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INTRODUCTION 
As we celebrate Women’s Month in recogni-
tion of the role phenomenal women, particu-
larly the activists of the 1950s, have played in 
shaping the freedom and democratisation of 
our beloved country, we are forever indebted 
to their contribution.

The government has celebrated this 
month with the theme Generation Equality: 
Realising Women’s Rights for an Equal 
Future. It is a vision that must be pursued 
relentlessly, and we congratulate the many 
women who have already established them-
selves as leaders. We would like to see more 
women-led companies assisting our country 
by employing more people, thus reducing 
the unsustainably high unemployment rate. 
A pastor defined hope as “developing a 
picture of the future which is delightful, and 
then pursuing it with all of God’s wisdom 
and strength”. With less than 10% of all 
registered engineering professionals at ECSA 
being women, in a country where women 
reportedly make up 51% of the population, 
more work lies ahead. We all need to pursue 
a delightful future based on the principles 
of equality.

The other important matters which we 
need to pay concomitant attention to are the 
preservation of our natural environment, 
and food security. It is estimated that by 
2050 there will be more pieces of plastic in 
our oceans than fish. This is not a delightful 
picture of the future. Alarm bells on food 
security are also beginning to ring.

NATURAL ENVIRONMENT
In line with the magazine theme for this 
month (environmental engineering) it is 
also important that we remind ourselves 
to adequately preserve our environment 
for posterity. The golden rule says, “Do 
unto others as you would like them do unto 
you.” This can be extended to our natural 
environment – for it to take care of our 
future generations, we must take care of it 
today. The Southern African Development 
Community (SADC) recognises the 
importance of sustainable development and 
environmental preservation, especially in 

the fight against poverty and food insecurity. 
A significant realisation is that economic 
development is interlinked not only with 
the concerns of the people, but also with 
the environment they depend on. It is 
therefore understandable that two of its 
goals are to protect and improve the health, 
environment and livelihoods of the people of 
southern Africa, and to preserve the natural 
heritage, biodiversity and life-supporting 
ecosystems in the region. These goals are 
attainable if given enough attention.

FOOD SECURITY
When one was young and growing up in 
the rural areas (1970s and 80s) food was 
abundant, despite the lack of economic in-
frastructure and opportunities. Subsistence 
farming produced enough food to last the 
better part of the year, if not the whole 
year. The average rural family needed 
very little top-ups on food during the year. 
Today studies are showing an increased 
dependence on market purchases by both 
urban and rural households, in some cases 
reaching 90% of their food supply.

According to StatsSA, about 13.4 million 
households had inadequate or severely 
inadequate access to food in 2017, and 
about 1.6 million households experienced 
hunger. The Covid-19 pandemic is likely 
to have worsened the situation to beyond 
15 million people who are food-insecure. 
StatsSA (2019) further showed that 
Limpopo (93.6%) and Gauteng (84.0%) 
had the highest proportion of households 
that reported adequate food access, whilst 
North West (64.0%) and the Northern Cape 
(66.5%) reported the lowest proportions of 
households that had adequate food access 
and therefore can be seen as the least food 
secure. Despite being one of the poorest 
provinces, Limpopo had the smallest pro-
portion (3.3%) of households that reported 
experiencing hunger. Gauteng is one of the 
richest provinces in South Africa, but it had 
the largest percentage (25.2%) of households 
that experienced hunger. Gauteng, unlike 
Limpopo, has a larger urban population and 
most of the households that reported hunger 

were located in the urban areas. In addi-
tion, Gauteng had the lowest proportion of 
households involved in agricultural activities 
compared to other provinces.

Subsistence farming is still one of the 
solutions which can be employed to effect 
food security. The country further needs 
to protect its farming community and their 
employees, as incidents of break-ins, theft 
and loss of life are escalating. This should 
not be tolerated.

IN CLOSING
South Africa is part of a global campaign 
to achieve gender equality by 2030. This 
initiative should be supported by all. The 
announcement by President Ramaphosa on 
9 August that 40% of public procurement 
will be set aside for women-owned 
companies is a revolutionary commitment 
towards achieving the 2030 targets.

Preserving the natural environment 
should be considered an investment in our 
future generations, and should be a commit-
ment by every member of society.

Without food there is no life. The 
involvement of households in agricultural 
activities like subsistence farming (land-
permitting), can assist in reducing rural and 
urban food-insecure households.

A last thought – with the hot and dry 
summer season approaching, known to be 
prone to veld fires, especially in the Western 
Cape, our people should be 
on the alert for unplanned 
fires which could have 
disastrous consequences 
for our environment, 
and in the long run also 
for food security.

Fana Marutla

SAICE President 2020
fmarutla@gibb.co.za

Preserving our natural environment and 
food security – more should be done



South African  
Institution of 
Civil Engineering

Civil Engineering August 2020

August 2020 Vol 28 No 7

ON THE COVER
Grinaker-LTA's civil engineering business 
prides itself on exceeding industry standards, 
and places a great deal of emphasis on 
safety and timely delivery of projects, 
with skilled and experienced personnel. 
Pictured is Grinaker-LTA's latest landmark 
roads project – National Route 4 Section 
12 (PWV3) between Road P123-1 and 
Road 980 in North West for SANRAL.
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LEAVING NO ONE BEHIND
The South African Institution of Civil 
Engineering (SAICE) is a firm proponent 
of sustainability, as defined and adopted 
by the United Nations General Assembly 
in its 2030 Agenda for Sustainable 
Development. It includes 17 Sustainable 
Development Goals (SDGs). Building on 
the principle of “leaving no one behind” 
the goals seek to create and maintain a 
holistic approach to achieving sustain-
able development for all. The 17 goals 
are constructs that are all intertwined 
in the objectives and implementation to 
achieve sustainability. Many countries are 
in various stages of implementation, and 
noticeable progress has been observed. 
However, a lot more needs to be done, 
particularly regarding poverty, education, 
gender, water, energy, economic growth, 
infrastructure climate action, peace and 
partnerships, especially as these apply to 
South Africa.

SDGS AND THE NDP
This article seeks to explore the op-
portunity to consider ag-
gregating the SDG goals 
into our country-level 
strategy known 
as the National 
Development 
Plan (NDP). The 
SDGs and the South 
African NDP both 

have a 2030 horizon for achieving sig-
nificant progress towards realising those 
goals. Also, there is a 74% correlation of the 
SDGs. Our progress has been hampered 
by a lack of prioritisation of SDGs in the 
recent past, as evidenced by low GDP 
growth in comparison with our African 
counterparts. The lack of focus has been 
amplified by the onset and persistence of 
the COVID-19 pandemic, where we find 
shortcomings in infrastructure, gender 
abuse, increase in poverty, lack of water 
supply and sanitation, contracted GDP, 
severe job losses, poverty and increase in 
inequality. As the pandemic has affected 
the whole world, the symptoms are similar, 
but it is resilience to such risk events that 
has allowed many countries to bounce 
back faster than others. It is becoming 
clearer that resilience is key to ensuring 
that any country, community or individual 
will be able to withstand risk events in ad-
dition to SDGs not being achieved.

A focus on any one of the goals tends to 
draw along initiatives that would ordinarily 
reside as an initiative to other goals. As it 
applies to South Africa, we have identi-
fied that the provision of infrastructure, 
i.e. SDG number 9 (#9) will assist with 
poverty alleviation (#1). As it applies 
to adopting a relevant and long-term 
view, we have global issues intertwined 
with local consequences. For example, 
regarding climate change as a risk event, 

we as South Africans are not the main 
contributors to greenhouse gasses 
(GHG). However, we do invest in coal 
mining, coal production and coal 
consumption. We hence perpetuate 
contribution to GHGs on the back of 
our trading partners who process fossil 
fuels for export. Furthermore, we have 

invested in the world’s largest coal-fired 
power stations where we are directly 
contributing to the quantum of GHG in 
the earth’s atmosphere. As a country we 
are faced with a conundrum in that mining 
serves our economy and we do not have a 
post-mining economic solution. We have 
dissonant energy strategies, with govern-
ment defending coal and green energy. 
We have not succeeded substantially in 
developing renewable energy solutions that 
are cost-effective and affordable to mitigate 
our dependence on coal.

DIFFERENT APPROACH
Should we wish to progress with a con-
certed effort to achieve such goals in the 
interests of society and the world at large, 
we need to do a few things differently 
as we reset our economy on the correct 
trajectory. Government has to unite be-
yond politics and become open to serving 
society. We have to balance the require-
ments of a healthy earth and a healthy so-
ciety with ‘fit for purpose’ technology and 
economics with geo-politics embedded 
within our implementation initiatives.

For many years this has not been the 
case and it cannot continue that politics 
defines all decision-making. We have to 
allow academia, professional bodies and 
other lobby groups to become part of the 
solution. The private sector has to commit 
to working with government in offering 
solutions that do not exploit opportunity 
motivated by greed and profiteering. We 
need to develop solutions to serve our own 
supply, through our own projects (#12 and 
17). Whilst we have the capacity, we need 
to educate our young citizens from school 
to tertiary level (#4). In supporting the 
new growth path (#5 and 10) we need to 
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The sequel to CEO Vishaal Lutchman and 
Refilwe Lesufi’s article, Opportunity to address 
gender equality and empowerment as appliable to 
women, which appeared in the July edition of our 
magazine, is standing over until next month.

SAICE and Sustainability

This article seeks to explore the opportunity to consider 
aggregating the SDG goals into our country-level 

strategy known as the National Development Plan 
(NDP). The SDGs and the South African NDP both 

have a 2030 horizon for achieving significant 
progress towards realising those goals.
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underpin and capacitate our execution 
methodology. Inevitably, in our economy 
the build programme (#9) will lead to 
achieving decent work and economic 
growth (#8). Ultimately, we will see prog-
ress in reduction of poverty (#1, 2 and 3). 
We have not yet moved to fundamentally 
enhance trade within our region (#17). 
We have spoken about regional integra-
tion for far too long and not moved 
forward significantly, perhaps due to a 
lack of will and ability. This must change 
in order for us to be able to manage 
global phenomena such as urbanisation. 
The one opportunity provided by the 
pandemic is to create a greater sense of 
urgency for decision-makers to act now 
in the interests of society, failing which 

they would risk obsolescence and be 
exposed to increased risks.

IN CONCLUSION
In conclusion, the technology and solu-
tions are all available for us to choose 
and implement. We need to muster 
the will, put past issues aside, become 
selfless servants of humanity and lead 
effectively. Leadership has to be bal-
anced between care and respect for the 
earth, its people, technology, economics 
and geo-politics, if we expect to have a 
chance at sustainability. 

Vishaal lutchman Pr eng, PMP

vishaal@saice.org.za

UNITED NATIONS SUSTAINABLE 
DEVELOPMENT GOALS
GOAL 1  No poverty

GOAL 2  Zero hunger

GOAL 3  Good health and wellbeing

GOAL 4   Quality education

GOAL 5  Gender equality

GOAL 6  Clean water and sanitation

GOAL 7  Affordable and clean energy

GOAL 8   Decent work and economic growth

GOAL 9   Industry, innovation and 
infrastructure

GOAL 10  Reduced inequality

GOAL 11   Sustainable cities and communities

GOAL 12   Responsible consumption and 
production

GOAL 13  Climate action

GOAL 14  Life below water

GOAL 15  Life on land

GOAL 16   Peace and justice-strong 
institutions

GOAL 17   Partnerships to achieve the goal

As a country we are faced with a conundrum in that mining 
serves our economy and we do not have a post-mining economic 

solution. We have dissonant energy strategies, with government 
defending coal and green energy. We have not succeeded 

substantially in developing renewable energy solutions that are 
cost-effective and affordable to mitigate our dependence on coal.
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Re-engineered for Success
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INTRODUCTION
From where Bheki Mdlalose is sitting, 
2020 looks a lot like 2000. Hampered 
by a limping economy, limited growth 
and lack of investment, South Africa’s 
construction industry is banking on 
roads and mining – two sectors which 
have been in decline for more than ten 
years – for work.

But there is one important distinction 
between now and then.

This time, Mdlalose’s Grinaker-LTA 
(GLTA) – which was acquired by Laula 
Consortium from JSE-listed Aveng in the 
last quarter of 2019 – is perfectly placed 
to take advantage.

“Just a few years ago Grinaker-LTA had 
a roads business and a civil engineering 
concrete business,” reflects Mdlalose, 

GLTA’s Group Managing Director. “The 
civil engineering unit basically did con-
crete work, while the roads division was 
responsible for civil infrastructure. The 
two worked together on some big projects 
like the World Cup stadiums, but gener-
ally they were separate businesses.

“The current environment requires 
a 360-degree civil engineering business. 
Now our civil engineering business is a 
full-suite division which is strong in both 
disciplines. We can do all civil infrastruc-
ture (including roads, earthworks, pipe-
lines and earth dams), while we also have 
specialised concrete abilities to enable us 
to build bridges, silos and a wide selection 
of other concrete projects.

“In an environment where economies 
of scale, experience, speed of execution, 

specialist competencies, proven ability 
to deliver, and transformation creden-
tials are critical, Grinaker-LTA has 
never been better placed to cater for 
the civil  engineering needs of South Africa.”

Mdlalose says that while GLTA is 
being right-sized to a R3.5 / R4-billion 
business – substantially smaller than 
it was in the early 2000s – its ability 
to deliver civil engineering projects of 
all scopes and sizes is unparalleled. Its 
civil engineering division is, in fact, 
better placed than at any time in its 
history to deliver a full suite of civil 
engineering services.

RETAINING EXPERTISE
GLTA has also retained the excellent 
talent for which the company and its 

Pampoennek: Grinaker-LTA’s latest landmark roads 
project [National Route 4 Section 12 (PWV3) between 
Road P123-1 and Road 980 in North West, which links the new 
Hartbeespoort Bridge with the N4] under construction; the project 
required a deep cut through a koppie in the Magaliesberg range



civil engineering division have long been 
known. “We may have scaled down in size, 
but we definitely have not scaled down 
in terms of experience, expertise and 
ability to deliver. We have years and years 
of experience in the civil engineering 
sector across both civil infrastructure 
and concrete. Our skilled employees 
have delivered many roads, reservoirs, 
pipelines, and almost any kind of civil 
engineering project that one can think of. 
In the current environment, and given the 
flight of skills from South Africa over the 
last number of years, this is an incredible 
achievement and one which we are very 
proud of,” says Mdlalose.

“Grinaker-LTA has built some of 
South Africa’s most iconic structures over 
the last 130 years, and we are still able to 
deliver iconic buildings and structures, 
despite our smaller size,” he continues.

PAMPOENNEK
One such iconic project, which has 
just been completed, is the N4/PWV3 
Pampoennek extension, the construction 
of which entailed 5.7 km of National 
Route 4 Section 12 (PWV3) between Road 
P123-1 and Road 980 which links the new 
Hartbeespoort Bridge with the N4.

The project required a deep cut 
through a koppie while retaining the 
ground, and the application of an ultra-
thin friction course to ensure good 
surface drainage and noise reduction.

“There are only two or three com-
panies in South Africa who are able to 
deliver an ultra-thin friction course, and 
Grinaker-LTA is one of those. We used 
Friction Pave (for which we are a patent 
holder in South Africa) for the ultra-thin 
friction course. We are very proud of the 
road we have constructed for SANRAL 

(South African National Roads Agency 
Limited). The end-product is world-class 
in terms of the technology applied and the 
building methods used,” says Mdlalose.

GLTA expects roads and civil infra-
structure to form the bulk of its civil 
engineering work for the next two to three 
years as government focuses on infra-
structure to stimulate economic growth.

“SANRAL is putting a substantial 
number of roads projects out to tender. And 
we also expect that government will likewise 
put a number of infrastructure maintenance 
projects out to tender in the next six to 
twelve months. Given our impeccable cre-
dentials and track record, we will clearly be 
in the mix for these contracts,” he says.

TRANSFORMATION CREDENTIALS
One big reason for Mdlalose’s bullishness 
in the face of the current grim reading for 
the construction sector is Grinaker-LTA’s 
transformation credentials.

“Grinaker-LTA is fully black-owned. 
We also have a largely black management 
team. However, our current owner-
ship and management are about more 
than just chasing the score card. We 
epitomise the meaningful transformation 
that government is striving for in the 
construction industry.”

MINING
While government invests in public 
infrastructure, another mainstay expected 
to buoy civil engineering in the next 
three to five years is mining. “Here, 
too, Grinaker-LTA is well-placed,” says 
Mdlalose, “possessing extensive experience 
in the sector, gained over many years.”

Construction of the Hartbeespoort 
Bridge across Road P123-1 in progress

The completed Pampoennek extension – the pride of a company 
going places; the project included the application of an ultra-
thin friction course for which Grinaker-LTA used Friction 
Pave (GLTA is a patent holder in South Africa) 
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In fact, one of GLTA’s biggest civil 
engineering contracts for the last four 
years has been with mining group 
Northam Platinum.

“We are now in the tenth addendum 
of what was originally a ten-month 
contract with Northam. We are currently 

constructing a conveyor system at their 
Lydenburg mine.

“Along with public infrastructure, we 
believe that mining will provide the bulk of 
work for our civil engineering division in 
the short to medium term. And our recent 
track record is enviable in that sector.”

LOOKING AHEAD
It may be 2020, but with the focus on 
roads and mining, “it does feel like it’s 
back to the future,” Mdlalose muses. 
“They say the best predictor of future 
behaviour is past behaviour. So, let us look 
at Grinaker-LTA’s past. We have the expe-
rience, the manpower and the transforma-
tion credentials. We have right-sized the 
business so that we are leaner and more 
agile. And we have demonstrated time 
and time again that we can deliver. Our 
past is one of excellence and achievement, 
and that’s going to be our future as well.”

info
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Divisional Managing Director
ashaikh@grinaker-lta.co.za

Simphiwe Shazi
Corporate Development Executive 
+27 11 923 5000
simphiwe.shazi@grinaker-lta.co.za
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Each of us holds our own worldview, the lens through which 
we view the world. We might believe that the earth and its 
resources were created for the benefit of mankind, or 
we might take the view that we as humans are of 
equal importance to the world and its resources. 
Western cultures, African cultures, Middle 
Eastern and Eastern cultures each take dif-
ferent approaches, as do various systems 
of thought, such as anthropocentrism 
(mankind at the centre) and physi-
ocentrism (nature at the centre).

Despite the variety of positions 
in environmental ethics developed 
over the last thirty years, they have 
focused mainly on issues concerned 
with wilderness (unspoiled tracts 
of nature) and the reasons for its 
preservation.2 In particular, the main 
reasons for protecting nature have 
been the regenerative and inspirational 
qualities of the natural world for man 
and the potential for general revelation.3 
On the other hand, civil engineering prac-
titioners may want to consider the broader 
impact of our decisions and the work we do.

As civil engineering practitioners we are 
often absorbed in the “how” of project delivery and 
protecting the environment, and not the “why”, but it is 
important for us to reflect on why we are making particular 
engineering decisions.

G R OW I N G  FO R WA R D  TO G E T H ER

SAICE’s Growing Forward Together strategy is comprised of eleven different activities grouped into seven areas. 
The second of these activities is Ethics, which focuses on the promotion of professionalism and integrity in the 
civil engineering industry. To increase awareness of the issue, Civil Engineering will feature short articles on 
relevant topics around the subject from time to time.

Environmental ethics 
and civil engineering

Gregory Skeen Pr Eng
SAICE Growing Forward Champion: Ethics

ethics@saice.org.za

Environmental ethics is the part of environmental philosophy which considers extending the traditional 
boundaries of ethics from solely including humans to include the nonhuman world. It exerts influence 
on a large range of disciplines including law, sociology, theology, economics, ecology, and geography. 
Environmental ethics says that we should base our behaviour on a set of ethical values that guide our approach 
towards the other living beings in nature. Environmental ethics is about including the rights of nonhuman 
animals in our ethical and moral values. Even if the human race is considered the primary concern of society, 
animals and plants are in no way less important. They have a right to their fair share of existence.1
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So, environmental ethics is a set of expectations, or rules 
of behaviour, of how we treat the planet’s inhabitants – human 
and nonhuman.4 This may seem abstract, but the way civil engi-
neering practitioners set environmental priorities on projects will 
be determined by their worldview and environmental law.

ENVIRONMENTAL ETHICS IN THE 
CONTEXT OF CIVIL ENGINEERING
For civil engineering practitioners most projects will mean some sort 
of disturbance to a greenfield or brownfield site. With this in mind, 
let us consider why we should hold environmental project priorities 
as important as technical, social, political and financial ones.

To begin with, South African law is explicit in the requirement for 
environmental protection. Section 24 of the Constitution sets out the 
right to an environment that is not harmful to health or wellbeing.

