD guidelines and publications

SANCOLD has a programme for pre-

paring guidelines and publications on the 

following topics:

 ■ 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. 

SANCOLD Member Willie Croucamp 

is leading 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 convenor.

 ■ Geotextiles as Filters in Embankment 

Dams: We are hoping to have this 

document available by the end of 2013.

 ■ Your Dam: Th is publication (target 

date mid-2013) is aimed at the owners 

of small dams. Kelvin Legge is leading 

the initiative and has involved the par-

ticipation of a number of people. Th e 

intention is to make use of current IT 

technology and make it interactive. 

SANCOLD scholarship and capacity building

SANCOLD has a scholarship to encourage 

graduates to specialise in dam engineering. 

A new scholarship for 2014–2015 will be 

advertised around mid-2013. SANCOLD 

has a number of capacity building initia-

tives and opportunities in association with 

ICOLD. We have been able to arrange for 

sponsored study tours to various countries, 

such as China and Turkey, as well as at-

tendance of younger delegates to ICOLD 

Conferences, such as Africa 2013.

South African Young Engineers Forum (SAYEF)

Th e SAYEF, with 33 members, was formed 

at the SANCOLD Annual General Meeting 

in 2012 and has now been registered 

with ICOLD. To date Austria, Indonesia, 

Iran, South Africa and South Korea have 

registered National Committees of Young 

Engineers. If you are interested in SAYEF, 

please contact Ivor Segers, who is the cur-

rent convenor (sayoungengineers@sancold.

org.za). It is the intention to hold elections 

during the SANCOLD 2013 Conference 

to elect offi  ce bearers for the SAYEF. Th e 

SAYEF will feature prominently during the 

forthcoming SANCOLD Conference.

Dams and the environment

Dams have both benefi cial and adverse 

social and environmental eff ects, as was 

well illustrated by the Report of the World 

Commission on Dams in 2000. In South 

Africa there is good cooperation and un-

derstanding between engineers and the 

environmental sector, as illustrated by the 

series of interactions which occurred after 

the release of the World Commission’s 

Report details (see the SANCOLD web-

site). SANCOLD intends reinforcing the 

linkage between the two sectors this year, 

and we are hoping to participate in a Panel 

Discussion on Dams and the Environment 

at the forthcoming Conference of the 

South African Affi  liate of the International 

Association for Impact Assessment 

(IAIASA) in September 2013.

SANCOLD Working Groups on ICOLD Committees

SANCOLD is represented on a number of 

important ICOLD Technical Committees, 

as shown in Table 1. SANCOLD Working 

Groups have been 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 networking per-

spective. If you are interested in partici-

pation in any of these Working Groups, 

please contact the SANCOLD Secretary. 

SANCOLD CONFERENCE 2013
SANCOLD holds an Annual Event 

which alternates between a conference 

and a course each year. It is the premier 

SANCOLD event of the year and has 

many benefi ts by way of capacity building, 

information exchange, networking and 

commercial promotion. We normally have 

an attendance of around 200 participants. 

Details of the SANCOLD 2013 Conference 

have been circulated to SANCOLD 

Members and are also on the SANCOLD 

website. We even have a mention of this 

Conference on the homepage of the ICOLD 

website (www.icold-cigb.net) and we hope 

to attract several participants from the 

Prof Gerrit Basson, Vice-President of 
ICOLD for the African Zone

Ivor Segers, SANCOLD Vice-Chairperson 
and Convenor of the SAYEF
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international community, particularly 

from Africa. Th e SANCOLD Conference 

will be held at the Black Mountain Hotel 

in Th aba ‘Nchu, Maria Moroka Nature 

Reserve, between Tuesday 5 and Th ursday 

7 November 2013. SANCOLD invites 

all from Africa and the wider family of 

ICOLD to participate in the Conference, 

which will include technical presenta-

tions, a technical visit and an exhibition. 

Th is is an ECSA Continuing Professional 

Development (CPD) accredited event (a 

Category 1 activity off ering 3.0 credits). Th e 

theme of the Conference is Advances in 

Dam Technology for Water and Energy in 

Southern Africa. Th e SANCOLD AGM will 

be held on Tuesday 5 November 2013 in the 

afternoon. Th e Conference will include a 

one-day study tour to the Metolong Dam 

in Lesotho. Work on this dam began in 

early 2011 and entails the construction of a 

73 m high roller compacted concrete dam 

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.

ICOLD 2016 
At the August 2013 ICOLD Annual 

Meeting to be held in Seattle, USA, 

SANCOLD will be submitting a formal 

letter of invitation to host the ICOLD 

Annual Meeting in South Africa in 2016. 

We are pleased that the Cabinet is sup-

porting this initiative via the Department 

of Water Aff airs. Th e event will be a great 

opportunity for the South African water 

sector and also for the southern African 

region. More details will follow after the 

meeting in Seattle.

SANCOLD CHALLENGES
AND FUTURE DEVELOPMENTS
During the growth years of the 20th 

century, the Department of Water Aff airs 

Table 1  SANCOLD representation on ICOLD Technical Committees

No Committee Name Term SA Representative

C Committee on Hydraulics 2009–2013 Dawid van Wyk

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 Solly Mabuda

H Committee on Dam Safety 2012–2016 Ivor Segers

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 and Documentation 2011–2014 Bertrand Collet

Q Committee on Dam Surveillance 2012–2016 Chris Oosthuizen

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

Metolong Dam, Lesotho, under construction
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When I say I’ll deliver... 
I deliver!
Ben Pretorius
Safety Officer

Together, the Johnson team delivers a SMART lift
Safety | Maintenance | Availability | Reliability | Total Cost Effectiveness

Tel: +27 (011) 455 9222 or 0860 CRANES | Fax: +27 (011) 455 9230
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(DWA) was the custodian of dam building 

and dam engineering technology in South 

Africa, supported by SANCOLD. As a con-

sequence, SANCOLD was largely managed 

under the wing of the DWA. Since 1994, the 

goals, objectives and functions of the DWA 

have been realigned and the focus on main-

taining a leadership role in technology has 

been reduced in favour of other priorities.  

Consequently a need and an opportu-

nity now exist for SANCOLD to take up 

the mantle of maintaining South Africa’s 

pre-eminence in dam technology, and 

for the organisation to play a more active 

role in the support of small and large dam 

owners, in South Africa and beyond.

In reacting to the current defi ciency 

of engineering capacity and technical 

capabilities in the water sector in all levels 

of government and in local authorities, 

SANCOLD proposes to grow its activities 

in such a manner that the considerable 

Africa-specifi c expertise that exists in 

South Africa can be made more ac-

cessible. Secondary objectives of this 

initiative can be seen as the maintainance 

of the high levels of expertise that has 

always existed in the South African dam 

engineering fraternity and an assurance 

that dam specialisation will continue to 

be able to attract the best engineers.

With a more active, prolifi c and pro-

ductive SANCOLD providing guidance 

and technical support to dam owners and 

the dam engineering industry, including 

the DWA, specifi c opportunities to ex-

pand the organisation’s activities can be 

seen in the following:

 ■ Establishing and managing a pro-

gramme of production of industry-

specifi c guidelines and bulletins, fo-

cusing on issues and topics of particular 

relevance in Africa.

 ■ Sponsoring increased cooperation be-

tween National ICOLD Committees in 

Africa, and increased African participa-

tion in South African conference events.

 ■ Off ering management assistance and 

support to dam owners, from the 

largest to the smallest.

 ■ Hosting an active website where sup-

port information and guidance can be 

provided to dam owners and interested 

and aff ected parties – this could include 

a forum where questions and answers 

could be posted.

 ■ Advertising the role and support avail-

able from SANCOLD in the media. 

 ■ Presenting news from around the 

world relating to dams and as-

sociated technical developments 

on the SANCOLD website.

 ■ Investing in the younger generation 

engineers by creating an awareness of 

the need for dam engineering knowl-

edge and experience, and by providing 

scholarships and a forum for the 

exchange of experience, and also by 

assisting them to grow professionally.

Th e dam engineering fraternity in South 

Africa is ageing, with the country’s period 

of prolifi c dam development in the past. 

However, this means that we have a large 

number of retirees who are available to 

contribute their invaluable experience at 

low cost to the compilation of necessary 

guidelines and bulletins, which will repre-

sent a valuable fi rst step towards achieving 

the above objectives. SANCOLD would 

appreciate comment on these proposals and 

considerations from SAICE members. 



THE SOUTH AFRICAN INSTITUTION OF CIVIL 

ENGINEERING SAICE) has recently announced the incor-

poration of the Wet Services Engineers Forum (WSEF) into its 

(SAICE’s) Water Engineering Division.

The WSEF was founded in October 2011 by Vollie Brink, 

Steve Franklin, Pieter Becker and Jack le Grange. According 

to the current chairperson of the WSEF, Pieter Becker, the 

main objective of the WSEF was to promote appropriate pro-

fessional Wet Services design and construction supervision 

by qualified competent persons, with knowledge and experi-

ence in Wet Services engineering. “The forum was founded 

to involve all Engineering Council of South Africa (ECSA) 

registered persons who practise the design of Wet Services, 

and to collaborate, promote, participate in and enhance the 

technology and quality of Wet Services design as a recognised 

element of engineering under civil, mechanical and other spe-

cialised engineering groups,” says Becker.

The formation of the WSEF came as a result of the 

National Building Regulations (NBR) which placed great em-

phasis on “the competent person” for the various competen-

cies required. Engineers who had been practising and special-

ising in the design of Wet Services for many years took up the 

challenge to have all registered competent persons identified.

 Th e term “Wet Services” is commonly used in South Africa 

for all building and related piped services such as:

 ■ Sanitary drainage installations

 ■ Domestic hot and cold water installations

 ■ Rainwater drainage installations

 ■ Hot water generation

 ■ Fire water installations such as fi re hydrants, fi re hose reels 

and automatic sprinkler installations

 ■ Pump installations

 ■ Sustainable green systems

After discussions with SAICE, it was decided to incorporate 

the WSEF under the umbrella of the SAICE Water Engineering 

Division. Th e objectives of the WSEF will now be pursued 

through the SAICE mission and vision, values and code of ethics 

to serve the built environment through professional excellence in 

Wet Services design, and to promote and support training in this 

fi eld of engineering.

