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Ebola
F R O M  T H E  C E O ’ S  D E S K

GAIA IS GROANING and the world 

is going mal. Planes are falling out the 

sky, the usually quiet earth has begun to 

grumble, the sea is swallowing people up 

in their thousands, men are slaughtering 

children, brotherly friction continues to 

feudal proportions, and amidst the savan-

nahs of this lunacy, a deadly viral infec-

tion inconspicuously postures itself to 

pounce upon humanity for the fi nal fatal 

fi nish. And to these calamities, the unaf-

fected are seduced to indiff erence. 

I was fl abbergasted to learn that 

South Africa’s Departments of Travel 

and Tourism, Health and International 

Relations are yet to create a strategy, 

let alone implement an action plan, to 

prevent the Ebola virus from entering 

South Africa. Port Health facilities at 

points of entry across our borders do not 

proactively investigate for contaminated 

carriers. When quizzed about how they 

identify infected passengers, offi  cials said 

they rely on the honesty of passengers to 

declare their medical condition on port 

entry forms.

CESA, which has the vested interest of 

consultants at heart, reported in 2010 that 

there was a migration of engineers from 

the public sector to the private sector, 

mainly into consulting engineering. From 

1990 to 2010, the ratio of government 

technical professionals to population 

declined from 1:2 700 to 1:27 000, while 

the number of employees in consulting 

increased from 12 000 to 21 000. It is 

common knowledge that as a result, the 

public sector has become an uninformed 

and incompetent client, and this is the 

main reason for inadequate service 

delivery and deterioration in public engi-

neering infrastructure. But we have long 

harassed the public sector over this, and 

the situation is improving. I would like to 

believe the private sector, too, is mature 

enough to examine itself with honest in-

trospection and compunction, to improve. 

South Africa has produced some of 

the fi nest engineering consultancy com-

panies in the world. Our consultants do 

sterling work in providing world-class and 

professional service to our clients both 

in South Africa and abroad. I respect, 

honour and acknowledge these companies 

for their excellence, innovation and eth-

ical standpoint in engineering despite the 

severe challenges we face in the industry. 

But herewith my hypothesis – given 

that our economic paradigm is based on 

an exploitative capitalist system, whose 

measure is currency and commercial ben-

efi t (as opposed to the sustainable utilisa-

tion and availability of natural resources 

and co-existentialism), I put it to you that 

it is in the interest of consultants to have 

an unknowledgeable and weak client. 

Simply, the main purpose of consultants 

is to make money for shareholders – it is 

therefore in the consultant’s interest to 

have an unenlightened client. 

If I am wrong, how would we explain 

projects awarded to some consultants for 

several million rands, but as the assign-

ments unfold, fees escalate to double or 

triple the original fee proposal? I would 

also like to understand why selected con-

sultants are unhappy about tendering, but 

with the brain power of the 21 000+ engi-

neering professionals behind CESA, to-

gether with the support of organised civil 

societies like SAICE, SAFCEC, SABTACO 

and other similar interested and aff ected 

parties, we are unable to put forward, in 

solidarity, a suitable, practical and ac-

ceptable alternative despite the Civilution 

movement and the Civilution Forum? 

I would also like to learn why certain 

consulting companies see the need to 

have politically connected individuals 

who know little about engineering or 

the engineering business, sitting on their 

boards. And while we’re at it, explain why 

the training of graduate engineers and 

achieving transformation is so sluggish in 

the private sector. 

While we continue to engage the 

client to professionalise, the private 

sector should continue to do the same. 

Engineering consultants, by virtue of 

being engineers, and civil engineers in 

particular, should zealously seek to main-

tain the tenets, traditions and culture of 

this glorious profession, and not relax 

on the doctrines of ethics, justice and 

servant-hood, for I cannot imagine a more 

rewarding and honourable career than to 

be a civil engineer in South Africa in such 

a time as this. 

Th e outbreak of the Ebola virus is 

locally yet to happen and South African 

medical professionals believe there is 

suffi  cient time to prevent its entry into 

South Africa. Th us, there is still time 

before this deadly virus takes on plague 

proportions. We need to transparently 

and publicly make every eff ort to squash 

its venomous intrusions before it starts 

to manifest in our society and dominate 

the history of the modern Roman cal-

endar for South Africa. 
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Upgrading of National Route 7 

between the Melkbos and Atlantis 

intersections in Cape Town is on 

track. AfriSam is supplying 650 000 

tons of layer works material and 

750 000 tons of overburden during 

the project period, and 15 000 m3 

of readymix concrete for bridge 

construction at the two interchanges.               
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Very seldom has the death of anyone 

grabbed the soul of a nation the way 

the untimely and horrifi c death of 

Taegrin Morris did! Th e South African 

Institution of Civil Engineering (SAICE) 

expresses its deepest sympathy and 

horror at what has happened.

Why would SAICE, a civil engineering 

institution, do so openly and without hesi-

tation? Firstly, because many of SAICE’s 

members are fathers, mothers and grand-

parents to little ones the age of Taegrin. 

Secondly, because civil engineering practi-

tioners always try to fi nd solutions in order 

to improve the quality of people’s lives. 