From an engineering perspective, it is important to note 
the emphasis put on protecting the environment by the ECSA 
(Engineering Council of South Africa) Code of Conduct, which is 
law and our professional body’s explicit guideline for our behaviour 
as engineering practitioners. The following excerpts from the 
ECSA Code of Conduct (Rules of Conduct for Registered Persons: 
Engineering Profession Act, Act No 46 of 2000) apply in particular:

Registered Persons [must]: 
(1)  apply their knowledge and skill in the interests of hu-

manity and the environment.

3 (4) Registered Persons must at all times:
(a)  have due regard for, and in their work avoid, adverse 

impact on the environment,  and
(b)  adhere to generally accepted principles of sustainable 

development.

In addition, a number of key pieces of South African legislation 
relevant to the work of civil engineering practitioners have been 
enacted, including the following:

 Q Hazardous Substances Act No 15 of 1989
 Q Mineral and Petroleum Resources Development Act No 28 of 

2002 (MPRDA)
 Q National Environmental Management Act No 107 of 1998 

(NEMA)
 Q National Environmental Management: Air Quality Act No 39 

of 2004 (NEM:AQA)

 Q National Environmental Management: Biodiversity Act No 10 
of 2004 (NEM:BA)

 Q National Environmental Management: Protected Areas Act 
No 57 of 2003 (NEM:PAA)

 Q National Environmental Management: Waste Act No 59 of 
2008 (NEM:WA)

 Q National Water Act No 36 of 1998 (NWA)
In addition, SAICE’s Code of Ethics requires members to:

 Q Protect life and the environment and safeguard people.
 Q Ensure that systematic reviews are undertaken of all aspects 

of a project that impact upon the environment, including the 
justification for the need of the project and economic, social 
and political factors in order to minimise any adverse effects.

 Q Seek solutions that are compatible with the principles of sus-
tainable development, particularly those that relate to social 
development and poverty relief.

 Q Take reasonable care to ensure the quality, safety and sustain-
ability of the work entrusted to them.

 Q Report any situation concerning the safety of the public or 
the degradation of the environment, that they become aware 
of and that is considered to be an unreasonable risk, to the 
appropriate organisation or authority.

Noting the above laws and guidelines, it is disappointing to see the 
number of graduate civil engineering practitioners who are not fa-
miliar with Environmental Impact Assessments and Environmental 
Management Plans, and their requirements and implications.

The minimum requirements of environmental law and the 
EIA/EMP are often seen as the project requirements. ECSA’s 
Code of Conduct places the onus on the engineer to not simply 
comply, but to act in the interests of the environment. It is 
interesting to note that, just as we can learn from failures due 
to unethical behaviour in engineering, we can also learn from 
failures due to unethical, negligent, or unprofessional behaviour 
which affects the environment. An example is the failure of the 
Mount Polley tailings dam in Canada in 2014.

CASE STUDY – CANADIAN DAM FAILURE5

On 4 August 2014 a four square kilometre sized tailings pond 
full of toxic copper and gold mining waste breached, spilling an 
estimated 25 billion litres of contaminated materials into Polley 
Lake, Hazeltine Creek and Quesnel Lake, a source of drinking 
water and major spawning grounds for sockeye salmon. There were 
326 tonnes of nickel, over 400 tonnes of arsenic, 177 tonnes of lead 

Photo 1 Satellite images showing the Mount Polley tailings dam before and after the failure



Civil Engineering August 2020 11

and 18 400 tonnes of copper and its compounds placed in the tailings 
pond. Mine safety experts and media articles have called the spill one 
of the biggest environmental disasters in modern Canadian history.

An investigation into the cause of the spill revealed that mine 
engineers had failed to account for glacial silt underneath the tail-
ings containment pond, leading to structural insufficiencies that 
caused the dam’s collapse.

A principal finding of the panel determined that the tailings 
dam collapsed because of its construction on underlying earth 
containing a layer of glacial till, which had been unaccounted for 
by the company’s original engineering contractor. In 2010, Mount 
Polley Mining Corporation’s (MPMC) engineering firm reported 
a 10-metre (33 ft) crack in the earthen dam while working to raise 
it, and that piezometers were broken, which were later fixed. In 
2018, the Association of Professional Engineers and Geoscientists 
of British Columbia charged three engineers who worked on the 
tailings storage facility with negligence or unprofessional conduct.

The satellite images in Photo 1 show the tailings dam before 
and after the failure.6 This is an example of how unethical 
treatment of competing engineering priorities can lead to dire 
outcomes for the environment.

HOW DO CIVIL ENGINEERING PRACTITIONERS APPROACH THIS?
Each of our worldviews might be different. Some might believe 
the earth’s resources are here to serve our needs, whilst some 
might regard mankind on an equal footing with nature. It is 
interesting to note how popular opinion has changed since the 
inception of the UK’s Institution of Civil Engineers in 1818, whose 
Charter defined civil engineering as “… the art of directing the 
great sources of power in Nature for the use and convenience of 
man.” This clearly puts mankind at the centre of things, estab-
lishing a pecking order of civil engineering priorities. With the 
passing of time, appreciation for the value and importance of the 
environment has increased. One approach is for civil engineering 
practitioners to adopt the approach of sustainable development.

The term sustainable development was first popularised by the 
World Commission on Environment and Development (also known 
as the Brundtland Commission) report, sponsored by the United 
Nations. The report defines sustainable development as “… develop-
ment that meets the needs of the present without compromising the 
ability of future generations to meet their own needs.”7 This forces 
us to extrapolate the negative (and positive) impacts of our engi-
neering decision-making into the future. Sustainable development 
introduces a balanced solution to the environmental ethics ques-
tion of how to prioritise competing project imperatives. Recent 
industry codes (including the ECSA Code of Conduct and SAICE’s 
Code of Ethics) reflect this type of long-term thinking.

Engineers shall hold paramount the safety, health and 
welfare of the public, and shall strive to comply with the 
principles of sustainable development in the perfor-
mance of their professional duties. (ASCE Code of Ethics)

Numerous definitions for sustainability exist,8 so it remains 
important for the civil engineering practitioner to spend time 
considering his/her own approach to environmental ethics.

Various models incorporating social, environmental, and eco-
nomic factors have been developed to represent sustainable develop-
ment’s integrated approach, and numerous design tools are available.

The three-circle representation stems from a belief that 
economic development, social improvement and environmental 
protection can be mutually reinforcing and do not have to be 
competing priorities.10

 Q Social parameters include quality of life, education, commu-
nity development, poverty alleviation, equal opportunity, law 
and ethics.

 Q Environmental parameters include resource management, envi-
ronmental protection, and habitat preservation and restoration.

 Q Economic parameters include economic growth, planning, 
cost savings, job creation and cost of living.

Sustainable development principles allow engineers to in turn 
develop sustainable development principles. As we consider 
our own engineering ethics, and the weight we put onto social, 
economic or environmental priorities, these underlying principles 
can help us in our day-to-day engineering decisions.

If we base our engineering decision-making on sustainable 
development principles, we arrive at sustainable civil engineering. 
Sustainable engineering can be described as follows:

Engineering in context, engineering with a conscience, 
engineering for a finite planet and the indefinite future. 
(Benoit Cushman-Roisin, Professor of Engineering Science 
at Dartmouth College)

In the same way that civil engineers might find opportunities to 
act unethically in their normal responsibilities, acting in contra-
vention to sustainable engineering principles can also be consid-
ered unethical, negligent or unprofessional, as three engineers 
on the Mount Polley tailings dam discovered. The development 
of sustainable engineering principles is a work in progress, but 
Table 1 outlines some components of this approach.

The triangle diagram in Figure 2 is a pictorial representation 
of sustainable design principles against the three imperatives of 
economic, social and environmental priorities. Each box represents 
a principle and is arranged closest to the pole it is most easily asso-
ciated with. This tool allows civil engineering practitioners to start 
thinking about their decisions holistically from project inception, 

Figure 1 Three spheres of sustainability9
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rather than waiting for a commercial tool 
to check outcomes on completion, which is 
sometimes the case.

Some of the terms in the figure may 
not be familiar to civil engineering 
practitioners, but this exposes the areas 
where more time could be spent analysing 
and exploring approaches and solutions as 
they go about their day-to-day tasks.

IN CONCLUSION
There is merit to engineering practitioners 
understanding their own environmental 
ethics position, using it to inform ongoing 
project decisions. In addition, ECSA’s re-
quirements, South African environmental 
law, EIA and EMP directives must be taken 
into consideration to avoid acting unethi-
cally when it comes to the environment. 
Sustainable engineering principles should 
be considered when approaching civil en-
gineering projects. Models such as the one 
in Figure 2, and other commercially avail-
able tools such as CEEQUAL, BREEAM, 
SPeAR, LEED and GreenStar can be used 
to verify compliance and measure sustain-
ability achievements.
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Table 1 Sustainability approaches in engineering11

Traditional engineering sustainable engineering

Considers the object or process
Considers the whole system in which the object 
or process will be used

Focuses on technical issues
Considers both technical and non-technical 
issues synergistically

Solves the immediate problem
Strives to solve the problem for infinite future 
(forever?)

Considers the local context Considers the global context

Assumes others will deal with political, ethical, 
and societal issues

Acknowledges the need to interact the experts 
in other disciplines related to the problem

Figure 2  Classification of sustainable engineering principles versus environmental, social, 
and economic criteria8
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EN V I R O N M EN TA L  EN G I N EER I N G

INTRODUCTION
JG Afrika was appointed in late 2017, 
through a public tender process, to plan, 
design, and manage the construction 
of the Coastal Park Materials Recovery 
Facility (MRF), in three separate con-
struction contracts.

For those unfamiliar with the term 
MRF, a materials recovery facility is a spe-
cialised plant that receives co-mingled re-
cyclable waste, and through a combination 
of mechanical sorting and hand-picking by 
labour, separates and prepares recyclable 
materials into dedicated streams for mar-
keting to end-user manufacturers who use 
recycled products as raw materials in their 
manufacturing or industrial processes.

Recyclable waste in Cape Town can 
form between 20–30% of the waste 
stream by volume, and, accounting for 
successful diversion to an MRF, can result 
in a landfill airspace saving of close to 
the same percentage. Not only does this 
extend the landfill operating life, making 
waste disposal more economical, but it also 
promotes sustainable re-use of recyclable 
waste products in the waste economy.

A clean MRF, such as the planned 
Coastal Park MRF, accepts clean, recy-
clable materials that have already been 
separated at source from municipal solid 
waste generated by either residential 
or commercial sources. In Cape Town, 
the “Think Twice” Campaign has been 

progressively rolled out in select suburbs, 
where residents are requested to separate 
their recyclable waste, depositing it into a 
clear refuse disposal bag (or 140 litre bin), 
and their residual waste into a black bag for 
collection by the Solid Waste Department.

Around 2010 the Solid Waste 
Management department identified the 
need for another materials recovery fa-
cility to service the South Peninsula area, 
after the success of the Kraaifontein MRF 
(see Figure 2), which serves the Northern 
Suburbs, and the Athlone MRF, which 
serves the Central Districts.

Coastal Park Materials Recovery 
Facility – an example of sustainable 
innovation in solid waste management
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JG Afrika

mawerb@jgafrika.com
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Executive Associate
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Figure 1 Bulk earthworks in progress for the development of 
the Coastal Park Materials Recovery Facility in Cape Town
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SITE SELECTION
JG Afrika (then Jeffares & Green) was ap-
pointed by the City of Cape Town in 2014 
to undertake professional consulting ser-
vices for the identification of appropriate 
sites for an Integrated Waste Management 
Facility – IWMF for short (of which the 
MRF forms part) – to serve the South 
Peninsula Area of the City of Cape Town, 
and to provide technical input into the 
EIA and waste licencing process.

After completing the study and associ-
ated environmental approval processes, the 
City decided to adopt the southern portion 
of the existing Coastal Park Landfill site, 
which has been formally servicing the South 
Peninsula Municipal area since the late 
1980s, and applied for a Waste Management 
Licence (WML) from the Department of 
Environmental Affairs and Developmental 
Planning (DEADP), and this was granted 
in early 2016. The WML granted the City 
permission to construct and operate an 
IWMF consisting of a Refuse Transfer 
Station (RTS), an MRF, a Greens Chipping 
Facility and a Public Waste Drop-Off, 
amongst other infrastructure on a portion 
of the Coastal Park landfill site.

A key element of the IWMF had to 
be the inclusion of an Informal Waste 
Management area, where the informal 
waste industry, such as landfill waste 
salvagers, would be provided access to 
certain waste streams, and would be 
allowed areas for sorting, storage and 

distribution – thereby promoting and rec-
ognising the informal waste sector’s contri-
bution to overall waste management in the 
City, in a safe and sustainable environment.

Constructing the IWMF on the 
Coastal Park landfill site provided nu-
merous advantages to the City, including:

 Q The existing waste collection and dis-
posal routes could remain unchanged, as 
all waste would continue to be delivered 
to Coastal Park, even after the closure of 
the landfill, which is scheduled for late 
2023. This not only ensures that public 
refuse collections continue unhindered, 
but also gives certainty regarding future 
costs, as routes remain unchanged.

 Q Proximity to the local informal waste 
sector, which is already established in the 
area due to the presence of the landfill.

 Q Use of existing City of Cape Town-
owned land, which has in any case been 
designated as unusable for other devel-
opments due to the site being a landfill, 
thereby freeing land (which might have 
been used for this purpose) for develop-
ment of other critical infrastructure.

 Q The site already has established solid 
waste management operations, in-
cluding operations staff, weighbridges, 
and administration offices.

DESIGN CHALLENGES
Designing industrial-scale buildings, 
including mechanical plant installations, 
and roadways for heavy vehicular loading 

in a constrained site over an existing 
waste body presented the design team 
with a unique challenge when they first 
assessed the site. Some of the key design 
challenges included the following:

Constructing over an existing waste body
Approximately 60–70% of the site was 
underlain by a 5–6 m thick municipal solid 
waste (MSW) deposit. During the geotech-
nical investigation, undecomposed newspa-
pers confirmed the age of the waste as being 
from the late 1980s. Not only is MSW not a 
well understood geotechnical material, the 
waste deposit is highly variable by nature, 
with very different material properties pos-
sible over the entire development area. The 
threat of not only differential settlements, 
but also long-term mechanical breakdown of 
the organic content of the waste body, posed 
long-term settlement risks to any infrastruc-
ture built within or upon it.

Not only does the waste deposit pose a 
settlement risk, but the generation of landfill 
gasses, such as methane, could pose a fire 
and explosion risk throughout the life cycle 
of the infrastructure, unless managed.

Builder’s rubble stockpiles
A separate challenge faced by the design 
team was the presence of large builder’s 
rubble stockpiles spread over more than 
40% of the site area. The rubble had been 
collected by the City of Cape Town at the 
landfill over the past five to eight years as 
part of an initiative to help prevent illegal 
dumping. The stockpiles consisted of 
variable construction waste, including large 
rocks, concrete, and building materials 
within a soil matrix. The stockpiles were 
approximately 450 000 – 550 000 m3 and 20 
m high in magnitude, and, due to existing 
space constraints on the site, there was no 
alternative area where the stockpiles could 
be moved to in order to clear the site for con-
struction. In addition, the stockpiles could 
not be moved to another landfill site without 
incurring additional costs of between R60–
R70 million in transport costs alone.

Electrical supply
Existing electrical supply to the site was 
limited to that required to run the three 
or four administration offices and weigh-
bridges. An upgrade would be required 
to power the MRF facility, as well as 
the future RTS installation. In addition, 
the client tasked the design team with 
designing a facility that would mitigate 

Figure 2 Paper being baled and prepared 
for transport at the Kraaifontein MRF
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the effects of load-shedding and power 
outages as far as this would be feasible.

With the nearest substation being 
about 1.5 km away, alternative thinking 
was necessary to minimise the cost of 
establishing the required additional 
infrastructure, as well as provide a reliable 
power source to operate the plant in a 
sustainable manner.

DESIGN PHILOSOPHY
At an early stage, JG Afrika recognised 
the importance of being innovative and 
engineering sustainable solutions to the 
many problems posed by the site. Some of 
these solutions included:

Ground improvement and piling
Engineering the building platform, as 
well as supporting the foundation loads 

of the structures, was one of the major 
challenges that the design team faced. 
The geotechnical engineers immediately 
ruled out supporting any of the main 
structures directly on a stiffened waste 
body, due to the differential settlement 
risk, as well as the inconsistent nature of 
the material. As such any conventional 
foundations would need to be founded 
on the underlying unconsolidated aeolian 
and beach sand deposits, which would 
not only be under the water table, but 
the OH&S risk of trenching 5 m through 
municipal solid waste material was not an 
acceptable solution.

After engaging with specialists in 
pile design, it was decided to support the 
building structure using single 600 mm 
diameter FRANKI piles in each footing 
position, as part of a piled foundation 

solution. However, this did not solve the 
problem of supporting heavy vehicle 
traffic, ancillary structures, and services. 
After investigating and researching pos-
sible solutions, it was found that success 
had been achieved around the world 
in densifying and stiffening municipal 
solid waste deposits in preparation for 
construction using a dynamic compaction 
ground improvement technique.

Based on the study by Zekkos et al 
(2013), amongst others, the performance 
of dynamic compaction in improving the 
in-situ properties of MSW was assessed 
across 56 municipal solid waste sites in 
the USA, EU and Asia. The study ascer-
tained that, depending on the amount 
of applied energy during treatment, 
improvements in MSW properties could 
be realised as summarised in Table 1.

Figure 3 (a) Aerial view of the Coastal Park site, (b) and (c) waste body and rubble stockpiles

(a)

(b) (c)

Coastal Park IMWF  
Location of Waste & B/Rubble Deposits

Legend 
 B/Rubble Stockpile 
 IWMF Boundary 
 Underlying Waste Body



Table 1  Improvements in MSW due to 
dynamic compaction (adapted from 
Zekkos et al 2013)

improvement 
level of 

improvement

Depth of improvement 
(D)

4.0 – 9.0 m

Induced immediate 
settlement (δ)

5 – 30%

Increase in stiffness (Fs) 2.8 – 24×

Note:  Improvements realised for applied 
energy of between 150–300 t/m/m2

Along with the resultant increase in 
stiffness, the study also recorded improve-
ments in bearing capacity of MSW bodies 
of up to 10× in supporting permanent 
structural loading.

The treatment was supported by the 
City, and the dynamic compaction was 
included in the bulk earthworks contract 
to improve the engineering properties of 
the waste material (see Figure 4).

All MSW sites are unique, and a trial 
compaction process was required to as-
sess the level of energy needed, in order to 
achieve a particular stiffness or bearing 

capacity. This is assessed through trial 
and error on site during the preparation 
for the dynamic compaction treatment. 
JG Afrika prepared a performance 
specification for the dynamic compaction 
which required the appointed contractor 
(JVZ/SR Civils JV, using Franki as a 
specialist sub-contractor) to achieve a 
bearing capacity of 150 kPa across the 
entire site, with a stiffness modulus 
(E-modulus) of at least 35 MPa, to be 
verified post-compaction by plate load 
test, and continuous surface wave (CSW) 
testing. After conducting trials with 
different applied energies on site, the dy-
namic compaction contractor was able to 
ascertain the energy requirements needed 
to meet the design specification, with the 
performance specification having been 
met by the contractor to date.

Due to the variability of the waste, the 
dynamically compacted waste is not relied 
upon alone, with the earthworks design 
including a 500 mm engineered fill cap 
over the compacted waste (ranging from 
G7 to G5 in quality), as well as a single 
layer of high-strength geogrid to help 
distribute loading across the platform, and 

to help mitigate any differential settle-
ments experienced. This is then followed 
by the road or platform sub-base and 
base course.

Use of processed builder’s rubble
Aligned with the principles of re-use, it 
was decided that the best way to address 
the problem posed by the large rubble 
stockpiles was to beneficiate the builder’s 
waste into a product that could be used 
in construction. This was achieved by 
specifying that the builder’s rubble be 
crushed, screened and processed into an 
engineered fill product, and used in the 
layerworks and bulk earthworks.

The risk in this regard is the variability 
in quality available from the parent mate-
rial. Therefore, as part of the preliminary 
design, JG Afrika conducted numerous 
tests from samples of crushed and pro-
cessed material prepared from multiple 
locations on the stockpile that had 
been produced by a City of Cape Town 
crushing contractor (see Figure 5). The 
results showed that, by carefully selecting 
and prioritising certain areas of the stock-
pile by the contractor, it was possible to 
produce up to a G5 quality material. Due 
to the quality study conducted, the deci-
sion was also taken to prioritise the use of 
beneficiated processed rubble in the cap-
ping of the existing landfill embankments, 
coupled with screening and stringent 
quality checks during construction.

