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“Let us forge a compact for an efficient, 
capable and ethical state, a state that 
is free of corruption, for companies that 
generate social value and propel human 
development, for elected officials and 
public servants who faithfully serve no 
other cause than that of our people. We 
must be a society that values excellence, 
rewards effort and rejects mediocrity.”

These are welcome words from President 
Cyril Ramaphosa, but some things are 
easier said than done, as the president has 
discovered. Extricating the guilty in the 
public and the private sector is a long and 
arduous task. The truth of the mission 
ahead means that we will need to dig deep 
as a nation and bind ourselves to make the 
compact a reality.

In the meantime, to jump-start 
South Africa’s economy, Ramaphosa 
has promised to attract $100 billion in 
foreign investment within five years. 
Foreign lenders have been encouraged 
by the rhetoric. In today’s world that is 
worth something. The Americans live on 
twitter-hooks waiting for trade wars or 
real wars. May will be gone by June. The 
German-s aren’t happy with Merkel. So, 
it is up to South Africans – all of us – to 
prove that we can deliver.

“Let us end the dominion that men 
claim over women, the denial of op-
portunity, the abuse and the violence, 
the neglect, and the disregard of each 
person’s equal rights. Let us build a 
truly non-racial society, one that be-
longs to all South Africans, and in which 
all South Africans belong. Let us build 
a society that protects and values those 
who are vulnerable and who for too long 
have been rendered marginal.” 

Time and time again examples have 
shown that gender and ethnic diversity 
positively affect company and employee 
performance, but many of the obstacles 
to diversity and inclusivity are deeply 
and often unconsciously ingrained. We 
need to be mindful of our words and 

actions –  especially those in power in an 
organisation. It is a manager who speaks 
or acts out the value of diversity that influ-
ences the next generation. If you are aware 
of bias in your organisation – challenge it. 
Your voice can be the change we need.

ThE FuTurE
“Every school child will be able to read, 
and every person who wants to work 
will have a reasonable opportunity to 
find employment. As we make this bold 
declaration, we are aware of the depth 
of the challenges we must confront.”

Meeting the Fourth Industrial Revolution 
head-on is a big task. Nowhere more so 
than in South Africa where we need to 
train our learners in the skills of the jobs 
of the future. As Artificial Intelligence 
and Robotics slide into our lives, jobs will 
be reinvented, and we will have to be agile 
to stay ahead.

In his State of the Nation Address 
in February, Ramaphosa said that over the 
next six years government will provide 
every school child in South Africa with 
digital workbooks and textbooks on a 
tablet device.

Handing computer tablets to Grade 10 
learners, he called for computer program-
ming to be compulsory at public schools. 
He said that the youth need skills in Data 
Analytics, Coding, the Internet of Things, 
Blockchain and Machine Learning.

The University of South Africa has 
partnered with the Department of Basic 
Education (DBE) by making available their 
ICT Laboratories throughout the country 
for the training of teachers in coding. 
Google, Teen Geeks, The MakerSpace 
Foundation and other organisations 
are also supporting the government to 
develop coding platforms that use 
Artificial Intelligence and 
Machine Learning to 
customise teaching and 
learning. The Minister of 
Basic Education, Angie 
Motshekga, has said: 
“The curricula will 

ensure that our schooling system produces 
learners with the foundations for future 
work and equip them with skills for the 
changing world.”

The minister said that the DBE will 
also be introducing a robotics curriculum 
from Grade R-9. “The curriculum will 
have a strong foundation in engineering 
and will enable learners to build and 
operate robots through programming 
code,” she said. “This robotics curriculum 
will need maker spaces to provide hands-
on, creative ways to encourage students 
to design, experiment, build and invent. 
This will not only develop STEM skills, but 
also contribute to effectively developing 
children’s creativity, critical thinking, 
design thinking, and digital skills. This will 
ensure that South Africa develops learners 
who are makers and inventors who will 
contribute to building an innovative 
culture in South Africa.”

Maybe it IS a New World.

Brian Downie

SAICE President 2019
brian@saice.org.za

The President and the Future

http://www.leeds.ac.uk/SAICE


South African  
Institution of 
Civil Engineering

Civil Engineering June 2019

Sivhili Injhinyeringi

June 2019 Vol 27 No 5

ON ThE COVEr
Phase II of the Lesotho Highlands Water 
Project is now under way. The photo shows 
the Phase I Ash River outfall between 
Clarens and Bethlehem from where the 
water eventually reaches the Vaal Dam. 
Turn to page 37 for more on the Polihali 
Transfer Tunnel, part of the Phase II plans. FROM THE PRESIDENT’S DESK
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Karen Powell (with husband Alex)
karen@straightzigzag.com

alex.powell@bombardiersa.co.za

There is a quote up on the wall in my therapy room: Prepare 
the child for the road, not the road for the child. It’s an old folk 
wisdom saying. To what extent will today’s toddlers be ready for 
the tech-filled road that lies before them?

SAICE President Brian Downie is focusing on developing 
young learners into the professionals of the coming decades. 
This development needs to start very young, even in the toddler 
and preschool years. The fact is, the stimuli that children are 
receiving have changed so much that childcare professionals are 
grappling to stay up to date with research that guides education 
and healthcare recommendations for the 0–5 year age group. 
On 24 April 2019 the World Health Organisation published new 
guidelines that infants under 1 year should not be exposed to 
screens at all, and children between ages 2 and 4 should not have 
more than one hour of sedentary screen time each day. Limiting, 
and in some cases eliminating, screen time for children under the 
age of 5 will result in healthier adults, the health agency stated.

Babies’ brains are pre-programmed to follow a critical se-
quence which establishes neurological pathways. The first 1 000 
days of life, which include pregnancy and conclude on the child’s 
second birthday, are seen as a vital and brief window of opportu-
nity for optimum development. During this time future engineers 
should be exploring, touching and moving.

Children need to be learning about every engineer’s number 
one force of influence – gravity. There is not much else that has 
as big an influence on the first year, as toddlers rise up against 
it and then topple over at its mercy. Basic parts for construction 
play and sensory experiences (through sand and water play) 
become toddlers’ tools through which they learn to manipulate 
their world. 

Concept foundations must be laid via the tactile and visual 
systems, entrenched through gross and fine motor exploration, 
after which children can start to infer 3D properties to 2D pic-
tures. As beautiful as a 3D image on a tablet may be, a rotating 
object on a flat screen holds little meaning for an immature 
visual system if the child has never experienced the concept in 
his or her physical world.

Many parents worry about their young children being “left 
behind” if they are not exposed to adequate technology. These 
concerns are, however, mostly unfounded. The basic concepts 
of coding are taught in everyday interactions with basic toys. 
Children learn about sequencing, direction and cause-and-effect. 
These must be developed on a whole-body level before the child 
can relate to objects in his or her environment.  

As we head into the 2020s, we’ll do well to take a step back 
and consider what basic concepts, learnt in their early years, 
current programmers and engineers now work from when cre-
ating their applications and structures. How can we introduce a 
better understanding to the next generation through hands-on 
access to materials, forces and problem-solving, and still keep a 
handle on the introduction of virtual concepts?

A 2D screen cannot replace 3D exploration. Apps, although 
a wonderful substitute which have their place, cannot replace 
human-guided interaction. Automated books cannot replace 
parents reading with their children. A multitude of “educa-
tional” toys cannot replace free-choice playtime with open-
ended toys.

If we continue to push tech onto immature neurological 
systems, we will have a future generation of engineers who lack 
a concrete understanding of the dynamics of the real world, and 
when the concrete foundation cracks, how can we expect to 
develop more advanced and abstract tech concepts?  

Forward thinking sometimes requires the courage to adopt 
a more traditional approach, and to trust in the natural devel-
opmental sequence of children. Brian Downie’s theme for his 
term is “to help give our young people the knowledge and skills 
to allow them to manage a rapidly changing world.”  He also 
says: “Anyone who closes their eyes to the impact of accelerating 
change in the world will be denying their children and grand-
children the chance of a decent life.” If we are going to start with 
toddlers in training, we need to find the balance between tech 
and tradition, while navigating unchartered territory that is 
difficult to  measure. 

O PI N I O N

Karen has a Master’s in Paediatric Occupational Therapy. She and Alex, a 
SAICE member, have authored a book entitled Playvolution: The Ultimate 
Guide to Developing Valuable Experiences Through Play (2014). They are 
advocates for play time that is open-ended and fosters creativity and 
learning. Learn more at: www.straightzigzag.com

Toddlers in training
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WAT ER  EN G I N EER I N G

INTrODuCTION
While I don’t consider myself to be a 
hydrologist, I have long advocated giving 
greater priority to hydrology and its ap-
plication in modelling and management. 
In this period of dramatic global change, 
it seems obvious that the field should be 
expanding. Unfortunately that view does 
not seem to be shared by society more 
widely. Practitioners need to reflect on 
the reasons for the limited support, and 
develop appropriate responses.

My engagement with hydrology began 
when, after some years of fun, travel and 
journalism, I returned to academia as a 
semi-mature student (I had been bored 
by Chemical Engineering at London’s 
Imperial College). Prof Peter Wolf, who 
was HOD of Civil Engineering at City 
University, London, had a number of 
claims to hydrological fame. In 1955 he set 
up Britain’s first post-graduate course in 
engineering hydrology at Imperial College 

in London, at the request of colonial gov-
ernment hydrologists in East and Central 
Africa (imagine such posts!). He had 
also led Britain’s first major flood study 
and was a former President of the IAHS 
(International Association of Hydrological 
Sciences).

With Prof Wolf ’s encouragement, 
my Honours dissertation reviewed ap-
proaches to areal rainfall estimation, 
demonstrating amongst other things that 
most of Africa needed a much denser rain 
gauge network to achieve rainfall esti-
mates with the same precision as Europe. 
(I am still looking for that paper, because 
the issue remains live as we talk about 
the challenges of hydrology in Africa and 
what remote sensing can and cannot do.)

During that period, I also reported on 
Sudan’s plans for the Jonglei Canal, and 
still treasure my four volumes of the land-
mark 1950s Jonglei Report. That report’s 
comprehensive hydrological analysis of 
the White Nile provided the basis for one 
of the earliest environmental impact as-
sessments of a major development project 
(Jonglei Investigation Team 1954).

Then, in Mozambique, when I was 
running Beira’s water supply, we were 

obviously interested in the hydrology of 
the Pungue River, our primary source, 
and the saline intrusion from its estuary. 
There I worked with Huub Savenije, an-
other former president of IAHS, and can 
even claim some credit for his PhD – we 
organised the boat that he needed to get 
onto the river!

I also helped another colleague, 
now with the Swedish Met and Hydro 
Institute, to assess the dry weather flow of 
a tidal section of the river – that needed 
12 hours of measurements since the net 
flow was just a couple of percent of the 
gross, tidally driven flow. And because 
Mozambique is the downstream riparian 
on many southern African rivers, I 
learnt a lot from the international teams 
(notably the Dutch and Swedes, but also 
UNESCO’s International Hydrological 
Programme (IHP)) who were helping to 
build local water resource management 
capacity.

In the late 1980s this helped me to 
convince the DBSA’s management that 
hydrological information was valuable and 
that a measuring weir on the Mzimvubu 
would be a good investment. So I am 
distressed to see that there is currently 
no online data from that gauge on the 
Department of Water and Sanitation’s 
system.

Despite that lapse, in the first decade 
after 1994 we managed to keep a balance 
between hydrology and more immediate 
priorities of service delivery, thanks to the 

Prof Mike Muller Pr Eng
Visiting Adjunct Professor
Wits University School of Governance
mikemuller1949@gmail.com

Three challenges to keep hydrologists 
and planners busy for another decade 
Des Midgley Memorial Lecture
19th Symposium of the South African National Committee of the International 
Association of Hydrological Sciences (SANCIAHS) 18–20 September 2018

With Prof Wolf’s encouragement, my Honours dissertation reviewed 
approaches to areal rainfall estimation, demonstrating amongst other 

things that most of Africa needed a much denser rain gauge network 
to achieve rainfall estimates with the same precision as Europe
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work of people like Stefan van Biljon. We 
even managed to expand the boundaries 
somewhat, working with UNESCO and 
the World Meteorological Organization 
(WMO) to set up the ambitious SADC 
Hydrological Cycle Observing System 
(HYCOS), through which I first met Frank 
Farquharson, another IAHS president.

After leaving the Department in 2005, 
I was involved in an effort by the World 
Water Assessment Programme (WWAP) 
and UN-Water to establish a formal global 
water resource monitoring programme. 
We convened some really smart people, 
including Roland Schulze, Charlie 
Vörösmarty and a couple of NASA’s 
remote-sensing specialists to consider 
how to generate the data flow needed. 
But $10 million a year was too much for 
the global community and Charlie is still 
complaining that, in 2018, he has less 
global river discharge data available than 
in 1986 (Fekete & Vörösmarty 2007)

The fate of the Mzimvubu gauge, 
SADC HYCOS and WWAP’s global 
monitoring offer some cautionary lessons 
about the challenges facing the hydro-
logical sciences and their application. But 
my involvement from the level of a single 
gauge through basin, national and re-
gional programmes to global monitoring, 
always from a developmental perspective, 
provides insight into what often appears 
to be a rather gloomy picture.

Happily, all is not lost. Water managers 
rely on crises – drought, flood or cholera 
– to mobilise support to address the chal-
lenges of managing our critical resource, 
which is often invisible to senior policy- 
makers and the wider public. And we have 
recently had some very helpful crises.

Locally we need to thank our Cape 
Town colleagues for the contribution 
that their city has made to hydrological 
awareness, not just in South Africa, but 
internationally. The costs of their ‘Day 
Zero’ saga may yet be outweighed by the 
benefits if society learns from the experi-
ence. Meanwhile, globally, if we cannot 
harness evidence of the impacts of climate 
variability and change to our cause, we are 
doing something wrong.

However, to extract maximum benefit 
from these opportunities, we need to 
reflect on our challenges and consider 
what we have learnt from recent local and 
global events and how best to respond. 
I suggest that there are three linked 
challenges.

Towards non-stationarity: 
the ‘variability of variability’
The first is to respond, from a technical 
perspective, to non-stationarity, the ‘vari-
ability of variability’. How do we progress 
from assumptions about ‘normal’ climate 
variability and reflect the slower under-
lying processes of climate change?

While there is general agreement 
about the likely evolution of temperature 
under climate change, and much specula-
tion about its likely impact, there is less 
enthusiasm for supporting structured 
responses to monitoring the changes in 
the underlying variability of the hydro-
logical system.

A decade ago, during a heated (in-
formal) discussion about how UNESCO’s 
International Hydrological Programme 
(IHP) should respond to climate change, 
it was suggested that, if we followed the 
80:20 principle, climate change would not 
even be on the IHP agenda.

Since hydrology is essentially the 
science of the impact of variable climates 
on water, there was no obvious need for 
a major climate change thrust. The real 
problem was to enable hydrologists to 
do the most important 20% which would 
help the world to adjust to a different 
future. So we agreed that climate change 
was important, but only because it offered 
a lens through which the policy world and 
the politicians looked at water.

So, with the Global Water Partnership 
(GWP), we suggested that the best way to 
build society’s capacity to adapt to climate 
change was to intensify our monitoring 
and management of climate variability 
in the water sector. We stated that, while 
climate change mitigation is mainly about 
energy and carbon, climate change adap-
tation would be about water resources and 
their management (Sadoff & Muller 2008)

The thinking was that climate change 
is a slow-onset process of which the 
impact is difficult to predict. But, with 
higher temperatures, we can expect 
rainfall intensities to change, the severity 
of floods and drought to increase and 
the hydrological behaviour of landscapes 
to change. Social and economic sectors, 

from agriculture to power production, will 
be affected. Stochastic approaches used to 
guide modelling could no longer assume 
that variability parameters would remain 
constant. New methods would be needed 
to reflect the ‘variability of variability’ and 
deal with a cascade of related changes in 
rainfall timing and intensity, landscape 
ecologies, evapotranspiration, runoff and 
evaporation processes.

The uncertainty introduced at each 
step means that confident and useful pre-
dictions of rainfall, runoff, infiltration and 
streamflow relations are unlikely anytime 
soon. We do know, though, that many 
modelling assumptions used in the past 
may well be inappropriate in the future.

So how can the data sources and 
models currently available be used and 
developed? One priority must surely 
be to update the data and review the 
performance of rainfall/runoff models 
more regularly. Crudely, we need to 
ensure that emerging variability is picked 
up earlier and integrated sooner into the 
variability parameters used to generate 
projections and guidance. Monitoring and 
modelling will need to be more intensive, 
requiring more efficient ways to monitor 
and ground-truth remote data. This is 
something that even non-specialists 
understand.

Translating model outputs into 
appropiately used decision support tools
The second challenge is that good 
tools are only useful if appropriately 
applied. So what can be done from an 
operational perspective to translate model 
outputs into decision support tools that 
water managers and their principals 
actually use?

In Cape Town and Port Elizabeth, the 
guidance offered by hydrologically based 
systems modelling has not been used 
effectively for decision-making. There 
have been severe water supply constraints 
as a result. It is not enough to have good 
models that provide useful information. 
The information provided by these 
models must be used, intelligently, by 
decision-makers.

The thinking was that climate change is a slow-onset process of which 
the impact is difficult to predict. But, with higher temperatures, we can 
expect rainfall intensities to change, the severity of floods and drought 
to increase and the hydrological behaviour of landscapes to change.
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As a late-entry academic with a 
scientific bent, I try to test my hypotheses. 
So, at a meeting of mayors and heads 
of provincial departments convened by 
the Premier of the Gauteng Province to 
discuss water security, I conducted an 
experiment. I showed them the invitation 
that had been sent to their institutions 
to attend the first meeting of the new 
Integrated Vaal River System (IVRS) 
reconciliation strategy – the study that 
would plan the water security of Gauteng 
and the wider region served by the IVRS 
which encompasses more than half of 
South Africa’s economy.

How many participants knew about 
this invitation? One hand was raised. 
How many got feedback from the 
meeting? No hands. Yet these were the 
municipal mayors and managers and 
their infrastructure specialists convened 
by the Premier to discuss their ‘water 
security’. Worse, two other presentations 
on water security, one from a university 
consortium, the other by a political 
scientist who presents himself as a 
renowned water expert, made no mention 
of the use of hydrological models to assess 
water risks. Nor was there any reference 
to the biannual operations meetings that 
use the models to review the state of the 
system and whether any interventions 
are required.

This experiment confirmed a very lim-
ited understanding of probability, uncer-
tainty and risk, or how models could help. 
Is it because water is just too complicated? 
Because water supply disasters have a slow 
onset? Or because their potential impacts 
are not well understood?

Most large public and private organ-
isations have formal processes for risk 
management, but few take a rigorous 
approach to water resource risks. Many 
private companies think of water as a 
social responsibility issue rather than 
as a strategic business risk. And the 
public sector is most concerned about 
immediate water services risks, which 

have high visibility, rather than the 
resource management processes needed 
to mitigate them.

Bringing people into the models – 
and the modelling process
The third challenge is thus to help po-
litical leaders and the public more broadly 
to understand the value of hydrological 
guidance, and then to encourage them 
to support and use it. For this to happen, 
people must be brought into the models 
and the modelling process more formally 
and more effectively.

There are two related dimensions to 
this. First, our ability to predict changes 
in water use have to improve. That means 
predicting how people will behave and 
the impact that their behaviour will have 
on water. Second, the way in which the 
models are constructed and the results 
are presented must be relevant to the 
purposes and priorities of the intended 
audiences.

The objective of modelling hydro-
logical systems is to inform communities 
and guide their decisions. More precisely, 
in the present Anthropocene age, in 
which human activity is the dominant 
force shaping the global environment, the 
underlying intent of modelling is to influ-
ence people’s behaviours. To do that, it is 
necessary to engage in a structured way 
with those behaviours.

Here we need to apply two important 
statistical science principles: First, all 
models are wrong, but some are useful. 
Second, don’t fiddle with the model to 
produce the answer that you want! As 

in economics, if the models work, they 
will affect the variables and become 
endogenous to the larger system that they 
are intended to influence. This brings 
complications, but they are inherent to 
the objective of influencing behaviour.

If the aim of systems modelling is to 
change behaviour, the challenge is then to 
adapt and manage the complications since 
the consequences can be severe. I have, 
rather controversially, suggested that 
Cape Town’s crisis was to some extent 
the consequence of turning policy goals 
into over-ambitious working assumptions 
about the demand curve in the reconcili-
ation strategy (Muller 2017). So, a careful 
distinction is needed between the subjec-
tive aspirations of policy-makers and the 
objective behaviours that are observed to 
result from their efforts.

Currently, Department of Water and 
Sanitation (DWS) reconciliation strate-
gies, based on stochastic systems models, 
present a range of estimates of the de-
mands that will be placed on the system – 
typically, high, low and most probable. 
A range of assumptions about behaviour 
underlies those projections – the effect 
of water conservation programmes, the 
proportion of the population supplied 
at different standards, control of illegal 
abstractions, etc. Other variables are used 
to estimate some of these numbers – 
population and economic growth are 
obviously important drivers of demand. 
But I suggest that what is important is 
how the results are presented.

The text accompanying the recon-
ciliation studies usually includes notes 
about the modelling assumptions used. 
But decision-makers are not known for 
their careful attention to footnotes and 
methodologies. Typically, they want to 
know what risks they are facing and what 
they need to do to reduce those risks to 
an acceptable level. However, when they 
think about water risk, they are using 
political and perhaps financial metrics, 
not hydrological definitions.

The objective of modelling hydrological systems is to inform 
communities and guide their decisions. More precisely, in the present 

Anthropocene age, in which human activity is the dominant 
force shaping the global environment, the underlying intent of 

modelling is to influence people’s behaviours. To do that, it is 
necessary to engage in a structured way with those behaviours.

Most large public and private organisations have formal processes for 
risk management, but few take a rigorous approach to water resource 
risks. Many private companies think of water as a social responsibility 
issue rather than as a strategic business risk. And the public sector is most 
concerned about immediate water services risks, which have high visibility, 
rather than the resource management processes needed to mitigate them.

http://www.mariswe.com
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The information that I used to 
persuade then Minister Ronnie Kasrils to 
approve the dam on the Berg River that 
eventually saved Cape Town from its ‘Day 
Zero’ was not about hydrology. Rather, it 
took the experience of the effects of the 
minor drought of 2002/3 to show that 
he risked responsibility for 50 000 farm-
workers who lived within a 100 km radius 
of Parliament in Cape Town losing their 
jobs. That was a message he understood.

This is not to suggest that the 
standard reconciliation diagrams should 
be changed. But we need additional 
formats that present the risks in popularly 
understandable terms – jobs lost, services 
restricted. And they must be accompanied 
by suggestions of interventions that might 
mitigate – or aggravate – those risks.

LOCAL CASES, PrESENT AND FuTurE
Cape Town’s experience illustrates the 
way forward. The data for the Western 
Cape Water Supply System model had 
last been updated in 2004, and the model 
had not been run recently because of the 
DWS’s budget constraints. But the City 

of Cape Town, which in 2013 had fudged 
the model to suit its purposes (Muller 
2017), has now invested some millions in 
updating and rerunning it to guide their 
operations and planning as they recover 
from the past few difficult seasons. City 
authorities have understood that, while 
per capita consumption is an important 
driver of risk and an explicit focus of 
operations and planning, they cannot 
assume in their modelling that they will 
achieve their demand management goals. 
So their supply interventions, which 
provide a growing envelope within which 
to work, are equally important.