And lastly, because South Africa is still 

losing this priority scarce skill as a result of 

the crime situation in our country.

Where is the link? 

It was interesting to listen to Lynette 

Francis’ talk show Praat saam on RSG 

radio station (100 to 104 FM) on Tuesday 

22 July 2014. It was evident that every 

single person who phoned in was shocked 

to the core. Community members from 

Reiger Park on the East Rand, and others 

from as far as the West Coast, expressed 

their sympathy and the feeling of helpless-

ness in the face of such a tragedy.

Gregory Fish, principal of the Reiger 

Park Secondary School, voiced many peo-

ple’s pleas when he said: “When is enough 

enough? When is ENOUGH enough?!” 

It resounded with the 1 000 or so people 

who gathered in solidarity with the family 

in Reiger Park. Fish stated that it was their 

own community who had done this deed; 

that the culprits were walking amongst 

them; that they knew the people!

Hein April, a community leader who 

initiated the gathering, in a passionate 

outcry said that the bigger issues of rape 

and women/children battering in the 

community should receive attention. He 

implored the community to start talking 

about what is happening, as they KNOW 

what is happening, and where! If people 

do not talk about these issues and do 

not care about what is happening next 

door, crime will continue! Communities 

in South Africa are united in a massive 

outcry of distress against crime and 

everything associated with it, even the 

unforeseen consequences of what these 

criminals may have thought would be a 

‘straight-forward’ hi-jacking! Th is state-

ment alone is an indication of the slippery 

moral slope that our society has reached.

It is a known fact that young people 

are wandering the streets without aim 

or incentive to turn their lives to pro-

ductive ends. But how? If training pro-

grammes were rolled out where young 

people could become actively engaged 

in the South African economy, this dire 

situation could be reversed. But HOW? 

April mentioned that a strategic plan is 

needed, one where all stakeholders, in-

cluding government, should stop talking, 

and just DO the job! Street committees 

could identify individual problems, re-

port them and then act. In this way fes-

tering issues could be solved timeously. 

Communities must take ownership to 

eradicate issues which detrimentally af-

fect so many people. 

It has been said that civil 
engineering is the moral fi bre 
of society. Synonyms for “civil” 
encompass both the civilian 
community and civilised living. 
Civil engineering contributes 
meaningfully to both. The core 
phrase in Civilution is “civil”. 
In response to the shocking 
circumstances around the death 
of little Taegrin Morris, SAICE 
staff member Marie Ashpole 
puts matters into perspective. 

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

The killing of a small child and 
addressing skills issues

Marie Ashpole

SAICE Outreach Officer

marie@saice.org.za
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Can communities themselves make a 

diff erence? Pieter from the small town of 

Doringkraal on the West Coast phoned 

in to explain how they eff ect orderliness 

and peace. Th eir community forum works 

alongside the police forum. Th ey have 

a multi-stakeholder forum in dialogue 

on everything that happens in this area. 

Should anything untoward occur, a door-

to-door initiative is launched to address 

issues immediately. If this is not done, 

people lose their humanity. Readers may 

say that this can only happen in a small 

place, but is a big place not just a combi-

nation of many small places?

Th e shocking estimate that between 

30% and 40% of all learners entering 

Grade 1 fall out of the system and never 

reach Grade 8 (high school), is distressing. 

Th ese are the young people wandering 

the streets aimlessly, and about whom the 

communities are concerned. Th ey are in 

this situation because:

 ■ Th ey have already failed grades (often 

two or three times).

 ■ Th ey cannot read and write.

 ■ Th ey cannot do maths/arithmetic.

 ■ Schools are not equipped with enough 

remedial educators to cope with the 

numbers.

 ■ All special schools, where these learners 

should go, are always full with waiting 

lists of two or more years.

 ■ Primary schools do not or cannot assist 

in fi nding these learners help in the form 

of psychologists who can assess them.

South Africa cannot ignore this group. 

Nobody talks about them. Government 

programmes are aimed at those learners 

who have a matric or even Grade 10, but 

this aimless group is the forgotten genera-

tion. It is their time to be assisted, and 

it needs to be done now. Th e socio-eco-

nomic cost is too high if they are ignored. 

So, where does SAICE fi t into all of 

this? Th e civil engineering and construc-

tion industries have a vast number of ca-

reer options, and create job opportunities 

for unskilled people. However, for industry 

to play its role in this regard, the political 

will has to be there to roll out infrastruc-

ture development projects. And, very im-

portant, industry must be engaged at the 

outset of government’s planning initiatives. 

Mr Moe Shaik, at the 2014 

Infrastructure Africa Conference in 

Johannesburg, commented in Engineering 

News on 21 July 2014: “If we leave infra-

structure development to the politicians, 

we’ll have a world full of white elephants; 

if we leave it to the engineers, we’ll have 

a world no one can live in; and if we leave 

it to the fi nanciers, we’ll have a world no 

one can aff ord.” I do not agree with his 

sentiment on engineers. If he could rather 

assist in facilitating interaction between 

the SAICE structures and the Civilution 

Forum with the infrastructure depart-

ments at national, provincial and local 

government level, the engineering frater-

nity would grab such an opportunity to 

make our country a better place to live in! 