As shown in Figure 6, based on 
the quantity of material required for 
the progressive capping of the landfill 
embankments, as well as for MRF earth-
works, 81% of the available rubble material 
is projected to be used on the site itself, 
leaving a stockpile only 19% of the original 
size in place to be used as capping mate-
rial as and when required.
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Figure 4 Dynamic compaction under way at the Coastal Park landfill site

Figure 5 Crushing and screening of rubble stockpile at the Coastal Park landfill site
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Not only did this approach save the 
City of Cape Town millions of rand in 
transport costs in moving the material to a 
different site, but also saved them millions 
in procuring material from traditional 
commercial sources for use in the earth-
works, even after accounting for the cost 
of increased supervision by the engineer to 
oversee the quality of material being pro-
duced from the stockpile by the contractor.

Use of landfill gas for electrical supply
Landfill gas has been actively extracted 
from the Coastal Park landfill since 
March 2018 and is currently flared on the 
southern portion of the site. As part of a 
separate City of Cape Town project, a gas-
to-electrical turbine is being planned for 
construction on the landfill site.

By planning for a dedicated electrical 
switch-gear as part of the MRF electrical 
sub-station, the MRF (and later the RTS) 
will receive preferential supply of the 
electricity produced from the gas turbine, 
allowing the facility’s mechanical equip-
ment, lights and HVAC systems to be 
powered predominately by landfill gas. 

Any surplus energy will also feed back 
onto the grid, boosting our country’s 
ailing electrical supply.

This also provides resilience during 
a load shedding event, as the facility will 
be able to partially or fully) run based on 

the electrical supply available from the 
gas turbine.

Gas management
In order to ensure that landfill gas does 
not build up and pose a risk to the Coastal 

Figure 6 Projected use of processed rubble in construction (by volume)

MRF earthworks
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Remaining in stockpile
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64%

Total available = 494 500 m3  
(from survey – May 2019)

After allowing for bulking factor  
(25%) = 395 600 m3 available for use

Saving to City of Cape Town  
(in moving) = ± R35 000 000
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Park IWMF facility, an innovative gas 
vent system has been designed that 
incorporates drilling relief wells across 
the site, allowing a preferential path for 
gas release. The wells are linked by a 

collection pipe just beneath the surface of 
the dynamically compacted waste, which 
leads to a typical “whirly bird” extraction 
fan that ensures a negative pressure to 
draw the gas to the surface and vent it to 

the atmosphere. There is also an option to 
extend this to the gas collection system, 
should the gas yield be strong enough to 
warrant such a connection.

Part mechanical / part labour-intensive plant
Instead of focusing purely on an automated 
sorting plant for the MRF, a balance was 
struck between mechanical interventions 
and labour-based interventions by the 
design team. In a country battling with 
high unemployment, the MRF based on 
the current design has the potential to 
create up to 400 permanent jobs alone, 
with downstream jobs for delivery and pick 
up of waste in addition to this.

These jobs are all aimed at unskilled 
workers, including waste salvagers, sorters 
and delivery drivers, which allows full 
labour market access to the positions.

In addition, the creation of the 
informal waste sorting area, further 
allows stimulation of the informal 
waste economy.

CONCLUSION
The City of Cape Town has identified the 
stimulation of the recycling and waste 
industries as a key part of a sustainable 
economy, and the construction of the 
Coastal Park MRF is a key statement of 
this intent. Any design for such a facility 
would need to reflect these principles, and 
JG Afrika was able to produce innovative 
and sustainable solutions to this unique 
and interesting engineering challenge.

This project is due for completion in 
late 2023. 

Figure 7 Close to completion on the bulk earth-
works contract – dynamic compaction complete

Figure 8 Simplified architect’s impression 
of the Coastal Park IWMF facility
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INTRODUCTION
When one marvels at structures and 
buildings, one seldom thinks of the ghosts 
that once were essential in their creation. 
These ghosts take the form of scaffolding, 
shoring, temporary supports, formwork, 
cranage and transport, et cetera, that 
disappear once the structure is complete. 
Their temporary nature allows for them 
to be forgotten. However, the environ-
mental impact of such ghosts, namely 
their carbon, water and energy footprints 
are real and should be accounted for if 
one were to do a correct assessment of the 
green nature of the finished structure.

It is important to remember that all 
structures have ghosts. It is only their 
size and extent which determine how 
negatively they impact the environment. 
In this article we contemplate the 
impact of temporary structures on the 
environment and discuss several options 
that are available when dealing with these 
ghosts. Due to the nature of the article, 

and for the sake of brevity, free-spanning 
slabs/floors are considered. The ideas 
discussed, however, are applicable more 
broadly to all components of structures.

RISK: STRUCTURAL STABILITY, 
STRENGTH AND STIFFNESS
First and foremost, temporary structures 
must be structurally stable, strong and 
stiff enough. The scaffolding, shoring 
system et cetera must be designed and 
inspected by an engineer. There should be 
no compromise on this.

All too often, however, the structures’ 
ghosts are simply erected without any 
competent or responsible person (read en-
gineer). Questionable materials (gum poles 
or sometimes totally unconventional com-
ponents) are used in arbitrary and unsafe 
configurations – see Figures 1 and 2 for a 
few examples. And if the shore is too short, 
then it is extended, as shown in Figure 3.

Unfortunately, these unsafe practices 
are common in South (and southern) 

Africa in small and medium-sized 
projects. These risks invariably lead to 
collapses. The impact on the health and 
safety of the worker, as well as the impact 
on the environment, is clear. These risks 
must be accounted for in the assessments 
that determine how green a building 
actually is.

Clearly, structures which collapse 
and are rebuilt, result in much more than 
twice the environmental impact than if the 
structures had been constructed correctly.

Remember the environmental 
impact of the structures’ ghosts!

Prof Alex Elvin Pr Eng, FSAICE
Professor of Structural Engineering

School of Civil and Environmental Engineering
University of the Witwatersrand

alex.elvin@wits.ac.za

Ryan Sun GDE Wits, MTech UJ
Chief Technical Officer

Aura Entle (Pty) Ltd
ryans@auraentle.co.za

Figure 1  Dangerous configurations of temporary supports for single family dwellings
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COMPONENTS OF THE STRUCTURES’ 
GHOSTS – OFTEN UNACCOUNTED FOR
The environmental impacts of the various 
components of these temporary struc-
tures and works are often inter-related, 
complex in nature and non-linear. They 
are difficult, if not impossible, to deter-
mine accurately and to assess; they are 
thus oftentimes omitted.

If one looks at the temporary struc-
tures involved in buildings, one can list 
the following categories:

 Q Material types making up the scaf-
fold, props, formwork, shores (e.g. 
wood, steel, aluminium)

 Q Material volume (should depend on 
structural stability, strength, and stiff-
ness considerations).

The items that are often forgotten and 
thus overlooked in environmental ac-
counting are:

 Q Transportation of the ghost materials 
(scaffolding, props, formwork, shores) 
to site

 Q Transportation of the ghost materials 
from site upon the completion of the 
project

 Q Energy to deploy and redeploy the ghost 
materials; for example, the cranage and 
labour energy required to unload, install, 
disassemble and then reload the compo-
nents back onto the transport

 Q Preparing the ghost components, e.g. 
oiling the formwork

 Q Cleaning both the ghost components 
and the transport used to ferry the 
components

 Q Repair and maintenance of ghost 
components

 Q Storage of components when not in 
use.

THE DURATION OF CONSTRUCTION HAS A 
SIGNIFICANT ENVIRONMENTAL IMPACT
While time and cost are on every devel-
oper’s and project manager’s mind, the im-
plications of the construction duration are 
seldom considered when conducting larger 
area environmental impact assessments. It 

Figure 3  Dangerous extension of temporary 
supports (throwing good material 
after bad)

Construction 
amplifies traffic

Figure 4 Construction activity causing constant traffic congestion around the site [1]

Figure 2  A significant amount of wood used as structural members in formwork and scaffolding 
for a basement retaining wall, shear core and columns for a multi-storey building
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is not only a question of the duration of the 
disruption that must be modelled. Add-ons, 
multipliers and non-linear effects must also 
be considered. Consider the implications 
of the major construction developments 
which occurred in the Sandton (Gauteng) 
area in recent years. Operations of delivery 
vehicles (concrete mixer trucks, scaffolding 
delivery trucks, other delivery trucks) 
and mobile cranes coincided with civilian 
peak-hour traffic. This resulted in daily 
reoccurring prolonged durations of road 
congestion, even outside of the peak-hour 
traffic periods. The amount of carbon/
greenhouse gas emissions, due to civilian 
traffic gridlock, caused by all the construc-
tion activity, is significant. Are such occur-
rences quantified and accounted for in the 
environmental impact modelling? From 
this example one can easily see how longer 
construction durations clearly have larger 
environmental impacts (Figure 4).

One can therefore conclude that the 
shorter the construction duration is, the 
lower the environmental impact would be. 
(This is true, provided construction speed 
is not achieved via larger volumes of con-
struction materials, nor larger real-estate 
areas used for construction.)

INDUSTRY RESPONSE
The construction industry is aware of 
the problems mentioned above and has 
proposed several improvements and 
technological solutions to reduce the 
environmental impact. In this section, 
the construction of the suspended slab 
is looked at from an environmental per-
spective. The suspended slab is a critical 
structural element which is required for 
all domestic, residential, commercial and 
industrial buildings. From a green stand-
point one can divide the suspended slab 
construction into two main categories. 
These are suspended slabs that:

 Q require propping, scaffolding and/or 
formwork (large ghosts)

 Q do not require any temporary struc-
tures (smaller ghosts).

Examples of suspended slabs requiring 
temporary support structures of various 
extents include (see Figure 5):

 Q Cast in-situ reinforced concrete slabs
 Q Rib and block systems of various types
 Q Permanent formwork requiring props-

suspended slabs.
Examples of suspended slabs requiring no 
temporary structures include (see Figure 6):

 Q Precast reinforced concrete planks

 Q Precast rib and block slabs
 Q Composite (structural steel and rein-

forced concrete slabs)
 Q New generation self-carrying (prop-

less) permanent formwork.
While cast in-situ reinforced concrete slabs 
require the most temporary construc-
tion supports by far, with the associated 
environmental impact, the versatility 
of this option due to concrete pouring/
forming must be remembered. Further, 
the structural strength and stiffness of 
two-way plate action must be noted. The 

various rib and block solutions significantly 
reduce the propping and formwork 
required. Nonetheless, these solutions do 
require props every 1.5 to 2.0 m, as well 
as some minimal temporary formwork. 
In this method, some of the wet concrete 
is replaced by precast ribs which embody 
the reinforcement steel required, and void 
formers which reduce the overall concrete 
required. The void formers are in general 
bulky and the ribs are relatively heavy. This 
places large requirements on the transporta-
tion and haulage of the slab system. Cranage 

Figure 5  Suspended slabs requiring various amounts of temporary support structures during 
construction (large ghosts environmental footprint) 
References: Cast in-situ [2], Steel permanent formwork [3]
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Figure 6  Suspended slabs requiring no temporary support structures during construction 
(smaller ghosts environmental footprint)
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is usually unnecessary for regular spans, 
and labour is mostly used for unloading, 
positioning and placement. Even though 
permanent formwork of various types has 
come into and gone out of fashion over the 
last century, these methods still require 
propping. The idea behind permanent form-
work is that it stays with the concrete struc-
ture once the props are removed. Hence 
the environmental impact and the effort of 
removing, cleaning and oiling/preparing 
the formwork are eliminated. The props 
and formwork should stay in place while 
the concrete is curing; oftentimes some of 
the formwork is removed early and the still 
green concrete structure is back-propped. 
In general, prop-dependent slabs require 
non-structural screed. The application of 
screed is required to level out the deflection 
(sag) due to prop removal and to achieve 
specified levels. At times this extra material 
is thick (if there are large deformations after 
the props are removed). The further envi-
ronmental impact of the transportation and 
placement of the additional screed material 
also needs to be accounted for when using a 
propped system. It is clear that props have a 
significant impact on whether the structure 
is green or not.

To eliminate the props altogether, the 
industry has come up with self-spanning 
solutions. The first group is precast rein-
forced concrete ribs with various blocks 
and entirely precast plank solutions. These 
components in general are heavy and 
require large transportation vehicles and 
large mobile cranes. Therefore, for precast 
systems, although the environmental 
impact of props and temporary formwork 
has been reduced, the haulage and cranage 
(Figure 7) of the precast components 
themselves generate significant amounts of 
emissions – refer to the discussion above 
regarding the environmental impact of 

traffic caused by construction activity. In 
addition to this, the precast systems also 
require the casting of a structural top-
ping, which demands additional material, 
delivery trucks and concrete pumps.

Composite construction (Figure 8) 
consists of a steel frame carcass, steel per-
manent formwork decking and reinforced 
concrete. Once the concrete is poured, 
the steel members (usually I-sections) and 
the concrete carry the load together in the 
design – this is structurally efficient. The 
permanent decking isolates, and therefore 
also shields, one floor from the other from 
falling objects, thus making it inherently 
safer for workers. From an environmental 
point of view, there are no props, temporary 
supports or temporary formwork. The 
environmental price is paid in:

 Q the increase in the amount of steel 
beams and columns (the spacing 
between the beams has to be reduced)

 Q the increase in large trucks that are 
required to transport the steel beams 
(and columns)

 Q large mobile cranes that are required 
to erect the steel frame

 Q the fact that steel has to be augmented 
(via shear studs) on site, which 
requires specialised equipment to be 
used at all floor heights, and

 Q the fact that the steel has to be 
fire-proofed.

Recently a new generation of prop-less 
permanent formwork (Figure 9) has 
entered the market [4, 5]. Its aim is to 
address the various environmental issues 
described above and to minimise the 
environmental impacts of a suspended 
floor. The permanent formwork is entirely 
self-supporting, therefore eliminating 
all propping. It is made of light gauge 
steel sections that have been structurally 
designed to meet all stability, strength and 
stiffness requirements for the concrete 
pour. The sections are light and modular, 
and can thus be shipped en masse on 
small vehicles – for example, a 1.5 ton 
vehicle can transport 100 m2 of perma-
nent formwork (transportation impact 
is minimised). Since the steel sections 
are light, they can be unloaded swiftly 
and placed in position by two workers 
without the necessity of cranes. Spans of 
10 m (plus) have been achieved. Due to 
the modular nature, large floor areas can 
be installed quickly (construction time is 
minimised). Like in composite construc-
tion, the permanent formwork protects 
the floors below from falling objects. 
Since the permanent formwork can carry 
the dead-load of the slab, construction 
activity can continue below unabated. 
Three days after pour, work can continue 
above the slab (this depends on the type 

Figure 8  Composite slabs require large trucks and large mobile cranes, while the prop-less 
system has permanent decking that isolates one floor from the other from falling 
objects; relatively many support steel beams are required, and the permanent 
decking cannot span long distances

(a) Composite permanent formwork 
showing steel I-beams

(b) Composite permanent formwork showing 
rebar and shear studs

Figure 7  Precast planks require large trucks and large mobile cranes; the effect on how green 
a building is in terms of traffic and energy of installation is clear
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Figure 9  A new generation of permanent formwork – the Fluted Floor System (FFS) by Aura Entle [5] which minimises the environmental 
impact as follows:

  (a)  The FFS is self-supporting requiring no props.
  (b)  The FFS steel sections are structurally designed to meet stability, strength and stiffness engineering requirements.
  (c)   Light-gauge steel sections can be transported on light vehicles (a 1.5 ton vehicle can carry 100 m2), so the FFS minimises the 

traffic impact.
  (d)  Light steel sections can span large distances and can be placed by hand – the FFS therefore does not require a crane.
  (e)  As soon as the FFS is in place over an area, the permanent formwork creates a safety barrier against falling object – project time is 

thus minimised as construction can proceed in parallel.

(a) (b)

(c)

(e)

(d)

Table 1 Environmental impact and safety overview of the various types of suspended slab systems
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Cast in-situ H H H M–H H M–H  H–H M H

Rib and block (shallow ribs) M H H H–H H–H H  H M–H M–H

Steel composite decking (long spans) 0–L H M–H M H–H M–H  M M M–H

Precast planks 0 0 H–H H–H L L–M  M M M–H

Rib and block (deep ribs) L 0 H–H H L–M L–M  M–H M H

Steel composite decking (short span) 0 0 H–H H–H L L  M L–M M–H

Fluted Floor System 0 0 L 0 L L  L–M L–M L

Key to environmental impact: H–H extremely high, H high, M medium, L low, 0 none,  not possible,  possible,  highly possible/encouraged
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of concrete used and how fast it gains 
strength). This allows for construction 
to proceed in parallel, which results in 
significant time savings per floor, as well 
as for the project as a whole. Minimum 
construction time results in minimum 
environmental impact.

Table 1 (see page 23) summarises 
the advantages and disadvantages of the 
various suspended floor systems from an 
environmental impact point of view. In 
addition, Table 1 also indicates the poten-
tial safety hazard of each slab system based 
on its dependence and usage of temporary 
structures and inter-floor isolation ability.

THE AFTERLIFE
When considering the environmental 
impact of the structures’ ghosts one should 
also take into account their reusability, 
recycling, repurposing and end of life. For 
props and formwork, the components are 
shipped, cleaned, maintained and reused. If 
the components are made of steel they can 
usually survive multiple usages, but they 
will require a significant amount of mainte-
nance (e.g. panel beating, welding and oiling 
against rust). Components that are made of 
wood, such as gum-poles (that are used for 
propping) and shutter plywood (that is used 
for formwork), are often cut and trimmed, 
thereby limiting its number of reuses.

For precast structural solutions that 
require no propping or formwork, the 
ghosts are embodied in transportation, 
cranage and traffic congestion. Upon 
demolition, precast items have to be disas-
sembled first by jack hammering before 
removal with a mobile crane. Large waste 
removal vehicles furthermore have to 
transport the rubble off site.

Thin gauge-shaped metal sheets making 
up permanent formwork (e.g. propped, 
composite construction, and prop-less) 
are damaged and destroyed during the 
demolition process. These metal sheets are 
therefore transported for recycling.

It is interesting to note that the novel 
Fluted Floor System (FFS) allows for jack 
hammer demolition from above (see 
Figure 10), with the main steel members 
remaining undamaged. This allows for the 
multiple reuses of these components in 
future projects. The green footprint of the 
building with the FFS is thus reduced.

All concrete making up the floor slab 
can be crushed and used as aggregate in 
new concrete mixes. (The details of where 
and how the crushing occurs also have 
a significant effect on cost and on the 
green footprint.)

CONCLUSION
This article gave an overview of the en-
vironmental impact of temporary struc-
tures that are required in the construction 
process – the so-called structures’ ghosts. 
Temporary structures can be required 
in significant quantities and thus have a 
large carbon footprint. All too often the 
structures’ ghosts are not accounted for 
when doing an environmental impact 
assessment to determine how green a 
building is. The temporary structures are 
seldom, if ever, designed by an engineer. 
The risk of having these temporary struc-
tures collapse equals approximately twice 
the original environmental impact (i.e. 
environmental risk due to constructing 
and reconstructing the temporary works).

The temporary structures required 
during construction have many 

environmental components. These include 
the material type, quantities, transporta-
tion (to and from site), cranage (for as-
sembly and disassembly), maintenance and 
storage, and afterlife (whether components 
get thrown away, recycled, repurposed or 
reused). The duration of construction, the 
size of freighting vehicles and the quantity 
of delivery/collections required, are im-
portant, as they have an impact on traffic 
congestion around the site.

Suspended slabs were considered to 
illustrate the structures’ ghosts. It is clear 
that all construction has environmental 
impacts – determined by its extent or 
severity. Suspended slabs that require 
props or formwork automatically have 
higher carbon footprints. Large or heavy 
components making up the floor slab 
require large transportation vehicles and 
cranes. A new generation of permanent 
formwork called the Fluted Floor System 
(FFS) which is self-supporting (prop-less) 
minimises the carbon footprint during 
construction, as it does not require props, 
cranes or large vehicles for transportation. 
With new construction technologies such 
as the FFS, along with industry’s drive 
towards green building, perhaps these 
ghosts could finally be put to rest.
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Figure 10  The Fluted Floor System (FFS) being demolished from the top with no props 
underneath, using a jack hammer 
Afterlife: All components of the FFS have been used as follows: 
– the main steel sections, called the flutes, have been reused in other projects 
– the secondary sections, called the folds, have been recycled 
– the concrete has been crushed and recycled as concrete aggregate
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INTRODUCTION
When engineering consultant Zutari was 
tasked to raise the Garden Route Dam 
(GRD) – the main supply for the water-
scarce town of George in the Southern 
Cape – it devised a novel solution due to 
unique technical constraints.