They also now know the costs of 
inaction, as well as the costs of action. 
They can see that the cost of investing 
too early (the interest payable on the 
investment that is not used) is almost an 
order of magnitude less than the costs 
imposed by extreme supply restrictions; 
cost-benefit can only be calculated by 
quantifying the risks. Unfortunately, a 
risk metric traditionally presented simply 
as a risk of restrictions did not provide 
the basis on which to compare the cost of 

The information that I used to 
persuade then Minister Ronnie 
Kasrils to approve the dam on 
the Berg River that eventually 
saved Cape Town from its ‘Day 
Zero’ was not about hydrology. 
Rather, it took the experience of 
the effects of the minor drought 
of 2002/3 to show that he 
risked responsibility for 50 000 
farmworkers who lived within a 
100 km radius of Parliament in 
Cape Town losing their jobs. That 
was a message he understood.

http://www.mariswe.com
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action with the financial implications of 
inaction.

Gauteng Province must still address 
its challenge. The Premier took the first 
important step by asking what his ‘city-
region’ must do to avoid the equivalent 
of Cape Town’s Day Zero.1 One way to 
answer this is to present the hydrology 
together with data about people. The 
region is ‘at risk’ because the next supply 
augmentation will only come on stream 
in around eight years. Since Lesotho 
Highlands Phase 2 is finally under way, 
the cost of action is no longer an issue. 
The risks now derive primarily from 
peoples’ behaviour and population trends.

Presently, Rand Water’s gross per 
capita abstraction of water from the IVRS 
to serve the region’s 15 million people is 
around 300 litres/person/day. This now 
brings it to its reliable limit of around 
1 600 Mm3/yr – which is also its licenced 
allocation. But the province’s population 
is growing at over 3% annually through 
a mix of internal growth and migration 
(GCRO 2018).

So, rather than simply telling the 
Premier that he is at increasing risk, he 
has been advised that, to maintain cur-
rent levels of risk, demand will have to 
be reduced by around 30% over the next 
decade. Given current high consump-
tion, losses and wastage, that should be 
relatively easy to achieve, as Cape Town 
has demonstrated. And reducing con-
sumption should not impose major term 
financial costs, since municipal costs will 
be reduced as losses are controlled.

These cost and demand management 
issues are not really the province of tech-
nical hydrologists. But hydrologists need 
to show that hydrology and its models can 
bring real social, economic and political 
benefit. That will strengthen the hand 
of those hapless officials who every year 
have to explain to a cash-poor Treasury 
why they need more people and money for 
hydrological monitoring, data processing 
and operational modelling. To make the 
point, they must also ask for money to 
enable them to communicate in ways that 

help people and institutions understand 
what can be done to achieve water secu-
rity. Water users who know the risks they 
face can change their behaviour.

SOME CONCLuSIONS
The climate challenges show why we 
need to engage in the broader policy 
discussions. Preoccupation with climate 
change could undermine water security if 
it distracts from more immediate issues. 
Politicians, press and public – and many 
water managers – find it very easy to 
blame climate change for their collective 
failures. And hydrologists and other 
professionals have not often explained the 
issues. More generally, the global concern 
about climate change has not been used to 
promote the important role of hydrology 
and more intensive resource manage-
ment in the process of adapting to the 
slow-onset process that is occurring. One 
consequence is that we cannot mobilise 
the resources needed to adapt our practice 
to respond to the challenges this poses.

The next two presentations [at the 
SANCIAHS Symposium] from Prof Bob 
Scholes and Eddie Riddell show that a 
great deal of attention (and money) is cur-
rently focused on the ecosystem services 
provided by the freshwater cycle. This 
has been mobilised by the biodiversity 
lobby, through an intensive campaign 
that started before 2015, targeting the 
UN Secretary General’s High Level Panel 
on Water.

Of course eco-system services are 
important. Water security depends on the 
water transport and purification services 
provided by the global hydrological cycle. 
But these will not be usefully integrated 
into the many, diverse, local-scale water 
security interventions unless there 
is a good understanding of the basic 
hydrology at those scales. This message 
is being lost in the clamour about climate 
change and the moral outrage about the 
damage to the natural environment.

Water security at household, community, 
basin, national, regional and global scales 
will increasingly depend on good hydrology. 
Hydrologists, and water resource managers 
more generally, need to find ways to take 
their rightful place on global and national 
agendas. We need to find a collective voice, 
and organisations such as IAHS are impor-
tant vehicles to help us achieve that.

Specifically, we must continue to 
emphasise that, while energy and carbon 
are the focus of climate change mitigation, 
water resources and the multiple sectors 
they support must be the focus for climate 
change adaptation. If we can manage 
today’s variability, we will be better 
prepared for tomorrow’s climate change. 
But if that process is not guided by good 
hydrology, it will fail. 

END NOTE
1. While the draft of the water security plan 

has been completed, it is not yet approved.
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hydrology together with data about people. The region is ‘at risk’ because the 

next supply augmentation will only come on stream in around eight years.

The climate challenges show why 
we need to engage in the broader 
policy discussions. Preoccupation 
with climate change could 
undermine water security if it 
distracts from more immediate 
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– and many water managers – 
find it very easy to blame climate 
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INTrODuCTION
Energy consumption in water supply and 
distribution networks represents 7% of 
the world’s consumption of energy (Perez-
Sanchez et al 2017). According to the Key 
World Energy Statistics published by the 
International Energy Agency (IEA 2017), 
the water sector accounted for 820 TWh 
of global electricity consumption in 2014. 
This amounts to 70 million tons of oil 
equivalent (MTOE). These Key World 
Energy Statistics summarise the average 
electricity consumption for all processes 
within the potable water supply chain, from 
abstraction through treatment to distribu-
tion. Incorporating these global averages, 
and by using average water consumption 
for South African metros as reported by 
the Department of Water and Sanitation 
(DWS 2017) and the Eskom average elec-
tricity rate (Eskom 2018), we can approxi-
mate the average annual electrical cost for 
water treatment and distribution of a met-
ropolitan municipality with a population 
of 3 million to R166 million. According to 
the GreenCape Market Intelligence Report 
on Water for 2017 (GreenCape 2017), South 
African municipalities currently use about 
4 500 million m³/year of water, of which 
37% is non-revenue water. On this basis, 
on average, a metropolitan municipality 

with a population of 3 million loses around 
180 million m³ of potable water per year, 
which amounts to a cost of roughly 
R60 million per year on the electrical cost 
for the treatment and distribution of non-
revenue water (Figure 1). This R60 million 
cost could be recovered to some extent 
through energy recovery using hydro tur-
bines or energy recovery turbines (ERTs). 
Subsequent savings on water losses and 
the overall energy cost of the system are 
also present, but should be quantified on a 
site-specific level, as these vary according 
to location and system configuration. The 
energy recovery benefit figures change with 
various factors, such as the topography, 
treatment processes and distribution 
lengths. The City of Tshwane has a popula-
tion of roughly 2.9 million, but its energy 
cost of water would be higher due to the 
higher pumping cost of water procured 
through Rand Water and pumped from the 
lower-lying Vaal Dam.

POTENTIAL FOr ENErGY rECOVErY
The article titled “Water infrastructure 
asset management addressing the SDGs 
through energy recovery” in the June 2018 
edition of Civil Engineering framed the 
problems experienced within the South 
African context since 2008 with regard to 
electricity supply and drought (Bonthuys 
et al 2018). The article discussed conduit 
hydropower as a method of recovering 
energy from a water supply or distribution 
system where excess pressure energy is 
recovered by installing a hydro turbine. 
This also reduces background leakages 
within the system as pressure is directly 
proportional to the leakages from a system. 
Energy recovery, then, addresses both the 
issues relating to electricity supply and 
demand, and water scarcity. The potential 
for energy recovery within municipal water 
supply and distribution systems exists, and 
municipal infrastructure asset manage-
ment systems contain enough water system 
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Figure 1  Water losses and energy cost in a South African metro with the size equivalent of 
the City of Tshwane



data that could be leveraged to identify the 
preliminary potential for energy recovery 
and leakage reduction with regard to both 
extent and location (Bonthuys et al 2018).

hYDrO TurBINES
A detailed technical methodology was de-
veloped to show how energy can be recov-
ered from excess water pressure through 
the installation of hydro turbines, governed 
by Equation 1 (Bonthuys et al 2019).

P = ρgQHη (1)

Where:
 P = power output (W)
 ρ = density of fluid (kg/m3)
 g = gravitational acceleration (m/s2)
 Q = flow rate (m3/s)
 H = head (m)
 η = turbine system efficiency (%).

The installation of hydro turbines in water 
supply and distribution networks is a well-
known form of energy recovery worldwide. 
In several instances a pump as turbine 
(PAT) has been used for energy recovery 
installations. Lima et al (2017) found that, 
at maximum flow conditions in a system, 
the energy recovered by a PAT is high 
and the reduction in leakage comparable 
to that of conventional pressure reducing 
valves (PRVs). The advantage of PATs in 
the South African environment is general 
availability and aftermarket support. PATs, 
however, do not have the efficiency that 
more conventional hydro turbines, such as 
Pelton wheels, Francis turbines and Cross-
flow (Banki) turbines have. Figures 2, 3 and 
4 show installations of inline turbines, PAT 
and a cross-flow (Banki) turbine in water 

distribution systems in the City of Portland 
(Oregon, USA), Pretoria (South Africa) and 
Bloemfontein (South Africa) respectively.

Assuming that the leakage within the 
system is predominantly governed by vari-
able area leaks, the percentage reduction 
in the current annual real losses (CARL) of 
a system can be calculated from the per-
centage reduction in the operating pressure 
of the system through the variable area 
term of the FAVAD equation (Equation 2).

Q = Cd√2g(A0h
0.5 + mh1.5) (2)

Where:
 Q = leakage rate (m3/s)
 Cd = discharge coefficient
 g = gravitational acceleration (m/s2)
 A0 =  initial leak opening without any 

pressure in the pipe (m2)
 h = pressure head (m)
 m =  slope of the pressure area line (m).

GENETIC ALGOrIThM FOr 
OPTIMISATION
The challenges faced with energy recovery 
in water supply and distribution systems 
are similar to those faced by pressure 
management and PRVs, and are related to 
the determination of the number, location 
and optimal control setting or size of the 
installation. Both the location and size of 
energy recovery installations can be pre-
liminarily identified by leveraging asset 
management data as previously discussed, 
but there is an inherent need to optimise 
these systems in terms of recovered 
energy and reduced water losses evaluated 
on an economic basis. Based on the intri-
cate and dynamic nature of water distri-
bution systems, various researchers have 
employed several different techniques 
for the operational optimisation of water 
distribution systems (Mala-Jetmarova et 
al 2017). For the purpose of this study a 
Genetic Algorithm (GA) was developed 
to optimise the use of hydro turbines in 
municipal water distribution systems for 
energy recovery and leakage reduction. 

Figure 2 In‑line turbines, 
Portland, Oregon – 200 kW
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Figure 4 Crossflow (Banki) turbine, 
Bloemfontein, South Africa – 96 kW

Figure 3 PAT, Pretoria, South Africa – 40 kW
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The GA developed was incorporated into 
an application named the Programme for 
Energy Recovery and the Reduction of 
Leakage (PERRL).

PERRL was developed using the 
Visual Basic programming language and 
operates from a user-friendly interface 
(Figure 5). Input required into PERRL is 
split into user input directly on the inter-
face and a hydraulic model for the system 
under investigation. Currently, PERRL is 
compatible only with water networks set 
up using the US Environment Protection 
Agency’s (EPA) Water Distribution System 
Modelling Software, EPANET. Both 
PERRL and the GA have been set up to re-
ject any potential energy recovery location 
within a network which causes a pressure 
drop below zero at any node. Penalty 
functions have also been implemented 
to penalise heavily any energy recovery 
solutions that cause pressure drops below 
the defined minimum operating pres-
sure at consumption nodes. With these 
constraints in place, EPANET remains a 
suitable model for energy recovery and 

leakage reduction and, for this reason, 
and the fact that EPANET is freeware, 
other pressure-driven models were not 
considered.

The direct input required relates to the 
size of the initial population for the GA, 
the number of proposed energy recovery 
locations (budget-based), the weighted im-
portance of energy recovery and leakage 
reduction, the current annual real losses 
(CARL) and both the water and electricity 
cost for the region under investigation. 
Lastly, the number of GA iterations and 
the degree of mutation are required.

From the input PERRL randomly 
compiles an initial population of solu-
tions which is modelled in EPANET and 
analysed for energy recovery and leakage 
reduction. These initial solutions serve 
as input into the GA developed. The GA 
then pairs different solutions from the ini-
tial population utilising elitism and cross-
over techniques, and mutates a certain 
degree of solutions to obtain a new set of 
solutions for modelling in EPANET and 
analysis. The set of solutions after each 

iteration of the GA is grouped as a result, 
and these results are ranked according 
to a weighted score influenced by the 
weighted importance of energy recovery 
and leakage reduction as defined in the 
user input. The optimisation process is 
graphically depicted on the interface and 
is complete once sufficient convergence 
has been obtained (Figure 5) (PERRL is in 
a beta testing stage, being tested by water 
professionals in the industry).

Currently, PERRL analyses only 
steady-state problems based on worst-case 
scenarios, and only utilises fixed-speed 
energy recovery devices. It is proposed 
that future research and development 
of PERRL will include extended period 
simulation and optimisation based on 
the time-varied application of energy 
recovery devices.

TESTING OF PErrL
PERRL was used to analyse the very 
small example network (Figure 6) 
used by Jowitt and Xu (1990). The 
consequence of installing three hydro 
turbines within the water network was 
analysed. One hundred iterations were 
run, and the result was the installa-
tion of three hydro turbines with sizes 
2.62 kW, 400 W and 412 W respectively 
at locations A, B and C in Figure 6(b). 
The installation of these hydro turbines 
reduced the average operating pressure 
of the system by 20%, resulting in a total 
potential leakage reduction of 24% and 

Figure 5  Example of a PERRL user interface

PERRL was developed using the Visual Basic programming language 
and operates from a user-friendly interface (Figure 5). Input required into 

PERRL is split into user input directly on the interface and a hydraulic 
model for the system under investigation. Currently, PERRL is compatible 

only with water networks set up using the US Environment Protection 
Agency’s (EPA) Water Distribution System Modelling Software, EPANET.
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potential energy recovery of 3.44 kW. It 
is important to note that these results 
were obtained in the benchmark test 
of PERRL against the example network 
used by Jowitt and Xu (1990) for the 
optimisation of pressure-reducing valve 

locations and is not an ideal network 
for energy recovery. Subsequent “real” 
networks analysed show significantly 
more energy recovery potential. The re-
sults of PERRL analyses on the example 
network compare well with the different 

optimisation techniques employed 
on the same network by several other 
researchers (Nicolini & Zovatto 2009; 
Saldarriaga & Salcedo 2015; Gupta et al 
2017). The leakage reduction calculation 
in the model assumed that water losses 
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are predominantly from background 
leakages and used an emitter exponent 
of 1.18. The average leakage reduction 
values obtained in the previous studies 
ranged from 15% to 24%. In summary, 
the subsequent benefits of the instal-
lation of hydro turbines within a water 
distribution network, as shown in the 
example network, are as follows:

 N  Reduced operating pressure resulting 
in potentially fewer pipe bursts

 N  Reduced operating pressure resulting 
in a potential reduction in leakages 
and water losses

 N  Energy recovery (converting excess 
pressure through turbine) generating 
an augmented income or energy cost 
saving

 N  Reduction in the system water 
demand, i.e. saving in purification and 
distribution costs. 
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INTrODuCTION
Mambedi Lower Dam, located 40 km east 
of Makhado (Louis Trichardt) in Limpopo, 
is a key water source for use in the produc-
tion of macadamia nuts. The dam suffered 
large-scale damage during an extreme 
rainfall event in February 2000 when water 
discharge nearly reached the regional 
maximum flood (RMF) peak. This event 
damaged the existing concrete overflow 
structure and spillway channel on the right 
bank, leaving in its wake a donga nearly 
80 m wide and 15 m deep, through which 
water flowed freely, drastically reducing 
the dam’s overall capacity. EPESA (the 
Client) appointed PG Consulting Engineers 
as the main consultant for the repair of 
the dam’s spillway, based on a design for 
discharge just higher than the RMF. The 
spillway design required a full spectrum 

Flood damage repair to 
Mambedi Lower Dam Spillway
The Mambedi Lower Dam Spillway project (commissioned by Eastern Produce Estates SA (EPESA) in 2017) is 
set to be completed this year, improving a much-needed agricultural water source of which the capacity was 
severely reduced after an extreme rainfall event washed away the side channel spillway in February 2000.

Kyle Poolman
Area Manager: Gauteng, Mpumalanga

Maccaferri Africa
k.poolman@maccaferri.com

Pieter Gouws Pr Eng, APP
Managing Director

PG Consulting Engineers
pieter@pgconsulting.co.za
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Figure 2 Failed concrete overflow structure and prevailing 
donga (Photo credit: Juan‑Louis de Beer)

Figure 1 Mambedi Lower Dam Spillway – still 
under construction (Photo credit: Janès Gouws)
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of upstream and downstream erosion and 
scour protection, as well as reinforced 
channel wingwalls and embankment. 
PG Consulting approached Maccaferri 
Africa for assistance in designing these 
various water-channelisation structures.

Construction on the project started in 
July 2017, with the overall project requiring 
the installation of more than 12 000 m2 of 
gabions, Reno mattresses and Terramesh® 
structures, as well as 25 000 m2 of varied 
geotextiles and 10 000 m2 of geosynthetic 
soil reinforcement.

GABION SPILLWAY
Conceptualising and later detail design 
of the new spillway required a rigorous 
repetition of ideas in order to produce 
an agreeable and cost-effective solution 
for the Client. With the dam wall having 
been designed as an embankment wall by 
PG Consulting, selecting the appropriate 
spillway was subsequently affected by 
various factors including the presence of 
some highly dispersive soils on site, the 
height of the eroded embankment faces, 
and peak water velocities modelled as 
reaching almost 6 m/s.

The spillway was designed as a stepped 
gabion weir, with an approach apron 
created out of 0.3 m Reno mattresses 
underlined by a geotextile and an imper-
vious liner to assist in preventing seepage 
through the dam core. The spillway em-
bankment was created using a clay core to 
this effect as well.

A stepped gabion weir was imple-
mented in the down chute of the spillway 
and currently reaches a height of 9 m. 
This is being meticulously constructed, 
with the eventual inclusion of a concrete 
capping on the steps in order to protect 
the underlying mesh from any possible 
damage due to debris crossing through 
the spillway during overflow. Stepped 
gabion spillways have proven energy-
dissipation attributes due to factors such 
as water flow through the porous units, 
as well as significant aeration of water 
undergoing nappe or skimming flow as it 
flows down the steps. This, coupled with 
a gabion structure’s ability to absorb a 
degree of differential settlement without 
compromising structural integrity, led to 
the decision to use an 80 m wide stepped 
gabion weir structure as the outlet of the 

spillway. A downstream stilling basin is 
also being installed using gabion energy 
dissipaters and two counter weirs, as well 
as a mattress lining to prevent erosion of 
the underlying soils. The importance of 
implementing this “armour layer” (in the 
form of Reno mattresses) in the stilling 
basin cannot be overstated, as one of the 
causes of hydraulic structure failures is 
scour of soil at the toe, especially where 
flowing water meets erodible material.

The stepped weir was designed using 
Maccaferri’s MacRA (Maccaferri River 
Analysis) 2 software, with the stilling 
basin and approach apron lining being 
checked using Maccaferri’s MacRA 1 
software outside of the standard hydraulic 
design undertaken by PG Consulting. 
Once hydraulic stability was confirmed, 
all structures were checked for static 
stability using Maccaferri’s MacStARS 4.0 
software.

EMBANKMENT PrOTECTION
With the decision having been taken 
to implement a stepped gabion weir, 
attention turned to stabilisation and 
reinforcing of the wing walls on the 

Figure 4  The 1.5 m gabion counter‑weirs were designed with “ramps” in order to allow any wildlife which may wander into the large basin to 
traverse freely, providing a structure which serves the needs of the community, as well as preventing harm to wildlife

Figure 3 View from tier 7 of the stepped 
gabion weir – spillway under construction 

(Photo credit: Juan‑Louis de Beer)
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approach to the spillway, as well as of the 
embankments enclosing the stilling basin. 
It was decided to implement a reinforced 
soil structure (RSS) using a combination 
of geosynthetic soil reinforcement of 
varied tensile strengths (in the form 
of Maccaferri’s Paragrid® geogrids) 
as primary reinforcement, as well as 
Terramesh® units (gabion units with 
double-twist steel wire mesh tails) as sec-
ondary reinforcement. A MacLine SDH 
150 geomembrane liner was installed 
behind the facing to limit the amount 
of water ingress into the structural fill, 
along with a longitudinal subsoil drain to 
enhance the structure’s resistance to satu-
ration. The Terramesh® walls range from 
4 m to 15 m in height and were designed 
in conjunction with geogrids of up to 
150 kN/m tensile strength, checked using 
Maccaferri’s MacStARS 4.0 software in 
conjunction with BS 8006:2012 (Code 
of Practice for Strengthened/Reinforced 
Soils and Other Fills).

CONCLuSION
The remediation of Mambedi Lower Dam 
will ensure improved water capacity, 
providing water for livestock and farming 
activities in the greater Mambedi area. 
Construction has also stimulated job 
creation, with local labour being used to 
place and pack thousands of cubic metres 
of gabions and Reno mattresses.

Due to its magnitude, this project 
required quality control that is second to 
none, including special resources such 
as drone imagery and 3D CAD models 
in order to assist the Contractor in accu-
rately constructing this mammoth struc-
ture. The project is set to be completed in 
June 2019. 

Figure 6 Stilling basin, energy 
dissipaters and Terramesh® walls 
(Photo credit: Juan‑Louis de Beer)

Figure 5 Reno mattress approach apron, enclosed 
by two wing walls (Photo credit: Juan‑Louis de Beer)

Figure 7  The amalgamation of various structures into a single spillway of this magnitude 
requires the use of resources such as this 3D model created by the team at 
Maccaferri Africa (Credit: Barend Byliefeldt)

Soil on slopes
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INTrODuCTION
Climate change and reducing natural 
resources affect both humanity and nature, 
and increased awareness is required 
regarding the irreversible damage caused 
by various developments. Financial 
institutions and investors are considering 
climate change as basic to planning and 
decision-making, and are therefore more 
likely to allocate their capital investments 
to climate-responsible projects.

Green bonds originated from a climate 
awareness bond, which was issued by the 
European Investment Bank. Since then, 
there has been a rapid growth in the green 
bond market, especially in recent years. It 
was reported that in 2017 approximately 
US$160 billion green bonds were issued, 
close to double that of the previous year 
(International Finance Corporation 2018). 
These numbers are increasing dramati-
cally as global markets drive to reduce the 
impacts of climate change. Green bonds 
are further expected to exceed US$250 
billion in 2018 (International Finance 
Corporation 2018).