Commenting on the announcement, Francis Gibbons, 

chairman of the SAICE Water Engineering Division, says, “It is 

with great pleasure that we welcome the Wet Services Engineers 

Forum into SAICE’s Water Engineering Division. Th eir inclusion 

will enable us to realise the potential synergy between the two 

organisations, as well as provide a formal vehicle for the WSEF to 

interact with its stakeholders.”

Previous members of the WSEF and all persons currently 

practising in Wet Services design are invited and encouraged to 

apply for SAICE membership and to partake in the activities of 

SAICE’s Water Engineering Division. Details of the various cate-

gories of SAICE membership, as well as application forms, are 

available on the SAICE website (www.saice.org.za).

Th ere are many professionals and other competent persons in 

South Africa who are practising the design of building-related water 

services, but who, until now, have not been served by any profes-

sional body or organisation. Th e aim of this venture with SAICE is 

to recognise and formalise their skills in terms of professional com-

petency for the benefi t of the built environment in South Africa.

 INFO

Debbie Besseling

debbie@saice.org.za
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Geotechnical Drilling &
Investigative Specialists
JK Developments 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
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Wet Services Engineers incorporated into 
SAICE Water Engineering Division

Pieter Becker, chairman of the
Wet Services Engineers Forum
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SAICE’S Aqualibrium water competition 

goes international
HISTORY
Th e popular Aqualibrium Schools Water 

Competition has come a long way since 

its introduction ten years ago. SAICE and 

Rand Water celebrated their centenaries 

in 2003, and decided that a new school 

outreach initiative with water as theme 

should be developed to form part of 

these celebrations. A search for ideas was 

started, culminating in the Aqualibrium 

competition concept when a group of 

third-year civil engineering students at 

the University of Johannesburg came up 

with the concept as part of a class chal-

lenge put to them by Prof Kobus van Zyl.  

Regional finals were then organ-

ised by the various SAICE Branches, 

followed by the first National Finals, 

which were held at the Pretoria Show in 

October 2003. The winner of that event 

was the Umqhele Secondary School 

from Ivory Park, Midrand.

POPULAR ANNUAL EVENT
The competition proved to be so 

popular that it has become an annual 

event on the SAICE calendar. Several 

improvements have been made over the 

years, including the name ‘Aqualibrium’, 

a logo and background artwork de-

picting the urban water cycle and civil 

engineering infrastructure. 

Th e purpose of the competition is to 

distribute three litres of water equally 

between three small reservoirs placed 

randomly on a grid. It is easy to do and 

even primary school learners can partici-

pate. However, the underlying problem 

is highly complex and analogous to the 

The Umqhele Secondary School team from Ivory Park, Midrand – winners of the fi rst national Aqualibrium competition for 
schools in 2003 – accepting their prize from Phiroshaw Camay, at the time representing Rand Water 
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network design problems that civil engi-

neers have to deal with. Th is allows the 

competition to be used in diff erent ways 

for diff erent audiences. Th e competition 

has even been incorporated into the civil 

engineering curriculum at the University 

of Cape Town (UCT), where students are 

expected to fi rst design a solution on a 

network model, then build it and fi nally 

calibrate their models to match their 

measurements. 

For the original Aqualibrium com-

petition parts were selected from items 

available at hardware and aquarium 

stores to allow schools to build their 

own sets at reasonable cost. While this 

solution will still be used, a need for 

higher quality standardised parts led to a 

search for alternatives. Th e resulting new 

equipment, which uses larger connection 

pieces and rigid pipes with standardised 

ends that allow more effi  cient networks 

to be built in less time, was tested suc-

cessfully for the fi rst time at the 2012 

National Finals.  

GOING INTERNATIONAL
In September 2012, the competition 

stepped onto the international stage 

when Prof Kobus van Zyl (now at UCT) 

presented a paper and ran the competi-

tion at the 14th Water Distribution 

System Analysis Conference in Adelaide, 

Australia. Th is was the leading in-

ternational conference in the water 

distribution systems fi eld in 2012 and 

was attended by delegates from around 

the world. Th e competition attracted 

a great deal of interest, with delegates 

participating and competing fi ercely. In 

the end, Anton Heinsbroek of Deltares in 

the Netherlands was declared the winner 

with an excellent score of 42 penalty 

points. Frederico Odan of the University 

of Sao Paulo in Brazil was second, with 

Antonio Monteiro of IST-ID in Portugal 

in the third place. Delegates from various 

countries, including Belgium Italy, 

Mozambique and Zimbabwe showed an 

interest in using the competition in their 

own countries. With this the ideal of an 

international competition sometime in 

the future has become a real possibility. 

CONCLUSION
Eff orts are currently under way to pro-

duce the new Aqualibrium sets and make 

them available to SAICE Branches and 

schools at a reasonable cost. Marley Pipe 

has provided SAICE with a sponsorship of 

R50 000 to produce a number of sets for 

use in future National Finals. 

Th e Aqualibrium water competition 

has also gone digital with a new website 

and a Facebook page (see information 

below). If you would like to get involved, 

please contact Marie Ashpole at SAICE 

National Offi  ce.

 INFO

www.aqualibriumcompetition.net

www.facebook.com/aqualibriumcompetition

Marie Ashpole

SAICE Outreach Offi cer and Media Liaison

011 805 5947

marie@saice.org.za

Prof Kobus van Zyl, ‘patron’ of the Aqualibrium competition, explains to learners how the 
competition works, using the grid on which they will build their distribution systems

Setting up a water distribution system 
is serious business

Winners of the Aqualibrium competition at 
the 14th Water Distribution Systems Analysis 
Conference in Adelaide, Australia (2012): 
winner Anton Heinsbroek of Deltares in the 
Netherlands (left) with runner-up Frederico 
Odan of the University of Sao Paulo in Brazil
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Debbie Besseling

Idube Media

debbie@idubemedia.co.za

a water game to remember
Every Drop CountsEvery Drop Counts

Tara Schwulst, at the time 
a pupil from Stirling Primary 
School in the Eastern Cape, 

has received a number of 
awards for an interactive 
educational water game 

that she developed in 2012, 
named Every Drop Counts. 

Tara’s board game is not 
just about having fun, but 

teaches players of the game 
important facts about water – 

our most precious resource.

This article originally appeared in 
the March/April 2013 edition of 

The Water Wheel and is reproduced 
here with permission.

CONSERVING WATER IS the re-

sponsibility of all South Africans. 

Every Drop Counts is a game that as-

sists pupils to learn and remember 

important water facts and vital water 

saving techniques. Tara explains: 

“The aim of my project was to design 

a unique water game that could be 

used as a teaching aid in creating 

awareness about water use efficiency 

and water resource management.”  

THE CONCEPT
Tara says that she came up with the idea to 

create the game when she learnt of some 

of the concerning facts about water that 

she had researched, such as the number of 

children in Africa that do not go to school 

because of the long distances they have to 

walk to fetch water for their families. She 

extended her research to fi nd out what 

other water games were currently available 

and discovered that there were not many 

educational games that specifi cally focused 

on educating the youth of South Africa 

about important water information.

THE IMPORTANCE OF
THE CORRECT RESEARCH
Tara’s initial research involved under-

taking a survey to fi nd out how eff ective 

her educational water game was as a 

teaching aid. Four diff erent schools and 

grades were selected to participate in the 

survey. Th e schools included: College 

Street Primary School (Grade 7 learners), 

East London Secondary School (Grade 10 

learners), Sterling Primary School (Grade 

5 learners) and Gonubie High School 

(Grade 11 learners), with 25 learners 

from each school.

Th e initial step was to fi nd out what 

knowledge the learners had about water 

facts and water saving tips. Tara compiled 

a questionnaire consisting of twenty 

questions, which comprised three main 

sections. Th ese were: Interesting Water 

Facts, Saving Water at Home and Saving 

Water in the Garden. Pupils from the 

participating schools were asked to com-

plete the Water Wise Questionnaire One. 

Th ereafter they played the water game 

Every Drop Counts. After all the pupils 

had played the game, they were re-tested 

with the same questionnaire to fi nd out 

what they had learnt.

One month later, the same par-

ticipating pupils were asked to complete 

another set of questions, Water Wise 

Questionnaire Two, also based on the 

game Every Drop Counts, to see how 

much knowledge they had retained.

Pupils from East London Secondary School 
playing Every Drop Counts, while Tara 
Schwulst observes (Photo: Anne Schwulst)
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RESEARCH RESULTS
Based on the accumulated research from 

the 100 pupils from four schools, the ave-

rage score of Water Wise Questionnaire 

One, the fi rst questionnaire completed 

before the game was played, was only 

30%. However, the average score in-

creased to 76% after the pupils had 

played the educational water game. Th ese 

results showed that there was an overall 

improvement of 46%.

A month later, when pupils were re-

tested, the average score was 70%. Tara 

says, “Th is score indicated that the ma-

jority of pupils retained the information 

that they had learnt through playing the 

Every Drop Counts game.”

Commenting on how the pupils re-

acted when playing Every Drop Counts, 

Tara says: “Th e pupils overall enjoyed 

playing the water game. Th ey said they 

learnt important information, which in-

cluded facts such as that less than 1% of the 

world’s water is usable as drinkable water, 

that more than 1.3 billion people do not 

have access to clean drinking water, and 

that, because the water cycle is continuous, 

we could be drinking the same water that 

dinosaurs drank millions of years ago.”

At the outset, many scholars were 

concerned when they realised they did not 

know the answers to some of the ques-

tions in the fi rst questionnaire. However, 

while playing the game, they learnt a 

lot and found out many of the answers. 

Overall, the game made learners aware of 

the serious situation with regard to South 

Africa’s water, whilst learning vital water 

saving tips.