A comprehensive water supply 
augmentation study of the town’s supply 
has been under way since 2004, building 
on knowledge gained from preceding 
work going back as far as 1967. The 
augmentation revolved around broadly 
similar concepts of run-of-river pumping 
schemes, as well as dams on rivers in the 
surrounding area.

The study also investigated interven-
tions such as desalination, groundwater, 
water reuse and water-demand manage-
ment. Some of the schemes that were 
deemed most feasible, such as the 
Kaaimans Pumping Scheme and the 
Malgas Pumping Scheme, have already 
been implemented. The study identified 
that raising the GRD was a worthwhile 
intervention due to a substantial 
yield-to-cost benefit, with only limited 
environmental and socio-economic issues 
to be mitigated. The raising incorporates 
a 2.5 m raising of the Full Supply Level 
(FSL) of the dam, equating to an increase 
in the storage capacity of 2.46 million 
cubic metres to a total net storage ca-
pacity of 12.1 million cubic metres.

The original GRD was a 39 m high, 
zoned earth-fill embankment dam com-
pleted in 1980. The dam was built with 
several staggered berms on both its up-
stream and downstream faces. The indi-
vidual slopes on the upstream side have a 
slope of 1V:1.3H, but with an overall slope 
of 1V:3H. Likewise, the downstream slope 
has individual slopes of 1V:1.9H, but an 
overall slope of 1V:2.3H. The curved crest 

of the dam was 7.7 m wide and 330 m 
long. The FSL was at 179.94 masl and the 
non-overspill crest (NOC) at 185.04 masl, 
giving it a flood freeboard of 5.1 m.

The original spillway on the right 
abutment consisted of a 25 m long linear, 
ogee-shaped, uncontrolled concrete over-
flow. The length of the overflow, together 
with the freeboard, gave the spillway a 
capacity of 530 m3/s. The channel down-
stream of the spillway is concrete-lined 
to the end of the stilling basin, and there-
after becomes an unlined rock channel. 
Subsurface concrete sills are present to 
prevent excessive erosion. There is a ve-
hicle and pipe bridge crossing the spillway 
to provide access to the embankment.

Upstream of the spillway and bridge is 
a fairly large approach channel, forming 
a relatively level area that widens from 
roughly 30 m at the spillway to about 50 m 
wide at 50 m upstream of the spillway. 
This area was considered ideal for the 
construction of a fixed non-linear weir. 
Initially, raising the dam’s water level was 
envisioned to be limited to increasing the 
existing overflow sill of the spillway, or 
the installation of some form of fuse gate 
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Together with the raising of the dam wall, the duckbill spillway increased 
the Garden Route Dam’s existing storage capacity by 25% and 
significantly improved the discharge capacity of the spillway



system on the spillway. The most feasible 
options were subject to technical studies 
and an environmental impact assessment.

The various spillway gate options were 
attractive from a cost perspective. The 
gate options could pass the required floods 
without having to raise the crest of the 
embankment and did not require adjust-
ments to be made to the bridge across the 
spillway. This equated to simpler and thus 
less expensive construction. However, reli-
ability and long-term maintenance of the 
gate options remained a concern.

Re-evaluation of the dam’s flood 
hydrology resulted in flood peaks signifi-
cantly higher than those that the original 
dam and the proposed gate options had 
been designed for. The updated hydrology, 
combined with raising the FSL, also re-
quired that the crest of the embankment 
had to be raised to ensure its safety. A 
new spillway concept with a significantly 
higher capacity than the previous alterna-
tives thus had to be devised to be able to 
pass the flood peaks with as low a head 
as possible so as to minimise the amount 
that the embankment would need to be 
raised by.

Besides the fact that the spillway 
needed to have a high capacity, the 
floods – up to the Safety Evaluation Flood 
(SEF) – also had to pass underneath 
the existing bridge across the spillway 
channel to avoid the high construction 
cost of having to raise or amend it. The 
sizeable and relatively flat approach 
channel upstream of the spillway allowed 
for construction of a fixed concrete weir 
extending upstream from the existing 

training walls. This guided the design to 
a trough or a labyrinth type of weir. The 
detail design determined that the flood 
levels were too high for a conventional 
labyrinth weir and would necessitate sig-
nificant raising of both the embankment 
and the pipe bridge.

DUCKBILL SPILLWAY
The labyrinth concept did, however, spark 
the idea to have a single-cycle labyrinth 
similar to a bathtub or duckbill spillway, 
so-called due to its shape. The size of the 
approach channel allowed the single-cycle 
labyrinth to be extended relatively far 

upstream to maximise the overflow wall 
length. This means that the sidewall 
length of the spillway is longer than that 
of a traditional labyrinth. The apex of 
the spillway is also comparatively wide 
in order to fill the available space, and 
curved to allow for smoother flow lines 
and to limit ineffective corners.

The final design, in the form of the 
duckbill spillway, not only allowed for 
the dam’s existing storage capacity to be 
increased by 25%, but also significantly 
increased the discharge capacity of the 
spillway so as to boost the dam’s safety by 
preventing overtopping. It achieved this 
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By increasing the discharge capacity, the duckbill spillway prevents overtopping, 
and thus ensures the dam’s safety (this was achieved by raising the full supply 
level by 2.5 m and increasing the overflow length such that the spillway 
and weir could pass more flow for a given overflow depth)

The duckbill extended the spillway from the 
previous width of 25 m to a far safer 80 m
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by raising the FSL by 2.5 m and increasing 
the overflow length such that the spillway 
or weir could pass more flow for a given 
overflow depth.

The non-overspill crest of the em-
bankment thus only needed to be raised 
by 1.56 m to allow for the passage of the 
SEF. The bridge across the spillway did 
not need to be raised or amended in any 
way. The total length of the upgraded 
spillway is 80 m, and with a freeboard of 
4.1 m has a maximum discharge capacity 
of 570 m3/s. The discharge capacity of 
the spillway was determined using the 
standard weir equation. The design team 
surmised that the discharge behaviour 
of the duckbill would be similar enough 
to that of a typical labyrinth weir with a 
single cycle, such that the work described 
by Tullis and Waldron (1995), and more 

Before and after The bridge across 
the spillway did not need to be raised, 
as a physical model investigation by the 
Department of Water and Sanitation 
showed that both the recommended design 
and safety evaluation floods would pass 
safely underneath the bridge across the 
spillway channel
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recently by Crookston and Tullis (2013) 
could be used.

The discharge coefficient was derived 
for a labyrinth weir with a half-round 
crest with side angles at ~15° in plan. The 
single cycle nature of the weir meant that 
the flow may approach these walls nearly 
perpendicularly and thus be more efficient 
compared to a typical labyrinth. However, 
this side flow is partially hampered by 
the embankment on the one side and the 
abutment on the other. The behaviour 
described by the 15° coefficient line in the 
available research is thus conservatively 
considered to be representative of the flow 
conditions at the duckbill, although the 
wider width of the outlet bay certainly 
also plays a role.

Due to the novelty of the spillway, 
the Department of Water and Sanitation 
(DWS) offered to carry out a physical 
model investigation of the spillway 

during their review of the dam’s design. 
The results showed a higher discharge 
capacity than the calculated capacity and 
confirmed that both the Recommended 
Design Flood (RDF) and SEF floods would 
safely pass underneath the bridge across 
the spillway channel. The DWS model 
was built at a 1:35 scale, as dictated by 
the flow capacity of their laboratory. The 
scale of the model was not ideal as, at low 
flow rates, the surface tension of the water 
and any turbulence it exhibits, would 
affect the model results. However, the 
results were considered representative at 
the large floods that were the focus of the 
study, namely the RDF and SEF.

The new sill consists of a reinforced 
concrete cantilever structure, which is 
unusual for hydraulic structures of this 
type as these are more commonly mass 
gravity structures. To enhance the stability, 
the structure was provided with rockfill 

on the upstream side of the wall footing, in 
addition to rock anchors. This was found 
to be a more economical solution than a 
mass gravity structure. The rock of the 
channel in the centre of the duckbill had to 
be lined with concrete to prevent erosion 
by the energetic flow. This slab also had to 
be held in place with rock anchors in addi-
tion to an underdrainage system. Further 
to this, the foundation underneath the 
new spillway sill was grouted to minimise 
seepage underneath the wall.

The main dam wall was raised 1.56 m 
by placing new earthfill on top of the 
existing embankment. This task had to 
be achieved in confined spaces, atop high 
slopes, mostly using available material of 
suitable quality from the dam basin, with 
filter sand and rip-rap imported from 
commercial sources.

Selected material was placed as follows: 
12 500 m3 general fill, 2 500 m3 rip-rap, 

Above and below The main dam wall was raised 1.56 m by 
placing new earthfill on top of the existing embankment, using 
mostly available material of suitable quality from the dam basin, 
with filter sand and rip-rap imported from commercial sources
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750 m3 filter sand and 2 050 m3 topsoil. 
In terms of the spillway, even though the 
FSL of the dam was raised by 2.5 m, due 
to the local terrain the tallest portion of 
the new spillway wall is 4.9 m tall. A total 
of 1 780 m3 of concrete was used (750 m3 
mass concrete infill above excavated rock 
levels, 300 m3 for the walls, 390 m3 for the 
wall footing and 340 m3 for the channel). A 
total of 150 t of steel was used.

CRITICAL TIMING
The seven-month construction period ran 
from 13 May to 12 December 2019. Timing 
was critical in order to take advantage of 
local weather conditions, with this period 
normally experiencing the lowest rainfall. 
Fortunately, there were no floods during 
construction, and the reservoir water level 
remained low enough to allow unhindered 
access to the construction site. The indi-
vidual construction activities were fairly 
conventional, but the coordination and 
sequencing had to be carefully managed 
to allow completion within the available 
time. The quality of construction work was 
of a very high standard and was executed 

smoothly. The interaction and cooperation 
between all parties involved – the owner, 
consultant, contractor and his sub-
contractors, environmental control officer 
and health and safety agent and their 
staff – was commendable, which led to an 

extremely successful project, completed on 
time and within budget. 

REFERENCE
A Duckbill Spillway to Raise Garden Route 

Dam (L J du Plessis, F J M Denys).
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INTRODUCTION
This article attempts to highlight the 
influence of civil engineering (in its 
broadest term) on renewable energy 
development. Renewable energy is 
destined to become one of the fastest 
growing industries worldwide. This type 
of energy production encompasses solar, 
wind, hydro and biomass mostly, and 
many countries have pledged allegiance 
to the Paris Accord of 2015 to decrease 
greenhouse gas and carbon emissions 
over the decades to come. This can only 
be done by decreasing conventional 
forms of power generation (essentially 
fossil-fuel-based energy such as coal and 
gas) and increasing reliance on renewable 
energy – essentially saving the planet in 
the process.

This article concentrates on solar, 
because energy from the sun is the 
precursor of all other energies. The 
formation of coal (and more directly 
biomass) would not have been possible 
without sunlight to nurture the main 
ingredient – plants. Similarly, wind 
just does not occur without the uneven 
solar heat response on land masses and 
adjacent water bodies.

Due to the fast-tracked nature of the 
multibillion-dollar renewable industry, 
the facts, figures and projections used 
in this article have been gathered from 
a wide variety of sources and are in a 
constant state of flux. Therefore, whilst 
an article of this nature may evoke errata 
and addenda, an extensive bibliography or 
reference list would probably take up most 
of this publication, space and precious 
trees, and has therefore been excluded, 
but can be provided on request.

CHRONOLOGICAL HISTORY 
AND DEVELOPMENT OF 
RENEWABLE ENERGY

 Q Two million years ago the first homi-
nids harnessed the rays of the sun to 
warm and dry themselves and their 
possessions.

 Q Two thousand years ago the earliest 
windmills were used in ancient Egypt.

 Q The year 1888 saw the invention of the 
wind turbine to produce electricity.

 Q Circa 1941 saw the invention of the 
first solar panel.

 Q Recent decades have seen rapid devel-
opment of wind turbine blades from a 
mere 5 m length to over 75 m today.

 Q The future – researchers are consid-
ering harnessing the sun’s energy from 
a more reliable position above the 
atmosphere in space.

SOME TERMINOLOGY
PV  Photovoltaic, usually attributed 

to the flat, immovable solar 
panels either bolted into the 
ground (utility-scale PV) or 
mounted on roof tops.

CSP  Concentrated Solar Power, 
either pertaining to heliostats 
directing the sun’s rays to a 
200 m tower and storage in 
molten salt or to a focal line 
tube used in parabolic troughs.

Heliostat  A mirrored panel mounted on 
a tracking system usually in 
conjunction with a CSP tower 
receiver.

STE  Solar Thermal Electricity/
Energy usually by parabolic 
mirrored troughs with focal line 
tubes.

Tracking  Heliostats can be placed on 
automatic tracking systems to 
increase efficiency.

WHY RENEWABLE ENERGY?
The overwhelmingly positive aspects of 
renewable energy can be listed as follows:

 Q Cleaner environment with zero carbon 
emissions.

 Q Socially responsible banks will no 
longer fund traditional energy genera-
tion developments, and have already 
started identifying renewable energy 
projects as a long-term investment 
opportunity.

 Q Cheaper electricity. Solar costs have 
plummeted globally to $0.05/kW. 
By comparison, Kusile and Medupi 
provide electricity at R1.38/kWh and 
diesel/gas peaker power plants are 
rated at R6.91/kWh, not to mention 
the billions of rands in tax payers’ 
money to maintain these.

 Q No moving parts (for PV solar) and 
therefore lower maintenance.

 Q Between three and five times more 
employment opportunities than 
conventional fossil-based energy pro-
duction, and this will have a national 
footprint unlike the coal-fired industry 
that is restricted to Mpumalanga.

 Q Wind and solar can be developed as a 
co-location production facility, thus 
capitalising on land-use potential.

 Q The sun and wind are generally pre-
dictable, and renewable resources are 
manufacturing-intensive. South Africa 
is generally considered the second-best 
renewable resource on the planet, with 
abundant high-irradiation levels and 
an extensive coastline linked to windy 
conditions (see later).

 Q Solar panels are made from silicon, 
which is the second most abundant 
element on the planet and found in 
abundance at every seaside resort.

 Q Solar and wind have a very low water 
footprint, whereas coal-fired and 
nuclear use significant amounts of 
water (Eskom used 300 million m3 in 
the year 2005/2006, almost 1 million 
m3 per day). In standard terms that is 
a billion litres per day or 400 Olympic-
sized swimming pools.

 Q One hectare of land has the ability 
to yield 4GW of energy, and by 2030 
the entire planet could be driven by 
renewables on just 52 million hectares 
of land, or roughly the size of Spain.

HOW CAN CIVIL ENGINEERS ENHANCE 
RENEWABLE ENERGY PROJECTS?
The role of civil engineering in renewable 
energy development is in the planning, 
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execution, design and construction 
supervision, and the civil engineer is 
reputedly the busiest person at a solar 
power plant. Science, together with 
engineering, has the ability to investigate 
what is (the science of the site condi-
tions) and provide solutions to overcome 
inherent problems and optimise avail-
able resources (the engineering). The 
various aspects can be described in more 
detail below:

Detailed desktop study
 An advanced desktop study can provide 
essential qualitative and semi-quantitative 
information on potential geotechnical 
constraints that may affect the foundation 
and earthworks design and cost of the 
most appropriate engineering solution at 
pre-feasibility level. The GCS-REU (see 
box on page 33) has, for example, devel-
oped a useful geotechnical constraint 
cost matrix that assists developers in early 
planning.

Intrusive geotechnical investigations
 Apart from the significant static loads 
generated by a 200 m CSP tower and the 
cyclic-dynamic ground forces generated 
by a wind turbine, a utility PV solar instal-
lation does not impose significant bearing 
pressures. However, the foundations of 
PVs need to resist the occasional uplift 
forces due to 140 km/h winds that may 
occur. A shallow intrusive investigation 
is usually sufficient to obtain definitive 
ground and soil/rock parameters via 
test pitting to 3 m, supplemented by 
penetrometer and geophysical surveys. 
Deeper, more intensive investigations 
(such as drilling and geophysical surveys) 
are essential for the wind turbines and 
CSP towers which are more load-settle-
ment-sensitive structures. Certainly, for 
utility-scale PV solar developments, vast 
tracks of land need to be investigated and 
construction is a major civil engineering 
exercise. For example, a 200 MW facility 
will require upwards of 500 ha of land and 
about 50 000 foundation posts.

Construction materials
 Whilst the majority of PV developments 
comprise manufactured solar panels, 
there will still be a need for construction 
materials for conventional foundations 
(concrete, sand, steel and water), power 
house buildings (bricks, mortar) and 
access roads (all-weather gravel-wearing 

course). The location and provision of 
these resources can be determined by 
identifying suitable materials during the 
geotechnical investigation, local borrow 
pit investigations or identification of 
closest commercial sources as part of the 
construction planning report.

Topographic surveys
 This is an essential survey that will assist 
the engineer with the considerable earth-
works (sometimes up to 1 million m3) 
required to provide long, level platforms 
for PV installations, and localised level 
platforms for wind turbines. The execu-
tion of these surveys has been enhanced 
by the use of drone technology.

GIS and Visual Impact Assessment
 This specialised service can also be 
offered by the GCS-REU so that layered 
information can be collated and presented 
for ease of reference. The VIA also dove-
tails into the requirements of the EIA, 
especially in the case of CSP solar and 
wind farms.

Hydrology
 The identification and quantification 
of any flood risks that may affect the 
site can be assessed at an early stage 
using available published data, and more 
detailed analyses can be completed with 
accurate topographical data if a flood risk 
is highlighted.

Hydrogeology and water supply
 Most of the PV solar sites that have been 
developed in the Northern Cape Province 
of South Africa have purposely been 
located close to a major source of water 
(in most cases the mighty Orange River). 
A good supply of water is essential in this 
parched province, not only during con-
struction, but also for maintenance and 
cleaning of PV panels over their 30-year 
life span. However, in the more remote 
areas, a geohydrological survey can as-
sist in determining the availability and 
quantity of groundwater for this supply. 
Application for a Water Use Licence 
(WULA), Groundwater Assessment 
(GA) and Stormwater Management 
Plan (SWMP) can be provided by the 
GCS-REU.

Environmental engineering and legislation
 The South African Department of 
Environmental Affairs (DEA) has 

identified eight renewable energy develop-
ment zones (REDZs) so that only the 
minimum environmental basic assess-
ment (BA) needs to be completed (and 
pre-empts authorisation requirements), 
thus saving time and costs on project de-
velopment. Elsewhere, full environmental 
impact assessments (EIAs) are required, 
which are essential but can delay a project 
considerably.

Construction planning report
This can be provided by a body like the 
GCS-REU during the high-level feasibility 
investigation, and is particularly advanta-
geous to overseas developers and EPCs 
who sometimes do not have the time 
or resources to complete this function. 
Information can be gathered on acces-
sibility, existing services, land ownership, 
availability of commercial sources of 
construction materials, local contractors 
and many other aspects that can be fed 
into the cost feasibility matrix.

Rammed pile load testing
The GCS-REU has collaborated with 
Geopile, who have adapted their 
environmentally friendly and low-
carbon-footprint ductile iron tubular pile 
which is ideally suited to sub-tropical 
environments and ground conditions. 
The advantages over conventional 
concrete pad foundations are zero water 
and concrete demand, the use of recycled 
ductile materials, speed of construction 
and zero spoil/waste since the pile type 
is full displacement. The popular “C sec-
tion” used in Europe and the USA can 
be adapted for the coupling from the 
foundation post to the panel. To date, 
Geopile alone has installed over 50 000 
piles at many PV solar sites, mostly in the 
Northern Cape.

Soil aggressiveness
Due to the harsh, dry and acidic envi-
ronment normally associated with hot 
sub-tropical climates, the development 
of pedocretes (specifically calcrete) 
can be aggressive to both concrete and 
reinforcing steel elements (if conventional 
pad foundations are prescribed). The use 
of rammed ductile iron piles preempts 
this problem.

Soil resistivity for cabling
The purpose of renewable energy is to 
provide clean, renewable electrical power 
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as an alternative to conventional fossil fuel 
supplies through a buried cabling system 
from the wind turbine or PV panels to a 
battery storage or directly into the grid.

HEROES AND ZEROES
The little central American country of 
Costa Rica leads the way with almost all 
electricity requirements by renewables 
(mostly hydro) and joins Spain, Germany, 
most Scandinavian countries and Iceland 
as leaders in this field.