The green bond market is still in its 
infancy, being just over a decade old. With 

the dramatic increase in green bonds, it is 
becoming ever more important to clarify 
and agree on definitions of, processes 
associated with, and common guidelines 
for green bonds, and the market has 
recognised this need. This article focuses 
on the possibility of funding dam projects 
as green bond projects.

GrEEN BOND PrINCIPLES 
AND GuIDELINES

Green Bond Principles
In 2014, a group of banks initiated the 
development of the Green Bond Principles 
(GBP) by drawing from the experience 
of multilateral banks. GBP are defined as 

Louiza van Vuuren Pr Eng
GIBB (Pty) Ltd
lvanvuuren@gibb.co.za

Financing dam projects with  
green bonds

Figure 1  Approved projects according to the Climate Bonds Standard (information extracted from Climate Bonds Initiative 2017)
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“voluntary process guidelines that recom-
mend transparency and disclosure and 
promote integrity in the development of 
the Green Bond market by clarifying the 
approach for issuance of a Green Bond” 
(ICMA 2018). The GBP have four core 
components, namely use of proceeds, 
process for project evaluation and 
selection, management of proceeds, and 
reporting. These are intended for broad 
use by investors.

The GBP were developed as voluntary 
process guidelines and there is no require-
ment to follow them. They do, however, 
include renewable energy and sustainable 
water management projects as part of 
approved use of proceeds.

Climate Bonds Standard
The Climate Bonds Standard was de-
veloped by the Climate Bonds Initiative 
(CBI), which was started as a project of 
the Network for Sustainable Financial 
Markets (NSFM), but it now operates 
as a joint project of the NSFM and the 
Carbon Disclosure Project (CDP) (Climate 
Bonds Initiative 2017). The Climate Bonds 
Standard provides an approach to verify 
that green bonds are being used for deliv-
ering projects, with the main objective of 
the projects being to develop a low-carbon 
and climate-resilient economy (Climate 
Bonds Initiative 2017).

The Climate Bonds Standard is 
separated into two main requirements: 
the pre-issuance and post-issuance 
requirements. Pre-issuance requirements 
were developed to ensure that the appro-
priate processes and controls have been 
established to enable conformance to the 
Climate Bonds Standards. Post-issuance 

requirements are applied to all certified 
green bonds after the bond has been 
issued.

The Climate Bonds Standard sets 
out a two-step process to determine 
whether projects contribute to the main 
objectives of the Standard. The first step 
refers to the Climate Bonds Taxonomy, 
which provides an initial screening for the 
inclusions and exclusions of sectors. The 
aim of the Climate Bonds Taxonomy is 
to encourage common definitions across 
global markets. Figure 1 provides an 
extract of projects that are considered to 
contribute to the delivery of a low-carbon 
and climate-resilient economy. It provides 
information extracted from the Climate 
Bonds Taxonomy sheet to focus especially 
on dam-related projects.

There are still some projects being 
considered as approved projects, but 
the process of further developing the 
requirements is still in progress. Figure 2 

provides a summary of these projects. It 
provides information extracted from the 
Climate Bonds Taxonomy sheet to focus 
especially on dam-related projects.

The final step is to review proposed 
projects against sector-specific technical 
criteria. The Climate Bonds Initiative 
has developed Sector-Specific Criteria 
documents for certain projects (approved 
projects shown in Figure 1), while others 
are still in the process of being developed 
(the projects shown in Figure 2). The 
Climate Bonds Initiative requires that all 
technical criteria in the Sector-Specific 
Criteria documents must be met before 
these projects can be considered eligible 
for green bond funding.

World Bank Guidelines
The World Bank (International Bank for 
Reconstruction and Development) draws 
from both the GBP and the Climate 
Bonds Initiative. It supports low-carbon 
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and climate-resilient development, which 
includes both mitigation of and adaption 
to climate change (World Bank n.d.). 
However, the World Bank also requires 
the observance of its safeguard policies 
with regard to both environmental and 
social issues (World Bank n.d.)

The World Bank considers two groups 
of projects: mitigation projects and 
adaption projects. Mitigation projects 
refer to projects that focus on reducing 
greenhouse gas (GHG) emissions, and 
adaptation projects focus on resilience to 
climate change. Projects are required to 
be selected by World Bank environment 
specialists and should meet the World 
Bank’s eligibility criteria (World Bank n.d.). 
These criteria were developed by the World 
Bank and were reviewed independently by 
the Centre for International Climate and 
Environmental Research at the University 
of Oslo, Norway (CICERO) (World Bank 
n.d.). Figure 3 (on page 21) provides exam-
ples of mitigation and adaption projects 
which meet the World Bank’s criteria.

The World Bank’s green bond 
implementation guidelines consider only 
solar and wind energy development as 
part of renewable energy development. 
Hydropower is not included at this stage. 
However, water infrastructure projects 
include flood protection measures, 
such as watershed management, under 
which the development of new dams can 
be categorised.

DEVELOPING DAM PrOJECTS
Three of the green bond development 
guidelines were reviewed, all of which 
have similar overall requirements. One 
of the most important requirements is 
determining whether a project is eligible 
to be considered a green bond project. The 
green bond development guidelines present 
different management requirements to 
ensure that the green bond finance is used 
and allocated effectively, thus ensuring 
adherence to the guidelines’ main objec-
tives. Even though each of the guidelines 
presented here has the same common 
objective, which is low-carbon and climate-
resilient development, there are some 
differences in the projects that have been 
approved for development as green bond 
projects. A summary of approved projects 
for each of the three guidelines discussed is 
presented in Table 1.

The Sector-Specific Criteria docu-
ments of the Climate Bonds Standard 

have been developed in more detail when 
compared with the GBP and World Bank 
guidelines. Sector-Specific Criteria have 
been developed for water infrastructure 
projects, but the criteria for hydropower 
projects are still being developed.

With regard to the development of new 
dams, the Climate Bonds Standard Water 
Infrastructure Sector-Specific Criteria in-
clude engineered water infrastructure that 
collects, treats and distributes water, as 
well as infrastructure that provides protec-
tion against potential floods and droughts 
(Climate Bonds Initiative 2018). This state-
ment creates the impression that the devel-
opment of dams could form part of the list 
of eligible projects that the Climate Bonds 
Standard would consider. However, the 
Sector-Specific Criteria present conflicting 
data regarding water storage, and new dam 
developments are not included in these 
Criteria, except for sand dams, which are 
not considered a “new dam development” 
in the context of this article.

The GBP and the World Bank guide-
lines, however, have broader, but similar, 
views on water-related projects eligible for 
green bond funding. The GBP states that 
sustainable water management projects 
are considered eligible, whereas the World 
Bank reflects more focused development, 
incorporating protection against flooding 
(including watershed management) as 
an eligible project. The main difference 
between these two sets of guidelines is 
that the GBP considers all renewable 
energy projects to be eligible for green 
bond funding, whereas the World Bank 
guidelines only consider solar and wind 
projects as renewable energy projects.

When considering the development of 
sustainable water management projects, it 
should be appreciated that water problems 
are becoming increasingly severe and 
complex. Sustainable water management 
is, for instance, defined differently for 
developing countries versus developed 

countries. Developing countries and/
or regions facing water scarcity strongly 
depend on the availability of water 
resources for both nature and society 
(Feng 2001). There are complex linkages 
between water resource management 
and environmental, social and economic 
management, which are becoming 
more evident due to population growth, 
rapid urbanisation, land-use changes, 
water quality degradation, as well as the 
ever-increasing impact of climate change 
(UNESCO International Hydrological 
Programme 2014). Sustainable water 
management sits at the intersection of all 
of this, which affects society, hydrology 
and ecology.

Even though the Climate Bonds 
Standard does not consider new dam devel-
opments as eligible projects, the crux lies in 
considering the development of new dams 
as part of a sustainable water management 
process. The development of a new dam 
could be for water consumption, energy or 
irrigation. This is especially evident since 
dams have attracted much criticism with 
regard to their detrimental negative social 
and ecological effects. When considering 
the development of a country, access to safe 
drinking water and sanitation is considered 
a prerequisite for poverty eradication, 
education, improved maternal health, the 
combat against major water-borne diseases 
and achieving environmental sustainability 
(UNESCO International Hydrological 
Programme 2014). Thus, even though the 
development of dams has been placed 
under scrutiny, dams are still important 
(Choudhury 2010).

After 1975, the construction of new 
dams started to decrease due to the 
recognition of the negative social and 
environmental effects of these structures 
(Güler Parlak 2007). These effects include 
loss of ecological systems, relocation of 
people due to inundated areas, as well as 
contributing to climate change, the latter 

Table 1  Summary of eligible projects according to reviewed green bond guidelines

guideline new dam development hydropower projects

Green Bond Principles
Sustainable water 
management projects are 
considered eligible

Renewable energy projects (in 
general) are considered eligible

Climate Bonds 
Standard

Some water infrastructure 
projects are considered eligible

Hydropower projects are considered 
eligible (but also require further 
development)

World Bank
Watershed management 
projects are considered eligible

Hydropower projects are not 
considered eligible



Civil Engineering June 2019 23

being one of the most significant environ-
mental effects associated with dams. The 
water in the reservoir is recognised as the 
main cause of climate change by dams 
(Güler Parlak 2007).

ThE GhG rESErVOIr TOOL
Historically, there has not been scientific 
consensus on how to quantify the GHG 
footprint of a reservoir. This became 
one of the most significant obstacles for 
policy- and decision-makers with regard to 
whether the development of dams can be 
considered as sustainable water manage-
ment projects or not. This led to the devel-
opment of the GHG Reservoir (G-res) Tool 
(IHA 2018). The tool was developed by 
the International Hydropower Association 
(IHA) and UNESCO in cooperation with 
researchers from a university in Canada, 
as well as other research institutes, and 
was launched in May 2018 (IHA 2018).

This tool will enable more accurate 
estimation of the net change in GHG 
emissions from the development of a spe-
cific reservoir (IHA 2018). The G-res Tool 
provides a method to apportion the net 
GHG footprint to the various services that 
a reservoir offers, such as water supply, 
drought and flood management, etc (IHA 
2018). It is anticipated that the G-res Tool 
will be used together with the well-known 
Environmental Impact Assessments (EIA) 
to gain a better understanding of the effect 
such a project will have on the environ-
ment. The main aim is similar to that of 
the EIA, which is to define accurately the 
socio-environmental baseline situation, 
then to identify accurately the impacts 
(by neither under- or overestimating 
these impacts), and finally to suggest and 
manage the implementation of suitable 
mitigation measures (Choudhury 2010).

Therefore, developing new dams 
(for water supply, irrigation or energy 
development) can be considered as part of 
a sustainable water management process. 
Although not all green bond guidelines 
currently accept developing new dams 
as part of their eligible project portfolio, 
this could change in the future. A better 
understanding of the impact dams would 
have on climate change may be obtained 
by the possible use of the G-res Tool, as 
well as other new and developing tech-
nologies. This could lead to the acceptance 
of dam projects as eligible green bond 
projects and support the development of 
sustainable water management.

CONCLuSION
Climate change and reducing natural 
resources affect all humanity and nature, 
and investors are shifting their capital 
investments to climate-responsible 
projects. Several evolving guidelines have 
been developed, three of which have been 
reviewed and presented in this article. 
These, as well as new and developing 
technologies, have potentially important 
implications for green bond financing 
of dam projects, both for new dams and 
other water-related projects. 
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INTrODuCTION
Increasing legislation and continuing 
public interest in conservation and 
environmental matters have emphasised 
the importance of flow measurement, but 
effective and accurate flow measurement 
of an open channel can be challenging.

Flumes are the primary measuring 
devices in open channel flow, and the 
secondary devices are the electronic 
monitor and a visual staff gauge. The 
advantages of flumes for open channel 
flow measurement include minimal head 
loss, adaptability to a variety of channel 
shapes, and the ability to measure wide 
ranges of flow with custom-designed 
structures, manufactured within the 
constraints of laboratory calibrations 
and the relevant international standards. 
All flume ratings depend on laboratory 
calibration.

Flow measurement methods are 
continually being upgraded and new 
concepts exploited, offering the promise 
of ever-increasing convenience and 
improved economics for water control 
and management. The implementation of 
these developments confront the difficult 
problems associated with measuring 
open channel flows, and can provide 
water resource managers with vital op-
erational data in locations not previously 
deemed measurable.

A common way to gauge flow through 
an open channel is to measure the height 
of the fluid as it passes through the 
primary device (flume or weir) in the 
channel. The flow height is the indicator 
of the flow volume and therefore provides 
an established measurement (by labora-
tory calibrations and the international 
standards) to the secondary device (ultra-
sonic, etc) of the flow rate.

The primary device is necessary to 
convert channel flow to a cross-section of 
the channel for repeatable head production 
and accuracy. The carefully constructed 
geometry of the primary device with a cali-
brated staff gauge verifies the monitoring 
of the flow by the secondary device.

DIFFICuLTIES ENCOuNTErED

Estimating open channel flows
 N Manning’s Formula: The difficulty 

lies in determining the “n” rough-
ness coefficient. The “n” values can 
vary greatly along a given stretch of 
channel, and over time may vary due 
to encrustation and the deterioration 
of the channel. This formula is ac-
ceptable for the engineering design 
of a channel, but not for continual 
monitoring, as the results would not 
be expected to provide better than 
30% accuracy in field conditions.

 N Velocity Area Method (ASTM 
D3858-95): To quote from this 
Standard (Item 11.1): “Determination 
of the precision and bias for this test 
method is not possible … due to the 
high instability of open channel flow.” 
… “Results indicate that, when using 
area-velocity meters in controlled en-
vironments, errors in excess of ±10 per 

cent in discharge are possible.” (U.S. 
Department of the Interior, Bureau 
of Reclamation Hydraulic Laboratory 
Report HL-2012-03, Laboratory 
Evaluation of Open Channel Area-
Velocity Flow Meters)

 N Slope Area Method (ISO 1070): (Item 
1 Scope). This method is subject to the 
large uncertainties of the Manning’s 
roughness coefficient and is even less 
accurate than the Velocity Area Method. 
The Slope Area method is used for 
determining the extreme high-stage end 
of rating curves in cases of floods.

The measuring/monitoring point
 N Measuring point within the flume:

 N ISO 9826: ISO Parshall
 N ASTM 1941-9: US Parshall
 N ASTM D5390-93: Palmer-Bowlus
 N ISO 4359: U-Throat and Trapezoidal
 N USDA-NRCS: Hybrid

 N Measuring point <M> before the flume:
 N  ISO 4359: Rectangular Long-Throat 

(M = 3–4 maximum head)
 N Khafagi (M = width of channel)

Peter van der Merwe Pr Tech Eng
Consultant for Flumes and Weirs

flumesandweirs@gmail.com

Demystifying the primary devices 
for open channel flow 
measurement and monitoring

Flumes are the primary measuring devices in open channel flow, 
and the secondary devices are the electronic monitor and a visual 
staff gauge. The advantages of flumes for open channel flow 
measurement include minimal head loss, adaptability to a variety of 
channel shapes, and the ability to measure wide ranges of flow with 
custom-designed structures, manufactured within the constraints of 
laboratory calibrations and the relevant international standards. 
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Minimum length of channel before 
the flume for modular flow

 N 10× maximum head (ISO 4359: 
Rectangular, Trapezoidal, U-Throat 
and Khafagi flumes)

 N 5–10× channel width (ISO 9826: ISO 
Parshall flumes)

 N 10–20 throat width (ASTM 1941-91: 
US Parshall flumes)

ThE MOST COMMON FLuME MODELS

The British Standard flume
The British Standard (BS, Venturi, etc) 
flume is now known as the Rectangular 
Long-Throat (RLT) flume. The BS 3680: 
Part 4A:1981 Standard has been super-
seded by BS ISO 4359:1983 and subse-
quently ISO 4359:2013. These flumes are 
individually designed to the ISO Standard 
for specific channels.

The ISO 4359 Standard also covers the 
Trapezoidal and U-Throat flumes. The 
condition for these flumes is that the flow 
in the approach channel is reasonably 
uniform and steady. With reference to the 
relevant current ISO 4359 Standard, the 
expression “Venturi” is not applicable to 
open channel flumes. A Venturi meter is 
used within a closed conduit system and 
relies on gauging the head at two locations 
and on the application of Bernoulli’s 
energy equation.

The Parshall flume
The Parshall flume was developed by 
Dr Ralph Parshall of the US Soil Conser-
vation Service, primarily to measure 
irrigation water flow. It is now used in 
industrial and municipal sewers and in 
sewage treatment works, on condition 
that the flow in the approach channel is 
reasonably uniform and steady.

The original Parshall flumes are 
specified by ASTM D1941-91 (ASTM 
International, formerly known as 
American Society for Testing and 
Materials). Caution is needed when 
obtaining dimensions from the many 
sources on the Internet. Only the ASTM 
dimensions are required to obtain a true 
and accurate rating of the flume. The 
US Parshall flumes are specified by their 
throat width. The sizes range from 1 inch 
to 300 inches (25 ft).

ISO (the International Organization 
for Standardization) Standard ISO 9826 
specifies a range of Parshall flumes by a 
model number, from 1 to 21.
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Rectangular Long‑Throat (RLT) flume

Parshall flume

Khafagi Flume
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The two ranges of Parshall flumes (US 
and ISO) are not similar geometrically or 
in rating. Misunderstanding of the two 
types occurs when a Bill of Quantities 
indicates ISO Standard and the drawings 
indicate US Standard.

Every Parshall flume is an empirical 
device, hydraulically and individually 
calibrated, and no intermediate sizes are 
standardised by either ISO or ASTM. 
Parshall flumes are not scale models of 
each other.

The Khafagi flume
Matching the shape of the channel to the 
streamline curvature of the Khafagi flume 
achieves a 4% higher flow than would be 
available with the same water depth. The 
average divergence between theoretical 
calculations and practical measurements 
is not more than 1%. The condition is that 
the approach flow is reasonably uniform 
and steady. The Khafagi flume was devel-
oped specifically for sewage flows and has 
been designed according to:

 N Der Venturikanal – Anwar Khafagi
 N The Delft Hydraulic Laboratory
 N Endress+Hauser “Canal Khafagi-

Venturi QV”
 N Endress+Hauser “Wastewater 

Measurement and Automation”

The Palmer-Bowlus flume
When a Palmer-Bowlus flume is utilised, 
the diameter of the flume is not necessarily 
the primary factor to suit an incoming 
pipeline of the same diameter. According 
to the ASTM D5390-93 Standard, for 

this flume, it is recommended that the 
maximum head be restricted to half the 
throat length, i.e. 0.5D. This means that 
only if the incoming pipeline maximum 
flow is half-pipe, then a Palmer-Bowlus of 
the same diameter may be suitable. A more 
suitable flume is the ISO 4359 U-Throat. 
With reference to ISO 8368, these flumes 
are well suited for the measurement of 
flows in conduits running partly full.

The Hybrid flume
H (Hybrid) flumes were designed in 
the mid-1930s by the Soil Conservation 
Service of the U.S. Department of 
Agriculture (USDA), an Agricultural 
Research Service. They are capable of 
monitoring flows that vary over wide 
ranges with a high degree of accuracy, as 

their design allows for relatively accurate 
estimation of both low and high flow.

An H flume is the result of a combina-
tion of the physical and mechanical char-
acteristics of a weir and flume. Its shape 
resembles a triangular weir rather than a 
flume. From a mechanical perspective, the 
H flume is capable of passing runoff that 
contains a heavy sediment load, solids and 
floating debris.

The H flume was developed to 
measure the flow of irrigation water from 
small catchment areas and surface water. 
Today it is generally used to measure the 
flow of irrigation water, slow-flowing 
watercourses and water in sewer and 
industrial systems.

In free-flow conditions, the precision of 
an H flume is comparable to that of other 
flumes. To obtain this type of precision, 
however, these flumes need to be manu-
factured with close attention to detail in 
compliance with the standard dimensions.

This is a very versatile flume, as it is a 
combination of the best features of both 
the weir and flume. It has the accuracy 
of measuring both the low flows of weirs 
and the high flows of flumes, with the 
advantage of the through-flow of a flat-
bottomed flume. This flume performs 
well under perturbed flow conditions, 
and the length of the approach channel at 
twice the maximum depth is sufficient.

FACTOrS TO BE TAKEN INTO 
ACCOuNT FOr A FLuME

The channel:
 N Shape – rectangular, circular, trap-

ezoidal or earth channel
 N Dimensions – length between screens/

sluice gates and exit, depth and width
 N Condition – existing, under construc-

tion or in the design process
 N Construction material – concrete, metal
 N Flow – maximum and minimum
 N Gradient

The medium:
 N Water condition – clean or carrying 

silt, vegetation, detritus, solids
 N Water toxicity – neutral or carrying 

acids, alkalines

CALIBrATED STAFF GAuGES

Materials
Stainless steel staff gauges should have 
deeply engraved calibrations indicating 

Palmer‑Bowlus flume

Hybrid flume
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litres per second for clear, direct readings. 
Heavy-duty laminated acrylic material, 
calibrated and engraved, is suitable for the 
curved surface of the Palmer-Bowlus and 
U-Throat. These durable materials are 
able to cope with alternating wet and dry 
conditions, resisting the accretion of both 
vegetable and mineral matter, and the 
markings are resistant to wear and fading.

Extracts from ISO 4373 Hydrometry – 
Water Level Measuring Devices

Item A.1.1.3 Strengths
“Staff Gauges are an inexpensive, simple, 
robust and absolute method of determining 
water flow through a Flume or Weir. They 
can be utilised, without the use of rating 
charts, by relatively unskilled staff.”

Item A.1.1.4 Weaknesses
“Staff Gauges can only be used for spot 
measurements. It is difficult to obtain 
readings in the field with a true resolution 
higher than ±5 mm. Some staff gauge 
locations are such that the gauges require 
regular cleaning.”

Calibration certificates for staff gauges
These certificates should be calculated 
from the relevant Calibrated Rating Chart 
and Stage-Discharge Curve with refer-
ence to the International Standard. The 
reliability of the trend and accuracy of 
the forecast of calculating the calibration 
should be made with the coefficient of 
determination (R squared) and, in addi-
tion, with the average deviation (mm).

INTErNATIONAL STANDArDS 
FOr FLuMES AND WEIrS

ISO – International Organisation 
for Standardisation

 N ISO 772 Hydrometry – Vocabulary 
and Symbols

 N ISO 1070 Slope-Area Method
 N ISO 1438 Thin Plate Weirs
 N ISO 3846 Rectangular Broad-Crested 

Weirs
 N ISO 4359 Rectangular, Trapezoidal 

and U-Shaped Flumes
 N ISO 4360 Triangular Profile Weirs
 N ISO 4373 Hydrometry – Water Level 

Measuring Devices

 N ISO 8368 Hydrometric Determinations
 N ISO 9826 Parshall and SANIIRI 

Flumes

ASTM International, formerly known as 
American Society for Testing and Materials

 N ASTM D1941-91 Parshall Flume
 N ASTM D3858-95 Velocity-Area 

Method
 N ASTM D5242-92 Thin-Plate Weirs
 N ASTM D5390-93 Palmer-Bowlus 

Flumes
 N ASTM D5614-94 Broad-Crested 

Weirs
 N ASTM D5640-95 Standard Guide for 

Selection of Weirs and Flumes

BS – British Standards Institution
 N BS 3680: Part 4A:1965 (Superseded by 

BSI BS 3680) Thin Plate Weirs
 N BSI BS 3680: Part 4A:1981 (Superseded 

by ISO 1438) Thin Plate Weirs
 N BSI BS 3680: Part 4B:1986 

(Superseded by ISO 4360) Triangular 
Profile Weirs

 N BSI BS 3680: Part 4C:1981 (Superseded 
by ISO 4359) Flumes 
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OVErVIEW
Maccaferri Africa was approached by GFK 
Consulting Engineers to submit a proposal 
for a geocomposite drainage material to act 
as the primary drainage layer in a Class C 
liner as described in GNR 636 (Department 
of Environmental Affairs 2013) for the coal 
product stockpile pad (Figure 1) at Khanye 
Colliery, Bronkhorstspruit.