AWARDS
In November 2012, SAICE's Water 

Engineering Division presented Tara with 

a Gold Medal in the Special Category of 

Water Engineering for her project Every 

Drop Counts, which she had exhibited at 

the 2012 Expo for Young Scientists. Tara 

says that she is proud to have received 

this acknowledgement and is honoured to 

have received this award from the South 

African Institution of Civil Engineering. 

“It was a wonderful opportunity to pre-

sent my water project Every Drop Counts 

to the SAICE President, Dr Martin van 

Veelen, SAICE CEO, Manglin Pillay, the 

Committee Members of SAICE’s Water 

Engineering Division, as well as teachers 

and parents who were present. It was an 

experience that I will never forget.”

College Street Primary School pupils 
completing their questionnaire 

(Photo: Anne Schwulst)

Pupils playing the educational water game Every Drop Counts (Photo: Anne Schwulst)
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In addition, at the Eskom Expo for 

Young Scientists Regional Finals 2012, 

Tara received a Gold Medal and a fi eld trip 

to job-shadow a scientist from the East 

London Museum. Tara was also the winner 

of the fi rst prize in a Water Game com-

petition held by the Department of Water 

Aff airs, where she was awarded a prize of 

a R1 000 and a trip to the National Youth 

Summit held in Johannesburg in June 2012.

Th e Department of Water Aff airs’ 

theme for National Water Week 2013 

(18–24 March) was ‘Water is life – 

Respect it, Conserve it, Enjoy it’. Tara 

Schwulst, a remarkable young water am-

bassador has contributed by creating an 

awareness to protect one of South Africa’s 

most valuable resources. 

Tara Schwulst gives an overview of her water board game Every Drop Counts

Tara Schwulst receives a gold medal 
from SAICE President 2012, Dr Martin van 
Veelen, for her project Every Drop Counts
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Keith Mackie

Consulting Coastal and Harbour Engineer

keith@mackie.co.za

SAICE Western Cape Branch Visit 
to the Tunnels under the Castle
EARLIER THIS YEAR members of 

SAICE’s Western Cape Branch enjoyed 

a 90-minute tour inspecting the historic 

drainage tunnels under Cape Town’s fa-

mous Castle.

It was the streams rising on the north 

face of Table Mountain that led to the 

establishment of Cape Town as a ship 

replenishment station in 1652. Soon, 

however, there was confl ict between the 

development of the town and the manage-

ment of the streams. Within three years 

ships were drafting letters of complaint 

that the Cape water was polluted and that 

their crews were falling ill, which led to 

the fi rst environmental legislation in the 

country to limit pollution.

Hydraulic works on these streams, 

irrigation ditches, canalisation, deviation 

and the construction of a weir started 

almost immediately. Th ese, in turn, 

proved to be natural traps for pollutants, 

so enclosure of the waterways was begun 

in the 19th century. Today they take the 

form of brick-lined tunnels running under 

the city.

The Castle, Cape Town (http://www.castleofgoodhope.co.za)

Entrance manhole
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Th e tour group convened at the Castle 

car park off  Darling Street between the 

Leerdam and Oranje bastions where a 

brief background talk on the origin of 

the tunnels was given. A short walk took 

the group to an entrance manhole off  

Sir Lowry Road between the Oranje and 

Nassau bastions. Once in the tunnel, the 

group initially walked uphill to about the 

position of Caledon Street, where they 

rested while the organisers entertained 

them with a laser-light show and some 

eerie music.

On this reach the tunnel was initially 

circular, built of bricks – blue engineering 

bricks for the lower third to half of the 

section and red hard bricks above. Higher 

up, stone construction – Malmsbury 

Hornfels – made its appearance as the 

construction material with brick inverts. 

In this portion, the section had become 

noticeably elliptical as if it was slowly 

yielding to the weight above.

Th e brickwork was generally of good 

quality and the occasional junctions with 

side drains presented interesting exam-

ples of the intersection of two cylinders 

at an angle to each other, as executed in 

brickwork. 

Th roughout the walk, the invert was 

running at the order of 0.05 m3/sec of 

clear water without any sign of trash.

Th e group then retraced their steps, 

past the entrance manhole, past the junc-

tion with a large side stream and bent 

around the east of the Castle, just past the 

Catzenellenbogen bastion, to pass under 

Strand Street from whence the tunnel 

debouches into the Duncan Dock. Here 

the tunnel had been widened and lowered 

to pass under the roadway which was car-

ried on steel girders. 

Th e tour ended at a small wicket 

gate set in the wall along Strand Street, 

followed by a walk back to the car park 

around the west of the Castle, past the 

Buren and Leerdam bastions. 

ACKNOWLEDGEMENTS
The group would like to thank Douglas 
Smetherham for organising the tour and 
for providing the photos, and the SAICE 
Western Cape Branch for subsidising the 
cost. 

Entering the tunnel Old portion, elliptical section

Junction with side drain The exit through a wicket gate in a wall along Strand Street 
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Overfl ow of litter during a storm event

Murray Sim

Partner and Civil Engineer

SRK Consulting (Durban Office)

msim@srk.co.za

How to stop pollution and silt control structures 
from becoming white elephantsfrom becoming white elephants

For the past two decades SRK 
Consulting partner Murray Sim 
has watched millions of rand 
being spent on controlling 
pollution in South African cities 
and towns. Now, he says, we 
need to stop wasting money.

SRK HAS BEEN involved in the design 

and implementation of various pollution 

control structures throughout South 

Africa over the past 20 years, including 

in-line and off -line facilities for both the 

private and the public sector. 

But after all these years there are very 

few pollution control structures that are 

still operating eff ectively; the root cause 

being that there is seldom an operational 

maintenance plan or programme in 

place – and where there is one, it is often 

not implemented. Indeed, many munici-

palities simply do not have the capacity 

to develop and run these maintenance 

programmes, and are often restricted 

by budget allocations to maintain these 

structures on a regular basis.

So, the majority of pollution control 

structures are only eff ective for the fi rst 

few months after implementation, but 

are soon blocked or damaged and just 

become dumping grounds for illegal 

refuse disposal.

The responsibility of stopping pol-

lution from discharging into the natural 

environment is supposed to be done 

at the point of source by the property 

owner, but monitoring of the private 

sector’s pollution control structures is 

difficult, as the properties where they 

are located are often inaccessible. 

In addition, companies in many in-

dustries have installed oil separators, but 

have never emptied them, leaving them 

buried or vandalised and forgotten. As a 

result, the oil fl ows directly through the 

structure into the formalised stormwater 

system during a storm event. Unless the 

oil is regularly skimmed from these facili-

ties, they might as well not be installed. 

Th eir impact may even be worse than 

nothing at all, as the companies may be 

under the false impression that they need 

do no more to deal with the problem.

Municipalities then end up trying 

to cope with the excessive volumes of 

litter, debris, oil and silt that have been 



68 June 2013 Civil Engineering

deposited into the stormwater system. 

Where this goes unchecked, the refuse 

can be washed through the system to 

end up in the river system or the oceans 

– fundamentally undermining the basic 

purpose for which they were designed.

 Under certain conditions the struc-

tures can collect enough silt and organic 

matter for plants and trees to sprout and 

grow – raising the chances of a blockage 

in the system. Regular cleaning of the 

structure is vital, and litter needs to be 

removed often, especially during high 

rainfall events. 

It should also be noted that pollution 

control systems are designed to achieve a 

certain result, but need to be carefully mon-

itored to check that the result is in fact being 

achieved. It may be discovered after the 

implementation of a structure, for instance, 

that more than one is required within a cer-

tain catchment. Such monitoring is seldom 

done, making it diffi  cult to confi rm that the 

capital expenditure is warranted.

WHAT IS THE SOLUTION?
If so few of these systems have worked, 

what is the way forward? How do we en-

sure that the next pollution control struc-

ture does not become another dumping 

ground for the local community?

I would argue that a new strategy 

needs to be considered, in which an 

engineering team is contracted by 

the local municipality to manage the 

process. The team would be guided 

by – and would work closely with – the 

municipality while working within the 

municipality’s framework.

Potentially, a team could be ap-

pointed to manage a pollution control 

structure on a contractual basis. If 

any information about the structure is 

required, then the team would supply 

it. Basically the engineering team needs 

to take responsibility for that structure 

over a specific contract period.

The team’s responsibilities would 

vary depending on the client’s require-

ments, but would usually include:

 ■ Developing an operational mainte-

nance programme, which would be 

applied over both the short-term and 

the long-term life of the structure.

 ■ Physically removing litter, debris, 

silt and oil from the structure 

to ensure that it optimally per-

forms its intended function.

 ■ Making design modifications 

that would improve how well the 

system works; this might include 

improved access for cleaning pur-

poses, better oil removal facilities 

or additional pollution control 

structures for future planning.

Build-up of litter due to lack of maintenance

Typical silt and litter build-up

Damaged grid – litter 
bypassing catch-pit
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Powerful Interface User-defined Beam Creep and Shrinkage Reinforcement Design

 ■ Informing the municipality about what 

future maintenance may be required, 

and doing estimates on the capital costs 

that could be involved; this would allow 

municipalities to improve their plan-

ning and could inform their budgets.

 ■ Implementing and monitoring 

the operational maintenance pro-

gramme that they have prepared 

in consultation with the client.

 ■ Recording data on the performance 

of the structure (in terms of litter, 

debris, silt and oil volumes) on a 

regular basis, to improve the ef-

fectiveness of future designs.

 ■ Assess changes in the catch-

ment that may render existing 

structures inadequate.

Th is idea could help municipalities with 

a related issue: there is a major shortage 

of low-fl ow gauging stations within 

municipalities, which are required for 

the calibration of various hydrological 

modelling packages. Most pollution 

control structures are designed for low-

fl ow conditions, so fl ow measurements 

can be incorporated into the operational 

maintenance programme. Depending on 

the sensitivity of the area, one could also 

consider adding a water quality sampling 

programme for future baseline modelling.

Depending on the success of the 

programme, this could eventually be 

expanded to the management of a catch-

ment which would include all the pollu-

tion control structures and stormwater 

infrastructure within that catchment. 