Repeatedly SAICE has implored 

government to make use of our members’ 

expertise in the planning and execution 

of projects. Th is is another plea to govern-

ment: We are here, we are willing and we 

are able to help government create jobs, 

thereby directly and indirectly contrib-

uting towards reducing criminal acts that 

destroy families and communities.  



SANRAL’S 30MONTH PROJECT to improve National Route 7 

between the Melkbos and Atlantis intersections in Cape Town is 

progressing on schedule towards completion in November 2014. Th e 

N7 connects the Western Cape to Namibia via the Vioolsdrif border 

post, carrying heavy traffi  c volumes that are increasing at a rate of 

3% annually. Th e section between the Melkbos and Atlantis intersec-

tions had become a notoriously high accident zone, and one of the 

main objectives of this project is to improve road safety in the area. 

Haw & Inglis, a South African construction company dedicated 

to road construction, is the main contractor on this R302 mil-

lion improvement project. Th e upgrade extends from the existing 

Melkbos intersection at MR (Main Road) 199 to the Atlantis inter-

section at the MR217/304 over a distance of 9.5 km, including the 

interchange ramps. Th e route traverses a relatively fl at topography 

with rolling terrain typical of the area, consisting mainly of cul-

tivated farmland interspersed with pockets of natural vegetation.

Th e improvements being carried out by Haw & Inglis comprise four 

main components:

 ■ Upgrading the existing at-grade intersection of the N7 and 

MR199 to a grade-separated interchange with ramp terminals

 ■ Upgrading the existing N7 single carriageway to a dual car-

riageway between the two interchanges (the road reserve is 

60 metres wide)

 ■ Upgrading the Atlantis at-grade intersection with MR217, also 

known as Route 304, to a grade-separated interchange with 

ramp terminals 

 ■ Closing off  and rerouting the existing minor road and property 

access to the N7 onto adjacent and new roads.

Th e free-fl ow interchanges follow a combined diamond and 

partial cloverleaf (parclo) design, which is a modifi cation of the 

typical cloverleaf interchange.  

At the Melkbos interchange, MR199 passes below the N7, 

which is being maintained at its current level to avoid disturbance 

of Eskom high-tension power lines running from the Koeberg 

nuclear power station. Th e on- and off -ramps bypass the pylons, 

and the vertical alignment accommodates the required clearance 

profi les. Several pylons in the area have also been protected by 

guardrail barriers.

Standard road-building techniques are being used, but there 

has been a departure from the conventional in the design of the 

interchange bridges by the AECOM Group. Instead of a founda-

tion underpinning a substantial abutment wall, there is an earth 

retaining wall with a very small abutment on top, which has 

ensured a shorter construction period. Reinforced Earth South 

Africa was responsible for the design and supply of the earth re-

taining walls, which were then constructed by Hall & Inglis. 

“One of the primary challenges on this project has been 

keeping two-way traffi  c operational at all times on this highly-

traffi  cked section of road,” says Kirsten Myburg, Haw & Inglis 

contracts manager on this project. “We began by diverting the 

traffi  c from the existing road with a bypass at the Melkbos in-

terchange, which allowed us to start with the new bridges and 

ramps. We’re also building new sections of road alongside the ex-

isting road, and then switching the traffi  c from the existing road 

to the new sections. Th is makes it possible for us to reconstruct 

the existing road. We’ve taken exactly the same approach on the 

Atlantis interchange, i.e.temporarily rerouting traffi  c from the 

areas where the bridges and ramps needed to be constructed.”

Th e Haw & Inglis team has encountered challenging ground 

conditions in the project area, with sand on the south-western side, 

and unstable clays in the north and east. As a result, most of the cut-

tings have been undercut and stabilised with rockfi ll or pioneer layer 

O N  T H E  C O V E R

Improvement of N7 
on track between the Melkbos and Atlantis intersections

Upgrading of the N7 between the Melkbos and Atlantis intersections under way; 
AfriSam sends 3 000 tons of material to the project site every day
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to ensure a better foundation in the clay areas. Clay, overlaid by a 

thin layer of sand, runs down the middle of most of the construction 

area, resulting in groundwater seeping between the two layers. Th is 

has called for a substantial investment in underground drainage. 

Asphalt for the project is being supplied by Much Asphalt, 

while all the aggregates needed for the layerworks come from a 

commercial source.

AfriSam is supplying about 650 000 tons of layerworks mate-

rial and 750 000 tons of overburden, used for fi ll over the project 

period, as well as about 15 000 m3 of readymix concrete for 

bridge construction at the two interchanges. On any given day, 

the concrete giant sends out an average of 3 000 tons of material 

to the project site. Th is is in addition to its day-to-day supply to 

other customers in the Western Cape.

AfriSam’s contract with Haw & Inglis requires it to maintain 

stock levels of up to 10 000 tons of each type of layerworks mate-

rial to ensure that, in the event of a breakdown, these critical 

supplies will not be interrupted. AfriSam also had to factor in 

any delivery delays between its quarry and the project site, typi-

cally caused by bottlenecks at the N7 weighbridge.