Germany and Chile recently created 
a free market by creating a surplus of 
renewable energy.

China has long been one of the biggest 
culprits in terms of pollution, but with 
an end goal in mind (so they say) – to 
produce enough wealth to clean up the 
pollution (counter-intuitively) by investing 
in renewables by becoming the world’s 
leading producer of solar panels.

Spain is making a concerted effort 
to achieve 75% electricity by renewables 
by 2030, and 100% by 2050, by providing 
3 000 MW/year over the next ten years. 
They have closed most of their coal mines 
and stopped issuing licences for oil and 
gas exploration, and are also running 
down their nuclear programme. Workers 
on traditional fossil fuel generation 
are being retrained in renewable 
energy production and environmental 
restoration.

South Africa, in comparison, has had a 
love affair with an abundant supply of coal 
reserves and an almost total disregard for 
the environment up until now.

CONCLUSIONS FROM A SOUTH 
AFRICAN PERSPECTIVE
The current electricity demand in Africa 
is 700 TWh (projected to be 2 300 TWh 
in 2040), and renewable energy can assist 
in fulfilling the promise of energy for 
everybody everywhere.

The South African government in their 
Integrated Resource Plan (IRP of 2019) 
have pledged to provide 3 000 MW of solar 
and wind power in the next 12 months. 
That is equivalent to thirty Solar 1 CSP 
plants (just completed in Upington).

The CSIR is making leaps and bounds 
in research, and Mintek is engaging in 
practical research to assist all role players. 
Many international EPCs, such as juwi, 
Abengoa, METKA, Enel and Solar Reserve 
have a strong presence in South Africa, 
and have completed many solar and 
wind projects that are already supplying 
electricity to the national grid. The Centre 
for Renewable Studies at the University of 
Stellenbosch is evidence of the commit-
ment shown by the research organisation 
to renewable energy.

Exxaro has recently bought a stake 
in Cennergi who acts as an independent 
power producer to smooth the transition 
from mining to renewable energy.

South Africa is blessed with abundant 
sunshine (1 700 to 2 300 kWh/m2 and 
2 500 hours of sun every year), vast tracks 
of flat, undeveloped land and an extensive 
coastline of 3 000 km (suitable for wind 
power). With burgeoning and growing 
unemployment numbers this clearly leads 
to a renewable solution.

It is also interesting to note that, 
although solar energy requires the sun, 
heat can be a hinderance (deserts are less 
than ideal), with efficiencies peaking only 
at a modest and temperate 25°C. This 
places South Africa, with our sunny yet 
temperate climate, in a most enviable 
situation. It has also been said that the 
amount of coal formed in a year is being 
consumed in a minute and is a finite re-
source. Renewable energy, by definition, is 
everlasting, and we as civil engineers are 
committed to clean, everlasting solutions 
for humanity. 

GCS-REU AND RENEWABLE ENERGY
The GCS Renewable Energy Unit (GCS-
REU) comprises the unique combined 
expertise and aspects of geotechnics, 
project management, environmental 
impact assessments and legislations, 
geohydrology, hydrology, construction 
planning reporting and rammed 
pile-load testing. This specialised unit 
has been created to assist the client/
developer with all the essential feasibility 
and design investigations required for 
any renewable project. The GCS-REU 
is able to offer these services partially 
or as a total package. The latter has 
become increasingly popular due to the 
elimination of multiple appointments 
and the streamlining of administration. 
To use political parlance, the GCS-REU 
can be considered the combination of 
a Special Purpose Vehicle (SPV) and a 
Special Investigation Unit (SIU). 

https://www.smec.com/en_za
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INTRODUCTION
Being built in a wind channel with some 
of the highest wind speeds in the country 
will make the Roggeveld Wind Farm in 
the Karoo undeniably one of the most 
energy-efficient wind farms to be con-
structed in South Africa to date. When 
completed, this 147 MW wind farm will 
contribute 555 000 MWh a year of clean 
energy to the national grid.

Developed by Red Rocket and awarded 
preferred bidder under the REIPPPP 
in 2014, the Roggeveld Wind Farm is 
situated on the boundary between the 
Western and Northern Cape, some 20 km 
north of Matjiesfontein.

Known for its delivery on wind farm 
projects, Concor Infrastructure was 

awarded the civil balance of plant work by 
Nordex Energy South Africa (Pty) Ltd, who 
is the EPC contractor on this project. The 
contract started in May 2019. In March 
2020, just before commencement of the 
Covid-19 lockdown, we visited the project to 
get a feel for what makes constructing this 
wind farm that different from others.

Primary access to the project site is 
off an existing provincial road which 
the contractor widened from its original 
four metres to 7.5 metres, implementing 
vertical alignment changes and laying 
a wearing course to make it more ac-
ceptable for transporting the large wind 
turbine tower segments and components. 
This was done over a 5.5 km section of the 
provincial roadway.

ROUGH TERRAIN AND 
CHALLENGING TOPOGRAPHY
This is where the easy part stopped. The 
project is spread over several farms in 
the district, traversing extremely rough 
terrain over most of its 21 300-hectare 
footprint, with the construction footprint 
on 40 hectares. The topography itself has 
presented myriad challenges. The highest 
point sits some 1 485 metres above 
sea level, with the site offices down at 
1 289 metres.

The wind farm is also being built in an 
environmentally sensitive area, and it was 
critical to ensure compliance with all the 
related legislation. Whilst undertaking 
construction safely and ensuring pro-
ductivity, the construction schedule and 
programme targets also had to be met.

Concor Infrastructure project 
manager, Greg Oosthuizen, says that 
accessing the specific areas where 
individual wind turbine bases and hard 
stands need to be constructed requires 
the construction of some 34 km of access 

Wind farm construction 
in the rugged Roggeveld

The wind farm is also being built in an environmentally sensitive area, 
and it was critical to ensure compliance with all the related legislation. 

Whilst undertaking construction safely and ensuring productivity, the 
construction schedule and programme targets also had to be met.

Rugged expanses, as seen from WTG 46, which 
will be the viewpoint of the Roggeveld Wind Farm
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roadway, some of which is over very dif-
ficult terrain and not easy to access even 
using 4×4 vehicles.

“The most critical aspect when con-
structing the two main access roads has 
been to get the grades right to facilitate 
trucks hauling on these,” he explains. In 
some instances, the cut has been up to 
three metres, and while this meant that a 
reasonable amount of blasting had to be 
done during access road construction, this 
activity was optimised by the contractor.

Aggregate for roadbuilding con-
struction was taken from the cut to fill 
activities on the project, and while using 
existing material on site for the road 
build and wearing course was practical, it 
required correct management to ensure 
that appropriate material was sent to 
fill and other material to the crusher 
stockpile.

Oosthuizen notes that, due to the 
environmentally sensitive terrain, there is 
not a lot of available space for stockpiling. 
This had to be tightly controlled to ensure 
that sufficient tonnages are crushed in the 
area where required. A mobile crusher is 
being used on the areas identified within 
the project footprint where stockpiles can 
be maintained, and material practicably 
used on the road build.

In total 47 wind turbines, with a rotor 
diameter of 25 metres and a hub height of 
100 metres, will be erected. Seven of these 
are 3 MW turbines while the remaining 
40 are 3.15 MW.

CONSTRUCTING BASES
The geology in the area where the 
turbine bases and hard stands are being 
constructed comprises sandstone with out-
crops of tillite. Once blasting, excavation 
and cleaning have been completed, blinding 
is poured. It is at this stage that the levelling 
legs which go on top of the blinding are 
installed and these will hold the levelling 
template in place during casting. These 
are necessary as the turbine towers will be 
concrete and not steel structures.

Steel reinforcing is then done, and 
this portion of work is being handled by 
Rainbow Reinforcing, one of the SMMEs 
that has previously worked with Concor 
Infrastructure. In total, approximately 
2000 tons of reinforcing steel will be used 
on the turbine bases.

“The next step on the base construc-
tion is the final installation of the levelling 
template with its corrugated sleeves that 
go into the foundation for the anchors for 
the concrete towers which are grouted 
into the foundation once assembled,” 

Oosthuizen explains. Following this, 
shuttering is installed and then the base is 
ready for the readymix pour.

“Although this requires that different 
teams work simultaneously on the base 
construction, it is viewed as one activity 
with little room for error, especially with 
the tolerances for the levelling template. 
We have found that open communication 
between the teams is critical and we rely 
on the Daily Safe Task Instructions en-
suring that everyone is aligned with what 
is required,” he says.

Approximately 25 000 m3 of readymix 
will be used on the project, which made 
sense for Concor Infrastructure to operate 
its own on-site batch plant. However, lo-
gistically this has presented challenges of 
its own, as the location of the batch plant 
is some distance from the actual wind 
farm project – the nearest turbine base is 
around 12 km from the batch plant.

“We are running ten readymix trucks 
on the project, and have to manage ef-
ficiencies at the batch plant to reduce the 
turnaround time of these vehicles, and 
we also need to adjust the pumping rate 
when pouring the readymix at the bases,” 
Oosthuizen says.

Commenting on planning and 
scheduling of resources, he explains that 
this has been critical to the success of the 
project. As an example, concrete aggre-
gates are supplied by a commercial quarry 
in Worcester, which is the closest large 
town and is more than 180 km away.

The next step on the base 
construction is the final installation 
of the levelling template with its 
corrugated sleeves that go into the 
foundation for the anchors for the 
concrete towers which are grouted 
into the foundation once assembled.

The view from Road 13 to WTG 16 
at the Roggeveld Wind Farm



Core construction teams were brought 
in, and in line with Concor’s policy of 
community upliftment, people have 
been employed from the surrounding 
communities including Sutherland, 
Matjiesfontein and Laingsburg. These 
range from general labourers to concrete 
hands and operators.

SAFETY ALWAYS TOP OF MIND
Oosthuizen is quick to point out that 
Concor has a sound safety track record, 
and this ethos was carried over to the full 
project team complement.

“We believe that communication is 
one of the most important elements of 
instilling a safety culture, and our people 
are encouraged to be custodians of their 
own team’s safety,” he says. ”Apart from 
the initial inductions, we use the Daily 
Safety Task Instruction to identify any 
risks associated with daily activities that 
may deviate from the issue-based risk 
assessment which would have identified 
perceived standard hazards or risks with 
tasks that need to be done.”

Concor Infrastructure has a clear-cut 
Visible Felt Leadership strategy, and 
this is evident on the Roggeveld Wind 
Farm project site where Concor had 
reached 250 000 LTI free hours by the 
end of February 2020. “Our excellent 
safety stats are only possible through 
the high level of teamwork implemented 
across all disciplines on site, and the 
ongoing commitment of everyone 
from top management downwards; we 
need to actively live our values daily,” 
Oosthuizen says.

Cleaning of a foundation under 
way at the Roggeveld Wind Farm

Preparing the wearing course on 
WTG 5 at Roggeveld Wind Farm
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Installation of the levelling template, which 
is the final step before the base pour



ENVIRONMENTAL STEWARDSHIP
From an environmental perspective, there 
are varying levels of sensitivity across the 
project footprint. Oosthuizen explains that 
red-listed plants that grow in the greater 
Roggeveld region were identified on the pro-
ject footprint, and in total there were some 
16 vulnerable and near-threatened plants.

“Under the supervision of the on-site en-
vironmental officer, protected plants which 
could potentially have been threatened by 
the construction footprint were removed 
and relocated, and several no-go areas were 
declared to protect the others in-situ. Great 
care has been taken not to encroach these 
areas, with vehicle travel strictly restricted 
to the internal roadways, and the disturbed 
footprint for the road was also kept to the 
absolute minimum,” he says.

Environmental inductions have 
formed part of the general induction for 
all people before they start working on the 
project, and this has assisted in providing 
information to the local community as 

well in terms of the local flora and fauna. 
One of the species that requires protec-
tion in the region is the Amaryllidaceae 
Brunsvigia Josephina, commonly known 
as Josephine’s Lily or the Candelabra Lily. 
The bulbs of these plants can take up to 
12 years to settle before they flower.

Amongst the fauna on the site is 
the Padloper Tortoise. When anyone 
encounters one of these small endangered 
animals, the environmental officer is 
alerted, and the tortoise moved to a safer 
place in the area to protect it.

What is also particularly significant for 
any project in this region is the ongoing 
drought conditions which rendered the 
designated project boreholes unusable due 
to them being dry or having insufficient 
water for the needs. Two boreholes are 
currently being used for earthworks, with 
one sited at the batch plant. Management 
of water usage is critical on the site, and 
water recycling settlement ponds were 
constructed at the batch plant.

RETURNING AFTER LOCKDOWN
Returning to site after the national lock-
down presented its own challenges, which 
added to those caused by earlier increases 
in project scope and design changes. 
Oosthuizen notes that additional health 
and safety procedures have been success-
fully implemented and, where necessary, 
method statements have been revised to 
cater for the regulatory requirements of 
social distancing.

“An ongoing education campaign is 
under way to ensure that the workforce 
understands the ‘new normal’ way of 
working, and the project is gaining trac-
tion again,” Oosthuizen says. “We expect 
to complete the casting of the final base 
by the end of August this year.”

Coral Fraser-Campbell

on behalf of Concor Infrastructure
Coralynne & Associates
communicate@coralynne.co.za

Greg Oosthuizen, Concor Infrastructure 
site agent at the Roggeveld Wind Farm

A completed foundation at Roggeveld 
Wind Farm, ready for tower erection
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One of the environmental no-go areas



City of Cape Town Mayoral Committee Member for Water & 
Waste, Alderman Xanthea Limberg, with the fi rst Table Mountain 
Group aquifer groundwater abstracted from Steenbras Wellfi eld.

Umvoto Africa Principal Geologist Dylan Blake at the opening 
of Steenbras Wellfi eld at Steenbras Dam (City of Cape Town).

http://www.umvoto.com


BACKGROUND
Due to severe drought conditions, the 
Premier of the Western Cape declared 
the City of Cape Town (CCT) and other 
areas in the Western Cape as a disaster 
area in May 2017. The dams supplying the 
CCT and surrounding agricultural areas 
were substantially depleted as a result of 
the drought, and the CCT and Western 
Cape Government were considering the 
management of a “Day Zero” scenario. In 
response to the crisis, the CCT considered 
the New Water Programme (NWP) to 
increase drought resilience by developing 
additional water supply from sources 
other than surface water. This was further 
supported by the development of the Cape 

Town Water Strategy, which was adopted 
by the Council in May 2019.

The drought response was supported 
from a legislative perspective when 
the CCT applied to the Western Cape 
Department of Environmental Affairs and 
Development Planning (DEA&DP) and 
the National Department of Environment, 
Forestry and Fisheries (DEFF), who in 
turn issued directives in terms of Section 
30A of the National Environmental 
Management Act (Act 107 of 1998), as 
amended (NEMA). This allowed the CCT 
to undertake listed activities without the 
need to undertake an Environmental 
Impact Assessment (EIA) process, thereby 
expediting the environmental processes 
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City of Cape Town  
New Water Programme
Planning and implementing large-scale sustainable groundwater 
abstraction within a protected and sensitive natural environment as 
part of a drought response initiative – Steenbras Wellfield Project

Photo 1 View of the project area
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to facilitate an emergency response with 
clearly defined checks and balances to 
protect the environment. The Department 
of Water and Sanitation (DWS) also expe-
dited their Water Use Licencing (WUL) 
process to support the CCT’s groundwater 
development projects.

INTRODUCTION TO THE PROJECT
The NWP included the development 
of groundwater schemes, targeting 
groundwater abstraction from the 
Table Mountain Group (TMG) Aquifer. 
The CCT initiated the TMG Aquifer 
Feasibility Study and Pilot Project in 
2002 and completed the Exploratory 
Phase in 2009. The implementation of the 
construction/production drilling phase 
of TMG Aquifer project was fast-tracked 
due to the drought, with the Steenbras 
wellfield being the first to be developed 
for abstraction (see Photo 1 for an aerial 
photograph of the project area). Further 
information on the identification and 
targeting of the TMG Aquifer, and 
initial Pilot and Exploratory Phases, are 
detailed in the article titled City of Cape 
Town New Water Programme: Realising 

the groundwater potential of the TMG 
Aquifer through a drought response initia-
tive – Steenbras Wellfield Project, which 
appeared in the June 2020 edition of Civil 
Engineering. The engineering motivation 
for commencing with the Steenbras well-
field is also detailed in that article.

The Steenbras Wellfield Project is 
located largely within the Water Utility 
Zone of the Steenbras Nature Reserve, 
which falls within the broader Kogelberg 
Biosphere Reserve (refer to Figure 1). The 
environmental sensitivity of the area and 
the fact that the environmental processes, 
noted above, were mostly uncharted ter-
ritory, required a coordinated approach 
from the CCT’s Water and Sanitation and 
Environmental Management Departments 
(specifically, the CCT Water Resilience 
Environmental Control Officer (WRECO), 
CCT Biodiversity Management Branch), as 
well as environmental specialists, consult-
ants, stakeholders, landowners and authori-
ties. The involvement of a wide range of 
environmental specialists and stakeholders 
led to an extensive process of risk identi-
fication and mitigation, as well as active 
oversight, supervision and adaptation to 

what was expected during construction. 
The lessons learnt in the planning and 
implementation of the Steenbras Wellfield 
Project, as well as measures implemented 
to support environmental best practice, are 
the focus of this article.

LEGISLATIVE CONTEXT
This section highlights the legislation 
most relevant to environmental consid-
erations when developing a groundwater 
abstraction project in South Africa.

National Environmental Management 
Act (Act 107 of 1998)
In South Africa, environmental legisla-
tion is largely housed in the National 
Environmental Management Act (NEMA), 
which sets out environmental principles, 
cooperative environmental governance and 
integrated environmental management. As 
noted above, any development that triggers 
a listed activity contained in the NEMA 
EIA Regulations typically requires an EIA 
to be undertaken, with the requirement 
for an environmental authorisation to be 
issued prior to commencement. However, 
due to the Disaster Declarations issued 
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Figure 1 Location of the Steenbras wellfield within the Kogelberg Biosphere Reserve and the Steenbras Nature Reserve
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in terms of the Disaster Management 
Act (Act 57 of 2002), the provincial and 
national environmental departments 
(DEA&DP and DEFF, respectively), issued 
NEMA Section 30A Directives to allow the 
CCT to initiate project commencement 
and implementation.

In terms of the NEMA, an EIA requires 
an assessment of environmental impacts 
prior to project commencement. However, 
due to the emergency, the directives 
provided for the approval of listed activi-
ties within various projects in the City’s 
Water Supply Emergency Intervention 
Plan (WSEIP), which could then be imple-
mented in terms of the conditions of the 
directives. These included, amongst others, 
the requirement for projects to be imple-
mented in terms of an approved generic 
Environmental Management Programme 
(EMPr), for approved Environmental 
Method Statements to be accepted by the 
DEA&DP or DEFF (depending on environ-
mental competency) prior to commence-
ment, and for regular progress reports and 
environmental audits to be submitted to 
the environmental authorities.

National Water Act (Act 36 of 1998)
In addition to the above, authorisation of 
water use is guided by Sections 21 and 22 
of the National Water Act (Act 36 of 1998) 
(NWA). In terms of groundwater abstrac-
tion and wellfield development, there 
are numerous factors to consider when 
determining the appropriate specialist 
studies required. For its groundwater 
development projects, the CCT applied to 
secure an allocation in terms of Section 
21 (a) (“taking of water”) through a Water 
Use Licence (WUL) for the Steenbras 
Wellfield Project and other proposed 
wellfields to abstract from the TMG 
Aquifer as part of the emergency response 
to the National Disaster declaration in 
2017. The Section 21(a) WUL was issued 
to the CCT on 21 December 2017 (Ref 
No 01/G40A/A/7276) and authorised 
the abstraction of groundwater in three 
phases from the TMG Aquifer, with a 
requirement to apply for a WUL and 
review the allocation after five years. 
This was aimed at allowing abstraction 
from production boreholes up to a certain 
volume under emergency situations, but 
also ensuring that the CCT reassesses the 
volumes required, based on monitoring 
data feedback during abstraction, for 
future long-term abstraction.

Once exploration and production bore-
hole drilling progressed to a point where a 
potential wellfield could be designed, the 
process of applying for the authorisation 
of Section 21(c) (“impeding or diverting 
the flow of water in a watercourse”) and 
(i) (“altering the bed, banks, course or 
characteristics of a watercourse”) water 
uses commenced in 2018. The authorisa-
tion process was preceded by specialist 
sensitivity analyses of the proposed water 
pipeline and powerline routes, above- and 
below-ground water crossings and ad-
ditional borehole drilling locations (refer 
to Photo 2 which shows some identified 
borehole locations along the access tracks).