As part of the developments at the 
newly commissioned coal mine, 5 ha 
of ROM and 30 ha of product stockpile 
pads were required. The drainage layer 
was used in the stockpile pad, of which 
approximately 35% has been completed 
at present. The drainage layer design was 
based on the pad’s slope of 2%, 400 m 
length and 80 ton loadings experienced, 
and required a drainage rate as provided 
by the client for a design life of 20 years.

Maccaferri Africa performed the de-
sign of the drainage layer using in-house 
software, MacFlow®, verified with manual 
calculations, and the most suitable geo-
composite drainage solution was selected.

PrOBLEM STATEMENT AND SOLuTION
The proposed stockpile pad required a 
drainage layer to collect effluent on top 
of a Class C liner. These layers are placed 
on top of a 110 mm diameter drainage 
pipe system, acting as underdrainage 
and leakage detection. The function of 
MacDrain® is to act as the primary surface 
drainage for the Class C barrier system, 
depicted as the “finger drain” in Figure 1.

For the stockpile pad, a 300 mm coarse 
discard protection layer will be placed on 
top of the MacDrain® with an additional 
300 mm sacrificial layer of selected coal 
product placed on top of the coarse 
discard layer. Since these layers will also 

assist with the filtration properties of the 
drainage system through bridging, the 
standard geotextile of the MacDrain® will 
not become clogged.

MacDrain® strips in lengths of 400 m 
are to be placed at a 2% slope, covered by 
600 mm of coal discard with 80 ton Bell 
trucks manoeuvring on the stockpile pad. 
The long-term (10–20 years) drainage 
rate required at the lower end is 1 m3/h 
for a 10 m spacing of drains, i.e. a width of 
0.1 m3/h/m. The design life is 20 years.

DESIGN PrOCEDurE
The available flow rate of a geocomposite 
drain (GCD) depends greatly on the types 
of material in surface contact with its 
top and bottom faces. The boundary 
conditions (soft or rigid materials) can 
describe the level of intrusion into the 
geocomposite drain. The level of intru-
sion will result in the reduction of the 
cross-sectional area of the drainage core, 
consequently decreasing its drainage 

capacity. The definitions of each type of 
contact are given in Table 1.

The drain was placed directly un-
derneath the coarse discard layers. This 
resulted in a soft-rigid contact surface for 
the MacDrain® layer.

The dynamic viscosity was calculated 
as 1.005 (ASTM 2012) for a 20°C affluent 
temperature.

The height of rainfall (hr) describes 
the expected rainfall in mm for the area 
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The design of a geocomposite drainage 
layer to collect contaminated 
leachate from coal stockpiles
Khanye Colliery in Bronkhorstspruit, South Africa, required a drainage layer 
beneath the stockpile pad at the mine to collect contaminated leachate 
from the coal mining process stockpiles as part of the layer works.

Waste body: 
300 mm thick finger drain of 
geotextile-covered aggregate

100 mm protection layer of silty sand or 
a geotextile of equivalent performance
1.5 mm thick HDPE geomembrane

300 mm clay liner 
(of 2 × 150 mm thick layers)

Under-drainage and monitoring 
system in base preparation layer

In situ soil

Figure 1 Class C liner (Department of Environmental Affairs 2013)
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in which the MacDrain® will be placed. 
The rainfall will determine the short-term 
flow rate which is considered in the final 
long-term flow rate design of the drain. 
The height of rainfall is determined using:

hr = ath

Where:
 n =  exponent of the pluviometric curve
 a =  parameter of the pluviometric curve 

(mm/h-n)
 t = duration of rainfall (h).

For this design, the rainfall infiltration is 
assumed to be negligible, as it should not 
penetrate the sacrificial layer of selected 
coal product.

The surficial flow of McDrain® is 
determined using:

QS = 
D

3 600
 = [l/s/m]

Where:
D = discharge. 
thus QS = 100/3 600 = 0.0278 l/s/m.

It is considered that Qs will be the 
drainage requirement of the geocomposite 
drain, further referred to as QG.

The guideline Factors of Safety are 
listed in Table 2.

From Table 2, the various Factors of 
Safety can be determined (taking the highest 

value from the table), except for biological 
clogging for which this design will have 
no value, as the liquid considered was a 
leachate. The Factors of Safety are as follows:

Intrusion  = 1.5
Chemical clogging  = 1.3
Biological clogging = 1.0

The coarse discard covering on top of the 
MacDrain® creates a composite filter al-
lowing for bridging, which verifies that the 
current geotextile filtration properties are 
sufficient to comply with the permeability 
and clogging criteria mentioned above.

The design compressive creep factor 
used was the maximum value for a 20-year 
design life of 2.026 as per the test methods 

described in ASTM D7361-07 (ASTM 
2012). This value is based on tests run 
under normal compressive loads using 
both the Stepped Isothermal Method 
(SIM) of time-temperature superposi-
tion (TTS) compressive creep tests, and 
conventional isothermal compressive creep 
tests performed at room temperature. The 
testing methods used were the ASTM 
D7361-07 Accelerated Compressive Creep 
of Geosynthetic Materials Based on 
Time-Temperature Superposition Using 
the Stepped Isothermal Method (ASTM 
2012) and ISO 25619-1:2008 Geosynthetics: 
Determination of Compressive Behaviour. 
Part 1: Compressive Creep Properties.

Figure 2 MacDrain® core

Table 1 Selection of contact surfaces (ASTM 2012)

Rigid-Rigid contacts Rigid-Soft contacts Soft-Soft contacts

GCD for leakage detection in landfills, between 
two geomembranes

GCD between shotcrete and structural arch in 
tunnels

GCD behind retaining walls

GCD in capping package or for leachate collection 
in landfills, in contact with geomembrane at the 
bottom and soil/gravel on top

GCD for roof gardens or vegetated terraces

GCD inside a draining trench

GCD under a road or railway embankment

GCD in parking areas

GCD behind a reinforced slope

Table 2 Guideline Factors of Safety (ASTM 2012)

Term Description
Suggested range for 

MacDrain® geocomposites

EFin

Reduction Factor for intrusion of the filter geotextiles into 
the draining core

1.0–1.5

RFcr

Reduction Factor for thickness change due to compressive 
creep of the core

1.2–1.5

RFcc

Reduction Factor for pore/volume reduction due to 
chemical clogging*

1.0–1.3

RFbc

Reduction Factor for pore/volume reduction due to 
biological clogging**

1.0–1.3

П RF
Product of all Reduction Factors for the site-specific 
conditions

1.2–4.0

*  Values can change according to the type of core and also according to the type of filtering 
geotextile used.

**  Values are related to the type of liquid/fluid to be drained and to its nature (clean water, polluted 
water, leachate, etc).

Figure 3 Overlapping MacDrain® rolls
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The long-term flow rate of the geo-
composite drain is determined as follows:

QL = 
Flr * QS

RFin * RFcr * RFin * RFcc * RFbc
  [l/s/m]

Where:
 QL =  available long-term flow rate 

for the geocomposite
 QGCD =  short-term flow rate obtained 

from laboratory tests of the 
geocomposite drain

 RFin =  Reduction Factor for the intru-
sion of filter geotextiles into 
the draining core

 RFcr-Q =  Reduction Factor for the 
compressive creep of the 
geocomposite

 RFcc =  Reduction Factor for chemical 
clogging of the draining core

 RFbc =  Reduction Factor for biological 
clogging of the draining core

 Flr =  empirical factor to be applied 
when the test results for QL are 
available for contact conditions 
different from the project 
conditions.

The final Factor of Safety is calculated by:

FSG = 
QL

QG

 ≥ 1

rESuLTS
The long-term design flow rates for 
various types of MacDrain® were deter-
mined using the Maccaferri MacFlow 
software. These long-term flow rates were 
compared with the required drainage rate 
for the stockpile pads.

A summary of the Factors of Safety for 
the stockpile pad is given in Table 3.

From the results in Table 3 it was 
evident that MacDrain® W1061, with 

a Factor of Safety of 2.3, was the most 
suitable solution for the stockpile pad. 
The draining three-dimensional core will 
have a “W” configuration as longitudinal 
parallel channels.

The minimum thickness required for 
the MacDrain® should not be less than 
6 mm at 2 kPa as per EN9863-1. The 
required mass per unit area is 620 g/m2 
(EN ISO 9864, 2005).

TrAINING
Maccaferri assisted ALS BEE (the 
Contractor) with an on-site installation 
demonstration prior to the installation 
of the drainage. The training served 
to ensure the correct installation of 
the drainage layer as per Maccaferri’s 
MacDrain® Installation Manual.

The rolls were placed in the appropriate 
positions and rolled out as required, with 
the sections of MacDrain® that required 
overlapping being connected using the folds 
in the drainage, as shown in Figures 3 and 
4. The wrapping of the MacDrain® around 
the PVC pipe was also demonstrated on site 
(Figure 5).

CONCLuSION
Detailed designs were performed using 
Maccaferri’s MacFlow® design software 
for the long-term flow rate of the stockpile 

pad using the design parameters pro-
vided by the Client. From these designs 
it was concluded that the most suitable 
solution was using the MacDrain® 
W 1061 with a Factor of Safety of 2.3. 
The MacDrain® was to be placed in 2.1 m 
wide strips at 10 m intervals.

The implementation of the MacDrain® 

permitted a reduction of the amount of 
granular drainage material to be used, 
resulting in cost savings of approximately 
15–20% to the Client without compro-
mising the structure’s drainage require-
ments. 
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Table 3 Factors of Safety – stockpile pad

solution Factor of safety

W 1041 0.789

W 1051 0.834

W 1061 2.304

W 1081 2.909

W 1091 4.431

W 1101 4.574

Figure 4 Close‑up of the overlapping of MacDrain® rolls Figure 5 MacDrain® wraparound pipe



OVErVIEW
A unique community-based water-supply 
scheme has brought a reliable supply 
of water to the community of Habu, in 
north-west Botswana, even in the pre-
vailing drought in the country.

The Botswana Ministry of Land 
Management, Water and Sanitation 
Services hosted an event on 20 March this 
year to celebrate the formal handover to 
the Government of Botswana of the Habu 
Community Water Supply infrastructure. 
The scheme, which had been successfully 
managed by the community for two years, 
has provided a reference for the roll-out 
of more water security measures in other 
areas of Botswana.

Ms Bogadi Mathangwane, Director 
of the Department of Water Affairs, said 
that the stellar performance of the scheme 
since its completion in 2016 had provided 
the Botswana authorities with ample 
evidence that they now have a potential 
blueprint for community-managed water-
supply schemes in rural areas.

Held at a Kogtla in Habu village, the 
event was also attended by Dr Obolokile 
Obakeng, Permanent Secretary of the 
Ministry of Land Management, Water and 
Sanitation Services, and representatives of 
the Water Utilities Corporation (WUC).

Ruth Stewart, Managing Director of 
Initiatives, Robyn Tompkins, an Executive 
Associate at JG Afrika Botswana, and 
Attie Jonker, Managing Director of 
Franklin Electric and Executive Director 
of the Franklin Wells for the World 
Foundation, were also in attendance.

Tompkins, a Water, Sanitation and 
Health (WASH) development expert, led 
the JG Afrika team that was appointed 
by Initiatives to assist in the design and 
development of this first-of-a-kind water 
supply project for the larger Habu commu-
nity on behalf of the Paul G Allen Family 
Foundation’s Philanthropy Programme.

Franklin Electric was contracted by 
JG Afrika to install the borehole pumps, 
and Franklin Wells, for the World 
Foundation, donated borehole infrastruc-
ture, in addition to that supplied by the 

Paul G Allen Family Foundation, which 
allowed the project team to install two 
boreholes. The two boreholes provide a 
more than ample water supply to this com-
munity comprising about 1 500 people.

In her address, Ms Bogadi 
Mathangwane said: “When Robyn initially 
presented this concept to me in 2015, I 
wondered if it could be done, because we 
had tried this model in other communi-
ties and it hadn’t worked. However, she 
presented a clear roadmap of how it could 
work, and today I see it has.”

The unit costs associated with oper-
ating and maintaining water schemes in 

these extremely remote locations are high. 
Prior to JG Afrika completing this water 
scheme, members of the Habu community 
did not have a reliable supply of water for 
up to three years.

ELEMENTS LEADING TO ThE 
SuCCESS OF ThE PrOJECT
A cornerstone of the success of the water 
scheme in Habu is the significant attention 
that was given to the social aspects, which 
actually took the lead on this project and 
ensured the necessary community buy-in.

In addition to involving the commu-
nity in the project right from the outset, 

JG Afrika project provides blueprint 
for water supply in rural Botswana
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The water tanks which form part of the hugely successful Habu Community Water Supply 
infrastructure, where community members pay for their consumption by registering with a 
water association and then present a stamped token to the monitors who open the taps at 
9 am and lock them at 6 pm
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JG Afrika developed a robust governance 
framework for the scheme and a toolkit 
to train representatives of the dedicated 
water-user committee, consisting of 
two caretakers and five water monitors. 
These members of the community also 
underwent technical training in the basic 
maintenance of the infrastructure at 
installation. Community members pay 
for their consumption by registering with 
a water association and then present a 
stamped token to the monitors who open 
the taps at 9 am and lock them at 6 pm.

A simple water-supply scheme was 
developed that can easily be operated and 

maintained by trained members of the 
community. It consists of five tanks on 
stands that supply taps located at a central 
point for each of Habu’s five wards. The 
pumps are powered by solar energy with 
manual switches. A manual system is easy 
to operate and ensures that community 
caretakers are in constant contact with 
the system, while their daily walk along 
the pipe servitude to the pump switching 
station allows them to detect any 
concerns, which they are able to report 
timeously to the water committee. Basic 
switchgear can also be maintained and 
repaired without having to rely on highly 

skilled technicians who are mainly located 
only in Botswana’s major commercial 
centres, thus decreasing the overall unit 
costs of the infrastructure.

FuTurE WATEr-SuPPLY PrOJECTS 
OF ThIS KIND
Tompkins points to a number of steps taken 
by the Botswana Government that support 
the wider introduction of this approach to 
water delivery in rural settlements.

“The Integrated Water Resources 
Management and Water Efficiency Plan, 
which identifies water-user associations 
and committees as a feasible solution 
to the challenges that have hindered at-
tempts to ensure water security in these 
areas, was developed by the Botswana 
Government in 2013. Meanwhile, the 
country’s authorities are also in the 
process of developing a water-catchment 
model in which water-user associa-
tions and committees are an important 
subcomponent of the management 
of the country’s water resources,” 
Tompkins says.

In 2017 the World Bank approved a 
US$145.5 million loan to the Botswana 
Government to improve water availability 
in drought-vulnerable areas, many of 
which are in rural areas of the country. 
Part of this loan will be used to fund 
the augmentation or rehabilitation of 
existing water schemes in selected areas 
of Botswana, and it is possible that the 
new model could be incorporated into 
this component of the project, which is 
expected to benefit over 450 000 people in 
the country.

The fund will also be used to imple-
ment measures to interlink, protect 
and secure surface and groundwater 
resources. This is in addition to strength-
ening institutional capacity at ground 
level to improve the efficiency of services 
and the sustainability of the country’s 
water resources.

Meanwhile, Tompkins is planning to 
host a workshop for representatives of the 
WUC and the Department of Water and 
Sanitation, the latter now being the owner 
of the Habu scheme, to fine-tune the 
service delivery model.

Important information on experi-
ences could also be drawn from the 
successful community-based water-supply 
schemes in the neighbouring Kavango 
and Zambezi regions in Namibia, where 
community-managed water supply is a 

Robyn Tompkins (in white blouse), a Water, Sanitation and Health (WASH) development expert, 
led the JG Afrika team that was appointed by Initiatives to assist in the design and development 
of this first‑of‑a‑kind water‑supply project

Members of the local community dancing at the event on 20 March which celebrated the 
formal handover to the Government of Botswana of the Habu Community Water Supply 
infrastructure, which had been successfully managed by the community for two years
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national policy. The Namibian model 
initially helped influence and shape the 
Habu project model, which was adapted 
for the Botswana context by JG Afrika.

Tompkins also sees immense potential 
for incorporating information and 
communication technologies that have 
been used successfully in other African 
countries, and elsewhere in the world, into 

the programme to bolster monitoring and 
evaluation of these water-supply projects.

 Community management of the 
scheme can significantly improve moni-
toring and evaluation, which will help 
identify weaknesses timeously, improve 
repair turnaround times and identify best 
practices that could be implemented in 
other areas.

At the event on 20 March, Attie Jonker 
again expressed his unwavering com-
mitment to this water scheme as one of 
Franklin Wells for the World Foundation’s 
showcase projects.

He also lauded JG Afrika for its stellar 
performance in Habu and congratulated 
the firm on the award it received for 
outstanding engineering in a community-
based project at the SAICE 2018 
Awards event.

Framed copies of the award certificate 
were presented to Mr Keemisetswe 
Khootla, the Assistant Chief and 
Headman of Arbitration in Habu, and 
to Dr Obolokile Obakeng, because 
this project had been a team effort 
which harmonised social, political and 
technical aspects, to bring home this 
milestone project.

info

Charmagne Denny
Marketing & Communication Manager
JG Afrika
dennyc@jgafrika.com

Framed copies of the SAICE award certificate were presented to Mr Keemisetswe Khootla, the 
Assistant Chief and Headman of Arbitration in Habu, and to Dr Obolokile Obakeng

http://www.jgafrika.com
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In 1889, near the remote border town 
of Embudo, New Mexico, John Wesley 
Powell, the famous explorer of the Grand 
Canyon and second head of the U.S. 
Geological Survey (USGS), started a quiet 
scientific revolution.

He knew that water would be increas-
ingly important to the American West, but 
no one had developed a way to figure out 
how much was available. Powell set up a field 
camp with 14 students, three instructors, 
two labourers and a cook, and tasked them 
with developing the first gauge to measure 
how much water flows through a U.S. river.

With their success, it was possible to 
know how much water could be taken out 
of the Rio Grande for irrigation without it 
becoming unnavigable or, worse, drying 
up entirely.

More than a century later, the USGS 
operates more than 10 000 stream gauges 
around the country. They are remarkably 
similar to that first Embudo gauge. Other 
countries operate thousands more.

Today, hydrologists like me use the 
stream gauge network, along with simi-
larly vast networks of sensors measuring 
rainfall, soil moisture, snow depth and 
other parts of the water cycle. These tools 
help show how much water is available 
to people and ecosystems, and how that 
water moves from place to place.

MOVING TO SPACE
In the last 30 years, hydrology has run 
into a sticky problem. There are simply 
not enough sensors for the questions 
hydrologists want to answer.

Try, for example, to measure how 
much snow is stored in a mountain range 

like California’s Sierra Nevada. This water 
is a critical resource for the state. The 
Sierra Nevada contains about 130 “snow 
pillows” that measure the amount of water 
stored in the snow directly above them. 
But the area measured by the sensors is 
something like 2 millionths of a percent of 
the total area of the Sierra.

If you try to figure out the total water 
stored in the Sierras, you run into a 
methodological wall. There’s no good way 
to get there directly.

This kind of problem crops up all over 
hydrology, from snow to soil moisture 
and rivers to reservoirs. Although putting 
out more sensors is an option, they are 
expensive to maintain, and it’s impossible 
to put out enough to measure an entire 
mountain range. A better option would be 
to measure large areas all at once.

Starting about two decades ago, a 
small group of scientists suggested a new 
solution: What if they could measure the 
water cycle from space?

The University of Saskatchewan’s Jay 
Famiglietti was one of these scientists. Much 
of Famiglietti’s work has used the Gravity 
Recovery and Climate Experiment (GRACE) 
mission, a pair of satellites launched in 2002. 
The satellites, nicknamed Tom and Jerry, 
chase each other around the planet and 
use tiny variations in the distance between 
them to measure changes in Earth’s gravity. 
Many of these variations come from water 
moving around. GRACE tracks changes in 
total water storage across groundwater, the 
surface and the atmosphere.

“[GRACE] paints a compelling picture, 
because it allows us to see the human 
fingerprint on water availability, and the 

climate change impact on water avail-
ability,” Famiglietti told me. Some of his 
work with GRACE has shown deep losses 
of groundwater in northern India, the 
Middle East and other places that could 
be vulnerable to future water shortages. 
The original pair of GRACE satellites went 
offline in 2017, but a new pair launched the 
following year.

A GOLDEN AGE
Other satellites designed to measure 
specific parts of the water cycle came on-
line at around the same time as GRACE, 
though they had some limitations.

IceSAT, active from 2003 to 2009, 
measured the changing shape of glaciers 
and ice sheets, but its lasers had some 
technical problems that limited its lifetime. 
The Tropical Rainfall Measurement 
Mission provided data on precipitation at 
low latitudes, but it worked poorly for snow 
and regions with strong thunderstorms. 
Scientists came up with improved ways to 
use data from passive microwave sensors, 
some of which were already in orbit, to 
estimate soil moisture, but they provided 
data only at relatively coarse scales.

Starting in 2014, a new generation of 
satellites has offered improvements. The 
Global Precipitation Mission, a constel-
lation of satellites, has substantially 
improved on TRMM. IceSAT-2, which 
NASA launched in 2018, has much better 
lasers than its forerunner. Dedicated 
soil moisture missions launched by the 
European Space Agency and NASA offer 
more finely tuned measurements than 
past sensors could.

I am part of an international team 
that will launch the first project 

This article, prepared by Tamlin M Pavelsky, 
Associate Professor of Global Hydrology, 
University of North Carolina at Chapel Hill, first 
appeared in The Conversation (Africa Edition) 
of 13 February 2019, and is republished here 
under a Creative Commons licence.

Satellites reveal a new view 
of Earth’s water from space

The satellites, nicknamed Tom and Jerry, chase each other around 
the planet and use tiny variations in the distance between them to 
measure changes in Earth’s gravity. Many of these variations come 

from water moving around. GRACE tracks changes in total water 
storage across groundwater, the surface and the atmosphere.

http://www.jgafrika.com
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dedicated to measuring Earth’s most 
readily accessible water resources: rivers 
and lakes. The Surface Water and Ocean 
Topography (SWOT) mission is an 
active sensor that, starting in 2021, will 
send radar pulses down to Earth and 
measure how long they take to return 
to the satellite. Through finely tuned 
algorithms, SWOT will measure changes 
in the amount of water stored in millions 
of lakes and reservoirs around the world 
and estimate, from space, the amount 
of water flowing through most of the 
world’s major rivers.