Prior to commencement of the project, AfriSam worked alongside 

Haw & Inglis to develop durable readymix designs that would comply 

with the specifi cations for construction of the interchange bridges. 

Mix-testing was carried out by AfriSam’s technical laboratories in 

Cape Town. Test beams were cast using various mixes and sent for 

independent verifi cation by the Civil Engineering Department at the 

University of Cape Town to achieve durability criteria as specifi ed. 

Test beam verifi cation was initiated three months before the project 

began, because the compressive strength characteristics of the con-

crete had to be validated over 28 days. Since construction began in 

May 2012, AfriSam has continued providing regular back-to-back 

testing at the on-site laboratory of Haw & Inglis to ensure that specifi -

cations are maintained throughout the project.

Stringent environmental management was required on this 

project to conserve an expanse of the Cape Flats Sand Fynbos and 

the Swartland Shale Renosterveld in the vicinity of the Melkbos in-

terchange. In terms of the Record of Decision, SANRAL agreed to 

the development of an alternative alignment where the fi rst section 

of the dual carriageway was constructed to the west of the existing 

road, crossing over the existing alignment and back again. Th is has 

saved an area of about 25 000 m2 of the critically endangered Cape 

Flats Sand Fynbos and Swartland Shale Renosterveld.

Vula Environmental Services was appointed to manage the 

vegetation rehabilitation plant, includingthe harvesting and relo-

cation of many plants which had to make way for the project.

Haw & Inglis is spending at least 16% of its contract value on 

services provided by local small, medium and micro enterprises 

(SMMEs), typically for ancillary work. Local labourers recruited 

for the duration of the project are receiving ongoing training in 

skills such as installing gabions, shuttering and concrete-lined 

drains, fl agmanship, erecting road signs and fencing, as well as 

operating chainsaws and other tools.

Contract completion (before extension time) is November 

2014, and AfriSam’s contribution will end in October 2014.

 INFO

Maxine Nel

AfriSam

+27 11 670 5893

maxine.nel@za.afrisam.com

AfriSam is supplying 15 000 m³ of readymix concrete 
for bridge construction at the two intersections

AfriSam maintains stock levels of up to 10 000 tons of each 
type of layer works material to ensure uninterrupted supply
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INTRODUCTION
Th e study presented in this article is part 

of an ongoing joint research programme 

on acid mine drainage (AMD) being con-

ducted by the University of Johannesburg 

and the Council for Geoscience. In this 

study, the corrosive characteristics of 

AMD from the goldfi elds of South Africa 

are examined. Th e motivation behind this 

collaborative research is to generate scien-

tifi c understanding that deals with perti-

nent questions concerning possible inter-

action between AMD and infrastructure. 

Th e research programme was established 

in the recent wake of threats and risks as-

sociated with decant of AMD in the West 

Rand belt, and underlying risks in the 

Central belt of the Witwatersrand basin. 

Scientifi c understanding is needed to deal 

with perceptions and public fears, such as 

the potential of AMD to cause disastrous 

consequences on urban infrastructure.   

Th e formation of AMD occurs as 

a result of oxidation of pyrites (FeS
2
) 

following years of abandoned mining 

activity. Rocks containing at least 0.5% 

pyritic sulphur and hardly any alkaline 

minerals are known to be most potent 

for AMD generation (Byerly 1990). Th e 

process occurs upon exposure of pyrites 

to air and moisture. Initial reactions lead 

to recurring formation of sulphuric acid, 

giving the AMD its characteristically (but 

not always) low pH.

4FeS
2
(s) + 15O

2
(aq) + 14H

2
O(aq) 

8H
2
SO

4
(aq) + 4Fe(OH)

3
(s)

Further reactions cause the formation of 

ferric hydroxide and more acid release, 

basically ensuring a recurring acid 

formation. Th e overall rate of reaction 

in the whole process can be advanced 

by the infl uence of micro-organisms, 

especially Th iobacillus and Ferrobacillus 

ferroxidants (Collin & Rasmusson 1990). 

Th e corrosive water generated by these 

reactions may cause dissolution of metals 

and substances as the acidic water seeps 

through rock formations, rock wastes or 

tailings. Consequently, AMD is typically 

characterised by acidity, resulting in low 

pH and high concentrations of heavy 

metals. Th e fi nal stage in the pollution 

chain of events is the discharge of the 

acidic water, contaminating underground 

water and/or surface water streams and 

courses, in turn spiralling a range of re-

lated adverse impacts in the environment.

Oelofse et al (2007) analysed the 

underground water quality in the vicinity 

of a tailings dam in the West Rand by 

comparing water samples from a spring 

and borehole respectively located 380 m 

and 590 m from the dam. Also examined 

was the natural dolomitic groundwater 

within the area. Th ey found that spring 

water had a pH of 3.9, compared to 

6.9 pH and 7.2 pH for borehole water and 

natural underground water respectively. 

Th e spring water quality also showed 

high electrical conductivity and high 

concentrations of calcium, magnesium, 

sodium, sulphate and manganese – well 

higher than the requirements for Class I 

drinking water as per SANS 241 (2005). 