The main challenges with authorising 
these water uses was that the entire 
Steenbras catchment area is a mosaic of 
wet- and dryland with numerous drainage 
lines, streams and rivers. This meant that 
the infrastructure routes crossed these 
wetlands or streams, or were located in 
close proximity to wetland areas.

A WUL was issued for Section 21(c) 
and (i) water uses, related to the Steenbras 
Wellfield Project, on 23 July 2019 (Ref No 
01/G40A/CI/9068).

BEING PROACTIVE IN A 
SENSITIVE ENVIRONMENT
As noted above, the Steenbras Wellfield 
Project was authorised in terms of 
Section 30A of the NEMA. However, al-
though the mechanism for such directives 
is provided for in the NEMA, this had yet 
to be applied in a drought scenario in the 
CCT. Since the issuing of the DEA&DP 
and DEFF directives in May 2017 and 

April 2018 respectively, many insights 
have been gained regarding implementing 
groundwater projects in terms of the di-
rectives, and various initiatives to support 
environmental best practice have been 
initiated. These are discussed below in the 
context of the Steenbras Wellfield Project.

Adaptive management
The field of civil construction has 
provided many lessons learnt on the 
importance of development planning, 
the practical implications of mitigation 
measures and the need for adaptive man-
agement during construction to support 
environmental best practice. The latter is 
not usually implemented easily, because of 
site-specific mitigation measures, which 
were developed by environmental special-
ists based on pre-construction baseline 
information, as well as an assumed impact 
from construction activities.

As construction progressed at the 
Steenbras Wellfield Project, additional 
Environmental Method Statements for 
various components of the project (for 
example: site clearance, civil, mechanical 
and electrical or groundwater drilling), 
have been prepared in consultation with 
the freshwater and terrestrial ecologists, 
the CCT WRECO, the CCT Biodiversity 
Management Branch and Environmental 
Control Officers. Previous lessons learnt 
could be applied through adaptive man-
agement via the preparation of subsequent 
Environmental Method Statements (refer 
to Figure 2). This has lent itself to adap-
tive environmental management, where 
information and recommendations are fed 

Photo 2 Active borehole sites along the 
main infrastructure route at Steenbras
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back to the engineering team and contrac-
tors in an iterative cycle to ensure the best 
environmental outcome. The value added 
by this process is that the scope, phasing 
and methods of implementation can be 
assessed by the environmental team based 
on “real-time data” and revised to the 
site-specific context. In addition, the en-
vironmental lessons learnt can be drawn 
into the construction process without 
substantial time delays, which is critical in 
an emergency situation.

Construction supervision
The benefits of having the environmental 
team involved throughout construction, 
as defined in Figure 3, are demonstrated 
in the examples provided below:

 Q The level of interest in the Steenbras 
Wellfield Project and environmental 
sensitivity of the Steenbras Nature 
Reserve also prompted the need for 
full-time monitoring by two on-site 
Environmental Control Officers to ac-
tively measure compliance and initiate 
incident response during borehole 
drilling and construction activities.

 Q Weekly coordination meetings were 
scheduled between the WRECO, 
Environmental Control Officers, 
contractors, engineers and the 
CCT’s Environmental Management 
Departments.

 Q For all new activities, Environmental 
Method Statements were drafted 
through input from specialists and 
were approved by the Environmental 
Control Officers, CCT Biodiversity 
Management Branch and WRECO (and 
accepted by the DEFF or DEA&DP, 
where activities triggered NEMA 
EIA listed activities). In this way, 
site-specific mitigation measures could 
be recommended, implemented and 
audited, with an opportunity to apply 
any lessons learnt through the imple-
mentation of the mitigation measures 

when future Environmental Method 
Statements are compiled and approved.

 Q During construction, the specialists 
had the opportunity to be involved in 
the recommendation of immediate 
incident responses, ecological 
monitoring, and implementation 
of additional mitigation measures, 
depending on the site-specific condi-
tions. This ensured that they could 
pro-actively initiate erosion control 
measures, flood detention measures 
and prevent potential contamination 
from construction activities.

Figure 3 Parties involved during construction monitoring
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Figure 2 Environmental Method Statement compilation, review and approval cycle
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 Q An incident response procedure 
was developed, which defined the 
collection of water and soil samples, 
undertaking site assessments with spe-
cialists, analysing the sampling data, 
and submitting reports on incidents 
and potential long- or short-term 
impacts to stakeholders and relevant 
authorities.

 Q Immediate and independent site 
feedback was available from full-time 
Environmental Control Officers 
during construction and incident 
responses.

 Q Since the CCT plans to explore and 
develop more groundwater options, 
these lessons and data collected can be 
applied to the planning of future well-
fields, thereby limiting adverse environ-
mental impacts in future wellfields.

Environmental best practice
The iterative process of adaptive manage-
ment (noted in the Adaptive management 
section above) has provided opportunities 
to implement environmental best practice 
in the development of the Steenbras 
Wellfield Project. Examples of these are 
provided below:

 Q Active Search and Rescue for specific 
plants and seeds had been undertaken 
prior to clearance for drilling and con-
struction activities (refer to Photo 3). 
Plants and seeds were labelled so that 
they could be replanted/sown back 
in the area of collection to maintain 
genetic integrity (refer to Photo 4).

 Q Alien vegetation was cleared for a 20 m 
radius from infrastructure to reduce 

recolonisation by alien plants, thereby 
increasing the success of vegetative 
rehabilitation.

 Q Topsoil removal and stockpiling for all 
works were overseen by the terrestrial 
ecologists or a rehabilitation specialist 
to aid post-construction rehabilitation.

 Q Drilling footprints and the working 
widths for linear infrastructure were 
reduced in areas of high environ-
mental sensitivity to reduce the area of 
vegetation that needed to be cleared. 
For example, the working widths for 
DN 560 pipelines varied from 6 m to 
10 m, which included the existing road 
width of 3.5 m.

 Q The need to import fill for backfilling 
trenches was reduced wherever pos-
sible. Crushing and screening of mate-
rial were undertaken on-site. Road 
maintenance also made use of local 
crushed material, and local material 
was used for making sandbags.

 Q Sandbag barriers (trench collars) are 
being installed in the trenches to match 
the historical hydrological movement 
through wetland areas (refer to Photo 5 
where specialists were busy marking 
the collar locations within trenches).

 Q The medium-voltage power lines to 
the various boreholes were installed 
underground in the same trenches as the 
pipelines. Even though cable theft is a 
possibility in the area, and pipeline main-
tenance is more challenging, the decision 
was made to reduce the footprint and 
allow for the movement of natural fire 
cycles, because the buried power lines 
would not require fire protection. This 

supports the fire management plan of the 
Steenbras Nature Reserve.

 Q Where pipelines crossed streams 
and rivers, these pipe crossings were 
designed to reduce the need for sup-
port structures within the streambeds, 
thereby reducing the impact on water 
flows (refer to Photo 6).

 Q Water from the boreholes was high in 
sediment, iron and manganese, and 
had a high pH compared to the water 
quality of the rivers and streams within 
the Steenbras catchment area. It was 
therefore not desirable that this water be 
discharged into the natural vegetation. 
Extensive mitigation measures to con-
tain drilling water (e.g. sumps, berms, 
plastic sheeting, etc) were installed on 
site. Temporary pipelines were installed 
from the boreholes to discharge drilling 
water directly into the dam.

 Q Additional drilling methods, such 
as reverse circulation, were used to 
supplement traditional percussion 
drilling. This reduced the chance of 
spilling drilling water and sediment 
during drilling (refer to Photo 7 which 
shows a reverse-circulation setup).

 Q Borehole pump house structures were 
clad with stone to reduce the visual 
impact of the infrastructure within the 
natural environment, under the guid-
ance of a landscape architect.

Stakeholder engagement
To address the need for public participa-
tion, various environmental forums, 
committees and specialist focus groups 
were initiated for the NWP projects. This 

Photo 3 Active search and 
rescue of botanical species 

by terrestrial ecologists

Photo 4  Example of marked and referenced 
plants removed from site for 
reinstatement post-construction
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enabled relevant government departments 
and specialist stakeholders to be informed 
of the CCT’s progress, discuss future pro-
ject planning and assist in identifying gaps.

Planning for the abstraction of ground-
water was fast-tracked as a result of the 
drought and national disaster declaration. 
Therefore, stakeholder engagement was 
not done according to Regulation 41 of 
the 2014 EIA Regulations, as amended, 
as it would have been done during the 
conventional EIA process. Stakeholder en-
gagement on the TMG projects, however, 
commenced as early as March 2018 to also 
address concerns raised regarding the en-
vironmental impact of large-scale ground-
water abstraction from the TMG Aquifer.

Stakeholder engagement included 
regular working groups, focus groups 
undertaking screening activities, moni-
toring committees focusing on the WUL 
conditions and larger forums for sharing of 
information from all the different projects 
under the NWP. Engagement also included 
one-on-one landowner consultations, 
meetings with Water User Associations, 
Biosphere Reserves and Municipalities and 
authority consultations (refer to Figure 4). 
These consultations aided in collecting 

extensive local knowledge, identifying 
environmental sensitivities, awareness of 
the public’s main concerns, sharing ideas, 
using different skills to undertake screening 
activities, promoting research topics and 
improving on-site monitoring and mitiga-
tion through information sharing.

Stakeholder engagement is also a critical 
part of compliance to the WULs issued 
to the CCT for the Steenbras Wellfield 
Project, discussed above in the section on 
the National Water Act (Act 36 of 1998). 
Stakeholders have an opportunity to be ap-
pointed as members of the Environmental 
Monitoring Committee, which is facilitated 
by the CCT on a quarterly basis. The aim 
of these meetings is to monitor compliance 
to water use licence conditions, approve a 
monitoring protocol for the Steenbras well-
field and propose additional conditions or 
mitigation measures, based on the outcome 
of monitoring data or operational feedback.

Offsets
Ecological offsets are required where the 
implementation of a project would result 
in unavoidable residual environmental 
impacts, which would have to be counter-
balanced by implementing an offset 

at another location. One of the licence 
conditions as part of authorising Section 
21 (c) and (i) water uses, is the requirement 
for the calculation of a wetland offset and 
the implementation of an offset plan. Due 
to the environmental sensitivity of the 
Steenbras Nature Reserve and ecological 
changes along the infrastructure routes 
from wetland to dryland, the need for a 
wetland offset was replaced by the recom-
mendation of undertaking a combined bio-
diversity offset. This combined offset was 
aimed at including both wet- and dryland 
residual impacts to determine a suitable 
offset accounting for construction-related 
impacts, as well as long-term abstraction-
related impacts. This is the first time that 
offsets due to long-term groundwater 
abstraction on this scale have been imple-
mented within the South African context. 
The CCT has appointed offset specialists 
to provide guidance in this regard.

CONCLUSION
The Steenbras wellfield forms part of the 
CCT’s New Water Programme, which will 
enhance water security during drought 
events. The approach followed during the 
planning and implementation phases was 
guided by the philosophy that the protec-
tion of the environment must be priori-
tised, while also protecting basic human 
needs. Therefore, although the Steenbras 
area is a declared nature reserve, the im-
plementation of various measures enabled 
adaptive environmental management to 
reduce the impact of the development 
on the environment.  For instance, these 
measures included full-time monitoring 
by Environmental Control Officers on 
site, Environmental Method Statement 
approval processes, and continual input 
by environmental and rehabilitation 

Photo 5 Specialists marking the 
collar locations within trenches

Photo 6 Above-ground river crossing

Photo 7 Reverse-circulation 
borehole drilling setup

http://www.ally.co.za
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specialists. This assisted in the ongoing 
pursuit of environmental best practice. 

The implementation of a sustainable 
large-scale groundwater abstraction project 
in an emergency, within a sensitive environ-
ment, and within the ambit of a NEMA 
Section 30A Directive, was a challenge. 
However, the environmental processes dis-
cussed in this article not only added value 
to the construction processes and ensured 
effective communication of site activities 
between the main stakeholders and affected 
parties, but also developed environmental 
awareness and cooperation of the contrac-
tors involved, resulting in successful 
implementation of the project. 

PROJeCT TeAM

Client City of Cape Town

Consultants

 Zutari (previously known as Aurecon) – project manager, civil, mechanical and 
electrical engineers, environmental advisory

Umvoto Africa – groundwater specialist

Johann Lanz – soil scientist

Southern Waters – environmental monitoring

Freshwater Consulting Group – freshwater ecology

Dr C Boucher – terrestrial ecologist

Contractors

Amandla Construction – civil contractor responsible for pipelines

SA Rotsbore – drilling

HidroTech Systems – mechanical and electrical

 Blue Science – search and rescue of indigenous vegetation, establishment of on-site 
nursery, rehabilitation post-construction

Figure 4 Stakeholder involvement process flow
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When I worked as a structural engineer, 
the issue of fireproofing structural steel 
barely came up. Multi-storey steel con-
struction in South Africa is not all that 
common, so of course, it’s not the biggest 
problem our engineers face. On the other 
hand, though, this lack of exposure does 
drive a general lack of understanding 
around these systems and their design, 
which is vital to correct.

With global trends moving towards 
more control in design and stricter safety 
requirements, this problem is likely to 
come up more frequently in future new 
build, and especially in modification and 
conversion type projects. This should lend 
additional weight to the drive for a broader 
understanding of the topic, in the absence 
of which we risk continued compromises 
of structural design margins of safety, and 
derailment of project budgets through 
improper system selection and design.

The main point I would like to make 
in order to address this, is that structural 
steelwork fireproofing is a structural en-
gineering problem, not a fire engineering 
problem. I’m generalising, but I’ve come 
to see a widespread misconception that 
steel protection can be lumped together 
with what are fire engineering aspects like 
containment, fire stopping, access, active 
protection in sprinklers, etc, when in re-
ality it is a different animal entirely. Allow 
me to demonstrate why this is the case.

The very core of what we try to 
achieve with structural engineering was 
beautifully explained to us by Prof Nick 
Dekker at Tuks (University of Pretoria). 
The heart of the problem lies in balancing 
actions with resistances, with the ultimate 
aim of reducing to an acceptable level 
the probability that an action effect 
exceeds a resistance effect at any time. We 
visualised this with normal distributions 

of actions and resistances – the resistance 
curve is shifted to the right by factoring 
down capacities with material safety 
factors, and the action curve to the left 
by applying load factors. We do this until 
the failure point at the intersection corre-
sponds to a probability, normally, of about 
one in a million.

What happens in a fire scenario? Our 
action effects are reduced because of the 
relative absence of live load and ULS load 
factors at the accidental limit state. Our 
resistance effects are also reduced, because 
of the variation of effective yield strength 
with increased temperature, but we need to 
balance in the same way to achieve accept-
able failure probabilities as before.

How do we achieve this? Well, we 
know what the accidental limit state loads 
are and can express those as a propor-
tion of normal capacities in the form of 
a utilisation (or load) ratio to correct on 
the action side. We also have an idea of 
how effective yield strength varies with 
temperature, and how yield strength fits 
into strength calculations for different 
members, so we can adjust on the resis-
tance side, too. We then balance action 
and resistance again to find a design tem-
perature that satisfies the initial failure 
probability.

And that’s it – a beautiful structural 
engineering solution to the fundamental 
structural engineering problem that many 
of us don’t know about.

Luckily for most, we generally get 
by on the widely accepted simplifica-
tion of 550°C as a limiting temperature 
throughout. “620°C for beams” is also 
commonly used, although often without 
consideration of the conditions attached 
to relaxing the design requirement in this 
way. While these simplifications are gen-
erally conservative, with less developed 
local guidelines in South Africa we do 
in all cases need to consider calibration 
effects and other potential design issues 
arising from relying on advice from 
overseas, as well as cost issues, so often 
complained about, resulting from overly 
conservative designs.

One can go a lot deeper, but on the 
technical side I hope I’ve made my point 
in about as few words as possible. From 
here a system can be selected to prevent 
the steel from reaching the limiting 
temperature within the required rating 
period. At this stage, suppliers should 
confirm that given systems are certified 
to achieve project requirements in an 
appropriate exposure condition, and will 
provide individual coating thicknesses 

Ben van Wyk
Engineering Manager
Carboline
StonCor Africa
ben.vanwyk@stoncor.com

Structural Steelwork Fireproofing
What is it? What it’s not … and who is responsible

Table 1  Effective yield strength factor variation with temperature for normal structural steels 
(BS5950)

Temperature 
(°C)

20 100 200 300 400 500 600 700 800

effective yield 
strength factor

1.00 1.00 1.00 1.00 0.956 0.756 0.460 0.223 0.108

Table 2  Design temperatures to satisfy failure probability as a function of load ratio and 
member usage (BS5950)

Member description
limiting temperature (°C) at a load ratio of:

0.7 0.6 0.5 0.4 0.3 0.2 0.1

Compression members, slenderness ≤ 70 460 510 545 590 635 635 635

Protected members in bending, not 
supporting slabs

520 555 585 620 660 715 810

Members in tension 460 510 545 590 635 690 770
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for each member (different section sizes 
heat up at different rates, and thus require 
different levels of protection).

What should be clear is that, without 
oversight from someone qualified on the 
structural design aspects here, the chances 

of implementing an appropriate design in 
terms of safety or cost are slim. The defer-
ence of this responsibility to other role-
players often results in problems which 
are easy to imagine. Structural steelwork 
fireproofing is a structural engineering 

issue, and while it does not always come 
up on our projects in South Africa, let’s 
do it right when it does. Let us protect our 
clients’ assets the way they are intended to 
be protected, and deliver quality, within 
budget, every time. 

SCHOOL OF CONSTRUCTION 
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Figure 1 Action and resistance normal distributions reproduced from an old memory of lines on a chalkboard
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INTRODUCTION
Due to their size and often their remote-
ness, large geotechnical structures such 
as tailings dams are ideally suited to 
be observed using smart monitoring 
technologies. With the arrival of the 4th 
Industrial Revolution – and in a year char-
acterised by unprecedented disruption 
and uncertainty impacting physical access 
for monitoring purposes – adoption of 
state-of-the-art Internet of Things (IoT) 
solutions for remote monitoring applica-
tions provides a unique, real-time view 
into the behaviour of these structures.

To improve understanding of the long-
term pore pressure behaviour associated 
with the operation of a tailings dam, the 
Department of Civil Engineering at the 
University of Pretoria (UP), in collabora-
tion with SRK Consulting and Marula 

Platinum, is conducting an instrumenta-
tion project to observe pore pressure (both 
positive and negative), moisture content 
and temperature at nine monitoring 
locations on a platinum tailings dam. The 
Marula Platinum Mine is situated ap-
proximately 30 km northwest of the town 
of Burgersfort. The mine operates a tailings 
dam with a footprint of 48 Ha on which 
deposition occurs by means of spigotting.

PORE PRESSURE AND TENSIOMETERS
It is of interest to understand the evolution 
of the pore pressure regime in the tailings 
dam associated with normal operation in 
terms of an unsaturated soil mechanics 
framework. The primary variables af-
fecting the pore pressure regime are the 
tailings moisture content and the pore 
water suction. These are being measured 
using volumetric water content probes 
and tensiometers respectively. The UP 
Department of Civil Engineering has devel-
oped high-capacity tensiometers (Figure 1) 
capable of measuring both positive pore 
pressures and negative pore pressure in 
excess of 1 MPa (Jacobsz 2019).

The use of high-capacity tensiometers 
to measure soil suction has numerous ad-
vantages. Firstly, high-capacity tensiome-
ters provide a direct suction measurement 
and are very well suited to the suction 
range typically expected within a tailings 
facility. Secondly, tensiometers enable 
continuous monitoring of soil suctions 
and do not require expensive and complex 
signal conditioning software, as is often 
required for commercially available suc-
tion sensors measuring suctions indirectly 
by recording another parameter such as 
relative humidity. Finally, the UP tensio-
meters, in comparison to other indirect 
suction measurement techniques, provide 
a high-resolution suction measurement in 
excess of 1 000 kPa, and have to date been 
tested on a gold tailings dam in Gauteng 
for 15 months, operating continuously.