Th is would provide much needed employ-

ment for maintenance teams – a labour-

intensive function that is well suited 

to the national expanded public works 

programme. Th e investment in these jobs 

would immeasurably improve the value 

gained – both by society and the environ-

ment – from the initial capital expendi-

ture on these pollution control structures.

It would also create awareness of pol-

lution among local residents, especially as 

more people are becoming interested in 

environmental issues. It would be an easy 

way of addressing the public’s concerns 

and at the same time working together 

with the local municipalities.

Th e reality is that, without proper 

maintenance, the building of pollution 

control structures can easily become a 

serious waste of taxpayers’ money. It is 

also not suffi  cient to design and plan op-

erational maintenance programmes that 

are not going to be well implemented. 

Engineering consultants can make 

a huge diff erence to what is currently a 

dire situation, as they have the expertise 

and the experience of working contractu-

ally with government to very exacting 

standards. Th e current challenges in this 

key area of urban pollution control really 

demand nothing less. 

Damaged structure 
requiring attention
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The real cost of metering
THE DECISION TO invest in good 

quality water meters that are specifi cally 

designed and optimised for South African 

water conditions, can signifi cantly reduce 

non-revenue water and enhance and max-

imise an authority’s revenue.

According to Mark Shamley, 

Managing Director of Elster Kent 

Metering, “Water losses in the distribu-

tion system can be categorised into two 

types: the real losses from leakage or the 

apparent commercial losses that often 

result from inaccuracies in metering, 

meter reading errors or even billing er-

rors. Th ese losses can have a negative 

impact on a municipality’s revenue, but 

can easily be reduced by choosing the best 

performing meter that is suited for the 

specifi c local water conditions.”

Most domestic meters in South Africa 

are mechanical devices and their perfor-

mance degrades as a result of:

 ■ the volume of water fl owing through 

the meter, and

 ■ the quality of water fl owing through the 

meter – suspended solids (grit) in the 

water supply.

Both these factors cause the meter to 

under-read, hence the consumer is billed 

for less than the actual amount of water 

that has passed through the meter.

Shamley says that there are meters 

available that have been designed for the 

harsh water conditions experienced in 

South Africa and throughout Africa, and 

which cope better with suspended solids. 

“It is not wise to buy the cheapest 

meters, as this could end up costing a 

municipality more in the long run. It’s 

not the cost of the meter, but the cost of 

metering that’s important, which ulti-

mately takes into consideration the cost 

of lost revenue due to a meter under-

reading,” he says.

In the graph below the results of ac-

curacy tests with grit in the water show a 

comparison between the performance of 

a good revenue 1.5 Qp Class C Elster Kent 

meter, against a cheaper model imported 

from the East. Th e test results show that 

the cheaper imported meter under-read a 

good locally produced Elster Kent meter 

by as much as 9.95%. In this specifi c ex-

ample, the under-reading of the cheaper 

import caused the authority to lose 

R45.83 per month per meter in lost rev-

enue compared to the local meter (using 

Johannesburg tariff s for 2012/13), yielding 

a payback on the original cost diff erence 

of the meters of only 0.7 months. Th is 

would equate to R4.58 m lost revenue 

per month for the authority should they 

have 100 000 of the cheaper imported 

meters installed (or R55 m per annum – 

the equivalent of the total annual meter 

Capex of an average-sized metro in SA).
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Meters in South Africa are typically 

installed for periods of 20 to 30 years, 

but due to local water conditions, the 

optimal meter replacement period in 

South Africa is probably every eight to 

ten years, depending on the household’s 

water consumption, the quality of water 

going through it and the quality of the 

water meter.

Th e Elster Kent KSM volumetric 

meter is a fi ne example of a good revenue 

meter that caters for African water condi-

tions. Th e unit provides optimum accu-

racy and performance at all times, even at 

the lowest fl ow rate, and can be installed 

in any position, i.e horizontally, vertically 

or inclined, maintaining optimum perfor-

mance with no loss of accuracy.

Th e Elster Kent’s low-revving revo-

lutionary grooved piston provides a long 

working life and ensures that meter stop-

pages are substantially reduced, durability 

enhanced and performance improved as 

a result of the uniquely designed grooved 

piston within the meter measuring 

chamber. Th e action of the grooved 

piston, with the stationary chamber wall, 

creates fl ow eddies which hold solids in 

suspension until fl ushed out, thus re-

ducing meter stoppages.

Another unique feature of the unit 

is the gear-train that is mounted in a 

gearbox. Th is maintains optimum align-

ment of the gear and reduces friction. Th e 

compensating ramp is a unique way of 

allowing movement in the plastic body 

where there are pressure shocks. Other 

meters do not generally compensate for 

this movement, leading to mal-alignment 

of the gear-train.

“At the end of the day the water meter 

is the cash till of the system. Th e cheapest 

meter is not necessarily the best revenue 

meter. Th e actual cost of metering should 

take into consideration the average cost 

of the meter, plus the cost of water that 

the meter doesn’t measure,” Shamley 

concludes.

 INFO

Mark Shamley

Managing Director

Elster Kent Metering

mark.shamley@za.elster.com

The Elster Kent KSM volumetric meter is a fi ne 
example of a good revenue meter
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M A R K E T  C O N T R I B U T I O N

Maintenance and refurbishment of pipe joints
– making the right choicesEngineers, operators and 

owners face many problems 
in the maintenance and 

refurbishment of pipe joints. 
Barry van Jaarsveld, Regional 

Manager of Victaulic, discusses 
the types of joining solutions 

commonly offered in the 
market, their advantages and 
disadvantages, and explains 
how the right choice of pipe 

joining method can signifi cantly 
cut operating costs.

COST IMPLICATIONS
Most plant room structures will require 

some degree of piping system mainte-

nance. For example, strainers are regu-

larly changed out – turbulence and clogs 

in strainers, which can lead to fl oating 

debris in the system, may cause heavy 

wear on pumps and reduce the effi  ciency 

and life of the equipment. Bearings and 

impellers also suff er from erosion over 

time and may need to be replaced. In ad-

dition, lines of pipe may become corrupt 

and require maintenance or replacement. 

Unscheduled repair is the most 

pressing and time-sensitive type of main-

tenance because of its unplanned nature, 

and, in most cases, immediate necessity. 

It can include the repair of erosion and 

corrosion, cracks, leaks, weld failure (pin-

holes, incomplete fusion, material failure), 

i.e. defects in a pipe, as well as general  

equipment malfunction.

Victaulic pipe joint
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Initial piping system assembly costs 

are therefore only a part of total system 

costs. How much the system might cost 

to run and maintain throughout its life-

time is frequently overlooked at an early 

stage of an installation and little con-

sideration is given to joint performance 

over a long period. Long-term factors, 

including erosion, creep and fatigue, 

may be significant in the maintenance 

of a plant, but there are other factors to 

consider, too. 

ACCESS ISSUES
Systems will inevitably require access 

over their lifetime, whether it is for 

routine scheduled work, expansion 

or unscheduled repair. Designers and 

those maintaining systems should at the 

earliest possible stage plan for easy ac-

cess to enable future maintenance and 

change-outs at joints.

Where a system needs to be completely 

drained or a plant needs to be shut down 

to allow access for maintenance, the cost in 

lost productivity may be especially signifi -

cant. Th e most important objective is to 

eliminate the need for shutdown, or reduce 

it, so that the plant can return to full oper-

ating capacity as quickly as possible.

Older plants may present structural 

constraints with limited access, and 

designs that do not incorporate adequate 

space for modern system expansion. 

Physical changes or expansions to the 

piping system – made to adjust existing 

installations, replace old piping or alter 

the existing system by adding to it – can 

be extremely diffi  cult under these cir-

cumstances. A piping method that keeps 

pipe-runs and fi ttings to a minimum, 

and optimises available space for plant 

and pipe fi tters to operate, will increase 

effi  ciency. 

PIPE-JOINING CHOICES
A full range of pipe-joining solutions can 

be found in plants across South Africa 

– including welding, fl anging and me-

chanical grooved systems. 

Whilst the age of techniques varies 

considerably – fl anging was employed 

by the Romans while mechanical pipe 

joining is a relatively recent 20th century 

development – pipe joining remains a 

critical area where choice of method can 

have a great impact on system maintain-

ability. Skill levels, ease and speed of 

operation are key factors that determine 

not only installation costs, but also main-

tenance costs over time. 

A traditional welded system requires 

highly-skilled workers and is labour in-

tensive. To repair welded piping systems, 

workers have to cut out a damaged pipe 

section, which is time consuming, can 

cause operational concerns and safety 

Flanged joints require no fl ame for assembly, 
while ease of assembly and disassembly is 
variable depending on the number of bolts

A mechanical grooved system installs fast, 
results in reliable joints, and allows time-

effi cient maintenance procedures 

Welding offers joint integrity, but involves high operating 
costs, skilled labour and can be a worksite hazard
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hazards, particularly in existing facilities 

and occupied spaces. 

In a traditional fl anged system, mul-

tiple bolts are needed to create a joint. 

Removing these bolts is a time-consuming 

process, as they need to be manually 

removed and there must be space around 

the joint for this operation to take place. 

For example, a 300ND fl ange joint requires 

12 bolts to be removed before gaining ac-

cess to the system. Th is becomes lengthy 

and complicated in systems requiring reg-

ular routine maintenance when nuts and 

bolts of fl anges require regular removal or 

even cutting off . 

With Victaulic mechanical pipe 

joints, only two bolts need to be removed 

to access the system, allowing more 

time-effi  cient maintenance procedures. 

Additionally, unlike a fl anged joint, a two-

bolt coupling can be ‘free fl oated’ around 

the pipe for quick alignment adjustment 

and easy access. Mechanical pipe joining 

systems also require fewer man-hours 

than traditional methods: welding, for ex-

ample, takes up to 45% more man-hours.