Th e sulphate concentration was reported 

to be 1 516 mg/L for spring water and 

447 mg/L for borehole water, compared 

to only 22 mg/L for natural water (the 

maximum acceptable sulphate concentra-

tion in drinking water being 400 mg/L). 

It is quite evident that there was signifi -

cant water pollution in both the spring 

and borehole water, which would be 

attributed to AMD associated with past 

mining activities in the area. In a separate 

study by Hobbs and Cobbing (2007), 

water quality from diff erent sources in 

the same area was investigated, including 

natural groundwater from the Karst (dol-

omitic) and fractured (quartzitic) aquifer, 

the Tweelopiespruit surface water, and 

AMD. Th eir analyses found high levels of 

sulphate concentrations in the AMD and 

in the Tweelopiespruit. Th ey attributed 

the ionic imbalances in the AMD to high 

iron and manganese concentrations. 

Th ey also reported that treated AMD 

was contributing to pollution of the lower 

Reitspruit groundwater.

Analysis of corrosive characteristics of 
acid mine drainage on infrastructure materials
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In this study focus, the potential im-

pacts of AMD on infrastructure were ana-

lysed by examining the intrinsic corrosive 

characteristics of AMD on infrastructure 

materials, especially metals and concrete. 

Th e water sources analysed included the 

underground AMD decant and open mine 

AMD. Th e study was based on qualitative 

methods that mainly utilise characteris-

tics from full analyses conducted on the 

physico-chemical properties of the water. 

Th e Schoeller and Piper diagrams were 

constructed, while the corrosive charac-

teristics of water were examined using the 

Langelier Saturation Index (LSI) and the 

Aggressiveness Index (AI).

FIELD EVIDENCE OF AMD CORROSIVE 
ATTACK
Quite compelling fi eld observations were 

found at diff erent sites, which exhibited 

the adverse corrosive actions of AMD, 

specifi cally on steel and concrete. Two 

fi eld cases are presented in this article, 

which give real-life evidence of AMD cor-

rosive actions on infrastructure materials.

Steel corrosion by AMD

Th e fi rst fi eld case involves steel corro-

sion. In this particular case, 150 mm di-

ameter steel pipes were used to discharge 

AMD. Two lines of pipes were set up, one 

line for the treated AMD and the other 

for untreated AMD. Figure 1 shows the 

pipe channeling untreated AMD. It can 

be seen that the pipe has been severely 

eroded with its full thickness and fl ange 

having been consumed at the discharge 

end. Although not shown here, it was 

observed that the pipe conveying treated 

AMD on the other hand remained rela-

tively unaff ected. For purposes of this 

discussion, it would be assumed that both 

pipes were installed at the same time.  

Concrete disintegration due to AMD attack

In another case the research team ob-

served severe deterioration of concrete 

that had been exposed to AMD for a 

substantial period of time. Figure 2 shows 

exfoliated concrete with an AMD pond 

in the background. Th e AMD had a pH 

of about 3.5. Extremely large multi-direc-

tional cracks 5 mm to 20 mm wide can be 

seen to have formed as a result of some 

extreme internal expansive mechanism. 

Also visible are possible reaction products 

crystallised at the surface of the deterio-

rated concrete. Further investigations are 

being conducted by the research team to 

establish the mechanism of the AMD at-

tack as observed in the fi eld concrete.    

METHODS OF EVALUATION 
In an attempt to understand the corrosive 

characteristics and infl uence of water 

quality, diff erent techniques that utilise 

the chemical signatures of water were 

employed. Th e most established of these 

methods are the Langelier Saturation 

Index (LSI), Larson Ratio (LnR) and the 

Aggressiveness Index (Al). 

The Langelier Saturation Index

Th e LSI is commonly used to evaluate 

incrustation tendency or corrosion attack 

of water on metallic materials. Th e index 

is calculated from pH, TDS, alkalinity and 

Ca hardness. LSI is defi ned as:

LSI = pH - pHs

Where pH is the measured pH of 

water, pHs is the saturation pH based 

on calcium carbonate and is calcu-

lated as (Driscoll 1986; Sasidhar & 

Khumar 2008):

pHs = (9.3 + a +b)-(c + d)

Where 

a = (log (TDS) - 1)/10

b = -13.12 x log (T) + 34.55

c = log (C) - 0.4

d = log (A)

TDS represents the total dissolved solids, 

T is temperature in Kelvin, C is calcium 

hardness in mg/I (Ca+2 as CaCO
3
), and A 

is alkalinity as CaCO
3
. LSI = 0 indicates 

neutral water with no dissolution or pre-

cipitation potential. Positive LSI indicates 

protective water and is therefore non-

corrosive. But positive LSI is supersatu-

rated with calcium carbonate and has the 

tendency to form scales and incrustation. 

A negative LSI suggests aggressive water 

that is expected to be corrosive as it tends 

Thickness and 
fl ange of a 150 mm 
diameter steel pipe 
completely eroded 
by fl owing acid 
mine drainage

Figure 1: A completely eroded steel pipe after channeling non-treated AMD

Figure 2: Disintegrated concrete due to AMD attack
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to dissolve calcium carbonate and has no 

potential to form scaling.