With all these satellites, hydrologists 
will be able to track many individual parts 
of the water cycle using observations from 
space. The next challenge will be putting 
all of those measurements together in a 

coherent way. Each satellite has its own 
idiosyncrasies. Scientists are working to 
integrate all of their past and present data 
with computer simulations of Earth’s 
water cycle.

Together, these observations can 
help better predict drought, track floods 
and inform the world about how climate 
change is altering access to water re-
sources. For example, a suite of satellites 
showed that the world’s landlocked basins, 
already among the driest places on Earth, 
most notably the Aral Sea in Central Asia, 
are rapidly losing water.

Space agencies are also designing 
new missions to cover parts of the water 
cycle that current satellites can’t yet 
adequately observe, like the snowpack in 
the Sierra Nevada. Estimating evaporation 

also remains a real challenge. Current 
methods produce very different global 
patterns, and the path towards new solu-
tions for reliably estimating evaporation 
from space remains uncertain.

Satellites have gone from curios on the 
sidelines of hydrology to central players 
in understanding the global water cycle. 
When John Wesley Powell sent 20-odd 
members of the new USGS to the banks 
of the Rio Grande, he likely couldn’t have 
imagined that, 130 years later, water 
scientists like me would be following 
in his footsteps using satellites orbiting 
hundreds of miles overhead. 

NOTES
1. Prof Pavelsky receives funding from 

NASA related to the SWOT mission and 
measuring the water cycle from space.

2. To see the interesting images that 
accompanied the original article, search 
for the article on Google by using its 
title, or follow the link below: https://
theconversation.com/satellites-reveal-
a-new-view-of-earths-water-from-
space-109048.

I am part of an international team that will launch the first project 
dedicated to measuring Earth’s most readily accessible water resources: 

rivers and lakes. The Surface Water and Ocean Topography (SWOT) 
mission is an active sensor that, starting in 2021, will send radar pulses 

down to Earth and measure how long they take to return to the satellite.

https://theconversation.com/satellites-reveal-a-new-view-of-earths-water-from-space-109048
https://theconversation.com/satellites-reveal-a-new-view-of-earths-water-from-space-109048
https://theconversation.com/satellites-reveal-a-new-view-of-earths-water-from-space-109048
https://theconversation.com/satellites-reveal-a-new-view-of-earths-water-from-space-109048
http://www.smec.com
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BACKGrOuND
The Lesotho Highlands Water Project (LHWP) is a multi-phased 
project intended to provide water to the Gauteng region of South 
Africa and to generate hydro-electricity for Lesotho. The project 
entails harnessing the waters of the Senqu/Orange River in the 
Lesotho highlands through the construction of a series of dams, 
for the mutual benefit of the two countries. Phase I of the project 
(Katse Dam and its associated infrastruture) was completed in 
2003 and inaugurated in 2004. Phase II is currently under way.

PhASE II
Phase II comprises the construction of the Polihali Dam, an ap-
proximately 38 km transfer tunnel to convey water from the Polihali 
Dam to the Katse Dam, and all associated advance infrastructure.

SMEC South Africa, as a member of the Metsi a Senqu-
Khubelu Consultants Joint Venture (MSKC) which was appointed 
by the Lesotho Highlands Development Authority (LHDA), is 
providing professional services for the design and construction 
supervision of the Polihali Transfer Tunnel.  The other firms in 
the Joint Venture are Lesotho-based FM Associates, Aurecon 
South Africa, Hatch Africa, and Knight Piésold.

Altogether, MSKC will carry out the design and construction 
supervision of: 

 N approximately 8.3 km of drill-and-blast tunnels, including in-
take tunnels, access adits, connector tunnels and outlet tunnels 

 N approximately 34 km of tunnel-boring-machine tunnels
 N approximately 230 m of shaft sinking
 N a lake-tap outlet into the Katse reservoir, and
 N all associated concrete work, access roads, site offices, storage / 

laydown areas, and other related surface works and infrastructure.

“Training LHDA staff to operate and maintain the tunnel is part 
of the skills and technology transfer element of this contract,” 
explains Chris Viljoen, Project Director for SMEC South Africa 
in the MSKC Joint Venture, adding that the contract also makes 
provision for the training of young professionals.

CurrENT AND FuTurE SuPPLY
In terms of the Treaty between Lesotho and South Africa, water 
from the LHWP is transferred via the Katse reservoir, through a 
transfer tunnel and delivery tunnel, to the Ash River outfall be-
tween Clarens and Bethlehem in South Africa. Water then flows 
from the Ash River into the Liebenbergsvlei, which in turn joins 
the Wilge River near Frankfort before finally reaching the Vaal 
Dam in Gauteng, South Africa.

Phase II is expected to ensure another source of reliable 
water supply to South Africa, that will meet the demands of the 
Gauteng region, by increasing the current supply rate of 780 mil-
lion m3  per annum from the LHWP to the Vaal System to around 
1 255 million m3 per annum.

The commencement of Phase 11 is indeed good news for 
water-scarce South Africa.

info

Chris Viljoen
Project Director for SMEC South Africa in the MSKC Joint Venture
chris.viljoen@smec.com

Lesotho Highlands Water Project  
Phase II under way

The Katse Dam, completed in 2003, formed 
Phase I of the Lesotho Highlands Water Project

The Ash River outfall between Clarens and Bethlehem from where 
water flows into the Liebenbergsvlei, which in turn joins the Wilge 
River near Frankfort, before finally reaching the Vaal Dam in Gauteng

http://www.smec.com
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Chemonics International, a large international development spe-
cialist, has appointed JG Afrika, a leading firm of engineers and 
environmental scientists, as a subcontractor on a US$32.7 million 
project that aims to build resilient southern African basin areas.

The Southern Africa Resilient Waters Project (RWP) is 
being funded by the United States Agency for International 
Development (USAID), and focuses mainly on the Okavango and 
Limpopo River Basin areas, which constitute as much as 75% of 
the geographical footprint of the Programme. The balance of 25% 
will include those areas that are connected to these systems, such 
as through wildlife migration corridors, or institutional bound-
aries, or even transfrontier conservation areas.

USAID and the American people have nurtured a working 
relationship with the sub-region for more than 20 years, under a 
larger memorandum of understanding between the US and the 
Southern African Development Community (SADC).

Chemonics International was the lead consulting firm on both 
the Southern Africa Regional Environmental Programme (SAREP) 
in the Okavango Basin, and the Resilience in the Limpopo River 
Basin Programme (RESILIM) in the Limpopo Basin.

Robyn Tompkins, an Executive Associate and Manager of 
the firm’s Botswana office, led the JG Afrika team working on 

the SAREP project, and was later approached by Chemonics 
International to participate in the Southern Africa Resilient 
Waters Project as well. Robyn is also a member of the World 
Health Organisation (WHO) and the UN’s Water Global 
Analysis and Assessment of Sanitation and Drinking Water 
(GLAAS) team, but will serve as the Senior Advisor on the Water, 
Sanitation and Hygiene (WASH) component of the Programme.

ThE PrOGrAMME’S FOur INTEGrATED KEY COMPONENTS
JG Afrika WASH specialist Suvritha Ramphal will be seconded on 
a full-time basis to the RWP Programme offices in Pretoria. The 
Programme Director, or Chief of Party, is the highly experienced 
Kule Chitepo from the Chemonics Team.

The WASH component is just one of the four integrated 
key objectives of the Programme and will ensure that a holistic 
approach is applied to this vast area. High on the agenda as a key 
imperative is strengthening existing institutional and governance 

Local company appointed to 
USAID Resilient Waters Programme team

The Southern Africa Resilient Waters Programme focuses mainly on 
the Okavango and Limpopo River Basin areas

Botswana’s WASH technical group completing the GLAAS (Global 
Analysis and Assessment of Sanitation and Drinking Water) survey 
at the data validation meeting in December 2018. Botswana was the 
second country in the world to submit its GLAAS survey

The WASH component is just one of the four integrated 
key objectives of the Programme and will ensure 
that a holistic approach is applied to this vast area.
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capacities to ensure the sustainability of the proposed resilience 
mechanisms, particularly transboundary institutions. This aspect 
of the Programme will entail working closely with numerous 
high-level stakeholders, including the Permanent Okavango 
River Basin Water Commission (OKACOM) and the Limpopo 
Watercourse Commission (LIMCOM). Moreover, the Programme 
leadership will engage representatives at an SADC level, including 
the governments of relevant member countries, namely Angola, 
Namibia, Botswana, South Africa, Zimbabwe and Mozambique.

Another key member of the RWP team is Stellenbosch 
University’s Centre for Complex Systems in Transition (CCST). 
CCST is a research and training hub which draws together 
researchers and practitioners interested in sustainability 
transitions by applying complexity thinking and transformative 
transdisciplinary methods. These varied and excellent skills and 
capabilities will inspire the team in innovating to achieve the four 
key objectives of the Programme, namely:

 N Improved transboundary water security and resource 
management

 N WASH
 N Strengthening the resilience of communities, and
 N Protecting biodiversity in the basin areas.

hELP FOr VuLNErABLE COMMuNITIES
Communities in these areas are extremely vulnerable to climate 
shocks considering their reliance on the natural resources of 
the river basins, and therefore the team will also concentrate its 
efforts on finding alternative means of sustaining livelihoods. 
The growth of rural populations in these areas is placing im-
mense pressure on existing resources, including water and land, 
and this is being exacerbated by climate shocks. Alleviating this 
pressure is critical for resilient river basins, while mitigating the 
impact of urban and rural development on the basins is another 
critical issue.

One of the key issues in these vast areas is monitoring – 
 getting the right data and information to ensure that the team 
knows where the problems are. One of its important approaches 
in the RWP – particularly in the WASH component – will be to 
focus on strengthening the ability to monitor and evaluate water 
and sanitation systems in these communities. This is essential, 
considering that studies by the WHO have revealed that between 
40% and 60% of water and sanitation projects in the rural areas of 
the continent failed shortly after they had been implemented due 
to various factors, such as institutional capacity to reach remote 
areas, lack of ownership and inappropriate technologies.

“Monitoring and evaluation have traditionally been limited, 
considering the sheer extent of these basins. This has severely 
hampered the ability to highlight weaknesses, as well as identify 
best practice that could be implemented elsewhere. Robust 
monitoring and evaluation models will ensure that experiences 
and learning are also integrated into all of the other components 
of the Programme,” says Robyn.

As part of this focus area, Robyn and her team will also assess 
the suitability of many of the technologies and models that have 
greatly improved monitoring and evaluation in the past, as well as 
how access to services in other regions of the continent is being 
undertaken.

ASSISTANCE FrOM OThEr EXPErTS
As part of the larger Southern Africa Resilient Waters project, 
JG Afrika will also have the opportunity to work closely with 
other leading experts in their respective fields. This will include 
Genesis Analytics, an economics-based consultancy with a solid 
track record in working with African policy-makers and decision-
makers. The company has been appointed to develop unique 
financing concepts for every component of the Programme, as 
well as the monitoring, evaluation and learning mechanisms that 
will be used throughout the Programme.

Meanwhile, a pervasive presence at ground level in both 
basins has been ensured by the participation of the Peace Parks 
Foundation. This non-government organisation provides political 
support building, planning, project management, fundraising, 
and administrative training to transfrontier conservation areas, 
which include half of the declared conservation estates in 
southern Africa.

info

Charmagne Denny
Marketing & Communication Manager
JG Afrika
dennyc@jgafrika.com

Robyn Tompkins making a presentation on the history of GLAAS in 
Botswana at the data validation meeting in Kasane. The meeting was 
supported by the USAID Resilient Waters Programme

Sam Nonofo, WASH Finance Specialist in the Ministry of Land 
Management, Water and Sanitation Services, providing feedback on 
group deliberations at the GLAAS data validation meeting
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SANCOLD 2018 CONFErENCE
The 2018 SANCOLD (South African 
National Committee on Large Dams) 
Conference was held at the NH Lord 
Charles Hotel in Somerset West in 
November 2018. Some 100 participants 
shared in the proceedings and social 

events, and, despite the lower numbers, 
the conference and study tours were 
very successful.

Stephan Dreyer won the prize (a 
complimentary admission to the 2019 
SANCOLD Conference) for the Best 
Presentation by Members of the Young 
Person’s Forum.

SANCOLD 2019 CONFErENCE
The SANCOLD 2019 Conference will be 
held at the aha Kopanong Hotel in Benoni, 
Gauteng, from Wednesday to Friday 6–8 
November 2019. The general theme of the 
2019 Conference is Sustainable long-term 
dam infrastructure development and 
management.

South Africa is currently experiencing 
a lack of proper long-term implementa-
tion, operation and maintenance of large-
scale electricity infrastructure in South 
Africa. Similar issues are also starting to 
surface with regard to water infrastruc-
ture at various levels. On top of that many 
parts of the country have also experienced 
a severe drought in the last few years. 
Urgent intervention is needed to prevent 

SANCOLD News
Peter Pyke Pr Eng
Secretary: SANCOLD
secretary@sancold.org.za

Stephan Dreyer won the prize for the Best 
Presentation by Members of the Young 
Person’s Forum

The 2018 SANCOLD Conference in session

The SANCOLD 2019 Conference will be held at the aha Kopanong Hotel in Benoni, Gauteng, 
from 6–8 November
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a similar long-term “Eskom scenario” 
for water infrastructure in South Africa. 
As a result, the focus needs to change to 
proper long-term sustainable operation 
and maintenance (including preventa-
tive maintenance). The potential future 
impact of aspects such as climate change, 
sedimentation, long-term behaviour of 
materials, etc, also have to be taken into 
account to achieve this long-term goal.

SANCOLD 2019 will be a Continuing 
Professional Development (CPD) accred-
ited event by both ECSA and SACNASP 
(South African Council for Natural 
Scientific Professions), and attendance 
for all three days will be worth 3.0 credits 
(1 credit per day).

Registration for the event will open 
early in July 2019. Further details are 
available on the SANCOLD website 
(www.sancold.org.za).

ICOLD MEETING IN OTTOWA JuNE 2019
The 87th Annual Meeting of the 
International Commission on Large Dams 
(ICOLD) will be held in Ottawa, Canada, 
from 9–14 June and, as usual, a number 
of SANCOLD delegates are expected to 
attend. SANCOLD is represented on 20 
of the ICOLD Technical Committees, 
which produce technical bulletins of good 
practice for the industry.

FINANCIAL SuPPOrT FOr 
POST-GrADuATE STuDIES (2019)
SANCOLD has identified the urgent need 
to update the data and methods used for 
design flood estimation in South Africa, 
and has initiated a National Flood Studies 
Programme (NFSP) to update these. To 
advance this programme, SANCOLD is 
proud to announce that it has provided 
(for 2019) financial support of R75 000 to 
each of five students whose research links 
into furthering this programme.

This financial support has been provided 
to the following candidates who are working 
under the guidance of Prof JC Smithers at 
the University of KwaZulu-Natal:

 N Nkosinathi Dlamini whose study pro-
posal is titled Development and assess-
ment of a joint probability event-based 
approach for design flood estimation in 
South Africa.

 N Udhav Maharaj whose research proposal 
is titled Refine and update the SCS-SA 
model for design flood estimation to 
account for antecedent moisture condi-
tions and joint association of rainfall and 

runoff using the results and methodology 
from an CSM system that was developed.

 N Ryshan Ramlall whose research pro-
posal is titled Assessing and updating 
techniques for disaggregating daily 
rainfall for design flood estimation.

 N Keanu Singh whose research proposal 
is titled An assessment of data quality 
and availability on the estimation of 
design floods in South Africa.

The final award of financial support went to:
 N Todd Thomas whose research project, 

Deriving areal reduction factors 
using radar imagery, is taking place 
at Stellenbosch University under the 
guidance of Prof JA du Plessis.

We wish these awardees success in their 
studies and hope that their research will 
provide valuable input to the NFSP. 

Nkosinathi Dlamini

Udhav Maharaj

Ryshan Ramlall

Keanu Singh

Todd Thomas
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The countdown to SAPPMA’s biggest event 
of the year has begun – the annual PIPES 
Conference. This year will be the 12th 
year that the event takes place. The venue 
for this year’s conference will be Altron 
Business Park (previously known as the 
Bytes Conference Centre) in Midrand, and 
the dates have been confirmed for the 27th 
and 28th of August 2019.

Centred around the theme Not all 
plastics are alike, presenters at this year’s 
event have been invited to take a closer 
look at the quality standards that govern 
the manufacturing and installation of 
high-performance plastic pipes and pipe 
systems. Popular economist and political 
commentator, Dr Roelof Botha, will 
deliver the keynote address on the first 
day. Other presenters will include local 
and international experts such as Stefan 

Schiesser (Borealis), Antoine Walter 
(GF Piping Systems), Albert Lueghamer 
(Agru), Marco van Dijk (UP), George 
Diliyannis (Safripol), Mike Smart (Genesis 
Consulting), Renier Snyman (Sun Ace), 
Onno Fortuin (Onno Fortuin Consulting), 
Kirtida Bhana (Plastics|SA), Jacques van 
Eck (Avesco) and Alaster Goyns (Pipes 
CC), to name but a few.

“We decided to change the format 
slightly this year by doing away with parallel 
sessions. Instead, the conference will be 
taking place over two days and will give 
everybody the opportunity to attend all the 
sessions, whilst the speakers get the benefit 
of larger audiences and maximum expo-
sure,” explains SAPPMA CEO, Jan Venter.

The yearly SAPPMA PIPES 
Conferences have gained a reputation 
for delivering practical, yet cutting-edge 

information, and is truly a not-to-be-
missed event for anybody involved in 
pipe manufacturing or installation, water 
infrastructure and civil engineering.

“As always, there will be ample oppor-
tunity for delegates to network, visit exhi-
bitions and take part in lively discussions 
during the question and answer sessions. 
We are excited to announce that a number 
of sponsors have already confirmed that 
they will be supporting this year’s event, 
including big names such as Rare Plastics, 
Sun Ace, Sizabantu Piping Systems and 
NSF International. Other sponsors and 
exhibitors include Swan Plastics, Safripol, 
Astore Keymak and Alprene Plastic 
Products. We look forward to announcing 
more sponsorships soon and to seeing a 
record number of delegates attend this 
year’s conference,” Venter concludes. 

SAPPMA’S PIPES XII CONFERENCE 2019 
The countdown has begun!

Join the Southern African Plastic Pipe Manufacturers Association (SAPPMA) for this year’s
PIPES XII CONFERENCE | 27 & 28 AUGUST 2019
ALTRON BUSINESS PARK, MIDRAND, JHB

PIPES XII 
27 & 28 AUG 2019

• Two days of in-depth and world-class presentations on issues 
relating to plastic piping, water infrastructure and engineering

• International and local experts

• Exhibitions and displays

• Valuable networking opportunities

R3500 + VAT per delegate
R2600 + VAT per delegate (SAPPMA and IFPA Members)
R1900 + VAT per delegate (Group bookings 5+)

Sponsorship and marketing opportunities available. 
FOR MORE INFORMATION VISIT OR CONTACT:
Admin@sappma.co.za or visit www.sappma.co.za

� “A great platform for learning and interacting with my South African and international peers” - Safripol
� “A high quality conference with excellent networking opportunities” - Chemsystems

NOT ALL PLASTICS 
ARE ALIKE

Plastics is a generic term covering a very wide array of materials and applications. It could be a simple bag to carry your groceries and needing to 
last one day, a colourful toy for a toddler, a bearing to enable low-friction rotation of a fast rotating shaft, an impact resistant body part on a modern 
car, or a large diameter pipe to carry a fl uid under pressure and required to last a hundred years.

Each application requires a di� erent grade of polymer and obviously a vastly di� erent design and manufacturing approach. High performance 
plastic pipes are made from very specialised polymers that were unknown half-a-century ago. It enables pressure pipe sizes with diameters more 
than 3 000 mm or operating pressure capabilities up to 2 500 kPa. 
MOST CERTAINLY ARE NOT ALL PLASTICS ALIKE!

http://www.sappma.co.za
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INTrODuCTION
An introductory article on Dispute Board ethics appeared in the 
July 2017 edition of Civil Engineering.2

It reminded the reader of a series of six articles on Dispute 
Boards (DBs) which had appeared in previous editions of  
Civil Engineering and advised that the next series of articles on 
DBs are aimed at specifics, dealing with pertinent aspects of 
DBs in more depth. It also advised that interspersed with these 
will be a series of articles on DB ethics penned by Jim Phillips 
PhD, Chair of the Dispute Review Board Foundation (DRBF) 
Ethics Committee. These articles were first published under 
the general heading of “Ethics in Today’s World of DRBs” in the 
DRBF Forum3 and are republished by kind permission of the 
DRBF and the author Jim Phillips.

The article that follows is the ninth of these articles on DB 
ethics that we will be reproducing (the first eight articles ap-
peared in the August4 and September5 2017, and March6, May7, 
August8 and September9 2018, and January/February10 and 
March11 editions of Civil Engineering, respectively).

The July 2017 article stated the DRBF Canons of Ethics. 
Included furthermore in the article were practice guidelines and 
further discussion on how Board members are expected to con-
duct themselves, which were reproduced from Chapter 2.10 of the 
DRBF Practices and Procedures Manual. Accordingly, it serves as 
a handy reference guide when reading the articles on DB ethics.12

At the end of the March 2019 article the following question was 
posed, which forms the basis of this ninth article by Dr  Phillips:

“Assume the facts of the previous scenario and that the 
other two Board members, one of whom is the chair, are 
faced with a Board member who continues to write minority 
opinions in all DRB recommendations, based on fairness 
principles. What should the other Board members do?”

What should the DB do?13 

(by Jim Phillips PhD, Chair of the DRBF Ethics Committee)

I see ethical practice in DRBs as practice that puts the relation-
ships between the contracting parties, as well as between 
Board members, as the first priority. If we as members of this 
Foundation can view our work as trusted professionals who are 
invited to participate in a project to provide an extremely valuable 

service, which requires our total commitment to the interests 
of the parties, the contract between them and the work of the 
project, many of the ethical challenges discussed here will most 
likely never arise.

It is not by accident that the Foundation’s Code of Ethics 
is short and concise. While many professions have extremely 
long and complicated codes of ethics, the legal and medical 
professions come to mind, our Code is extremely succinct. As 
I said in Houston, the five DRBF Canons basically ask us to put 
the project’s relationships between the owners, contractors 
and subcontractors, both contractual and interpersonal, first. 
As I will discuss later in this column, I think that by so doing, 
the Code also asks us to put the relationships between Board 
members above our own individual professional and financial 
interests as well.

The Code asks us to be impartial and to disclose any financial 
or contractual interests that may affect our impartiality. It asks us 
to avoid any appearance of partiality, which might give any party 
pause as to our neutrality. Finally, it asks us to conduct ourselves, 
the meetings and the hearings during the life of the project in a 
fashion that respects the contractual relationships between the 
parties. I think this means being responsive in a timely fashion 
to the parties’ requests for hearings, reconsideration or clarifica-
tion, conducting meetings in a manner that is least disruptive 
to the ongoing work, and conducting hearings in a manner 
that allows all parties full and comprehensive opportunities to 
present their positions and arguments to each other and to us as 
Board members.