SAFETY FIRST
Not only is welding a time-consuming 

process but its many associated dangers 

can make it a less attractive joining 

method. The additional preparation 

needed to make the job site safe during 

maintenance increases man-hours, 

down time and costs. Fire watches are 

essential during and after the work 

because of the risk of sparks, and there 

are additional health and safety risks for 

welders and other workers. The lead and 

compressed gases of welding equipment 

can cause hazards, and toxic fumes 

can expose workers to serious health 

problems.  

Welding frequently requires that an 

entire system is drained and dried prior 

to performing maintenance work on 

joints, since a pipe could burst when a 

welding fl ame comes into contact with 

liquid. Also, if a welder accidentally opens 

the wrong pipe or if the system is not 

fully drained, the worker can suff er from 

molten metal splatter.  

In all facilities, but particularly in 

high-risk structures, handling poten-

tially fl ammable or hazardous chemicals 

and materials, a fl ame-free pipe-joining 

method such as mechanical pipe joining 

off ers obvious safety advantages. It elimi-

nates the risk of fi re and the need for spe-

cial fi re safety precautions and protective 

wear, and minimises potential disruption 

to normal plant operations. Use of fl ame-

free pipe-joining methods also signifi -

cantly decreases insurance liability.

DURABILITY 
System damage is often infl icted by 

workers pressurising and depressurising a 

system repeatedly for many years, which 

fatigues the rubber components in the 

pipes. In a traditional fl anged system, 

the torque on the bolts employs a high 

compressive load on the internal gasket, 

which makes it stick to one or both of the 

fl anges. When the multiple bolts are re-

moved and the fl anged joint is disassem-

bled, often the gasket will tear, causing it 

to fail upon reinstallation. 

With a Victaulic mechanical coupling, 

the compressive loads on its gasket are 

diff erent from those on a fl ange. Th e 

gasket has a C-shaped cross-section seal 

that is durable and can handle signifi cant 

compressive and cyclical loading.  

Traditional welded or fl anged piping 

systems have rubber bellows or braided 

fl exible hose to accommodate vibrations. 

However, these materials tend to wear 

out during the lifetime of the system, 

requiring periodic repair or replacement 

which can be costly and time consuming. 

Failure of such items can be sudden and 

unpredictable, causing serious health and 

safety risks if, for example, rubber splits 

in a heating system and hot water escapes. 

Rubber compensators can be eliminated 

by using the grooved-end mechanical 

pipe-joining method and placing three 

fl exible couplings either side of a pump or 

other source of vibration. 

Victaulic fl exible couplings are spe-

cifi cally designed to allow pipe expansion, 

contraction and defl ection and allow 

the pipe to vibrate within the coupling, 

therefore localising vibrations generated 

by equipment and reducing the amount 

of noise transmitted down pipes. Th e 

design of the mechanical joint allows 

for this movement without wearing out 

the gasket, eff ectively reducing noise 

and vibration with little maintenance 

throughout the life of the system. 

CONCLUSION
Th ere are several diff erent methods of 

pipe joining, each with its own unique set 

of advantages and disadvantages. Th ose 

involved with the design and maintenance 

of systems should think carefully about the 

type of system they employ, as it may have 

much wider consequences for the running 

of the whole plant, impacting future site 

safety, productivity and profi tability.

 INFO

Barry van Jaarsveld

+27 82 963 3667

Barry.VanJaarsveld@victaulic.be

www.victaulic.com

Flange joint
A fl ange joint uses an external or 
internal ridge or rim for attachment 
to another object, such as the end 
of a pipe or pump. All pieces that 
connect in the system have fl anges 
that allow the parts to be bolted to-
gether. No fl ame is required for as-
sembly whilst ease of assembly and 
disassembly is variable depending 
on the number of bolts. 

Mechanical joint
A mechanical joint is a joining method 
comprising four elements: the pipe 
groove, the gasket, coupling housings, 
and the nuts and bolts. The pipe groove 
is formed by cold-forming or machining 
a groove into the end of a pipe. The key 
section of the coupling housing en-
gages the groove, and within the hous-
ings is a resilient, pressure-responsive, 
C-shaped elastomer gasket that pro-
vides a triple seal. The coupling housing 
fully encloses the gasket, reinforcing it 
and securing it in position.

Welded joint
A welded joint joins together ma-
terials of the same type or class 
through application of a combina-
tion of heat and pressure. Welding 
offers good joint integrity, and a 
choice of processes, approaches 
and automation, but involves high 
operating costs, skilled labour and 
an intense naked fl ame that can be 
a work-site hazard.
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Logistics
PERI also has the world’s largest rental equipment  

pool, offering a reliable, quick-response service 

with a high level of flexibility for “just in time”  

deliveries and collections according to the custo-

mer’s construction schedule. For very large  

material requirements, regional logistic teams  

work closely together to ensure optimal delivery  

to the customers’ construction sites.  

Technical solution
Although 90% of all project formwork requirements can be 

achieved using standard equipment from PERI’s product 

range, special construction requirements are often better 

met through cost-effective, customized formwork soluti-

ons. PERI engineers, with their in-depth understanding  

of customers’ needs, are able to develop optimal solutions 

for every project. This service includes static calculations 

as well as assembly plans for special formwork solutions. 

Training
PERI support its customers and encourages 

efficiency through training that provides  

up-to-date information and knowledge on 

formwork and scaffold systems. In addition 

to the standard training programs, PERI  

also offers customized content courses  

on demand.

NEW PERI Handbook 2014

Order your free copy:

info@peri.co.za



Formwork
Scaffolding
Engineering

www.peri.co.za

PERI International 

Founded in 1969 by Artur Schwörer, PERI has  

become the largest manufacturer and supplier  

of formwork and scaffolding systems in the world. 

With a turnover of 1,052 million euros in 2012,  

PERI employs 6,500 people, has 52 subsidiaries  

and 110 high-capacity storage sites worldwide.  

PERI provides equipment and a broad range of  

services to realize construction projects in the  

most cost-effective manner possible.

PERI’s broad range of equipment and systems  

offers the perfect solution for every requirement: 

formwork girders, panel and wall formwork,  

column formwork, slab formwork, climbing scaffold, 

platform systems, self-climbing formwork, shoring, 

slab props, push-pull props, form-lining, anchoring 

systems and brace frames for single-face concreting.

Onsite Support
PERI formwork instructors provide extensive briefs and  

professional onsite support to reduce improper equipment 

handling and accidents. By using PERI systems correctly,  

efficiency increases and construction is accelerated. 



78 June 2013 Civil Engineering

IN BRIEF

KAZUNGULA BRIDGE 
GETS UNDER WAY
THE CONSTRUCTION of the US$248 mil-
lion Kazungula Bridge will infi nitely improve 
the quality of life for the thousands of 
people who are currently reliant on a ferry 
to travel between Zambia and Botswana.

“Schoolchildren and breadwinners 
are forced to wait a minimum of four 
hours to get across the river, but the 
new bridge will drastically improve mat-
ters,” says GIBB’s Director Electrical 
Engineering, Dr Willem Sprong.

The Kazungula Bridge is a pact be-
tween Botswana and Zambia, a bilateral 
trade tie that will facilitate increased trade 
between the two countries and will assist 
citizens to work in either country without 
work permits.

The project will see leading South 
African consulting engineering company, 
GIBB, earn at least R40 million through a 

joint venture with Nippon Koei. “We are 
responsible for the design review, tender 
documentation and supervision of the 
construction,” says Sprong. 

According to Dr Sprong, the 960 m 
Kazungula Bridge, which will accom-
modate both road and rail, will be built 
over the next fi ve years, with construc-
tion starting in March 2014 and planned 
completion early in 2018. The bridge will 
be unique in that it would consist of two 
one-stop border posts on either side of 
the bridge, which will prevent queuing on 
the bridge itself.

Other players in the joint venture 
working on this project include Bothagka 
Burrow Botswana, CPP Botswana and 
Zulu Burrow Development Consultants.

One of the challenges on this pro-
ject is the annual three-month fl ooding 
season, which will necessitate careful 
planning to maximise the available con-
struction time.

 INFO

Rowan Sewchurran

GIBB

011 519 4600

rsewchurran@gibb.co.za

ROYAL 
HASKONINGDHV 
POLDER PLAN TO 
PROTECT PEOPLE 
IN THE SENEGAL 
RIVER DELTA
INTERNATIONAL CONSULTANCY, 
engineering and project management 
service provider Royal HaskoningDHV 
has produced a master plan to develop 
the Senegal River delta and is designing 
eight polders as a pilot project in the area. 
The delta is plagued by Typha, an aquatic 
plant that grows abundantly in the area 
and threatens the living environment of 
riverbank dwellers. The plant’s prolifera-
tion limits water access for the population, 
reduces the potential for agriculture and 
increases the occurrence of diseases like 
bilharzia (schistosomiasis) and malaria. 
The polders will allow intensive usability 
of the land in the near future and will deny 
the Typha further space for growth.

The client for the project is OMVS 
(Organisation pour la Mise en Valeur du 
fl euve Sénégal). OMVS is a governmental 
organisation of Guinea, Mali, Mauritania 
and Senegal, set up to manage the 
Senegal River and its drainage basin. It 
aims to promote self-suffi ciency in food, 
improve the income of the local popula-
tions and preserve the natural ecosystems. 

The 1 800 km long Senegal River 
is West Africa’s longest river. Its delta, 
which lies between the Sahel and the 
Sahara, is pivotal to the local popula-
tion’s socio economic conditions. Many 
people live in villages along the banks 
of the river. In the 1970s, OMVS built 

Overview of the planned polders in the 
Senegal River delta

Crossing by ferry – the current mode of 
travel between Botswanna and Zambia 
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The world needs fewer 
engineering companies.

Rebranded as Royal HaskoningDHV, SSI Engineers & Environmental Consultants 
believes in being more than an engineering company. 

Our rebranding to Royal HaskoningDHV ushers in a new class of engineers and 
consultants, offering solutions for the sustainable interaction between people and 
their environment, ultimately enhancing society together.

www.rhdhv.co.za   
www.royalhaskoningdhv.com

two dams to organise the area’s water 
supply, improve navigation and gen-
erate energy. Fawzi Bedredine, project 
manager at OMVS, says: “Construction 
of the dams created a large freshwater 
lake, while fl ood plains are permanently 
under water and there has been a sharp 
reduction in the penetration of salt in the 
river. The Typha, which fl ourishes in a 

freshwater environment, has proliferated 
massively on the fl ood plains of the river. 
The aquatic plant now plagues a total 
area of 100 000 hectares.”