The Larson Ratio

Th e corrosion rate of mild steel invariably 

increases with increasing concentrations 

of chlorides and sulfates, independent of 

the available cations. Corrosion rates are 

known to be less in buff ered solutions, re-

sulting in an expression relating the total 

molar concentrations of chloride and sul-

phate to the bicarbonate concentrations. 

Th e Larson’s ratio is calculated based on 

the ionic concentrations of bicarbonate 

(HCO3-), chloride (Cl-) and sulphate 

(SO
4

2-) expressed in mol/L (Sasidhar & 

Khumar 2008):

LnR = [Cl + (2SO
4

2-)]/HCO3-

Th e potential of water to cause corrosion 

can then be evaluated based on the fol-

lowing criteria: no corrosion attack for 

LnR < 0.2, slight corrosion likely for LnR 

between 0.2 and 1.0, and strong corro-

sion potential for LnR > 1.0. Th e main 

culprit for steel corrosion is the chloride 

anion, which is particularly recognised 

for breaking down the passivity of fer-

rous alloys and is one of the main causes 

of pitting in stainless steel. Th e principal 

benefi t of bicarbonate is the ability to 

buff er the pH changes within the bulk 

solution and to react with calcium in the 

vicinity of the corrosion cathode, thereby 

producing calcium carbonate scale. 

Calcium, the principal hardness ion, 

serves to inhibit corrosion by forming 

carbonate scales on metal surfaces. 

A minimum of 60 mg/L hardness (as 

CaCO
3
) must be present, along with a 

minimum alkalinity of 50 to 100 mg/L 

(as CaCO
3
) at normal temperatures (0°C 

to 70°C) in order for an eggshell scale 

to form. However, the best predictor 

whether the scale may form or not is 

the calculated LSI, which serves as the 

measure of saturation of calcium car-

bonate. Th e Aggressiveness Index (AI) of 

water to concrete, as proposed by Basson 

(1989) identifi es seven corrodent proper-

ties of water as pH, CaCO
3
 saturated pH, 

calcium hardness as CaCO
3
, total ammo-

nium ion, magnesium ion, total sulphate 

as SO
4

2- and chloride ion. Th e contribu-

tion of each property to aggressiveness 

is determined through a set of additive 

linear equations, each with a constant 

C (from C1 to C7) used to calculate 

and scale the individual indices, and a 

measured value V (from V1 to V7) for 

concentration of the ions or parameter 

in water. 

AI = Σ1

7 
N 

 Where N is the index value calculated 

for each property.

Th e aggressiveness is classifi ed into: none 

to mild for AI = 350, mild to fair for AI = 

350 to 750, high for AI = 750 to 1 000, and 

very high for AI > 1 000.

WATER COMPOSITION
Degradation impacts arise from cor-

rosive attack infl icted by aggressive ions 

present in water. Each form of attack is 

governed by the presence of specifi c ion 

species, albeit in suffi  cient quantities 

to induce signifi cant chemical attack. 

Chemical analyses of acidic water sam-

ples taken from various fi eld sites are 

given in Table 1. Th e results include the 

water analyses of both treated and raw 

underground AMD. Other water samples 

were taken from an open pit mine and 

a recreational dam in the area. It can be 

seen that lime treatment led to a rise in 

pH from 2.7 for the raw AMD to 7.1 pH 

for the lime-treated AMD. Otherwise, 

the pH range of the various AMD 

samples was consistently 2.6 to 3.2. Th e 

electrical conductivity was within the 

narrow range of 230 to 300 mS/cm, while 

the concentration of total dissolved 

solids was 3 658 to 5 853 ppm for the 

treated or non-treated water samples.

Th e chemical analyses results show 

the predominant ions in the acidic water 

to be calcium (Ca+), magnesium (Mg+), 

sodium (Na+), manganese (Mn+), Iron 

(Fe2+) and sulphate (SO
4

2-). Th e Ca+ and 

Table 1: Chemical composition of AMD samples from the various sources

Parameter
Water Samples ID

UwT Uw FDw OPS TwR

pH 7.1 3.1 2.6 2.7 3.2

Conductivity  (mS/m) 225.0 426.0 300.0 340.0 348.0

Acidity as CaCO3 (mg/l) 1.2 74.0 129.0 170.0 34.0

Chloride as Cl (mg/l) 21.0 20.0 24.0 23.0 19.0

Phosphate as P (mg/l) < 0.1 < 0.1 < 0.1 < 0.1 < 0.1

Sulphate as SO4 (mg/l) 2 200.0 3 100.0 3 080.0 3 160.0 2 850.0

TDS (mg/l) 3 658.0 4 686.0 5 853.0 4 828.0 4 251.0

Calcium as Ca (mg/l) 1 860.0 1 630.0 910.0 840.0 1 860.0

Copper as Cu (mg/l) Nil Nil 0.6 1.9 Nil

Iron as Fe (mg/l) Nil 218.0 78.0 124.0 85.0

Lead as Pb (mg/l) Nil Nil Nil Nil Nil

Magnesium as Mg (mg/l) 16.0 211.0 245.0 67.0 172.0

Manganese as Mn (mg/l) 8.8 90.0 117.0 17.0 63.0

Potassium as K (mg/l) 11.0 15.0 2.5 4.8 12.0

Sodium as Na (mg/l) 142.0 129.0 179.0 69.0 124.0

Uw = underground AMD decant, UwT = lime-treated Uw, OPS = open pit AMD, TwR = AMD contaminated dam water, FDw = AMD 
contaminated water from a farm dam
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Mg+ ion concentrations range from 840 