As I mentioned above, the relationships between DRB 
members is also worthy of examination. I will devote a future 

D I SPU T E  B OA R DS

Dispute Boards – 
Ethics in Today’s World of DRBs1 (article 9)

It is not by accident that the Foundation’s Code of 
Ethics is short and concise. While many professions 
have extremely long and complicated codes of ethics, 
the legal and medical professions come to mind, our 
Code is extremely succinct. As I said in Houston, the 
five DRBF Canons basically ask us to put the project’s 
relationships between the owners, contractors and 
subcontractors, both contractual and interpersonal, first.

Anton van Langelaar Pr Eng
FAArb, MCIArb, PMP

Dispute Avoidance and Resolution Practitioner
DRBF Country Representative for South Africa

antonvl@mcwap.co.za
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column to a discussion of how maintaining good Board member 
relationships can inform ethical practice and decision-making as 
it relates to the operations of the DRB on a project. The question I 
posed in the last issue of the Forum speaks to this to some extent. 
In that scenario, two DRB members were faced with the following 
dilemma: the third Board member insisted on writing minority 
recommendations to the parties based on fairness considerations 
outside the four corners of the contract documents.

Canon 5 of the DRBF Code of Ethics provides that the 
Board’s reports and recommendations shall be based solely on 
the provisions of the contract documents and the facts of the 
dispute. Typically, this limits the Board’s authority to base its 
recommendations on what the contract allows in terms of how 
certain contract and performance issues might be resolved. If a 
Board member continuously refuses to comply with the contract 
language, serious repercussions can ensue.

Section 3.7.2 of the Foundation’s Practices and Procedures 
speaks to this issue as well. That section provides that “[i] t is 
essential that all recommendations be based solely on the provi-
sions of the contract, the facts of the dispute and [if appropriate] 
applicable laws and regulations. Any recommendation that is not 
consistent with contract language, facts, and circumstances of the 
dispute will likely undermine the credibility of the DRB.”

Section 3.8 also provides relevant language to be considered. 
This section discusses the issue of Board member resignation 
in certain circumstances. “If the DRB concludes that one of 
the members is an obstacle to the dispute resolution process, 
the member in question should resign for the benefit of the 
project.” This issue of resignation is a very important issue. In our 
scenario, if the two DRB members are convinced that the third 
member is not going to discontinue writing recommendations 
based on fairness principles, that member may be deemed to be 
an obstacle to the process.

The three members of this DRB, at the least, should have a 
candid conversation about their ongoing ability to perform their 
contractual obligations and attempt to resolve this issue together. 
If the third member can be persuaded that continuing to base 
recommendations on fairness principles is undermining the DRB 
process, he or she may either decide to resign, or decide to discon-
tinue this practice and return to the four corners of the contract. 
In any event, resignation from the DRB should be carefully 
considered from all viewpoints before that option is exercised, 
because of the disruption to the process and the potential damage 
to many of the project relationships.

FurThEr COMMENT 
(by Anton van Langelaar)

The DB Members should do their utmost to resolve the matter 
among themselves. A DB Member resigning could have many 
negative consequences. These include the risk of loss of conti-
nuity, of the Parties losing faith in the DB process and/or perhaps 
in the DB itself, having to rebuild/establish new relationships, 
the new DB Member having to acquaint herself/himself with 

the project, contract documents and any previous relevant DB 
decisions/opinions, additional DB costs, etc. However, should the 
matter not be resolved among the DB Members, resignation may 
be the only viable alternative.

EThICS: NEXT ChALLENGE
Assume that you are sitting on a DRB that was not formally 
set up until a year after the Notice to Proceed was issued and 
work began. Also assume that as soon as the work began, the 
owner began complaining to the contractor that there were not 
enough people to execute the work on the project to prevent 
the contractor from falling behind schedule. Sure enough, the 
contractor did begin falling behind the schedule and the com-
munications between the parties became increasingly harsh 
and hostile. By the time of the first DRB meeting, the parties 
were barely speaking and there was a backlog of Notices to File 
a Claim and Requests for Schedule Updates. What should the 
Board do? 
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members in 80 countries.

Canon 5 of the DRBF Code of Ethics provides that the 
Board’s reports and recommendations shall be based 
solely on the provisions of the contract documents 
and the facts of the dispute. Typically, this limits the 
Board’s authority to base its recommendations on 
what the contract allows in terms of how certain 
contract and performance issues might be resolved.
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INTrODuCTION
On 7 May 2019, the brand new FIDIC1 
Conditions of Contract for Underground 
Works2, or the so-called Emerald Book, 
was launched at the WTC2019 ITA-
AITES3 World Tunnel Congress held in 
Naples.

For some time it has been recognised 
in the industry that there are fundamental 
differences between underground works 
and most other work. The underground 
works primarily involves creating space in 
the ground. Usually only limited informa-
tion regarding the subsurface physical 
conditions and the reaction of the ground 
is known with any certainty in advance. 
The adage being that the only known is 
that it will change.

Recognising these unique characteris-
tics of underground construction projects 
and that they demand special contractual 
provisions for their successful completion, 
FIDIC and ITA-AITES formed a joint 
Task Group4 (TG 10) to propose a new 
form of contract for Underground Works.

This article is limited to a summary 
of the primary characteristics and provi-
sions of the Emerald Book. Future articles 
will include commentary on some of 
the unique and specific aspects of the 
Emerald Book.

AT A GLANCE
The new form of contract is referred to as 
the Emerald Book, it being the colour of 
the ITA-AITES, and consists of 21 Clauses 
and relevant Sub-Clauses (as do the FIDIC 
Second Edition 2017 Red, Yellow and 
Silver Books).

The form consists of General 
Conditions with Guidance for the 
Preparation of Particular Conditions, 
substantial Guidance for the Preparation 
of Tender Documents, and various 
example forms. It is based on the FIDIC 

2017 Yellow Book5, with some 15 new 
definitions, eight amended definitions, 15 
new Sub-Clauses (SCs) and 25 amended 
SCs. Primary updates to the 1999 FIDIC 
contract forms as they pertain to Dispute 
Board6 (DB) provisions and the context in 
which DBs operate in the Second Edition 
2017 FIDIC books were summarised in a 
previous article7 in Civil Engineering.

Because of the uncertainty of the 
ground conditions, the extent of the under-
ground works (primarily excavation and 
lining, which includes support of the exca-
vated space) evolves in response to ground 
conditions as construction progresses. 
It thus calls for clear risk allocation and 
adjustment of the Time for Completion 
and Contract Price, commensurate with 
the actual conditions encountered.

This is the environment in which the 
Emerald Book comes into its own, profi-
ciently responding to the demands.

GuIDING PrINCIPLES
TG 10 relied on the work of ITA-Working 
Group 3 on Contractual Practices, and 
took from ITA REPORT Number 006/
APRIL 20118 seven essential principles.

These were issues which TG 10 
considered the new standard form should 
address to promote a fair risk allocation 
and to effectively deal with conditions 
typically unforeseeable in predominantly 
underground works projects. These issues 
include the key areas listed below, all of 
which have been specifically addressed in 
the Emerald Book9.

Allocation of risk
The project site is selected and made 
available by the Employer, who is best 
placed to carry out comprehensive ground 
investigations in advance and manage 
subsurface conditions risks. It is also the 
party who will benefit most from the 

completed project. These risks should 
thus be assigned to the Employer.

The performance-related risk arising 
from expected ground conditions 
should be assigned to the Contractor 
as the party with the expertise, equip-
ment and personnel to best manage the 
performance risk.

Disclosure of all available geological 
and geotechnical information
All available information should be pro-
vided to tenderers.

In addition to a Geotechnical Baseline 
Report (GBR), a Geotechnical Data 
Report (GDR) is to be provided, which 
contains the geological, geotechnical and 
hydrogeological data in the Employer’s 
possession at the Base Date.

The documents are to be free of excul-
patory language.

Inclusion of a contractual 
geotechnical baseline
A contractual geotechnical baseline 
should be defined which sets out the 
contractual limits of the conditions antici-
pated during construction, thus providing 
clear distinctions in the Contract between 
expected and unexpected subsurface 
conditions.

This is done in a GBR included with 
the tender documents (and subsequently 
the Contract), which sets out the sub-
surface conditions anticipated under the 
Excavation and Lining design and the con-
struction methods. The cost the tenderer 
has to consider depends to a large extent 
on the excavation and lining method.

CO N D I T I O N S  O F  CO N T R AC T
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As the GBR forms a baseline for the 
bids, a level playing field is established for 
competitive bidding.

The Employer should allow the 
tenderer to make an alternative proposal, 
in which case the tenderer must propose a 
GBR relevant to his alternative.

Inclusion of a tailored “Unforeseeable 
Physical Conditions” clause
In the event that the subsurface condi-
tions encountered differ from those 
predicted, i.e. being outside the limits 
of the GBR, an “Unforeseeable Physical 
Conditions” clause should be incorporated 
to entitle the Contractor to relief.

Implementation of a ground classification 
system and of supporting particular 
conditions that properly reflect the 
effort of excavation and stabilisation
The contractual classification of ground 
conditions should be based on the meas-
ures the Contractor has to take for the 
Excavation and Lining Works, to enable 
mechanisms to be provided to minimise 
claims and disputes.

Time for completion is largely 
influenced by ground conditions
Because the time for completion is 
largely influenced by ground conditions, 
mechanisms for adjustment of time for 
subsurface conditions encountered should 
be provided in the Contract.

The Employer is to carry the risk for 
more onerous subsurface conditions and 
benefits from less onerous subsurface 
conditions. The Contractor is to carry 
the production-related risk, i.e. if the 
Contractor achieves higher or lower 
production rates in expected subsurface 
conditions, it would be to his advantage or 
detriment.

Provision of a flexible mechanism for 
remuneration according to ground 
conditions, foreseen and unforeseen
A unit price measurement and payment 
system for those items that are affected 
by subsurface conditions should be 
used. The unit price structure should 
enable distinction between fixed costs, 
time-related costs, value-related costs and 
quantity-related costs.

When the subsurface conditions are 
within the limits described in the GBR, 
the subsurface conditions would be fore-
seeable. When the subsurface conditions 

are outside the limits described in the 
GBR, the subsurface conditions would be 
unforeseen.

BASIS FOr ThE EMErALD BOOK
As mentioned, the Emerald Book is based 
on the FIDIC Second Edition 2017 Yellow 
Book.

Why the Yellow Book?
Rather than draft all provisions afresh, 
the Emerald Book is based on something 
already in existence. This is considered 
prudent, as many of the conditions would 
be familiar to the industry, while also in-
corporating specific provisions for under-
ground works. There was also a perceived 
demand from employers and funding 
agencies for a “design-build” form.

Further, it allows more flexibility 
for the Employer to decide how much 
design and preparation work it wants 
to undertake and how much freedom it 
wants to give the Contractor to design 
the works. Accordingly, it is likely to 
find a wider application for underground 
construction projects.

What is different from the Yellow Book 
and unique to the Emerald Book?
Primary additions and amendments to the 
Yellow Book include the introduction of:

 N A risk-sharing mechanism which relies 
on a geotechnical baseline;

 N A contractual interpretive geotech-
nical report (GBR) and a factual 
geotechnical report (GDR);

 N An Employer’s reference design;
 N Schedules which capture the baseline 

quantities and production rates for 
each excavation and lining activity;

 N A Bill of Quantities (BoQ) which 
includes quantities for the excavation 
and lining works, including provision 
also for time-related items;

 N A tendered contractual Completion 
Schedule which is the basis for the 
SC 8.3 Programme;

 N The obligation to take measures ap-
propriate to the subsurface conditions 
encountered, and agreeing to these 
measures as being necessary, as far as 
possible;

 N Mechanisms which rely on the various 
Baseline Schedules and measurement 
of the Excavation and Lining Works to 
adjust the Contract Price and the Time 
for Completion, which also allow for a 
decrease of the Time for Completion;

 N Other schedules, registers and 
plans (Contractor’s Key Equipment, 
Contract Risk Register and the 
Contract Risk Management Plan);

 N Limitation to the application of 
SC 4.12.

It is considered that there is not much 
difference between underground works 
and most other works, other than for 
excavation and lining/support.

Thus, the provisions concentrate 
on Excavation and Lining Works, in 
particular:

 N risk allocation for subsurface 
conditions;

 N the role of the Engineer; and
 N the adjustment of time and 

remuneration.
As to the adjustment of time, in FIDIC con-
tract forms (as with many other types of 
contract forms) the Time for Completion 
can be extended, but it cannot be reduced. 
The view is that if the Employer assumes a 
substantial portion of the risk for subsur-
face conditions, it should also be entitled 
to the advantages should the subsurface 
conditions encountered be better than 
expected. Thus, it may mean that time may 
be reduced, and therefore the reference is 
to adjustment, rather than extension, of the 
Time for Completion.

Because the Yellow Book is a lump sum 
contract, provisions for re- measurement 
of Excavation and Lining Works were also 
introduced, to allow for the allocation of 
risk. Everything which is not related to 
Excavation and Lining Works, is to be 
included in the lump sum.

Because a large proportion of the costs 
is related to time rather than quantity, the 
measurement provisions allow for separate 
time-related items in addition to fixed-rate, 
quantity-related and value-related items.

The Emerald Book includes a sub-
stantially more comprehensive section 
on guidance for the preparation of tender 
documents than the other FIDIC forms.

The role and responsibilities of the 
Engineer are extended to allow for:

 N Monitoring and recording of measures 
taken pertaining to Excavation and 
Lining Works;

 N Inspection and investigation of the 
physical conditions (as per Yellow 
Book – SC 4.12);

 N Agreeing or determining the 
Contractor’s measurements;

 N Adjusting the Time for Completion 
and Contract Price based on the 
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Excavation and Lining Works 
measures.

Amendments to the Yellow Book: 
Sub-Clause summary

New definitions include:
 N 1.1.5 Bill of Quantities
 N 1.1.8 Completion Schedule
 N 1.1.15 Contract Risk Management 

Plan
 N 1.1.16 Contract Risk Register
 N 1.1.20 Contractor’s Key Equipment
 N 1.1.21 Contractor’s Key Personnel
 N 1.1.43 Excavation
 N 1.1.51 Geotechnical Baseline Report
 N 1.1.52 Geotechnical Data Report
 N 1.1.60 Lining
 N 1.1.63 Milestone
 N 1.1.64 Milestone Certificate
 N 1.1.84 Schedule of Baselines
 N 1.1.85 Schedule of Contractor’s Key 

Equipment
 N 1.1.100 Underground Works

Amended definitions include:
 N 1.1.11 Contract
 N 1.1.30 Date of Completion
 N 1.1.39 Employer’s Requirements
 N 1.1.50 General Conditions
 N 1.1.83 Schedules
 N 1.1.88 Schedule of Rates and Prices
 N 1.1.99 Time for Completion
 N 1.1.101 Unforeseeable

New SCs include:
 N 1.2 Interpretation (k) and (l)
 N 3.2.2 Engineer’s Specific Duties and 

Authority for Excavation and Lining 
Works

 N 4.10.2 Use of the Geotechnical 
Baseline Report

 N 4.10.3 Use of the Geotechnical Data 
Report

 N 4.20 Progress Reports (h)
 N 4.24 Excavation and Lining Works
 N 4.25 Milestones
 N 8.2.1 The Completion Schedule
 N 8.2.2 The Schedule of Baselines
 N 13.8 Measurement of Excavation and 

Lining Works and Adjustment of 
Time for Completion of the Contract 
Price

 N 13.8.1 Responsibility for Measurement
 N 13.8.2 Bill of Quantities for Excavation 

and Lining Works
 N 13.8.3 Adjustment of Time for 

Completion
 N 13.8.4 Adjustment of the Contract Price

Amended SCs include:
 N 1.5 Priority of Documents
 N 1.9 Errors in the Employer’s 

Requirements and/or in the 
Geotechnical Baseline Report

 N 2.5 Site Data and Items of Reference
 N 4.9.2 Compliance Verification System
 N 4.10.1 Use of Site Data
 N 4.11 Sufficiency of the Accepted 

Contract Amount
 N 4.12 Unforeseeable Physical Conditions
 N 4.12.1 Contractor’s Notice
 N 4.12.2 Engineer’s Inspection and 

Investigation
 N 4.12.5 Agreement or Determination of 

Delay and/or Cost
 N 4.16 Transport of Goods
 N 4.17 Contractor’s Equipment
 N 5.1 General Design Obligations
 N 5.2 Contractor’s Documents
 N 6.1 Engagement of Staff and Labour
 N 8.2 Time for Completion
 N 8.3 Programme
 N 8.4 Advance Warning
 N 8.5 Extension of Time for Completion
 N 8.7 Rate of Progress
 N 8.9 Employer’s Suspension
 N 14.1 The Contract Price
 N 14.3 Application for Interim Payment
 N 14.4 Schedule of Payments
 N 20.2.4 Fully Detailed Claim

ThE GENErAL CONDITIONS
The primary enabling clause is SC 13.8 
[Measurement of Excavation and Lining 
Works and Adjustment of Time for 
Completion and Contract Price]. It is at 
the heart of the Emerald Book approach 
and provides the essential machinery for 
its operation.

The following other enabling clauses 
are dealt with under the heading of 
“Primary Baseline Documents” below:

 N 4.10.2 Use of the Geotechnical 
Baseline Report

 N 4.10.3 Use of the Geotechnical Data 
Report

 N 8.2.1 The Completion Schedule
 N 8.2.2 The Schedule of Baselines

SC 13.8 consists of four Sub-Clauses as 
follows:

 N 13.8.1 Responsibility for Measurement
 N 13.8.2 Bill of Quantities for Excavation 

and Lining Works
 N 13.8.3 Adjustment of Time for 

Completion
 N 13.8.4 Adjustment of the Contract 

Price

SC 13.8 is referenced in some eleven 
clauses (SC 1.1.99, 4.12, 4.12.5, 4.24, 4.25, 
8.2, 8.5, 14.1, 14.3, 14.4 and 20.2.4). Its 
provisions are summarised below.

The introductory paragraphs provide 
that only the Excavation and Lining Works 
are subject to measurement. The balance 
of the Works is deemed included in the 
Accepted Contract Amount (the lump sum 
portion). The Contract Price and Time for 
Completion are adjusted following such 
measurement, and the Parties would be 
entitled to the adjustments without the 
need to submit a Statement (Clause 14) 
or any formal Notice (including SC 20.2). 
For delays/Cost resulting from subsurface 
physical conditions which are outside “the 
scope of conditions defined in the GBR”10, 
SC 4.12 would apply.

SC 13.8.1 contains the provisions 
for the measurement of Excavation and 
Lining Works.

SC 13.8.2 states that the Employer 
would provide the initial quantities for the 
BoQ, while the Contractor would provide 
the unit rates and prices. It defines the 
terms “fixed-rate item”/’’fixed charge”, 
“time-related item”, “quantity-related 
item” and “value-related item”/”value-
related charge”. It states what is to be pro-
vided for in each of these items/charges 
and provides that the unit rates and prices 
will not vary with changes in measured 
quantities.

SC 13.8.3 allows for the adjustment of 
the Time for Completion. It provides for 
the re-assessment of the time allowed for 
in the Completion Schedule/Programme 
by applying the production rates (included 
in the Contract) to the measured quantity 
of each item of work/activity in the 
Schedule of Baselines “necessarily carried 
out” (agreed/confirmed by the Engineer 
pursuant to SC 3.2.2). Should it be found 
that the Time for Completion is impacted, 
it is adjusted (reduced or extended) based 
“only on the logical sequential links 
provided in the Completion Schedule and/
or the Programme”.

SC 13.8.4 provides for adjustment of 
the Contract Price by:

 N applying the relevant rate/price from 
the BoQ to the quantity measured 
(SC 13.8.1); and

 N applying the rates for time-related rate 
items in the BoQ to the adjusted Time 
for Completion (from SC 13.8.3).

The new SC 3.2.2 [Engineer’s Specific 
Duties and Authority for Excavation and 
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Lining Works] and the amendments to SC 
4.12 [Unforeseeable Physical Conditions], 
SC 8.5 [Extension of Time for Completion] 
and SC 14.4 [Schedule of Payments] are 
fundamental to the operation of SC 13.8. 
The amendment to SC 20.2.4 [Fully 
detailed Claim] is worth noting.

SC 3.2.2 requires the Engineer to 
monitor and record the execution of 
the Excavation and Lining Works. The 
records are to state whether the measures 
taken in accordance with SC 4.24 for ex-
cavation and support have been agreed. It 
provides for a procedure to seek to resolve 
any disagreements of the records.

SC 4.24 [Excavation and Lining Works] 
refers to SC 13.8 (for subsurface physical 
conditions which are inside “the limits 
described in the GBR”) for any adjustment 
to the Contract Price and/or the Time 
for Completion. The Contractor is to 
take measures necessary for execution 
(including safety and progress) of the 
Excavation and Lining Works. SC 4.24 
supports SC 13.8 in that the Contractor 
and the Engineer are to seek to agree on 
such necessary measures. Any adjustment 
of the Contract Price resulting from these 
measures is to be dealt with in accordance 
with SC 13.8.4 (for subsurface physical 
conditions which are inside “the limits 
described in the GBR”) or SC 4.12.5 (for 
subsurface physical conditions which 
are outside “the limits described in the 
GBR” / “the scope of conditions defined 
in the GBR”). Any adjustment of the Time 
for Completion resulting from these 
measures is to be dealt with in accordance 
with SC 13.8.4.

The SC 4.12 amendment provides 
that the impact on progress and/or Cost 
of “any conditions that are described in 
the Geotechnical Baseline Report” would 
be assessed under SC 13.8 rather than 
SC 4.12.

The SC 8.5 amendment provides 
that any adjustment to the Time for 
Completion arising out of the measure-
ment of Excavation and Lining Works can 
only be determined pursuant to SC 13.8.

The SC 14.4 amendment provides that 
the Schedule of Payments is to include 
payments consistent with the data in the 
Schedule of Rates and Prices, the Schedule 
of Baselines, the Completion Schedule 
and/or the Programme, and in the method 
of measurement pursuant to SC 13.8.2.

The SC 20.2.411 amendment provides 
that Costs claimed which relate to 

Excavation and Lining Works are to be 
calculated by reference to the rates and 
prices in the BoQ, “to the extent that 
the unit rates and the respective items 
of work are comparable as stated under 
Sub-Clause 13.8”.

PrIMArY BASELINE DOCuMENTS
The primary baseline documents of the 
Emerald Book include the:

 N Geotechnical Baseline Report
 N Schedule of Baselines
 N Completion Schedule
 N Bill of Quantities

These documents are briefly described 
below.

Geotechnical Baseline Report (GBR)
Pertinent clauses include SC 1.1.51 
(definition), SC 2.5 [Site Data and Items 
of Reference] and SC 4.10.2 [Use of the 
Geotechnical Baseline Report].

The “Geotechnical Baseline Report” or 
“GBR” is defined as: “… means the report 
entitled geotechnical baseline report as 
included in the Contract that describes 
the subsurface physical conditions to 
serve as the basis for the execution of the 
Excavation and Lining Works, including 
design and construction methods, and the 
reaction of the ground to such methods. 
The GBR sets out the allocation of the risk 
between the Parties for such subsurface 
physical conditions.”

The GBR is an interpretive report12, 
whereas the Geotechnical Data Report 
(GDR) is a factual report which contains 
the geological, geotechnical and hydro-
geological data in the Employer’s posses-
sion at the Base Date.