According to George Peters, project 
manager at Royal HaskoningDHV, the 
company’s plan is designed to improve 
the situation of the local population by 
creating agricultural land and improving 

access to the water. Eight polders, 63 km 
of dikes and 60 km of drainage canals will 
be constructed in the river delta in an area 
covering between 3 000 and 4 000 hec-
tares. “Creating the polders will make it 
possible to use the area for agriculture, 
thus preventing the Typha from growing 
and spreading. The local people will again 
have access to the river and thus to fresh 
water for irrigation and trade.”

The design of the polders will be 
ready in July 2013. In addition to the de-
sign, Royal HaskoningDHV is producing 
a technical and fi nancial plan for the con-
struction of the polders and is advising 
OMVS on the setting up of the manage-
ment organisation.

The contract for the project is worth 
€1.7 million and it is being fi nanced 
by ORIO (Facility for Infrastructure 
Development), a grant scheme operated 
by the Netherlands Ministry of Foreign 
Affairs.

 INFO

Hillary Erasmus

Senior Marketing & Communication Manager

Royal HaskoningDHV

hillarye@rhdhv.com

The Senegal River delta is plagued by the Typha plant
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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 University of Cape Town’s 
Professor George  Ekama 

received the highest 
recognition in South Africa 

from President Zuma on 
Saturday  27 April 2013.

President Zuma honours
UCT wastewater expert

PRESIDENT JACOB ZUMA be-

stowed the Order of Mapungubwe, in 

silver, on Professor Ekama of UCT’s 

Faculty of Engineering and the Built 

Environment for research that is as-

sisting South Africa in finding answers 

to its water shortage problems. He 

researches biological systems that 

clean and treat wastewater and sewage, 

and regularly teaches courses for 

local authorities and industry, both 

nationally and internationally, on the 

subject. The research has provided in-

novative solutions to enhancing and 

improving wastewater treatment. 

Professor Ekama was honoured to-

gether with 37 other South Africans and 

foreign nationals for their contributions 

towards the advancement of democracy. 

Th e Order of Mapungubwe is awarded to 

South African citizens for achievements 

that have had an international impact and 

served the interests of the country.

Professor Ekama says he is honoured 

to have been nominated for the award, and 

expresses his appreciation for the govern-

ment’s recognition of  “such an unglam-

orous, yet vital area of research”. As a civil 

engineer he is interested in enhancing the 

country’s status in the fi eld of wastewater 

treatment, and lives by a simple research 

credo: locally inspired, globally relevant. 

Prof Ekama, who is a Fellow of the 

South African Academy of Engineers, 

has held a National Research Foundation 

(NRF) A1-rating for more than ten 

years, which recognises him as a world 

leader in his fi eld. He is widely published 

and has written more than 150 pa-

pers on wastewater treatment in top 

international journals. He is also one 

of only four South African academics 

listed on www.ISIHighlyCited.com, an 

international website of the most cited 

academics in the world.  

Describing his area of research as 

fascinating, Professor Ekama says: “If 

you are looking for a biological process 

that is required for treating wastewater, 

don’t give up. There are bacteria out 

there that can do amazing things. You 

are bound to find one.”

Professor Ekama has remained at the 

forefront of developments in wastewater 

treatment since the 1970s, primarily 

through a strong research group. He super-

vised 43 Masters and 24 PhD students, and 

with these students won the Water Institute 

of Southern Africa’s (WISA) Umgeni 

Award twice for the most signifi cant paper 

on water, as well as the WISA Piet Vosloo 

Memorial Prize for the development of 

mathematical models for wastewater treat-

ment plant design and operation. 

Professor Ekama was also a major 

contributor to the International Water 

Association (IWA) book, Biological 

Wastewater Treatment: Principles, 

Modelling and Design, which in three 

years became IWA Publishing’s second-

best seller. It serves as the basis of an 

internet-based postgraduate course on 

wastewater treatment, administered by 

the United Nations Educational, Scientifi c 

and Cultural Organization’s Institute for 

Water Education.

We at SAICE would like to extend our 

heartiest congratulations to Prof Ekama on 

this wonderful recognition and for doing 

the civil engineering profession proud. 

Prof George Ekama of UCT’s Faculty of 
Engineering and the Built Environment
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General Conditions of Contract
for Construction Works 

Second Edition 2010
Notice of Change of Contract Price
Adjustment Indices in GCC 2010
The Contract Price Adjustment Schedule Indices published in 
GCC 2010 are unfortunately subject to changes at any time by 
Statistics South Africa. Such changes can be in the base year 
for the index, the basket for a particular index, deleting old 
indices and/or adding new indices. SAICE has no control over 
such changes. 

Such a change by Statistics South Africa in the base year 
of the indices and also the places of publication has happened 
again and the Contract Price Adjustment Schedule in GCC 
2010 needs to be updated in this regard. 

On page 93 of the initial print, page 61 of the Revised 
Second Print, page 93 of the Revised Third Print or page 72 
of Print 3.1 of GCC 2010 please replace the descriptions of all 
the indices with the following descriptions:

"L" is the "Labour Index" and shall be the Consumer 
Price Index for the urban area nearest to the Site, 
as stated in the Contract Data, and as published 
in the Statistical News Release, P0141, Additional 
Tables: Table 14 "CPI – all items according to area" of 
Statistics South Africa.

"P" is the "Plant Index" and shall be the Producer 
Price Index applicable to the appropriate Construction 
Equipment as stated in the Contract Data and as 
published in the Statistical Release P0151, Table 4 of 
Statistics South Africa.

"M" is the "Materials Index" and shall be the Producer 
Price Index applicable to the appropriate materials 
as stated in the Contract Data and as published in 
the Statistical Release P0151, Table 3 or Table 4 of 
Statistics South Africa.

"F" is the "Fuel Index" and shall be the Producer Price 
Index for Diesel at wholesale level for the area as 
stated in the Contract Data and as published in the 
Statistical News Release P0151, Table 4 of Statistics 
South Africa.

The conversion factors from the old indices to the new ones 
for the civil engineering industry are published by SAFCEC 
(South African Federation of Civil Engineering Contractors) on 
their Contractual Affairs website under CPAF.

Contract Price Adjustment Schedule 
GCC 2010 – Page 72

The value of each monthly certifi cate shall be increased 
or decreased by the amount obtained by multiplying "Ac", 
defi ned in Clause 2 of this Schedule, by the Contract Price 
Adjustment Factor, rounded off to the fourth decimal place, 
determined according to the formula:

(1–x) 
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in which the symbols have the following meaning:

"x" is the proportion of "Ac" which is not subject to adjust-
ment. Unless otherwise stated in the Contract Data, this 
proportion shall be 0,10.  

"a", "b", "c" and "d" are the coeffi cients contained in the 
Contract Data, which are deemed, irrespective of the actual 
constituents of the work, to represent the proportionate value 
of labour, contractors’ equipment, material (other than "special 
materials" specifi ed in the Contract Data) and fuel respectively. 
The arithmetical sum of "a", "b", "c" and "d" shall be unity.

"L" is the "Labour Index" and shall be the Consumer Price 
Index for the urban area nearest to the Site, as stated in 
the Contract Data, and as published in the Statistical News 
Release, P0141, Additional Tables: Table 14 "CPI – all items 
according to area" of Statistics South Africa.

"P" is the "Plant Index" and shall be the Producer Price Index 
applicable to the appropriate Construction Equipment as 
stated in the Contract Data and as published in the Statistical 
Release P0151, Table 4 of Statistics South Africa.

"M" is the "Materials Index" and shall be the Producer Price 
Index applicable to the appropriate materials as stated in the 
Contract Data and as published in the Statistical Release 
P0151, Table 3 or Table 4 of Statistics South Africa.

"F" is the "Fuel Index" and shall be the Producer Price 
Index for Diesel at wholesale level for the area as stated in 
the Contract Data and as published in the Statistical News 
Release P0151, Table 4 of Statistics South Africa.

The suffi x "o" denotes the base indices applicable to the base 
month as stated in the Contract Data.

1.
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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. Th e 

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 contribution 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 intends to pro-

mote / achieve / stand for / introduce / contribute, or 

preferred area of interest.

Please Note: Nominations received without 
an attached CV will not be considered.
Closing date: 31 July 2013. 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 2013. Notice of the 

ballot will be sent out using two formats, i.e.