to 1 860 ppm, and 16 to 245 ppm respec-

tively. Th e SO
4

2- anion, the most dominant 

of all the ion species present, varied from 

2 850 to 3 160 ppm while Fe2+ fell within 

the range of 78 to 218 ppm. Th e high 

sulphate concentration present appears to 

be characteristic of the water source, and 

is of interest regarding possible sulphate 

attack on concrete. Chloride ions, known 

to be aggressive to metals, are particularly 

low in concentration and likely to have no 

infl uence on corrosion. Figure 3 presents 

pie chart plots of clement concentra-

tions for treated underground AMD, raw 

underground AMD decant, and open 

pit AMD. Th e increase in Ca+ of treated 

water can be attributed to the direct eff ect 

of lime addition to AMD during treat-

ment, consequently leading to increase in 

pH. Also, the removal of Mn, Mg and Fe 

elements is due to lime treatment. But all 

other properties and elements, including 

sulphates, remain practically the same 

in the treated AMD as in non-treated 

AMD. Th e element concentrations for the 

AMD water from the diff erent sources 

(see Table 1) have also been expressed in 

line graphs (Schoeller diagrams), shown 

in Figure 4. Th e open pit AMD (OPS) ex-

hibits similar character of chemical con-

centrations as the raw underground AMD 

(Uw), but at the same time OPS shows 

signifi cantly reduced concentrations of 

Ca, Mg, Mn, Fe and Na+K. It is possible 

that these element reductions are infl u-

enced by water seepage through the soil at 

the pit embankment, leading to straining 

out or fi ltering of some ions. Th is explana-

tion, however, could not be verifi ed. Th e 

relatively low Ca and Na+K in the open 

pit AMD seepage (about one half of the 

Ca concentration in underground AMD 

– see Table 1, Figures 3 and 4) may predis-

pose the OPS to be more aggressive and 

attacking than the Uw.

Th e Piper diagram, a trilinear plot 

consisting of a cation triangle, an anion 

triangle and a central diamond chart, is 

widely used to group water samples of 

Mg
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Figure 4: Comparison of element concentrations of AMD from various sources

Figure 5: Piper trilinear diagram showing AMD grouping tendencies
Figure 3: Element concentrations of treated 

and non-treated AMD



Civil Engineering August 2014 15

similar chemical characteristics and iden-

tify their chemical tendencies or types. 

Figure 5 is a constructed Piper diagram 

showing groupings for the diff erent AMD 

water sources. It can be seen that AMD 

from the diff erent sources are predomi-

nantly Ca type and SO
4
 type including the 

lime-treated AMD.

CORROSIVE WATER 
CHARACTERISTICS 
Corrosion attack by water becomes a con-

cern at < 6.5 pH. When the pH is ≤ 5.0 in 

the presence of elevated levels of iron and 

magnesium, incrustation can result from 

depositions of insoluble iron and magne-

sium hydroxides. Carbonate incrustation 

is only likely to occur at pH > 7.5. In the 

study area of the West Rand goldfi elds, 

the pH range was 2.6 to 3.2 with signifi -

cant levels of iron and magnesium ions. 

In corrosion studies, it is well established 

that chlorides and sulphates are delete-

rious in nature and are primary drivers 

of corrosion attack. In order to analyse 

the corrosive nature of AMD from the 

study area, the two indices of LSI and AI 

were calculated for all samples, as given 

in Table 2.

Th e corrosion indices are applied 

from the viewpoint that the chemical 

signature of water determines the nature 

of its interaction with the exposure en-

vironment. Consequently, by examining 

the main elements, properties or ions in 

water that play key roles in corrosion, 

it is possible to categorise water quality 

for corrosiveness. In this work, it is clear 

that raw AMD from the various sources 

in the study area are highly acidic given 

its pH of 2.6 to 3.2 (Singh Ghurdeep 

2006). Both indices of LSI and AI classify 

the raw AMD as very highly corrosive. 

Interestingly, the lime-treated AMD is 

also highly corrosive, although to a lesser 

extent than the non-treated AMD. Th e 

LSI index is particularly relevant for 

evaluation of corrosion attack on metals. 

Th e high negative index values of LSI, 

being in the range of -7.0, indicate the 

highly attacking nature of the AMD on 

metals. Th ese results are also consistent 

with a case study of steel corrosion by 

AMD, as observed in the fi eld and pre-

sented in the foregone discussion. Th e 

AI is specifi cally applicable to exposure 

of concrete to fl owing corrosive water. 

From the index values calculated, AI > 

1 000 is considered very highly aggres-

sive. Th e AI of lime-treated AMD was 

about three times the highest class of 

aggressiveness, while the indices for raw 

AMD are 10 to 11 times greater than the 

highest level of aggressiveness classifi ed. 