An important precaution associated 
with the use of tensiometers in the field 
include ensuring close contact between the 

tensiometer porous face and the soil water. 
This can be achieved by using a silica flour 
or kaolin paste on the face of the tensio-
meter, which serves to provide an interface 
between the tensiometer and the material 
in which suction is being measured. This 
measure has been successfully applied by 
the UP Department of Civil Engineering 
to measure pore water suctions in railway 
formations over periods exceeding 12 
months. This precaution is not necessary 
when monitoring suctions in fine-grained 
materials such as tailings, because of the 
excellent contact which can be achieved 
by simply submerging the tensiometer in 
saturated tailings slurry during installation 
on a tailings dam. A further potential 
shortcoming of tensiometers is that they 
may cavitate after extended use at suctions 
exceeding absolute zero, or when they 
dry out, rendering their measurements 
unreliable. Cavitation can be observed 
easily through continuous monitoring of 

Prof SW Jacobsz Pr Eng
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University of Pretoria
sw.jacobsz@up.ac.za
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Department of Civil Engineering
University of Pretoria
andre@broekmail.com
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Rick Vandoorne
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Remote monitoring of a tailings 
dam using the Internet of Things

Figure 1  Saturation and calibration of 
tensiometers installed within a 
pressure chamber
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the tensiometer output. When there is 
potential for cavitation, it is best to install 
tensiometers in such a way that they are 
readily serviceable.

INSTRUMENTATION HARDWARE
Since 2017, the Department of Civil 
Engineering has been developing several 
instrumentation solutions suited to unique 
research applications and requirements 
(Broekman & Gräbe 2019; Steyn & 
Broekman 2020). These solutions combine 
the fields of traditional civil engineering, 
electronic engineering, information 
technology and computer science, col-
lectively referred to as Civiltronics. For this 
project, a low-cost data acquisition (DAQ) 
system was developed, combining both 
the popular Arduino and Pycom family 
of microcontrollers at a cost of less than a 
third of an equivalent commercial system. 
The harsh and remote operating environ-
ment at Marula Platinum Mine requires 
long-term battery-powered operation 
and low-power wireless communication 
abilities. The implementation of microcon-
trollers enables reliable operations along-
side remote data collection capabilities in 
the form of Sigfox (2020). Sigfox operates 
alongside existing cellular communication 
infrastructure, negating the need to deploy 
dedicated hardware on the site to establish 
internet connectivity. Even though each 
message payload is limited to 12 bytes, 
with a maximum message capacity of 140 
uplink messages per day per device, all the 
sensor data and the battery charge level 
can be encoded within a single message 
and relayed to the SigFox backend. This 

data is subsequently retrieved as an aggre-
gated CSV file and decoded, yielding the 
original calibrated sensor measurements 
with adequate resolution. In the event of 
a loss in communications or poor signal 
coverage, the original data can still be 
retrieved from the non-volatile storage in 
the form of an SD card.

The instrumentation hardware was 
assembled, tested and calibrated by Jack 
Basson, a final-year civil engineering 
student at UP; this research project forms 
part of Jack’s final-year research project. 
Jack, working under the supervision of 
Prof SW Jacobsz, was assisted in the devel-
opment of the system by André Broekman 
and Rick Vandoorne, both PhD students 
at UP Civil Engineering (Figure 2). The 
team was assisted by UP Civil Engineering 
technician, Jan Vermaak.

The electronics, power supply and an-
tenna are secured in a waterproof casing 
(Figure 3). Watertight cable glands pro-
vide the required seal between the sensor 
lead wires and the instrumentation. The 
DAQs were preconfigured with all the 
necessary sensor wiring prior to instal-
lation on the tailings dam to eliminate 
any wiring errors. The tensiometers were 
transported to the site in a water vessel 
filled with de-aired water to ensure that 
they remained saturated during transit 
from the laboratory (where they had been 
saturated) to the point of installation.

INSTALLATION
A total of three DAQs were constructed, 
each monitoring three tensiometers and 
three water-content sensors (which also 

measure temperature). The tensiometers 
and water-content sensors were installed 
together in the same locations. The 
three DAQs are separated by a distance 
of approximately 130 m on the tailings 
dam – the first located adjacent to the 
outer wall near the edge of the beach, 
the second halfway to the pond and the 
third immediately adjacent to the pond 
(Figure 4). For DAQ 1, adjacent to the edge 
of the beach, the sensors were installed at 
a depth of 0.25, 1.4 and 2.8 m. In the case 
of both DAQ 2 and DAQ 3, all the sensors 
were installed at a depth of 250 mm at 

Figure 3  DAQs and sensors preconfigured 
in the laboratory

Figure 2  From left: Nina Slawson (SRK), André Broekman, Prof SW Jacobsz, Jan Vermaak, Jack Basson and Emile Dempers (all from the 
University of Pretoria), in front of one of the DAQ units after installation (another unit is visible in the background towards the top left 
of the image)



distances of approximately 1, 10 and 20 m 
away from the DAQ. For every cable, a 
redundant length of approximately 3 m 
was reserved to accommodate the even-
tual rise in elevation of the tailings, such 
that the DAQ could be raised over time 
without applying strain to the sensor ca-
bles. The DAQs were mounted on galva-
nised-steel poles measuring 2 m in length, 
using rigid brackets (Figure 5). Alternating 
markings on the pole delineate intervals 
of 250 mm to assist visual monitoring of 
the rate of rise of the tailings over time. 
To install the sensors, holes were augered 
by hand to the appropriate installation 
depth in the tailings.

Careful consideration was given to the 
installation procedure of the tensiometer 
sensors to prevent cavitation and damage. 
The augered holes were first filled with a 

small amount of water to prevent drying 
and cavitation during the installation and 
backfilling process. This was followed by 
transferring the tensiometer from the water 
vessel to a secondary water-filled container 
and positioning it close to the hole. The 
tensiometer was rapidly, but carefully, 
lowered down the augered hole, settling 
into the freestanding water at the bottom. 
The installation of the water-content sensor 
followed thereafter. There was no need to 
keep the sensor saturated. Finally, the hole 
was carefully backfilled with dry tailings 
(by hand) to surface level. This process was 
repeated for all the sensors, regardless of 
 installation depth.

MONITORING
During the installation process, data was 
recorded at a frequency of one reading 

every minute to document the zero 
reading of all the sensors. Thereafter, all 
three DAQs were configured to record 
and transmit data every hour, which 
is also the logging rate over the course 
of the monitoring period. This will 
continue until either the battery charge 
has depleted, or the system is turned off. 
Based on laboratory testing conditions, 
the rechargeable lithium ion batteries 
are expected to operate for six to eight 
weeks at a logging rate of once per hour. 
A secondary set of batteries and SD cards 
is kept on site, serving to keep the DAQs 
operating continuously by replacing 
both components periodically. The 
battery voltage is monitored remotely to 
determine when the components should 
be replaced.

Figure 7 illustrates the tensiometer 
sensor measurements from one data ac-
quisition unit over the first ten-day period 
after the installation of the sensors. Pore 
pressure equilibration following the instal-
lation and the deposition of new tailings on 
15 July is clearly reflected in the data. Since 
the installation of the DAQs, the sensor 
measurements have been transmitted reli-
ably using Sigfox to remotely monitor and 
interpret the data from anywhere where 
internet access is available.

IN CLOSING
To our knowledge this project marks 
the first research project to include 
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Figure 5 One of three data acquisition systems (centre); sample 
collection by Jan Vermaak (centre right) and auger drilling by 

Emile Dempers (right), with Jack Basson (left), SRK engineer 
Nina Slawson (centre left) and Prof SW Jacobsz (centre)
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state-of-the-art IoT technology to address 
long-term, remote monitoring require-
ments to observe the full pore pressure 
regime of a tailings dam. The technology 
reduces the need to collect data manually 

and can be economically scaled for more 
cost-effective monitoring. The team 
gratefully acknowledges the support and 
funding received from SRK Consulting 
and Marula Platinum. 
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Civillain by Jonah Ptak: Muted Response
For more engineering humour, please visit “Unreal Bridges” on Facebook and “@TheUnrealBridge” on Twitter.

https://www.facebook.com/TheUnrealBridge/
https://twitter.com/TheUnrealBridge


Civil Engineering August 2020 53

Know Your Sector Competition
Stand a chance to win R10 000 in cash!

TO enTeR: Scan or click on the QR code to submit 
your answers (submissions, one per reader, will 

be collected until 30 september, where after the 
winner will be announced from a random draw).

Ps: Advertisers who wish to capitalise on the reader 
attention here by including their marketing messages into 
our monthly Fun Quiz should please contact Barbara Spence 
(barbara@avenue.co.za / 011 463 7940 / 082 881 3454).

In this month’s edition of Civil Engineering we are continuing our Fun Quiz to promote knowledge of our industry service providers. Simply click 
on the adverts (or the logos) of the participating companies to access their websites, and then search for the answers to the following questions:

Q1: sMeC south Africa
One of SMEC South Africa’s flagship Consulting 
Engineering services projects is the Mount 
Edgecombe Interchange Upgrade in KwaZulu-
Natal Province. In which year was this project 
completed?

Q2: standard bank
Which one of the services listed on the question 
sheet does Standard Bank offer to construction 
businesses specifically?

Q3:  Classic seminars (attached insert) 
click on: https://classic-sa.co.za

Classic Seminars offers two Microsoft Project 
courses: “Project management with Microsoft 
Project” and “Advanced Microsoft Project”. Which 
of the questions listed on the question sheet 
does our website leave unanswered?

Q4: Reinforced earth
What is the title of the Technical Paper, which 
appears 6th in the list on the RECOSA website?

Q5: sika south Africa
Which industry/industries does Sika serve?

Q6: Allyson lawless & Associates
Which package includes a graphical user 
interface for creating, editing and manipulating 
finite element models, along with the results 
for reporting and visualisation tools for pre- and 
post-processing?

Q7: Technocad
Which Technocad Civil Engineering software 
would you use if you needed to automate the 
design of a terrace (platform) which required 
balanced cut and fill, taking into account material 
bulking factors?

Q8:  grinaker-lTA (click on the logo on 
the front cover)

Name the award-winning stadium constructed 
in the windy city by GLTA for the 2010 World Cup 
tournament.

Q9: Maccaferri
What is the erosion control blanket used at the 
front face of the Green Terramesh® unit?

Q10: umvoto
To build a more drought-resilient Cape Town, 
the city undertook to diversify the water supply 
sources. Umvoto Africa designed and undertook 
groundwater development of the Cape Flats 
Aquifer (amongst others) to augment the bulk 
water supply. What approach did they adopt to 
ensure sustainable abstraction from the Cape Flats 
Aquifer?

Q11: Jg Afrika
What is JG Afrika rated on the Broad-based Black 
Economic Empowerment (B-BBEE) scorecard?

Q12: university of the Witwatersrand
How many different colours can be seen on 
the exterior of the New John Moffat building 
which houses the Wits School of Construction 
Economics and Management? 

Our First Know Your Sector Competition Winner!
Letlhogonolo Modisane is the first winner in our 
monthly Know Your Sector Competition, which was 
launched this year in the June magazine. She was 
ecstatic when she received the news! After all, this 
is the kind of thing that always happens to other 
people, never oneself … … until one lucky day.

Letlhogonolo, who hails from Rustenburg, 
is a final-year Civil Engineering student at the 
University of Pretoria. When asked where she sees 
herself in a few years’ time, she said that she hopes 
to be in a stable work position with many projects 
to attend to so that she can gain enough experience 
to register as a professional civil engineer. She 
would also like to do an Honours and Master’s 
in Civil Engineering, and eventually wants to be 
sufficiently qualified and experienced to make a 

truly meaningful contribution to industry, and to 
our country.

Her longer-term plans include obtaining a 
second degree in Architecture, and establishing a 
foundation to help needy students. She also hopes 
that she would get an opportunity to work on a 
major project outside of South Africa at some stage, 
preferably in China.

And how does she intend using her R10 000 
prize money? She says she does not have a job guar-
anteed for next year yet, and if she has not landed 
a position by the end of this year, she will use the 
money to tide her over while she continues looking 
for work next year.

Congratulations again Letlhogonolo! May all 
your dreams come true! 

https://classic-sa.co.za
https://docs.google.com/forms/d/e/1FAIpQLSdm01Jl8hu4Zr0iMnbMU5Xxw1o5IPj1Am-Z04k3zGpCO_35Sw/viewform
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I N  B R I EF

AECOM OFFERS MUNICIPALITIES A COMPLETE SERVICE FOR LANDFILL MANAGEMENT
The recent fire at the New England Road 
landfill in Pietermaritzburg, KwaZulu-
Natal, has raised awareness about the 
myriad issues facing the proper manage-
ment of such sites throughout South 
Africa. Infrastructure company AECOM 
offers municipalities a complete service 
for landfill management, according 
to Technical Environmental Services 
(TES) Practice Lead Renier Pretorius 
(Pr Sci Nat).

Traditionally, TES focused on 
remediation of contaminated land, but 
AECOM has recently broadened its remit 
to facilitate a more integrated approach 
to its services by combining geotechnical, 
civil infrastructure and hydrogeological 
expertise.

In terms of landfill assessments, 
AECOM’s integrated approach allows it 
to assist clients throughout the landfill life 
cycle – from site identification and landfill 
design through to rehabilitation and clo-
sure planning. “A key component of landfill 
management is also regulatory. In this 
case, AECOM provides advisory services, 
as well as the technical expertise to ensure 
legal compliance related to waste manage-
ment and water use,” explains Elisabeth 
Nortje (Pr Sci Nat), Market Sector Lead: 
Environment, Africa, at AECOM.

The TES division and the environ-
mental service offerings are complemen-
tary, with these two fundamental aspects 
running in parallel on a typical project 
in order to give proper guidance to the 
client. “The end result is an integrated and 
holistic approach,” Pretorius says.

“We like to engage with the client as 
opposed to just adopting an off-the-shelf 
approach. We do a needs analysis as 
opposed to a tick-box approach. Viability 
is critical, as we need to consider the 
actual budget and capability of the 
client to determine the best phased 
approach possible.”

The regulatory aspect is important, 
especially due to the large number of 
unlicensed landfill sites in South Africa. It 
takes at least nine to 12 months to obtain 
environmental approval, in addition to all 
the supporting specialist technical studies 
that are required. Therefore, the critical 
pathway of any landfill project is quite 
often the authorisation component.

“Many municipalities are really 
struggling to get this right. In addition, 
we also have so many unlicensed landfill 
sites. This is a historic problem, given that 
many are quite old and started operating 
well before the latest environmental legis-
lation came into effect,” Nortje adds.

It was only after the late 1990s that the 
government put in place the first properly 
documented and guided approach for 
assessing and identifying suitable landfill 
sites, assessing the waste streams and 
mitigating any associated risk. However, 
a related aspect is institutional capacity, 
with many smaller municipalities strug-
gling to maintain adequate record-keeping 
or groundwater monitoring, for example.

“Additionally, as a result of our historic 
planning environment, you will very often 
find that many South African landfill sites 

are now in areas where communities are 
encroaching, simply due to the location. 
There is thus an attendant social compo-
nent,” Nortje stresses. “It is here where an 
external consultant like AECOM can play 
a critical role in assisting local municipali-
ties in managing their landfill sites.”

The current legislative framework 
provided by the national government 
stipulates licensing and management re-
quirements for each stage of a landfill’s life 
cycle. If a landfill site is currently operating 
unlicensed, it probably does not comply 
with the appropriate design criteria either.

“Our municipalities often simply do 
not have the skills or capacity to deal 
with what is a very complex issue,” Nortje 
says. If external support from the private 
sector is required by a municipality, an 
independent review of the status quo is 

AECOM combines geotechnical, civil 
infrastructure and hydrogeological expertise

AECOM adopts an integrated approach to 
assist clients throughout the landfill life cycle
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generally a good starting point, before 
developing a site-specific plan to address 
and identify gaps through practical and 
achievable interventions.

“Depending on available financial re-
sources, we generally pick the low-hanging 
fruit following a risk-based approach,” 
Pretorius elaborates. “The highest risk fac-
tors can then be quantified and mitigated 
accordingly. This information is then 
conveyed to the appropriate environmental 
authorities to initiate the authorisation 
process. The bulk of the technical environ-
mental and engineering data is supplied by 
AECOM’s technical experts.”

Pretorius also mentions that, in terms 
of new landfill sites in South Africa, 
legislative authorisation is critical. To 
attain the required authorisation prior 
to construction and operation, adequate 
site selection and facility design are 
required to minimise or eliminate any 
environmental and human-related risks 
during operation and after closure. 
AECOM has aligned itself to offer private 
and government sector clients technical 
and legislative support throughout their 
landfill projects.

Waste management may present major 
opportunities. A trend is the development 
of waste-to-energy technology, with coun-
tries like Sweden and Denmark paving the 
way in this important field. Nortje, how-
ever, points to an ongoing disconnect be-
tween waste generation and environmental 
awareness with regard to the importance 
of recycling. “Many people do not actually 
realise, or even evince much concern, for 
where waste actually ends up.”

Nortje infers a similarity to the cur-
rent Covid-19 crisis. While the latter is 
both a medical and behavioural issue, 
waste management is equally a social 
and technical issue. “What we need to 
recognise is our context. I concur that the 

informal sector can play a much bigger 
role, and that the value-add of this sector 
has probably not been quantified suf-
ficiently. We need to find a South African 
solution to our waste problem, and not 
simply superimpose an answer coming 
out of another country,” she concludes.

info

Lara Lombard
Communications & Marketing Officer
Middle East and Africa
lara.lombard@aecom.com

SMEC SOUTH AFRICA 
APPOINTS LOGASHRI 
SEWNARAIN AS CEO
Engineering and infrastructure consul-
tancy firm SMEC South Africa recently 
promoted Logashri Sewnarain to Chief 
Executive Officer (CEO), effective from 
1 August 2020, following the retirement of 
Kostas Rontiris.

Joining SMEC in 2018, Logashri brings 
more than 24 years’ experience in man-
aging major roads projects in South Africa 
as a senior level Professional Engineer and 
Professional Project and Construction 
Management Executive. Prior to her ap-
pointment as CEO, she held the position 
of Functional General Manager, Roads 
and Highways.

“I am honoured to have the opportu-
nity to lead a business with over 70 years’ 
legacy of delivering essential infrastruc-
ture for South African communities,” says 
Logashri. “It has been fantastic working 
closely with Kostas over the past two 
years, and I appreciate his support and 
guidance.”

“My vision for SMEC South Africa 
is to be the consultant of choice, leading 
in the fields of technical excellence, 
value and digital engineering and 
governance. We pride ourselves on being 
a committed partner to both the public 
and the private sector, adding value to 
the development of the greater South 
Africa. My aim is to grow the company 
by developing the skills of our specialists, 
and innovating through the effective ap-
plication of technology. I hope during this 
challenging time, that SMEC South Africa 
can continue to be a trusted advisor to 
our clients and partners.”

Speaking on the appointment, SMEC 
South Africa Chairman of the Board and 
Non-Executive Director Israel Skosana 
says, “We are delighted to welcome 
Logashri into the position of CEO. I have 
no doubt that her demonstrable industry 
experience and acumen will deliver im-
mense value to SMEC South Africa. I have 
every confidence in her ability to lead the 
company to new heights through good 
governance, technical excellence and sus-
tainable growth. I wish her every success 
in her new role.”

“The SMEC South Africa Board would 
like to take this opportunity to thank 
Kostas for his invaluable contribution 
to the company over the last six years. 
Kostas’ inspiring leadership and strategic 
contributions to SMEC South Africa have 
undoubtedly positioned the company for 
future success.”

Logashri holds a Bachelor of Science 
in Civil Engineering and is also a Fellow 

Logashri Sewnarain, new CEO of SMEC, 
effective from 1 August

Regulation is critical due to the large number 
of unlicensed landfill sites in South Africa
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with the Association of Arbitrators, and a 
board member of SOILCO and LDLC, i.e. 
apart from her role as a SMEC Executive 
Board member where she also chairs the 
SMEC Social and Ethics Committee.

info

Kelly Lewis
+27 11 369 0600
kelly.lewis@smec.com

OMV’S PLANT ROLLS OUT 
LOCAL, HIGH-QUALITY 
PLASTER LINE
Innovative, home-grown engineering 
by a South African gypsum player has 
led to a new and locally produced line 
of high-quality finishing plaster, skim-
ming plaster and joining plaster for the 
construction sector.

Leading producer of synthetic 
gypsum, OMV has spent the last few years 
upgrading its Potchefstroom plant for this 
purpose, according to Marinus van den 
Berg, group operations manager at OMV.

“Our plant is now managing the whole 
value chain, including raw materials, 
processing, packaging and warehousing,” 
says Van den Berg. “We have grown from 
being a business-to-business supplier, into 
also taking the product from its raw stage 
right through to retail to the public.”

He says the quality and cost-competi-
tiveness of the product are likely to excite 
the local market, which has in the past not 
had access to much product choice. The 
Metacote line of plaster is being rolled out 
to major building material outlets in 40 kg 
and 20 kg bags.