1  By e-mail to those Corporate Members whose electronic ad-

dress 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 2013

TO ALL CORPORATE MEMBERS
NOMINATIONS FOR ELECTION 
OF COUNCIL FOR 2014

In accordance with Clause 3.3 of the Constitution, the Council 
has elected Offi ce Bearers for the Institution for 2014 as follows:

President Mr S Mkhacane

President-Elect Mr M Pautz

Vice-President Mr T McKune

Vice-President Mr S Naicker

Vice-President Dr C Herold

Vice-President Mr E Kerst

In terms of Clause 3.3.4 of the Constitution, the following are 
ipso facto members of the Council for the year 2014:

The immediate Past-President Mr P Kleynhans

The two most recent Past-
Presidents

Dr M van Veelen

Mr SN Makhetha

THE SOUTH AFRICAN INSTITUTION OF CIVIL ENGINEERING – Nomination for election 
of Members of Council for the year 2014 in terms of Clause 3.1 of the By-Laws 
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Date: 17 October 2013
Venue: Emperors Palace, Kempton Park

Deadline for ALL submissions:
26 July 2013

Project submissions 
Please visit the Awards page on the SAICE web-

site for details (www.saice.org.za) 

Individual nominations
Nominations for Engineer of the Year, Young 

Engineer of the Year and Technician/Technologist 
of the Year should be sent to Brigitte Nell at 

brigitte@saice.org.za

Photo competition
Please visit the Awards page on the SAICE web-

site for details (www.saice.org.za)

For more information
Contact Brigitte Nell on 011 805 5947 or

brigitte@saice.org.za 
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Course Name Course Dates Location
CPD Accreditation 

Number
Course 

Presenter
Contact

GCC 2010

12–13 August 2013 Midrand

SAICEcon13/01359/16 Theuns Eloff cheryl-lee@saice.org.za16–17 September 2013 East London

14–15 October 2013 Midrand

21–22 November 2013 Port Elizabeth

Coastal & Harbour 
Engineering

TBA TBA SAICEwat12/01254/15 Keith Mackie cheryl-lee@saice.org.za

Bridge Maintenance
16 September 2013 Pietermarizburg

SAICErail12/01156/15 Ed Elton dawn@saice.org.za
18 November 2013 Midrand

Basics of Track 
Engineering

17–18 September 2013 Pietermaritzburg
SAICErail12/01155/15 Ed Elton dawn@saice.org.za

19–20 November 2013 Midrand

Railway Transport
19–20 September 2013 Pietermaritzburg

SAICErail11/00887/14 Ed Elton dawn@saice.org.za
21–22 November 2013 Midrand

Technical Report 
Writing

29–30 July 2013 Port Elizabeth

SAICEbus12/01067/15 Les Wiggill cheryl-lee@saice.org.za29–30 August 2013 Cape Town

30–31 October 2013 Midrand

Practical Geometric 
Design

TBA TBA SAICEtr10/00774/13
Tom 
McKune

dawn@saice.org.za

Reinforced Concrete 
Design to 
SANS 10100-1:200

31 July 2013 Cape Town

SAICEstr12/01066/15 Greg Parrott cheryl-lee@saice.org.za18 September 2013 Midrand

20 November 2013 East London

Structural Steel 
Design Code to 
SANS 10162:1-2005

30 July 2013 Cape Town

SAICEstr12/01158/15 Greg Parrott cheryl-lee@saice.org.za17 September 2013 Midrand

19 November 2013 East London

Business Finances 
for Built Environment 
Professionals

1–2 August 2013 Durban
SAICEfi n12/01021/15

Wolf 
Weidemann

dawn@saice.org.za
7–8 November 2013 Midrand

Handling Projects in a 
Consulting Engineer's 
Practice

29–30 July 2013 Durban
SAICEproj12/01022/15

Wolf 
Weidmann

dawn@saice.org.za
4–5 November 2013 Midrand

Leadership and 
Management 
Principles & Practice 
in Engineering

6–7 August 2013 Durban

SAIMechE-0543-02/15
David 
Ramsay

dawn@saice.org.za14–15 August 2013 Midrand

21–22 August 2013 Cape Town

Sanitary Drainage 
Systems for Buildings

7 August 2013 Midrand

SAICEwat12/01103/15 Vollie Brink dawn@saice.org.za21 August 2013 Durban

30 August 2013 Cape Town

Concrete Essentials

19 July 2013 Durban

IPET2012/25 Bruce Raath cheryl-lee@saice.org.za12 August 2013 Bloemfontein

14 October 2013 Midrand

Concrete on Site

9 July 2013 Durban

IPET2012/24 Bruce Raath cheryl-lee@saice.org.za13 August 2013 Bloemfontein

15 October 2013 Midrand

Durability, 
Deterioration and 
Repair of Concrete

10 July 2013 Durban

IPET2012/02 Bruce Raath cheryl-lee@saice.org.za14 August 2013 Bloemfontein

16 October 2013 Midrand

Concrete Pavement 
Slabs

12 July 2013 Durban

IPET2010/03 Bruce Raath cheryl-lee@saice.org.za16 August 2013 Bloemfontein

18 October 2013 Midrand

SAICE Training Calendar 2013 
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Course Name Course Dates Location
CPD Accreditation 

Number
Course 

Presenter
Contact

Building with Bricks, 
Blocks & Mortar

11 July 2013 Durban
IPET2012/01 Bruce Raath cheryl-lee@saice.org.za15 August 2013 Bloemfontein

17 October 2013 Midrand

Earthmoving 
Equipment, Technology 
and Management for 
Civil Engineering & 
Infrastructure Projects

21–23 August 2013 Port Elizabeth

SAICEcon12/01177/15
Prof Zvi 
Borowitsh

dawn@saice.org.za

23–25 October 2013 Midrand

Water Law

16–17 July 2013 George

SAICEwat13/01308/16
Hubert 
Thompson

dawn@saice.org.za
18–19 July 2013 Cape Town
27–28 August 2013 East London
29–20 August 2013 Port Elizabeth
4–5 September 2013 Midrand

Fundamentals 
of Procurement 
and Tendering for 
Construction Contract

27–28 June 2013 Midrand

SAICEcon13/01322/16 Theuns Eloff cheryl-lee@saice.org.za

22–23 August 2013 Midrand
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What it’s all about
The Civilution Congress 2014 is more than a 
conference or a congress. It is a gathering of en-
gineers, acting in solidarity to charter the direction 
of our profession and our future – a CODESA of 
sort, where engineers will collaborate and paint 
on the canvas of time their vision of the civil engi-
neering profession and the socio-economic envi-
ronment for the next 30 to 50 years. The Civilution 

Congress 2014 will: 
 ■  Bring the engineering sector together to engage 
in the development challenges we face in an inte-
grated and strategic fashion.
 ■  Put forward a position paper to our government 
and the public that will show what engineers are 
committing to do differently in order to achieve an 
improved South Africa. 

 ■ Invite African and other international stakeholders 
to engage in business, institutional and develop-
ment opportunities. 

You are invited
Local and international engineering practitioners, 
SAICE branches and divisions, sister voluntary as-
sociations, executives, academics, parastatals and the 
various tiers of government – all are invited to civilute 
our society. Come and partake in fabulous networking 
opportunities, technical sessions facilitated by experts, 
and interesting site visits. Sponsorship, advertising and 
exhibition opportunities are also available. 

Registration
From 10 June 2013
http://saice-conference.co.za

6 – 8 April 2014 
Emperors Palace
Kempton Park
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E C S A  C A S E  S T U D I E S :  N U M B E R  4 / 2 0 1 2

ECSA (Engineering Council of South Africa) has prepared fi ve case studies arising 
from the contravention of ECSA’s Rules of Conduct for Registered Persons. These 
case studies are offered to the engineering fraternity as advisory notes to minimise 
the risk of recurrence. Civil Engineering is publishing these case studies over fi ve 
editions – herewith number four. The fi rst, second and third case studies in the 
series appeared in the March, April and May 2013 editions of Civil Engineering 
(pages 75, 76 and 83 respectively).

Collapse of a structure arising from 

faulty welding of steelwork
THE PROJECT
Th e project: large-scale additions to an 

existing shopping centre involving major 

structural engineering elements.       

BACKGROUND TO THE CASE 
Th e owners of a shopping centre ap-

pointed a fi rm of consulting engineers to 

provide the structural engineering ser-

vices required in proposed additions to an 

existing shopping centre. A senior profes-

sional engineer in the fi rm was designated 

to take charge of the assignment.

Th e new structure included a steel 

lattice girder beam spanning 34 m over 

an open area, supporting the ceiling and 

roof of this part of the building. After the 

beam had been erected a welded connec-

tion in the lattice beam failed, causing the 

beam to collapse and resulting in injuries 

and fatalities to persons below. A lengthy 

enquiry took place under the auspices 

of the Department of Labour at which 

the design engineer and the structural 

steelwork subcontractor’s engineer were 

key witnesses. Subsequent to this ECSA 

instituted its own investigation into these 

engineers who were both registered with 

ECSA. Th e questions of responsibility 

for design and responsibility for correct 

workmanship regarding the welded con-

nection which failed received much atten-

tion. Eventually the designer was found by 

ECSA to have contravened certain Rules 

of Conduct and was charged.  A settle-

ment agreement was arrived at in terms 

of which the engineer pleaded guilty to 

the charges and was subjected to a fi ne of 

R20 000.

DETAILS OF THE PROBLEM
Th e Client/Consultant agreement 

provided inter alia for “design and com-

missioning” of structural engineering 

services, involving reinforced concrete 

foundations and structures and a steel 

roof structure. Th e agreement noted that 

the fi rm would not be responsible for 

“design elements on equipment supplied 

and installed by others” and was required 

to “approve the structural designs of other 

consultants”.

It was established that the reason 

for the failure of the lattice beam was 

the failure of a welded joint between a 

diagonal member and the top chord of the 

lattice beam, at the end where it was sup-

ported on a concrete column. Th e welded 

joint was unable to withstand the forces 

exerted on it and the welds failed, chiefl y 

because the preparation of steelwork for 

the welding (e.g. chamfering) had not 

been done correctly and the welding itself 

was hence suspect.

Also relevant is the fact that the joint 

was not welded in situ, with the beam on 

the ground. Th e steelwork subcontractor 

had proposed using a 20 ton crane to lift 

the completed lattice into position, but 

this was ruled out. Th e lattice was accord-

ingly supported on scaff olding and the 

welding of the joint subsequently had to 

be done “up in the air”.

Th e Department of Labour enquiry 

was held in terms of the Occupational 

Health and Safety Act and placed con-

siderable emphasis on the culpability of 

the beam designer and steelwork subcon-

tractor in terms of the Act, against the 

background of their respective obligations 

in the contract.

It was acknowledged in the inves-

tigation that structural welding is a 

specialised activity requiring execution 
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by a competent (or coded) person. Th e 

inspection and approval of the welding 

likewise needs a person with the requi-

site competence and experience. It was 

acknowledged that this was beyond the 

competence of the average structural 

engineer.

Th e responsibility of the design en-

gineer in the monitoring (often termed 

“supervision”) of construction includes 

inspections by the engineer to verify that 

the contractor’s workmanship and mate-

rials comply with the contract specifi ca-

tion. In the project the owners limited the 

engineer to approximately four hours per 

fortnight to visit the site for inspections 

and site meetings. Consequently it was 

necessary for the engineer to rely on, and 

to stipulate, that the contractor and sub-

contractors should be responsible for car-

rying out their own inspections of their 

work, to fulfi l their obligations to produce 

work which complied in all respects with 

contract specifi cations and requirements. 