The Guidance for the Preparation of 
Tender Documents states that the GBR is 
used to design the work, plan and equip 
the excavation process, and help adjudi-
cate disputes associated with unforeseen 
subsurface physical conditions.

The GBR is the basis for the 
Employer’s reference design (which is 
included in the GBR) and for establishing 
construction methods and related 
equipment, quantities and production 
rates. It is also the basis for the Baseline 
Schedules, which in turn provides input 
to the Completion Schedule and Bill of 
Quantities.

The GBR under the Emerald Book dif-
fers in some respects from the GBRs gen-
erally known in the industry. It allocates 
the risk of subsurface physical conditions 

between the Parties and includes a 
contractual ground classification system 
which reflects the effort of excavation and 
lining (including support).

The procedure for the management of 
these allocations would be described in 
the Contract Risk Management Plan.

It has been stated that the GBR is 
the single source contractual document 
that defines “foreseen physical ground 
conditions” at a high level. All ground 
conditions that are not explicitly included 
in the scope of the GBR are considered as 
unforeseeable physical ground conditions. 
It has also been stated that the GBR thus 
forms the basis for the tenders and also, 
along with the Baseline Schedules, is the 
central tool for adjustment of construc-
tion time and cost from the assumptions 
made in the tender to the physical condi-
tions encountered during construction.

“Unforeseeable” is defined (SC 1.1.101) 
as: “… means not reasonably foreseeable 
by an experienced contractor by the Base 
Date. Notwithstanding the foregoing, all 
subsurface physical conditions described 
in the GBR are deemed to be foreseeable, 
and all subsurface physical conditions 
outside the scope of conditions defined in 
the GBR are deemed to be unforeseeable.”

The allocation of risk in the GBR de-
pends on the Employer’s preferred level of 
risk acceptance and reflects information 
beyond the factual data. Therefore, the 
GBR may deviate from data reported in 
the GDR and, as is evident from the above, 
is more than an interpretive report. An 
overly conservative GBR would render it 
ineffective, and is thus discouraged.

In SC 1.5 [Priority of Documents] the 
GBR is at a level of priority immediately 
below the Particular Conditions Part B – 
Special Provisions, but above the General 
Conditions.

In the tender documents the 
Employer must identify the excavation 
and lining method it wants to adopt and 
the relevant parameters. However, the 
tender documents may allow for alterna-
tives. In such an event the Contractor 
would need to provide the GBR and 
relevant parameters associated with his 
alternative tender.

The Schedule of Baselines
Pertinent clauses include SC 1.1.84 (defini-
tion) and SC 8.2.2 [Schedule of Baselines].

The Schedule of Baselines is defined 
as: “… means the document entitled 
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schedule of baselines as included in the 
Contract, setting out the Excavation and 
Lining Works activities or items and their 
corresponding quantities based on the 
subsurface physical conditions described 
in the GBR, and their corresponding 
production rates as provided by the 
Contractor.”

The Employer prepares the Baseline 
Schedules and includes these in the 
tender documents, to be completed by the 
tenderer.

As is evident from the definition, 
the Schedule of Baselines are to include 
the Excavation and Lining Works items 
and corresponding quantities (typically 
allocated by Sections and drives), based 
on the subsurface physical conditions 
described in the GBR. It is also to be based 
on the reference design. The Employer 
inserts the quantities and provides the 
reference design.

The tenderer inserts production rates 
specific to particular ground conditions 
and resulting times for construction, all 
consistent with the GBR, the character-
istics of the proposed Contractor’s Key 
Equipment and the experience of the 
Contractor’s Key Personnel. Analyses of 
the production cycles are to be included in 
the Contractor’s Proposal.

The information and measures in-
cluded are substantial and are elaborated 
in the Guidance for the Preparation of 
Tender Documents.

The Schedule of Baselines provides 
input to the Completion Schedule and Bill 
of Quantities.

In SC 1.5 [Priority of Documents] the 
Schedule of Baselines is at the same level 
of priority as the Particular Conditions 
Part A – Contract Data.

Example Schedules of Baselines for 
Excavation and for Lining are provided 
in the annexes to the Guidance for the 
Preparation of Tender Documents.

The Completion Schedule
Pertinent clauses include SC 1.1.8 (defini-
tion) and SC 8.2.1 [Completion Schedule].

The “Completion Schedule” is 
defined as: “… means the document 
entitled completion schedule as included 
in the Contract stating the Time for 
Completion for each of the Works, the 
Sections (if any) and/or the Milestones 
(as the case may be) and setting out the 
logical sequential links between each 
Time for Completion.”

In the Guidance for the Preparation 
of Tender Documents it is stated to be a 
simplified programme:

 N reflecting the Sections, Milestones, 
drives and consequent stages of execu-
tion of the Works;

 N showing the stages and sequence of 
activities for design, procurement, 
testing and construction; and

 N stating the times computed in the 
Schedule of Baselines and the times for 
construction of all other items of work 
specified in the Contract.

The Completion Schedule must be based 
on and be compatible with the Schedule 
of Baselines. It is included in the tender 
and may be amended by agreement in 
negotiations/finalisation of items with the 
preferred tenderer.

The SC 8.3 Programme submitted 
by the Contractor must be consistent 
with the Completion Schedule. SC 8.3 
provides that, once the Engineer has 
(or deemed to have) given a Notice of 
No-objection to the Contractor’s initial 
programme, the Programme supersedes 
the Completion Schedule.

In SC 1.5 [Priority of Documents] the 
Completion Schedule is at the same level 
of priority as the Particular Conditions 
Part A – Contract Data.

An example Completion Schedule is 
provided in the annexes to the Guidance 
for the Preparation of Tender Documents.

The Bill of Quantities
Pertinent clauses include SC 1.1.5 (defini-
tion) and SC 13.8.2 [Bill of Quantities for 
Excavation and Lining Works].

The Bill of Quantities is defined as: 
“… means the document entitled bill of 
quantities included in the Contract as part 
of the Schedule of Rates and Prices.”

It sets out the quantities, units of 
measurement and applicable unit rates 
and prices for all Excavation and Lining 
Works. It is dealt with in more detail 
in the description of the provisions of 
SC 13.8.2 above.

GuIDANCE FOr ThE PrEPArATION 
OF PArTICuLAr CONDITIONS
Other than the Notes on the Preparation 
of Tender Documents, which is now a 
separate section, it includes the same 
main sections as the FIDIC Second 
Edition 2017 books, i.e. Particular 
Conditions Part A – Contract Data, 
Particular Conditions Part B – Special 

Provisions, Notes on the Preparation of 
Special Provisions, Advisory Notes as to 
BIM, and Example Forms of Securities.

Particular Conditions Part A – 
Contract Data provides for data to be 
entered also against new Sub-Clauses. 
These include SC 1.1.8 Completion 
Schedule, SC 1.1.84 Schedule of Baselines 
and SC 13.8.1 Intervals for measurement, 
Method of measurement for the Schedule 
of Baselines and Method of measurement 
for the Bill of Quantities. Further, a new 
table is included for the Definition of 
Milestones with provision for entering a 
separate (from the SC 8.8 Delay Damages) 
maximum amount (a percentage) of delay 
damages for Milestones.

Particular Conditions Part B – 
Special Provisions states that the 
Conditions are based on the premise 
that the Employer shall include a 
Geotechnical Baseline Report to-
gether with a Schedule of Baselines 
and a Completion Schedule, a Bill of 
Quantities, Employer’s Requirements 
and an outline reference design for the 
Works. It also states that FIDIC and ITA 
strongly recommend that the drafter 
should refrain from modifying, in 
particular, any Sub-Clause specifically 
referring to Underground Works and 
those adapted for Underground Works, 
and references a substantial list of 
Sub-Clauses which should not be modi-
fied. It further states that the modified 
Sub-Clauses are the result of extensive 
deliberation and analysis by a group of 
international experts on the subject and 
warns that partial modification of the 
Sub-Clauses could result in unintended 
consequences or could make the pro-
posed Contract framework ineffective.

As to 4.12 [Unforeseeable Physical 
Conditions] and SC 13.8 [Measurement 
of Excavation and Lining Works and 
Adjustment of Time for Completion 
and Contract Price] FIDIC and ITA 
specifically recommend that the General 
Conditions wording remain unchanged.

Two pages of text previously (Second 
Edition 2017) included under the heading 
“Notes on the Preparation of Tender 
Documents” are now included under the 
heading “Guidance for the Preparation of 
Particular Conditions”.

The Emerald Book includes amend-
ments to Particular Conditions SC 1.5 
Priority of Documents, SC 1.13 Compliance 
with Laws and SC 4.12 Unforeseeable 
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Physical Conditions. New Particular 
Conditions Sub-Clauses are included, 
namely SC 3.2.2 Engineer’s Specific 
Duties and Authority for Excavation 
and Lining Works, SC 4.10 Use of Site 
Data and Geotechnical Baseline Report, 
SC 4.2413 Milestones, SC 13.8 Measurement 
of Excavation and Lining Works and 
Adjustment of Time for Completion and 
Contract Price, and SC 14.4 Schedule of 
Payments.

GuIDANCE FOr PrEPArATION OF 
TENDEr DOCuMENTS AND ANNEXES
In contrast to the three pages of Notes 
on the Preparation of Tender Documents 
included in the section on Guidance for 
the Preparation of Particular Conditions of 
the 2017 FIDIC forms, the Emerald Book 
includes a substantially more comprehen-
sive guidance note of some 18 pages on 
preparation of the tender documents. This 
is considered necessary given the novel 
mechanisms introduced in the Emerald 
Book to deal with allocation of risk and the 
consequences of the risks being realised.

The Guidance for Preparation of 
Tender Documents and Annexes includes 
sections on General Aspects, Central 
Principles for Underground Works, Pre-
Contract Actions by the Employer, the 
Employer’s Tender Documents (total of 
sections equals 12 pages) and an appendix 
dedicated to the Geotechnical Baseline 
Report (6 pages). It also includes an annex 
of sample forms (4 pages).

FIDIC states its intention to update its 
Procurement Procedures Guide to make 
specific reference to the Conditions of 
Contract for Underground Works, First 
Edition 2019.

Section 1 – General Aspects
It consists of a general introduction and 
lists the elements of the tender documents.

Many paragraphs from the FIDIC 
Second Edition 2017 Yellow Book are in-
cluded, in particular under the sub-heading 
“Instructions to Tenderers”. Compared to 
the 2017 Yellow Book, the section has been 
structured by including subheadings.

Pertinent documents which are 
unique to the Emerald Book include the 
Completion Schedule, the Schedule of 
Baselines and Geotechnical Baseline 
Report (adjusted for the Emerald Book 
approach). Other documents, which are 
not entirely unique to the Emerald Book 
but pertinent to the underground works, 

include the reference design, Schedule of 
Payments, Schedule of Contractor’s Key 
Equipment, Schedule of Rates and Prices 
(which includes the Bill of Quantities for 
Excavation and Lining Works) and the 
Geotechnical Data Report. Documents 
specific to the Emerald Book include the 
Contract Risk Management Plan and the 
Contract Risk Register.

The list of clauses included in this sec-
tion, stated to make express reference to 
matters to be included in the Employer’s 
Requirements, includes nine more 
clauses than the 2017 Yellow Book (i.e. 
Sub-Clauses 1.9, 1.11, 1.16, 4.7, 4.1014, 4.17, 
4.2415, 4.25 and 13.1).

Section 2 –  Central Principles, Underground 
Works

This section deals with risk and risk 
allocation, the GBR and Schedules of 
Baselines, adjustment to the Time for 
Completion, Contractor’s Key Equipment 
and measurement of excavation and lining 
works. It includes six subheadings.

The importance of sufficient investiga-
tion of the subsurface physical conditions 
and of the potential influence of the Works 
on the surrounding ground, the ground-
water table and on the surface, being 
carried out by the Employer, and the results 
being provided to tenderers, is stressed.

It explains that the risk of the 
subsurface physical conditions not cor-
responding to the expectations should 
be allocated to the Employer as being the 
party who had the opportunity to assess 
those risks prior to issue of the tender 
documents. However, the risk of the 
production rates and relevant cost not 
corresponding to the expectations within 
a given set of parameters of subsurface 
physical conditions should be allocated to 
the Contractor as the party who has the 
experience in the detail design and con-
struction for such conditions, including 
the avoidance and/or limitation of impact 
on third parties.

The party to whom the risk has been 
allocated, bears the loss resulting from 
the conditions encountered being more 
onerous than those expected, but enjoys 
the benefit resulting from conditions en-
countered being less onerous than those 
expected.

The tender documents are to include 
the Employer’s proposal for a feasible 
method of Excavation and Lining Works 
for the purposes of measurement, the 

GBR being the single source of the alloca-
tion of risks associated with subsurface 
physical conditions.

The anticipated quantities of 
Excavation and Lining Works included in 
the GBR are itemised in the Schedule of 
Baselines and the tenderer enters the cor-
responding production rate against each 
different item of work.

The time available to the Contractor for 
the Underground Excavation and Lining 
Works would be measured and adjusted 
based on the difference between the 
expected subsurface physical conditions (as 
described in the GBR and as quantified in 
the Schedule of Baselines) and the subsur-
face physical conditions encountered. Time 
adjustments may also lead to a reduction in 
the Time for Completion.

As a major portion of the costs 
incurred by the Contractor relates to 
time rather than to quantities, the BoQ is 
to provide for time-related charge items 
which allows adjustments in the Contract 
Price concomitant to relevant adjustments 
in Time for Completion.

Section 3 –  Pre-Contract Actions 
by the Employer

This section deals with the pre-tender site 
investigations (adjacent third-party prop-
erty, access to Site, geology, hydrogeology, 
hydrology and geotechnics), the Employer’s 
reference design, disposal of excavated and 
waste materials, and materials testing.

Section 4 – Employer’s Tender Documents
This section deals with the Completion 
Schedule, the Schedule of Baselines, 
information to be included in the Special 
Provisions, Geotechnical Baseline 
Report, definitions added to/amended 
from the Yellow and Red Books (23 such 
definitions), information to be included 
in the Employer’s Requirements and 
other Schedules (Bill of Quantities), 
the Contractor’s Proposal (compliant 
proposal (the Completion Schedule and 
methods statements) and any alternative 
proposals), JV Undertaking and other 
documents forming part of the Contract.

APPENDIX A – ThE GEOTEChNICAL 
BASELINE rEPOrT
The appendix describes the contractual 
purpose of the GBR, administration and 
reference for measurement during con-
struction, GBR content recommendations 
and purpose of the GDR.
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Included in the descriptions are the 
items a Contractor, making a claim for 
Unforeseeable subsurface physical condi-
tions, must be able to demonstrate.

As to the parameters of the GBR, 
a focus on ground behaviour and/or 
ground response rather than geologically 
oriented parameters, is recommended. 
Ground classes, contractual ground clas-
sification and further recommendations, 
including geotechnical “Hold Points”, are 
stated.

An example table of contents is pro-
vided, suggesting that the GBR consists of 
two parts – Part A for general information 
and Part B for contractual geotechnical 
baselines.

FOrMS AND EXAMPLE FOrMS 
OF SChEDuLE
As in the FIDIC Second Edition 2017 
books, the Emerald Book also has a sec-
tion which includes forms for the Letter 
of Tender, Letter of Acceptance, Contract 
Agreement and Dispute Avoidance/
Adjudication Agreement.

The Guidance for the Preparation of 
Tender Documents includes an Annex 
devoted to example forms of Schedule 
of Baselines (for each of Excavation 
and Lining), Completion Schedule and 
Schedule of Contractor’s Key Equipment.

DISPuTE AVOIDANCE AND 
rESOLuTION PrOVISIONS
The Emerald Book has left the FIDIC 
Second Edition 2017 dispute avoidance 
and resolution provisions untouched. 
These provisions are described in an 
article published in the January/February 
2018 edition of Civil Engineering16.

This article also dealt in some detail 
with the dispute avoidance context in 
which the DB operates and the enhance-
ments in the FIDIC Second Edition 2017 
which extend the FIDIC 1999 dispute 
avoidance provisions. The principles 
and mechanisms introduced in the 
Emerald Book further contribute to and 
significantly enhance the existing dispute 
avoidance provisions, in particular as to 
underground works.

SuMMArY AND OBSErVATIONS
It is stated that the GCC for Underground 
Works are based on the principles of 
fairness, and thus a balanced risk al-
location between the Contractor and 
the Employer. To this end each risk of 

foreseeable subsurface physical conditions 
is to be allocated in the GBR to the Party 
that is best positioned to control it, which 
leads to more effective risk control. It is 
argued that transparent and equitable 
allocation of ground-related risks leads to 
more competitive tenders and lower cost 
of the Works.

The Emerald Book approach signifi-
cantly improves certainty in the Contract, 
and thus enhances the dispute avoidance 
nature and character of the General 
Conditions.

The author is of the view that the 
principles and mechanisms embodied 
in the GCC would require further 
provisions, possibly substantial, in the 
Employer’s Requirements for successful 
 implementation. 

END NOTES
1 International Federation of Consulting 

Engineers.
2 FIDIC in a joint endeavour with the 

ITA-AITES, 2019. Conditions of Contract 
for Underground Works Designed 
by the Contractor According to the 
Reference Design by the Employer and the 
Geotechnical Baseline Report, First Edition.

3 International Tunnelling and Underground 
Space Association – Association 
Internationale Des Tunnels et de L’Espace 
Souterrain.

4 Three members from FIDIC, four members 
from ITA-AITES and a FIDIC Contracts 
Committee tutor and liaison.

5 FIDIC 2017. Conditions of Contract for 
Plant and Design-Build for Electrical & 
Mechanical Plant, and for Building and 
Engineering Works, Designed by the 
Contractor, Second Edition.

6 Known in the Second Edition 2017 books as 
DAAB or Dispute Avoidance / Adjudication 
Board.

7 Van Langelaar, A 2018. Dispute Boards – 
the New FIDIC Second Edition 2017 DB 
Provisions, Civil Engineering, 26(1): 20–27

8 ITA – Working Group 3 Contractual 
Practices, 2011. The ITA Contractual 

Framework Checklist for Subsurface 
Construction Contracts.

9 Walker, A 2019. FIDIC launches major new 
contract for tunnelling and underground 
works, Infrastructure Intelligence (http://
www.infrastructure-intelligence.
com/article/may-2019/fidic-launches-
major-new-contract-tunnelling-and-
underground-works).

10 Refer to SC 1.1.101 “Unforeseeable”.
11 It is arguable whether SC 20.2.4 is the 

correct clause for the provision.
12 In a geotechnical reporting context, but it 

is actually more, see further below.
13 The clause reference should be to SC 4.25.
14 Not apparent in the GCC.
15 Not apparent in the GCC.
16 Van Langelaar, A 2018. Dispute Boards – 

the New FIDIC Second Edition 2017 DB 
Provisions, Civil Engineering, 26(1): 20–27.
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New SAICE Fellows
ThE GrADE OF SAICE FELLOW EXPLAINED
A Fellow is a Corporate Member of SAICE who has achieved ap-
propriate recognition in the civil engineering profession and/or in 
the Institution, having significantly contributed to the profession, 
displaying substantial responsibility and initiative in the practice 
of civil engineering, and who has considerable professional expe-
rience. This membership category presently comprises less than 
5% of SAICE’s paying members. A nominee is usually proposed 
for this honour by a SAICE Branch or Technical Division on the 

appropriate application form, and the nomination has to be sup-
ported by three Corporate Members, at least one of whom must 
be a Fellow. Nominations are considered by the SAICE College 
of Fellows, who comprises the current President, President 
Elect, Immediate Past President and two recent Past Presidents. 
Approved nominees are recommended to the Executive Board for 
confirmation and thereafter they are notified by letter from the 
Chief Executive Officer. They may then proudly display FSAICE 
behind their names.

hAROLD BAssOn PrEng holds a BEng in Civil Engineering from Stellenbosch University. Since 
January 2018 he has been Director of Technical Services in the Hessequa Municipality in the Western 
Cape Province. He has also been very involved in the Institute of Municipal Engineering of Southern 
Africa (IMESA), having been a member of IMESA’s Executive Committee and its Council, as well as 
the Chairman of IMESA’s Southern Cape/Karoo Branch. He is now a Corporate Member of IMESA. He 
started his career in Paarl with the Department of Transport, then moved to George where he worked 
for Geustyn Forsyth and Joubert Consulting Engineers, and then moved on to the George Municipality 
where he became Director: Civil Engineering Services.

eRROL BRAiThWAiTe PrEng is a graduate of the University of Natal, and is experienced in both the 
consulting and contracting environments. He has worked on projects in Europe, North America, the 
Middle East, Asia and Africa. These have included large infrastructure projects, as well as buildings, 
tunnels, marine structures and dams. After fulfilling the role of Technical Executive in the Concession 
Company contracted to design, build, operate and maintain the Gautrain Rapid Rail Link in South 
Africa, Errol joined Franki Africa, a specialist geotechnical contractor, where he is now the Managing 
Director.

DuTLiFF BReDenkAMP PrEng has a BSc in Civil Engineering from the University of Pretoria and a 
Diploma in Business Accounting from RAU (today the University of Johannesburg). He started working 
with the South African Railways & Harbours (today Transnet) and then moved to Total SA as a main-
tenance engineer before joining a small civil and structural consultancy as a partner. Later he started 
his own company, C3 Consultants (Construction Coordinating Consultants) with offices in Pretoria, 
Kempton Park and Gaborone, Botswana. He then returned to rail as the specialist discipline that had 
always been close to his heart, and is now MD of R&H Railway Consultants. Dutliff is passionate about 
the development and training of young engineers and, in particular, drives a structured programme 
within R&H to include individuals from previously disadvantaged communities.

BenTi CzAnik PrEng holds a BEng from Stellenbosch University, and a BSc in Computer Science from 
UNISA. He started his career with consultants, specialising after seven years in specification writing and 
tender documents. In 2009 he joined SSI Consultants as a construction procurement specialist where 
he became a trained Quality Management Auditor and ISO Management Representative. With more 
than 39 years of engineering experience, he currently serves on two CESA committees and on the SABS 
committees revising the National Building Regulations and SANS 2001. He is the chairperson of the 
SAICE PMCD Contractual Affairs Subcommittee and coordinates responses to contractual queries from 
the public received by SAICE. Benti has co-developed and co-presents the official four SAICE CPD training 
seminars on contracts. He is an Associate Member of the Association of Arbitrators (Southern Africa).

SA I CE  A N D  PR O FE SSI O NA L  N E W S
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ViCTOR De ABReu PrEng holds a BSc and MSc in Civil Engineering from the University of the 
Witwatersrand and has more than 29 years of experience in the traffic and transport planning field. He 
has worked in both the private and public sectors (at municipal and provincial level) in South Africa 
and had international exposure in the UK where he worked as a consultant. Apart from traffic and 
transport engineering, he has experience in roads and stormwater management and design. Rail, event 
planning and the effect of the 4th Industrial Revolution on transport are his other interest areas. He has 
held senior management positions in medium and large consultancy environments, and has served in a 
voluntary capacity in SAICE, as well as at board level in the education sector.