Traditionally, OMV was a raw product 
supplier of calcium sulphate dihydrate 
– mainly to the cement and agricultural 
sectors. The company has recently been 
integrating operations to add greater 
value. This has involved taking the raw 
product through four value-adding stages 
to its final bagged product.

“The material first undergoes calcina-
tion at our calcining plant, then a blending 
stage to enhance the mix with additives 
for smoothness and performance,” he says. 
“The resulting product can then be bagged, 
and finally reports to the warehouse. We 
conduct all these phases under one roof.”

The cost-effectiveness of the product 
is improved by having the whole process 
under one management structure, as 
well as cutting out transportation costs 
between stages.

“This integration has also radically 
reduced the production time frame 
from as much as six weeks right down 
to three days,” he says. “This means 
quality control is easier, as we can 
quickly trace and resolve any issue in the 
value chain – it’s only a matter of days 
to consider, and all processes are close 
together.”

This allows a just-in-time production 
system, because it is no longer necessary 
to hold excessive stock volumes – further 
optimising the cost base.

The OMV product is expected to 
largely replace those imported finishing 

plaster products which are not as well 
suited to local conditions.

Van den Berg highlights the growth po-
tential for this high-grade chemical gypsum 
in the South African market. In markets 
like Europe, there is extensive use of plaster 
in building construction instead of cement. 
There are also environmental benefits.

“Gypsum is often referred to as ‘green 
cement’ as the physical temperatures we 
generate in its production are only 150 to 
160 degrees compared to over 900 degrees 
with cement,” he says. “The carbon dioxide 
generated is order of magnitudes lower.”

info

OMV
+27 18 484 4388
www.omv.co.za

The OMV Potchefstroom synthetic gypsum 
plant has been upgraded to house all 
production phases under one roof

Metacote is a high-quality finishing, 
skimming and joining plaster



Prof Walls is joint-winner of the award 
together with Dr Vhahangwele Masindi, 
a research scientist from the University of 
Venda. SAICE herewith also congratulates 
Dr Masindi on his award.

Prof Walls’ win is wonderful recogni-
tion for civil engineering, as the National 
Science and Technology Forum (NSTF) is 
the most representative multi-stakeholder 
non-profit forum in South Africa pro-
moting science, engineering, technology 
(SET) and innovation. The prestigious 
NSTF-South32 Awards event annually 
recognises outstanding contributions in 
this field. These sought-after awards (con-
sidered our country’s ‘Science Oscars’) are 
the most important SET and innovation 
awards in South Africa. It is an honour just 
to be nominated, an outstanding achieve-
ment to reach the finals, and an exceptional 
milestone and celebration of excellence to 
win, or joint-win, one of these awards.

Prof Walls, who is a structural engineer 
and a member of SAICE’s Fire Engineering 
Division, received this award on the 
strength of his important fire engineering 
research. In the four years since receiving 

his PhD, he has established the Fire 
Engineering Research Unit at Stellenbosch 
University (FireSUN), comprising a 
dynamic research group pursuing methods 
to improve informal settlement fire safety, 
as well as structural fire design. He works 
closely with local and provincial fire 
services to reduce informal settlement 
fire hazards, and played a leading role in 
cross-disciplinary analyses of the 2017 
Knysna fire disaster in which close to 
1 000 homes were destroyed. Responding 
to the dire shortage of fire safety experts 
in sub-Saharan Africa, FireSUN also 
launched a dedicated post-graduate degree 
programme in fire safety engineering.

Internationally very little technical fire 
safety research has been conducted on 
informal settlements, even though almost 
1 billion people live in such conditions. To 
advance the understanding of informal 
settlement fire behaviour, Prof Walls (with 
the help of his students and postdocs) 
conducted a series of experiments from 
which various computer simulations have 
been developed to describe fire spread in 
individual homes, as well as at the scale of 

large settlements. From this work guide-
lines continue to be produced to improve 
informal settlement fire safety, and 
computer simulations are being calibrated 
to simulate fire spread, which in turn 
will assist with assessing and mitigating 
potential future disasters.

Work on innovative steel building sys-
tems in fire by the research group resulted 
in Africa’s largest fire safety furnace having 
been constructed in conjunction with Ignis 
Fire Lab. Other experimental work has 
focused on understanding how sustainable 
cross-laminated timber (CLT) products can 
be used as walling systems in South Africa, 
by testing pine and eucalyptus samples in 
fire. While timber holds great promise as 
a sustainable construction material, fire 
safety concerns have presented a primary 
impediment to its use in large projects.

We congratulate Prof Walls on this 
fantastic recognition of his work, and we 
wish him and his team all the best going 
forward! 

SA I CE  A N D  PR O FE SSI O NA L  N E W S

An NSTF Award for 
Prof Richard Walls!
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Full-scale informal settlement fire test 
being conducted by the FireSUN team

On 30 July this year, during a live-streamed event watched by around 1 500 
online guests, SAICE young member Prof Richard Walls of Stellenbosch 
University received the TW Kambule-NSTF Award for Emerging Researchers.



58 August 2020 Civil Engineering

Letters
SMEC SOUTH AFRICA USES VR TECHNOLOGY 
TO GAIN AN EDGE 
Civil Engineering, July 2020, pages 51 and 52

The above article rang a bell with me.
In 1963 I was Roads Engineer for Kitwe Municipal Council 

in Northern Rhodesia (now Zambia) when I was awarded 
a Federation of British Industries Scholarship to gain more 
practical experience in road design. I was placed in London with 
Sir Alexander Gibb & Partners for a two-year period.

I worked in the Highway Section and was involved with the 
design of the horizontal and vertical alignment of the London to 
South Wales Motorway (M4). One of the controls used to vet the 
design was the drawing of a perspective of the alignment! It was 
not a picture perspective, but a line perspective of the view of the 
horizontal/vertical alignment from the position of the driver in a 
vehicle. This was done at, if I remember correctly, half-mile inter-
vals, but at closer intervals where a vertical curve and horizontal 
curve combined. If the alignment was not properly matched a 
kink in the road would appear to the driver!

I imagine this was probably a form of VR! It was all done 
manually as it preceded the computer era!

My career eventually moved away from design to construction 
and company management.

The concept as evinced by SMEC makes a lot of sense in pre-
senting the client with clear views of possible design concepts.

barry Puttergill Pr eng, FsAiCe

barmo@mweb.co.za

THE ROLL-OUT OF INFRASTRUCTURE PROJECTS:  
COULD THERE BE A SILVER LINING? 
Civil Engineering, July 2020, page 1, From the President’s Desk

I am sure we would all be absolutely delighted if that silver lining 
were to materialise. But there will have to be two changes to the 
system before it can happen.

The first is that the corruption-friendly SANS 1921 and SANS 
2001 codes, which were brought in to replace SABS 1200, will 
have to be drastically revised or scrapped. Was it just coincidence 

that the decision to introduce codes which removed all reference 
to the authority of the engineer came just when the biggest infra-
structure projects ever undertaken in the present dispensation 
(Kusile and Medupi) appeared on the horizon? The deliberate 
removal of all reference to responsibilities of the parties involved 
in a construction project flies in the face of experience gained 
over 200 years. Those 200 years had established that the key to a 
successful engineering project – with a realistic hope of comple-
tion on time and within budget – is a competent engineer with 
full authority and responsibility from initiation to completion of 
the project. The current codes specify nobody in particular to 
have any responsibility at all. This gives the body authorising a 
project free reign in not only appointing suppliers, contractors, 
principal agent, etc, but even in taking critical engineering deci-
sions … before a tender for engineering services is announced. 
The successful tenderer becomes a replaceable service provider, 
often for only one phase of the project, with little authority, and 
therefore little responsibility. Wonderful for corruption, wretched 
for construction.

The second necessary condition for any silver lining is that 
appointments for all aspects of an engineering project must be 
based on competence, experience and integrity. This could only 
happen if condition one was fulfilled first.

Without these two conditions I am afraid the idea of a silver 
lining is just a pipe dream.

Philip stott Pr eng, FsAiCe

stott.philip@gmail.com

I have read with interest and a degree of concern the various 
comments contained in the President’s July editorial. I agree 
with much of what the President has expressed, but I feel that he 
should have dealt separately with the infrastructure issue, as it is 
a vast and complex subject, and the methodologies required cover 
many issues and skill sets.

I have referred to the web for some details of the Sustainable 
Infrastructure Development Symposium South Africa (23 June) 
and was immediately struck by the essential absence of engineers 
on the various panels that took part. I do not know whether there 
was a significant audience (online?) which would have allowed 
questioning by professional engineers, but if this was not the case 
then much of the exercise was a waste of time, as much of the 
development of infrastructure will have to be driven by engineers. 
This concerns me deeply.
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Of further significance was the absence of engineers from the 
public sector on the panels. Initially they would in normal cir-
cumstances be responsible for the identification, overall planning 
and scheduling of these projects. Regrettably, the public sector 
has lost almost all their experienced professional engineers (the 
Department of Water Affairs and Sanitation has no experienced 
professional engineers in its upper and top management, and 
the same might be true of other government departments), so 
it is not clear how this gap is going to be filled. New approaches 
are needed to harness local expertise. It is surprising that the 
President failed to comment on this key issue. I realise that this is 
a political issue, but it is time we stop speaking only as engineers 
and grasp the need to speak politically when necessary. SAICE is 
well placed to do this, and now is our great opportunity to do so.

The symposium speaks of R700 billion expenditure over ten 
years, while the President refers to R 3.2 trillion to be invested in 
new and upgrades of existing infrastructure. No time period is 
mentioned in this latter case. Have any of the politicians thought 
for a moment of the resources that will be required to spend these 
huge sums of money, and to what extent the uncontrolled release 
of these funds will impact the cost inflation of implementation?

From my own experience on mega projects I am fully aware 
of the scale of resources required to spend money at the intended 
rate. Our construction industry is on its knees, and it will require 
huge company investment in new plant and manpower training 
to enable it to tackle projects on this scale. Add to this the need 
to completely overhaul the government procurement system and 
include new measures and cost control procedures to reduce, if 
not remove, the corruption presently in play. For a start (given the 
scale of work foreseen) the tender system for the appointment of 
consulting engineers needs to be abandoned, and appropriate skill 
and experience, coupled with a means of developing emerging 
consultants, must be the key criteria. My set of articles on The 
Future of Engineering in South Africa (published in the January/
February, March and May 2016 editions of Civil Engineering) 
covers many of the issues that have to be resolved.

It is also not clear where the funding is to come from, as our 
economy is in extremely poor shape and, with other high-cost 
schemes under consideration, funding and skills will be at a 
premium. We are losing engineers overseas (a figure of 200 last year 
has been mentioned), and importing foreign consultants and con-
tractors is hugely expensive and counter-productive. Our engineers 
have the necessary skills, but no projects to fully engage these skills.

I would propose that the professional organisations such as 
SAICE, SAIEE, SAIMechE, CESA, the South African contracting 
fraternity and other affected private sector groups get together 
soonest to agree a policy strategy that they can put to the govern-
ment and agree detailed procedures for driving the infrastructure 
programme. I believe this to be essential, as I do not believe that 
government at this time has the in-house skills to manage such a 
massive programme. In the process, ideas for helping government 
resurrect the in-house skills they desperately need can also be 
considered. It is after all a partnership that will be needed.

Robert g K blyth Pr eng, C eng, FsAiCe

rgblyth@telkomsa.net

Response from SAICE’s President

Dear Philip and Robert
I thank you for your comments, and for sharing your con-

cerns. I certainly agree with you, Philip, that without a competent 
engineer involved in project roll-out, the silver lining will indeed 
remain a pipe dream.

And I thank you, too, Robert for making me take note of an 
error in my piece where I referred to the figure of R3.2 trillion 
announced at the SIDSSA of 23 June – the figure should have 
been R2.3 trillion. I apologise for the finger slip. Regarding your 
comments about the infrastructure and water and sanitation 
sectors – I agree that these matters justify separate articles, which 
I hope to still get to. In a one-pager it is unfortunately not possible 
to cover all the areas that need attention, but thanks nevertheless 
for these pointers.

I would also like to reassure you that SAICE continues to liaise 
with our sister institutions on matters of mutual and national 
concern, which include the concerns that you have raised in 
your letters, and whenever possible we share these concerns (and 
solutions) with decision-makers who operate at various levels of 
government.

I thank you again. Let us continue standing together as an 
engineering fraternity.

Fana Marutla Pr eng, FsAiCe

fmarutla@gibb.co.za
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From my own experience on mega projects I am 
fully aware of the scale of resources required to 

spend money at the intended rate. Our construction 
industry is on its knees, and it will require huge 

company investment in new plant and manpower 
training to enable it to tackle projects on this scale.
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Course name Course dates location CPd Accreditation no Course Presenter Contact

SAICE Suite of General Conditions 
of Contract for Construction Works: 
GCC, SGCC and GCCSF 2015–2018

21–23 September 2020 Online SAICEEL20/02694/23
Credits: 2.5 ECSA Benti Czanik dawn@saice.org.za

Emotional Intelligence in Practice 5 October – 
16 November 2020 Online SAICEcom20/02697/23

Credits: 3 ECSA
Christopher Sigmond 
Cedric Gorinas cheryl-lee@saice.org.za

Wetlands Systems and Sustainable 
Water Resources 17 September 2020 Online SAICEEL20/02715/23

Credits: 1 ECSA Prof Miklas Scholtz cheryl-lee@saice.org.za

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

10 October – 
17 December 2020 Online SAICEEL20/02719/23

Credits: 3 ECSA Prof Zvi Borowitsh dawn@saice.org.za

Practical Geometric Design 9–13 November 2020 Midrand SAICEtr19/02561/22 
Credits: 5 ECSA Tom Mckune dawn@saice.org.za

Leadership and Project Management 
in Engineering 14–15 October 2020 Midrand SAICEbus19/02507/22

Credits: 2 ECSA David Ramsay dawn@saice.org.za

The Legal Process dealing with 
Construction Disputes

6–7 October 2020 East London SAICEcon19/02517/22
Credits: 2 ECSA
SACPCMP/CPD/15/010/RV
12 hours SACPCMP

Hubert Thompson dawn@saice.org.za
20–21 October 2020 Midrand

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

28–30 October 2020 Midrand SAICEcon19/02447/22
Credits: 3 ECSA Prof Zvi Borowitsh dawn@saice.org.za

Water Security and Governance TBC TBC SAICEwat19/02412/22
Credits: 2 ECSA Martin van Veelen cheryl-lee@saice.org.za

NEC3 Project Manager Accreditation 
Programme 6–9 October 2020 Midrand SAICEcon19/02464/22

Credits: 4 ECSA

Mile Sofijanic
Andrew Baird
Mahdi Goodarzi

helen@saice.org.za
mile.s@ecs.co.za

Project Presentation Skills
6–7 October 2020 Durban SAICEbus19/02457/22

Credits: 2 ECSA Elaine Matchett dawn@saice.org.za
13–14 October 2020 Port Elizabeth

sAiCe / Candidate Academy
Getting Acquainted with General 
Conditions of Contract (GCC2015) 19–20 October 2020 Online CESA-1575-04/2022

Credits: 2 ECSA Theuns Eloff lizelle@saicepdp. org
dawn@saice.org.za

Getting Acquainted with 
Geosynthetics in Soil Reinforcement 15–16 September 2020 Online TBC

Credits: 2 ECSA Edoardo Zannoni lizelle@saicepdp. org
dawn@saice.org.za

Getting Acquainted with Road 
Construction and Maintenance 16–17 November 2020 Online CESA-1576-04/2022

Credits: 2 ECSA Theuns Eloff lizelle@saicepdp. org
dawn@saice.org.za

Getting Acquainted with 
Sewer Design 13–14 October 2020 Online CESA-1577-04/2022 

Credits: 2 ECSA Andrew Brodie lizelle@saicepdp. org
dawn@saice.org.za

Getting Acquainted with Planning, 
Scheduling and Programming for 
Construction Projects

26–27 October 2020 Online
SAICEcon20/02673/23 
(online)
Credits: 2 ECSA

Theuns Eloff lizelle@saicepdp. org
dawn@saice.org.za

Pressure Pipeline and Pump Station 
Design and Specification – a Practical 
Overview

21–22 September 2020 Online CESA-1578-04/2022
Credits: 2 ECSA Dup van Renen lizelle@saicepdp. org

dawn@saice.org.za

Road to Registration for Candidate 
Engineers, Technologist and 
Technicians

9 September 2020 Online CESA-1579-04/2022
Credits: 1 ECSA Allyson Lawless lizelle@saicepdp. org

dawn@saice.org.za

Road to Registration for Mature 
Engineers, Technologist and 
Technicians

17 September 2020 Online CESA-1641-10/2022
Credits: 1 ECSA Stewart Gibson lizelle@saicepdp. org

dawn@saice.org.za24 November 2020 TBC

Road to Registration for Mentors, 
Supervisors and HR Practitioners 22 October 2020 Online CESA-1580-04/2022

Credits: 1 ECSA Allyson Lawless lizelle@saicepdp.org
dawn@saice.org.za

Getting Acquainted with Water 
Resource Management

28–29 September 2020 Online TBC
Credits: 2 ECSA Stephen Mallory lizelle@saicepdp.org

dawn@saice.org.za

Register online: www. saice.org.za

sAiCe Training Calendar 2020



Course name Course dates location CPd Accreditation no Course Presenter Contact

Surface Water and Integrated 1D-2D 
Modelling with EPA SWMM5 and 
PCSWMM – 1 Day

15 September 2020 Stellenbosch SAICEwat17/02197/20
Credits: 1 ECSA

Chris Brooker               
Onno Fortuin            
Robert Fortuin

Meghan Korman
meghan@chiwater.com27 October 2020 Johannesburg

Surface Water and Integrated 1D-2D 
Modelling with EPA SWMM5 and 
PCSWMM – 2 Days

15–16 September 2020 Stellenbosch SAICEwat17/02198/20
Credits: 2 ECSA

Chris Brooker               
Onno Fortuin            
Robert Fortuin

Meghan Korman
meghan@chiwater.com27–28 October 2020 Johannesburg

Surface Water and Integrated 1D-2D 
Modelling with EPA SWMM5 and 
PCSWMM – 3 Days

15–17 September 2020 Stellenbosch SAICEwat17/02199/20
Credits: 3 ECSA

Chris Brooker               
Onno Fortuin            
Robert Fortuin

Meghan Korman
meghan@chiwater.com27–29 October 2020 Johannesburg

sAiCe / south African Road Federation (sARF)
Assessment and Analysis of Test Data TBC TBC SAICEtr20/02606/23

Credits: 2 ECSA R Berkers sybul@sarf.org.za
tshidi@sarf.org.za

Concrete Road Design and 
Construction 7 October 2020 Midrand SAICEtr19/02472/22

Credits: 1 ECSA
B Perrie
Dr P Strauss

sybul@sarf.org.za
tshidi@sarf.org.za

Stormwater Drainage TBC TBC SAICEtr20/02608/23
Credits: 4.5 ECSA

C Brooker
Dingaan Mahlangu
Alaster Goyns

sybul@sarf.org.za
tshidi@sarf.org.za

Traffic Signals Design and Intesection 
Optimisation TBC TBC SAICEtr20/02607/23

Credits: 2 ECSA Dr John Sampson sybul@sarf.org.za
tshidi@sarf.org.za

HDM4 (The Highway Development 
and Management) TBC TBC SARF20/HDM4-2/23

Credits: 3 ECSA Prof Alex Visser sybul@sarf.org.za
tshidi@sarf.org.za

Perspective on Traffic Impact 
Assessment TBC TBC SARF17/TIA01/20 Steven Sutcliffe             

Prof Mark Zuidgeest
sybul@sarf.org.za
tshidi@sarf.org.za

sAiCe / Classic seminars
Project Management Foundations TBC TBC SAICEproj18/02374/21

Credits: 3 ECSA

Susan Russell
Martin Bundred
Elridge Ntini

admin@classic-sa.co.za

Earned Value Management TBC TBC SAICEproj18/02259/21
Credits: 1 ECSA

Philip Russell             
Andrew Holden admin@classic-sa.co.za

Advanced Project Risk Management TBC TBC SAICEproj18/02360/21
Credits: 2 ECSA Elmar Roberg admin@classic-sa.co.za

In-house courses are available. To arrange, please contact:  
Cheryl-Lee Williams (cheryl-lee@saice.org.za) or Dawn Hermanus (dawn@saice.org.za) on 011 805 5947.

For SAICE-hosted Candidate Academy in-house courses, please contact: 
Dawn Hermanus (dawn@saice.org.za) on 011 805 5947 or Lizélle du Preez (lizelle@saicepdp. org) on 011 476 4100.

Register online: www. saice.org.za

sAiCe / Computational hydraulics int (Chi)
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