Th is applied particularly to the welding 

of the lattice beam members and joints, 

where the necessary competence and 

expertise resided with the contractor and 

subcontractors.  

Equally, it was incumbent on the 

design engineer to ensure that the 

contractor and subcontractors were fur-

nished with all the information and de-

tails necessary for the manufacture, erec-

tion or fabrication of all elements needed 

for the works. In the case of structural 

steelwork this included comprehensive 

“general arrangement” drawings made by 

the engineer, suffi  cient for the steelwork 

subcontractor to prepare “shop” drawings, 

which included all details for fabrication 

or manufacture, both in the shop and on 

the site. Clearly it was also incumbent on 

the design engineer to check and approve 

the shop drawings to ensure that the de-

sign intent and requirements were clearly 

stated and could be complied with fully 

by the subcontractor.

It was determined that the design 

required all welds to be full penetration 

welds, although this requirement ap-

peared not to have been clearly stated to 

the subcontractor. Examination of nu-

merous welds in the joints of the collapsed 

beam revealed that weld preparation (e.g. 

chamfering of the edges of steel members) 

had not been done. It was also evident 

that weld gaps which were too wide were 

fi lled by fi rst welding in round bars. Also, 

the welding of the joint which failed was 

complicated by the joint being too close to 

the support column. Th e subcontractor’s 

engineer, who bore responsibility for his 

company’s workmanship and materials to 

be compliant, inspected the welding when 

done, for visual defects. He was unable 

to verify the number of weld runs, since 

these were now covered and he had to rely 

on assurance from his welding foreman, 

who was able to inspect the work during 

welding. It was evident the subcontractor 

had concerns  about the lattice beam 

welding, because he suggested at site 

meetings the addition of gusset plates at 

the joints, but this was not acted upon.

In consideration of the role of the 

design engineer in the construction moni-

toring stage, with a view to identifying 

faults or actions contributing to the cause 

of the collapse, it was fi rstly accepted 

that the design of the structure was not 

at fault. It had to be accepted that the 

frequency of inspections or verifi cations 

done by the engineer were limited by the 

owners limiting the time to be spent on 

these duties. Th e engineer did, however, 

have concerns regarding the welded lat-

tice beams being erected in sections with 

joints being welded high off  the ground. 

A load test on this part of the structure 

was requested, as the engineer considered 

that “the scope of site welding adds an 

unknown element to the design process 

that should be checked for consistency”. 

Th e owners refused to accede to this re-

quest, because of the extra time and costs 

involved. It is conceivable that a load test 

could have indicated the defi ciencies in 

the construction of the lattice beam and a 

collapse could have been averted.

ECSA’s investigation into the conduct 

of the professional engineers involved 

(the design engineer and steelwork sub-

contractor’s engineer) was carried out 

subsequent to the Department of Labour 

investigation and centred around pos-

sible contravention of ECSA’s Rules of 

Conduct. With regard to the subcontrac-

tor’s engineer, who acted as manager for 

the steelwork contract, it was evident 

and accepted that he was responsible for 

doing his own inspections of the welding 

and was responsible for rectifi cation of 

defects. It was  noted that, since he re-

lied upon the results of inspections and 

reports from his welder and foreman on 

the welded joints, he could not himself 

be held as negligent, but might be in 

contravention of ECSA’s Rules of Conduct 

if the reports were misleading or false. 

A legal opinion sought by ECSA on this 

aspect came to the conclusion that, since 

the issue of determination centred round 

the arranging and checking of the welding 

work to SABS 1200H, the contractor 

subject to its obligations needs not be an 

engineer – meaning that ECSA did not 

have jurisdiction in respect of the engi-

neer’s conduct. Th ere was therefore no 

prima facie evidence that the subcontrac-

tor’s engineer transgressed ECSA’s Rules 

of Conduct.

Turning to the engineer responsible for 

design and construction monitoring, the 

role was considered in detail by an expert 

who concluded that there were numerous 

shortcomings in the project, such as:

a)  Th e issues that led to the collapse of 

the lattice beam could be ascribed to 

errors and omissions in the original 

engineering drawings and also on 

the subcontractor’s shop drawings.

b)  Th e quality and level of informa-

tion on these drawings were not of 

the normal professional standard 

expected for the project.

c)  As a result of this, and of inadequate 

checking of shop drawings against 

original engineering drawings, the 

design intent of the engineer had not 

been carried through to a shop detail 

level and the shop drawings confl icted 

with the details of the engineer.

d)  Th e lattice beam members had sig-

nifi cant eccentricities as fabricated 

(e.g. diff erences between member 

centrelines and centroidal axes, 

causing secondary bending moments), 

which were not taken into account.

e)  Important and heavily loaded con-

nections are normally specifi ed by 

the engineer on the engineering 

drawings, including weld specifi ca-

tions and test requirements, but these 

were lacking. Th e joint which failed 

was a particularly critical item.

f)  Th is was aggravated by the lattice 

beam having to be assembled in 

sections and welded together. No 

design details were provided by the 

engineer for construction joints – this 

detail was left to the contractor.

g)  Th e number and nature of critical 

connections were such that a non-

destructive testing programme, 

such as X-rays, should have been 

specifi ed, but this was not done.

h)  From a structural safety viewpoint 

the engineer is obliged to provide suf-

fi cient supervision to ensure that the 
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structure as built is safe for public use. 

Th is assurance comes with the engineer 

signing the structural certifi cate of the 

local authority.

As a result ECSA concluded that there 

was prima facie evidence that the engi-

neer had contravened ECSA’s Rules of 

Conduct as follows:

3(1)(a) in that the engineer did 

not discharge duties with skill, 

effi  ciency, professionalism, 

knowledge, competence, due care 

and diligence;

3(1)(c) in that the engineer failed 

to engage and adhere to accept-

able  practices;

3(3)(a) in that the engineer did 

not at all times have due regard 

and priority for public health, 

safety and interest;

3(5)(c) in that the engineer did 

not provide work or services of 

quality and scope and to a level 

which is commensurate with ac-

cepted standards and practices in 

the profession.  

Th e engineer pleaded guilty to the 

charges. He entered into a plea bargain 

process with ECSA, pleading guilty in 

particular to Rule of Conduct 3(5)(c) 

and accepting the imposition of a fi ne 

by ECSA in the amount of R20 000. A 

settlement agreement was signed and 

presented to an ECSA Tribunal for rati-

fi cation.

WHAT LESSONS CAN BE LEARNED?
Lessons to be learned are considered 

under various headings: 

By the design engineer:

1.  Ensure that the contractor and 

subcontractors are fully aware of 

their responsibility to deliver the 

required standards of materials and 

workmanship – notwithstanding 

the extent of the engineer’s inspec-

tions, testing and approvals which 

may be applied.   

2.  Ensure that the design of the 

structure is checked in terms of the 

engineer‘s Quality Management 

System. Th is includes the design of 

important joints and connections.

3.  Th e detailed requirements for 

welding must be prescribed by the 

engineer, e.g. preparation, types of 

weld, welding materials equipment 

and procedures, including dimen-

sions and details.

4.  If reliance is to be placed on the 

contractor for specialised inspections 

and tests to be done by the contrac-

tor’s own competent personnel, the 

engineer should specify his require-

ments in detail.

5.  Th e engineer’s drawings must provide 

all information necessary for the 

contractor to produce shop drawings 

for fabrication without having to make 

assumptions which are pertinent 

to the design. General arrangement 

drawings should show centroidal axes 

and centrelines of structural members.

6.  Shop drawings must be thoroughly 

checked by the engineer for compli-

ance with the original engineering 

drawings and must contain all details 

relevant to fabrication and erection, 

without having to design or detail on 

site during construction.

7.  Insist on testing being done on the 

structure or elements of the structure 

as applicable, to give the engineer 

assurance of structural safety.

8.  Ensure that the engineer as designer 

understands and fulfi ls his obliga-

tions in terms of the Construction 

Regulations, including:

a)  Providing design information to 

client and contractor

b)  Informing the contractor of dan-

gers/hazards in the design

c)  Providing details of site investi-

gations, structure loading, plus 

methods and sequence of con-

struction

d)  Carrying out inspections to en-

sure design compliance

e)  Stopping any contractor not 

working to the design

f)  Conducting a fi nal inspection 

with a completion certifi cate pro-

vided.

By the contractor/subcontractor:

9.  Be aware that the constructing par-

ties carry full responsibility for their 

materials and workmanship meeting 

requirements, including rectifi cation 

of defects, irrespective of the extent 

of construction monitoring being 

exercised by the engineer.

10.  Understand that this responsibility 

carries the obligation of self-

checking by the constructing par-

ties of their own work, as dictated 

by risks of defects or the safety of 

the constructed article, and have 

reports available for the record of the 

engineer. Th is applies particularly 

to specialist work where the contrac-

tor’s staff  have the specialist skills 

to do the work and/or carry out the 

inspections or tests.

11.  Ensure that shop and fabrication 

drawings are complete for their 

purpose and accord with the engi-

neering drawings. No fabrication 

or erection should take place before 

the relevant drawings have been ap-

proved by the engineer.

12.  Ensure compliance with the 

Construction Regulations, including 

provision of Health and Safety Plans, 

appointment of a Construction 

Safety Offi  cer and a Construction 

Supervisor, and keeping a 

Consolidated Health and Safety fi le 

on site.

By the employer:

13.  Ensure inspections of the structure 

at specifi ed intervals (Regulation 

9(4)).

14.  Be aware of the employer’s vicarious 

liability for all persons on site (OHS 

Act Section 37).

15.  Provide an overall Health and Safety 

Specifi cation and ensure that the 

principal contractor’s OHS pro-

gramme is implemented.

16.  Do not prevent or restrict the en-

gineer’s construction monitoring 

activities, inspections or tests, where 

these are necessary to provide assur-

ance as to the safety of the structure.
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