PROF kOBus Du PLessis PrEng has more than 32 years of experience in the field of water engineering. 
Over the years he worked for the Department of Water and Sanitation, the Department of Agriculture and 
the City of Cape Town. He served as the Director: Water Supply in the West Coast District Municipality for 
seven years before joining the University of Stellenbosch in 2003. He is at present a Professor in Hydrology 
and Environmental Engineering in the Civil Engineering Department and is a former Head of the 
Department. He specialises in water resource evaluations and flood hydrology, and provides institutional 
support to local authorities. Kobus serves as an Executive Committee member on the Board of IMESA. He 
also serves on SAICE’s Education and Training Panel, and on the Editorial Panel of the SAICE Journal.

zeenAT ghOOR PrEng holds a BSc in Civil Engineering from the University of Cape Town. Her early 
work experience ranged from being in a large corporate, to working in smaller firms. Her main experi-
ence has been in the design of buildings, bridges and various civil works associated with developments. 
Eight years of formal employment gave her the exposure and confidence to take the plunge at starting her 
own consulting engineering and collaborative consulting business. Aspire Consulting Engineers is now 
celebrating its fifth year of operation and has a diverse client base that truly reflects the economic growth 
of our country.

ReFiLWe LesuFi PrEng holds a BSc and an MSc in Civil Engineering from the University of the 
Witwatersrand. She has Certificates in Managing Labour-Intensive Construction Projects, Facilities 
Management and Project Management. After working for Eskom, PDNA, NBHRC and various private 
companies for some time, in 2011 Refilwe founded Prana Consulting, a Johannesburg-based geotechnical 
engineering, civil engineering, and water and sanitation company. She has created value to South African 
communities through her engineering work for the private sector, municipalities and provincial govern-
ment. She also contributes towards training and skills development through Prana’s Corporate Social 
Investment initiatives geared towards underprivileged and underserved communities.

MAhenDRen MAniCuM PrTechEng is an expert in designing and executing transformational engi-
neering programmes that maximise socioeconomic impact. He is very enthusiastic about innovation 
in engineering, constantly encouraging clients and staff to embrace new technologies. He serves on the 
SABITA Technical Development Focal Committee, working on the use of BSM, EME, reclaimed asphalt 
mixes, bitumen-rubber asphalt and warm-mix asphalt technologies. Despite difficult economic times, as 
Managing Director he has grown Naidu Consulting to a staff complement of over 180 people. Mahendren 
was recognised as SAICE Technologist of the Year in 2013 and received the SABITA Excellence in Asphalt 
Technology of the Year Award in the same year. Naidu Consulting has won numerous SAICE and CESA 
National Awards for Innovation in Civil Engineering.

FRieDRiCh sLABBeRT PrEng started his career with the former Transvaal Roads Department 
where he played a major role in developing their Pavement Management System which led to the 
publication of TMH 9 and TRH 22. Later he joined UWP Consulting as a road materials engineer, 
becoming a director in 1997. His experience led to water services planning for rural development and 
he helped to develop the DWA’s National Water Services Information System. He also facilitated the 
development of a Memorandum of Understanding between the platinum mines and municipalities in 
North West Province. Since retirement he has continued providing consultancy services. In 2015 he 
co-founded Sciendum Academy which was involved with developing a curriculum for a Post-graduate 
Diploma in Transport for non-engineers through the NWU. He serves on SAICE’s Transportation 
Engineering Division Committee, and assists SAICE’s PDP with the mentoring of candidates towards 
professional registration.
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TOny sOuThWOOD PrEng CEng graduated from the University of Surrey. He commenced his career 
in the UK with British Rail Research before joining Mott MacDonald in 1987. He relocated to South 
Africa in 2006 and is currently a freelance engineer. As a designer his focus has been on rail and tunnel 
projects. Lately he has specialised in engineering management and cross-disciplinary integration. Tony’s 
project experience includes the Channel Tunnel, Heathrow Express and its extension to Heathrow 
Terminal 5, various subsurface extensions of the London Underground rail network and the Phase 1 
upgrade of the Sishen-Saldana Iron Ore Line.

PROF eLizABeTh TheROn PrTechEng (PhD) started her career at V3 Consulting Engineers as a 
draughter. During her studies she received the SAICE Merit Certificate for Best Technician in Training and 
the Ninham Shand Merit Award for best academic achievement (nationally) in her final year. She is cur-
rently Assistant Professor at the Central University of Technology (CUT) in the Free State. In 2004 she re-
ceived the Prestigious Vice-Chancellor Award (Gold) for her contributions in the academic field. She is the 
author of numerous peer-reviewed conference and journal papers. The JE Jennings award was presented to 
her in 2017, and in 2018 with co-author Philip Stott. She currently manages the Soil Mechanics Research 
Group at CUT, focusing on the advancement of expansive clays in all fields of soil mechanics.

DR MiCheLLe TheROn PrEng is a geotechnical engineer and founding member of Geotechnical 
Analysis Group cc. She obtained her BSc in Civil Engineering and her MSc in Geotechnical Engineering 
at the University of Pretoria. She then proceeded to obtain her Doctorate at the University of 
Southampton, UK. She specialises in geotechnical engineering, tailings and earth dams, and has been 
involved with work on tailings dams since 2000. This has included geotechnical investigations, nu-
merical modelling (finite element analyses coupled with consolidation, limit state equilibrium analyses, 
liquefaction potential and stability analyses under dynamic and static loading conditions). Michelle has 
been intimately involved with SAICE’s Geotechnical Division of which she was formerly the chairperson, 
and has organised several short courses and conferences. She also served on the Editorial Panel of the 
SAICE Magazine for several years. She is the mother of two talented children, Michaela and Sebastian.

PROF giDeOn VAn zijL PrEng (DEng) has been Professor of Structural Engineering at Stellenbosch 
University since 2001. His research interests are structural and computational mechanics, structural 
durability and retrofitting, façade structural engineering and, recently, 3D printed concrete. Concurrently, 
structural design guidelines for cement-based construction materials are being developed in his research 
group, the Centre for Development of Sustainable Infrastructure (CDSI).

PROF MARiAnne VAnDeRsChuRen joined UCT in 2000 from the Institute for Infrastructure, 
Transport and Regional Development of the Netherlands Organisation for Applied Scientific Research 
(sister organisation of the CSIR), where she was a senior researcher and project leader of various large 
national (Dutch) and international (European Union) projects from 1995. Her research interests focus 
on road safety and sustainability, including the reduction of energy dependency for freight and pas-
senger transport. She investigates the transferability of “developed world” knowledge to South Africa 
and surrounding countries. Marianne serves as a reviewer for various research institutions/universities 
and is a member of the Editorial Board of two international transport journals. She co-authored the 
South African Non-Motorised Transport Facility Guidelines and co-edited a book on Non-Motorised 
Transport Integration into Urban Transport Planning in Africa.

PROF CeLesTe ViLjOen PrEng heads the Division of Structural Engineering and Civil Engineering 
Informatics at Stellenbosch University. Her research considers structural risk and reliability, including 
the assessment of various structural standard provisions in reinforced concrete design, steel design 
and loading. She has supervised many postgraduate students to completion and authored more than 50 
published papers. She is widely involved in structural standardisation, being a member of various SABS 
Technical Committees, Convenor of the SANS 10100-3 Working Group, a member of the Working Group 
for the Revision of ISO 13824, and a member of the International Joint Committee on Structural Safety.
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At the 2019 SAICE Annual General Meeting, 
held on 30 April, SAICE’s Chief Operating 
Officer (and currently Acting CEO), Steven 
Kaplan, was awarded the coveted SAICE 
President’s Award for his invaluable contribu-
tion to the Institution since he joined the 
SAICE Head Office staff in April 2013. The 
award is made by SAICE’s Immediate Past 
President, in this instance Errol Kerst, at the 
Institution’s Annual General Meeting, which 
is usually held in April. 

Steven Kaplan receives 
SAICE President’s Award

Steven Kaplan, left, receiving the President’s 
Award from 2018 President Errol Kerst

PROF jAn WiuM PrEng is the Chair of the Department of Civil Engineering at Stellenbosch University. 
He qualified as a civil engineer from the University of Pretoria and obtained a PhD from the Swiss 
Federal Institute of Technology in Lausanne. He worked as a structural engineering consultant for 20 
years before joining Stellenbosch University in 2003. He leads a research group in construction engi-
neering and management, and focuses on constructability, modern technology and construction risk. He 
also serves on the Editorial Panel of the SAICE Journal.

 

 
hereby certifies that 

 

Steven Kaplan 
 

was honoured with the  
 

President’s Award 
 

for his invaluable contribution to the Institution 

30 April 2019 
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In accordance with Clause 4.2 of the Constitution, the following 
Office Bearers have been elected for 2020:

President Mr F Marutla

President-Elect Mr V Krishandutt

Vice-President Mr E Chinnappen

Vice-President Prof M Vanderschuren

Vice-President Mr A Clothier

In terms of Clause 4.2.4 of the Constitution, the following 
person is ipso facto a member of the Council for 2020:

Immediate Past-President Mr B Downie

Nomination of Council members in accordance with 
the SAICE Constitution and By-laws
In terms of Clauses 4.6 and 4.6.1 of the Constitution and Clauses 
2.1 and 2.1.1 of the By-laws:

 N Nominated candidates have to be Corporate Members of 
SAICE.

 N Elected members will serve for two years.
 N The number of Council members will be 16, eight of whom 

will be nominated and elected annually in terms of By-laws 2.1 
and 2.1.1, which state:

 N Calls for nominations for election to Council will be done 
annually by means of a notice in the SAICE magazine and 
by electronic mail to all Corporate Members.

 N Such nominations shall be signed by the nominee, then 
proposed and seconded by two Corporate Members using 
the standard nomination form.

Nominations for election to Council must be accompanied by a 
Curriculum Vitae of the nominee, not exceeding 75 words. The 
format of the Curriculum Vitae is described in Sections A and 
B below.

According to a 2004 Council resolution, candidates are requested 
to also submit a Focus Statement (please see Section C below in 
this regard).

 N Section A: (Curriculum Vitae)
 Information concerning the nominee’s contribution to the 
Institution.

 N Section B: (Curriculum Vitae)
 Information concerning the nominee’s career, with special 
reference to civil engineering positions held, etc.

 N Section C: (Focus Statement)
 A brief statement of what the nominee intends to promote / 
achieve / stand for / introduce / contribute, or his/her pre-
ferred area of interest.

Closing date for nominations: 31 July 2019
The acceptable transmission formats are e-mail, fax and ordinary 
surface mail.

Please note: Nominations received without an attached 
Curriculum Vitae will NOT be considered.

If more than 16 nominees (four of whom must be under 36 years of 
age, only turning 36 in 2021 or later) are received, a ballot will have 
to be held. In the event of such a ballot, the Curriculum Vitae and 
Focus Statement will accompany the ballot form. If a ballot is to be 
held, the closing date for the ballot will be 31 August 2019. Notice 
of such a ballot will be sent out using two formats, namely:

 N By e-mail to those Corporate Members whose electronic ad-
dresses appear on the SAICE database, or

 N By normal surface mail to those Corporate Members who 
have not informed SAICE of their e-mail addresses.

All nominations and ballots will be treated with due respect and 
confidentiality.

s kaplan Pr eng

Acting Chief Executive Office
South African Institution of Civil Engineering
April 2019

TO ALL SAICE CORPORATE MEMBERS 
NOMINATIONS FOr ELECTION OF SAICE 2020 COuNCIL
Call for nominations to elect the SAICE 2020 Council in terms of Clauses 4.2 and 4.6 of the SAICE Constitution



Civil Engineering June 2019 59

NO
M

IN
AT

IO
N 

FO
rM

 20
20

12
 Co

rp
or

ate
 M

em
be

rs
SU

RN
AM

E
FIR

ST
 N

AM
ES

PR
OP

OS
ER

 (C
or

po
ra

te
 M

em
be

r)
SE

CO
ND

ER
 (C

or
po

ra
te

 M
em

be
r)

SIG
NA

TU
RE

 
OF

 N
OM

IN
EE

 
(Co

rp
or

at
e M

em
be

r)
Sig

na
tu

re
Na

m
e i

n b
loc

k l
et

te
rs

Sig
na

tu
re

Na
m

e i
n b

loc
k l

et
te

rs

4 U
nd

er
 36

 M
em

be
rs 

(sh
ou

ld 
on

ly 
tu

rn
 36

 in
 20

21
 or

 la
te

r)
SU

RN
AM

E
FIR

ST
 N

AM
ES

PR
OP

OS
ER

 (C
or

po
ra

te
 M

em
be

r)
SE

CO
ND

ER
 (C

or
po

ra
te

 M
em

be
r)

SIG
NA

TU
RE

 
OF

 N
OM

IN
EE

 
(Co

rp
or

at
e M

em
be

r)
Sig

na
tu

re
Na

m
e i

n b
loc

k l
et

te
rs

Sig
na

tu
re

Na
m

e i
n b

loc
k l

et
te

rs

Pl
ea

se
 fa

x,
 e

-m
ai

l o
r p

os
t t

hi
s f

or
m

, p
lu

s t
he

 C
V 

of
 th

e 
no

m
in

ee
, t

o 
sA

iC
e 

n
at

io
na

l O
ffi

ce
, f

or
 a

tt
en

ti
on

 M
em

or
y 

sc
he

ep
er

s,
 b

y 
31

 ju
ly

 2
01

9 
Fa

x:
 0

11
 8

05
 5

97
1 

| 
e

M
ai

l: 
m

em
or

y@
sa

ic
e.

or
g.

za
 |

 P
os

ta
l a

dd
re

ss
: P

ri
va

te
 B

ag
 x

20
0,

 h
al

fw
ay

 h
ou

se
, 1

68
5



60 June 2019 Civil Engineering

Course name Course Dates Location CPD Accreditation 
number Course Presenter Contact

Adjudication and Arbitration: How to 
deal with Challenges to Jurisdiction

11 July 2019 Midrand SAICEcon18/02268/21 
Credits: 1
SACPCMP/CPD/18/009 
5 Hours

Hubert Thompson dawn@saice.org.za
24 July 2019 Cape Town

General Conditions of Contract 
for Construction Works (Simplified 
Form) – First Edition (2018) 
SGCC (2018)

22 July 2019 Durban SAICEcon18/02270/21 
Credits: 1
SACPCMP/CPD/18/030 
6 Hours

Benti Czanik cheryl-lee@saice.org.za
2 September 2019 Midrand

General Conditions of Subcontract 
for Construction Works – First Edition 
(2018) GCSC 2018

16 August 2019 Port Elizabeth

SAICEcon18/02254/21 
Credits: 1
SACPCMP/CPD/18/032 
6 Hours

Benti Czanik dawn@saice.org.za

 SAICE Suite of General Conditions of 
Contract: GCC 2015, SGCC 2018 and 
GCCSF 2018

15–16 July 2019 Polokwane
SAICEcon19/02451/22 
Credits: 2
SACPCMP/CPD/19/016
12 Hours

Benti Czanik dawn@saice.org.za
5–6 August 2019 Pretoria

27–28 August 2019 Upington

12–13 September 2019 Midrand

Introduction to the SAICE General 
Conditions of Contract for 
Construction Works Third Edition 
(2015)

18 July 2019 Port Elizabeth SAICEcon19/02450/22 
Credits: 1
SACPCMP/CPD/19/017
6 Hours

Benti Czanik cheryl-lee@saice.org.za29 July 2019 Bloemfontein

8 August 2019 Durban

Project Management of Construction 
Projects

9–10 July 2019 Midrand SAICEcon18/02375/21
Credits: 2 Neville Gurry cheryl-lee@saice.org.za

6–7 August 2019 Cape Town

Structural Steel Design to 
SANS 10162-1-2005

10 September 2019 Bloemfontein SAICEstr18/02396/21
Credits: 1 Greg Parrott cheryl-lee@saice.org.za

22 October 2019 Midrand

Reinforced Concrete Design to 
SANS 10100-1-2000

11 September 2019 Bloemfontein SAICEstr18/02395/21
Credits: 1 Greg Parrott cheryl-lee@saice.org.za

23 October 2019 Midrand

Practical Geometric Design 11–15 November 2019 Midrand SAICEtr16/01954/19
Credits: 5 Tom Mckune dawn@saice.org.za

Leadership and Management 
Principles and Practice in Engineering 20–21 November 2019 Midrand SAICEbus18/02428/21

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

Leadership and Project Management 
in Engineering

14–15 August 2019 Cape Town SAICEbus16/01950/19
Credits: 2 David Ramsay dawn@saice.org.za

4–5 September 2019 Durban

Water Law of South Africa
30–31 July 2019 Midrand SAICEwat16/01955/19

Credits: 2 Hubert Thompson dawn@saice.org.za
3–4 September 2019 Cape Town

The Legal Process dealing with 
Construction Disputes

16–17 July 2019 Bloemfontein SAICEcon16/01956/19
Credits: 2
SACPCMP/CPD/15/010/RV
12 Hours

Hubert Thompson dawn@saice.org.za10–11 September 2019 Midrand

8–9 October 2019 Cape Town 

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

6–8 November 2019 Midrand SAICEcon19/02447/22
Credits: 3 Prof Zvi Borowitsh dawn@saice.org.za

Legal Liability Occupational Health 
and Safety Act (OHSA)

29 July 2019 Port Elizabeth

SAICEcon17/02038/20
Credits: 1 Cecil Townsend Naude dawn@saice.org.za

19 August 2019 Polokwane

16 September 2019 Bloemfontein

10 October 2019 George

Construction Regulations from a 
Legal Perspective

30–31 July 2019 Port Elizabeth
SAICEcon17/02037/20
Credits: 2 Cecil Townsend Naude cheryl-lee@saice.org.za20–21 August 2019 Polokwane

17–18 September 2019 Bloemfontein

Principles and Practices of Facility
Management for Engineers

TBC TBC
SAICEbus17/02042/20
Credits: 2

Wynand Dreyer
Lwandiso Mgwetyana
Shane Verster

dawn@saice.org.za

Legal Liability Mine Health and Safety 
Act (MHSA): Act 29 of 1996

1–2 August 2019 Port Elizabeth
SAICEcon18/02359/21
Credits: 2 Cecil Townsend Naude dawn@saice.org.za22–23 August 2019 Polokwane

19–20 September 2019 Bloemfontein

Report Writing for Individuals and 
Teams

2–3 September 2019 Cape Town SAICEbus19/02456/22
Credits: 2

Elaine Matchett dawn@saice.org.za
7–8 October 2019 Midrand

Presenting Skills for Technical Types
4–5 September 2019 Cape Town SAICEbus19/02457/22

Credits: 2
Elaine Matchett cheryl-lee@saice.org

9–10 October 2019 Midrand

sAiCe Training Calendar 2019
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sAiCe Training Calendar 2019
Course name Course Dates Location CPD Accreditation 

number Course Presenter Contact

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

17 September 2019 Cape Town SAICEwat17/02197/20 
Credits: 1

Chris Brooker 
Onno Fortuin 
Robert Fortuin

Meghan Korman
meghan@chiwater.com15 October 2019 Johannesburg

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

17–18 September 2019 Cape Town SAICEwat17/02198/20 
Credits: 2

Chris Brooker 
Onno Fortuin 
Robert Fortuin

Meghan Korman
meghan@chiwater.com15–16 October 2019 Johannesburg

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

17–19 September 2019 Cape Town SAICEwat17/02199/20 
Credits: 3

Chris Brooker 
Onno Fortuin 
Robert Fortuin

Meghan Korman
meghan@chiwater.com15–17 October 2019 Johannesburg

sAiCe / south African Road Federation (sARF)
Concrete Road Design & 
Construction

17 July 2019 Cape Town
SAICEtr19/02472/22
Credits: 1

B Perrie                         
Dr P Strauss

sybul@sarf.org.za  
tshidi@sarf.org.za21 August 2019 Durban

17 September 2019 Midrand

sAiCe / Classic seminars
Project Management Foundations

9–11 July 2019 Midrand SAICEproj18/02374/21
Credits: 3

Susan Russell
Martin Bundred
Elridge Ntini

admin@classic-sa.co.za
14–16 October 2019 Midrand

Earned Value Management
07 November 2019 Midrand SAICEproj18/02259/21

Credits: 1
Philip Russell
Andrew Holden admin@classic-sa.co.za

14 November 2019 Durban

Advanced Project Risk Management

22–23 July 2019 Durban

SAICEproj18/02360/21
Credits: 2

Elmar Roberg admin@classic-sa.co.za
12–13 August 2019 Midrand

18–19 November 2019 Midrand

21–22 November 2019 Durban

sAiCe / Candidate Academy

Road to Registration for Candidates

29 August 2019 Bloemfontein
CESA-1579-04/2022
Credits: 1

Stewart Gibson
lizelle@ally.co.za
dawn@saice.org.za12 September 2019 Durban Allyson Lawless

19 September 2019 Midrand Stewart Gibson

Road to Registration for Mature 
Candidates

20 August 2019 Midrand
CESA-948-11/2019
Credits: 1

Stewart Gibson
lizelle@ally.co.za
dawn@saice.org.za12 November 2019 Durban Peter Coetzee

26 November 2019 Midrand Peter Coetzee

Road to Registration for Mentors, 
Supervisors and HR Practitioners 3 September 2019 Cape Town CESA-1580-04/2022

Credits: 1 Allyson Lawless lizelle@ally.co.za
dawn@saice.org.za

Getting Acquainted with GCC2015 14–15 October 2019 Durban CESA-1575-04/2022
Credits: 2 Theuns Eloff lizelle@ally.co.za

dawn@saice.org.za

Getting Acquainted with 
Geosynthetics in Soil Reinforcement

15–16 July 2019 Durban SAICEgeo18/02216/21
Credits: 2 Edoardo Zannoni lizelle@ally.co.za

dawn@saice.org.za3–4 October 2019 Cape Town

Getting Acquainted with Road 
Construction and Maintenance 26–27 August 2019 Bloemfontein CESA-1576-04/2022

Credits: 2 Theuns Eloff lizelle@ally.co.za
dawn@saice.org.za

Getting Acquainted with Sewer 
Design

9–10 July 2019 Midrand
CESA-1577-04/2022
Credits: 2 Peter Coetzee lizelle@ally.co.za

dawn@saice.org.za8–9 October 2019 Durban

19–20 November 2019 Cape Town

Getting Acquainted with Water 
Resource Management

22–23 August 2019 Midrand SAICEwat18/02328/21
Credits: 2 Stephen Mallory lizelle@ally.co.za

dawn@saice.org.za16–17 September 2019 Durban

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

9–10 September 2019 Bloemfontein CESA-1578-04/2022
Credits: 2 DuP van Renen lizelle@ally.co.za

dawn@saice.org.za24–25 October 2019 Cape Town

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@ally.co.za) on 011 476 4100.

sAiCe / Computational hydraulics int (Chi) 
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www.kaytech.co.za

Protecting the ground water

For more information on reducing excavation and landfi ll 
construction times and costs with geosynthetic clay liners, 
visit kaytech.co.za or contact marketing@kaytech.co.za

Build a barrier that provides effective containment of landfi ll waste and protect the environment.

The EnviroFix composite geosynthetic clay liner system has remarkable internal shear strength, low 
permeability and consistent high quality performance, making it the ideal liner for ash dumps, landfi lls 
and caps, tank impoundments and industrial ponds.

• Replace or reduce thick, compacted clay layers
• Achieve stability on steep slopes
• Reduce construction times and costs
• Increase landfi ll containment volume

Decades of Protection
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