Th ese extremely high AI levels are indic-

ative of the potentially severe attacking 

nature of AMD on concrete.

The aggressiveness examined 

through the indices is presumably at-

tributed to acid attack mechanism. But 

the chemistry of the acidic water also 

indicates high levels of sulphates well 

in the range of 3 000 mg/l. Sulphate 

concentrations in the range of 1 500 

to 10 000 mg/I are known to be severe 

to concrete. The magnesium and so-

dium sulphate forms are particularly 

known to cause severe deterioration of 

concrete. Based on the water chemical 

characteristics, it is postulated that the 

potential for occurrence of both the 

acid and sulphate attack mechanisms 

may be inherent in the AMD. At a low 

pH, acid attack may be the overriding 

mechanism of deterioration while 

sulphate attack may play a secondary 

role, especially at the later stages of 

degradation. In any case, other minor 

elements present in water may influ-

ence corrosion attack (Driscoll 1986). 

In treated water, where the pH may 

have been raised to neutrality, acid 

attack may not occur, but sulphate at-

tack on concrete is still possible. This 

assessment, however, does not take 

into account the different compound 

forms of sulphate ions present, nor the 

effect of various ionic interactions on 

the attack processes. Further research 

is being conducted at the University of 

Johannesburg to fully understand these 

influences and their implications on 

the corrosive mechanisms of AMD at-

tack on infrastructure materials.

CONCLUSIONS
Th e chemical signature of the AMD sam-

ples analysed revealed high toxicity, and 

may be classifi ed as highly acidic, with a 

pH range of 2.6 to 3.2. Th e relatively low 

concentration of calcium, sodium and 

potassium alkalis inherent in the open pit 

AMD may render it to be more aggressive 

and attacking than AMD from under-

ground decant.

The Langelier Saturation Index of 

the AMD was estimated to be in the 

range of  -7.0 while the aggressive-

ness index was about 30 times greater 

than corresponding values expected 

of non-corrosive normal water quality. 

According to both indices, the AMD 

may be classified as being very highly 

corrosive. It can be expected that the 

AMD examined has high potential to 

cause corrosive attack on aquatic and 

plant life, soils, infrastructure, equip-

ment, and construction materials, es-

pecially steel and concrete. Lime treat-

ment of AMD showed an increase in 

Ca and removal of Mg, Mn and Fe, but 

the other physico-chemical parameters 

in the water generally remained un-

changed. Interestingly, the lime-treated 

AMD still falls into a highly corrosive 

category of aggressive water, although 

the indices for the treated water were 

two to three times less than those for 

raw AMD. These results indicate the in-

adequacy of lime treatment as an end in 

itself to improving AMD water quality 

prior to discharge to the environment. 

The qualitative analyses conducted are 

also confirmed by field observations 

exhibiting steel corrosion and concrete 

disintegration due to AMD attack, as 

discussed above.
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Table 2: Corrosivity index classifi cation of acid mine drainage

Sample LSI AI Classifi cation

UwT -2.63 2 956

Very highly 
corrosive

Uw -7.04 10 401

FDw -7.14 11 038

OPS -7.12 10 535

TwR -6.96 10 884
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INTRODUCTION
Th e Nile is the world’s longest river with 

a basin area of approximately 3.2 mil-

lion square kilometres stretching over 11 

African countries. Th e Nile Basin exhibits 

a complex mix of hydrology, climate, 

socio-economic and eco-system set-

tings. Th e Nile has two major sources of 

water: the equatorial lakes region (which 

contributes about 15% of the total annual 

runoff  received at the downstream end 

of the Nile) and the Ethiopian highland 

(which contributes about 85% of the 

yearly fl ow). Th e Nile Basin harbours one 

of the world’s largest freshwater wetlands, 

providing a huge water storage function, 

as well as immense eco-system services. 

Compared to many large river basins in 

the world, the Nile Basin is a water-scarce 

region. Nearly all irrigation currently 

takes place in the arid and hyper-arid 

downstream parts of the basin that con-

tribute only negligibly to basin runoff . 

Due to high dependence on subsistence 

level rain-fed agriculture in upstream 

countries, the GDPs of these countries are 

highly aff ected by the strong intra-annual 

variability of rainfall, thus making their 

economies hostage to climatic variability. 

Th e Nile Basin still off ers considerable 

opportunities for meeting the demands 

of economic development, while main-

taining the environment for posterity. 

Th e Ethiopian highland, due to its deep 

gorges, provide excellent sites for storage 

dams, which can meet water storage 

needs of downstream countries as well. 

Th ese sites are excellent for hydropower 

production, thereby enhancing regional 

integration among countries through 

power transmission interconnections and 

power trade. Th e Nile Basin also boasts 

large tracts of irrigable land that can be 

harnessed to meet the food demands 

of the riparian population. Extremely 

diverse agro-climatic zones exhibited by 

the Nile Basin off er excellent opportuni-

ties for growing diverse types of crops 

and for trading these across borders 

(virtual water), thus promoting water use 

effi  ciency while at the same time contrib-

uting to regional integration.

BACKGROUND AND CONTEXT 
Early water resource infrastructure along 

the banks of the Nile River dates back to 

ancient times and was inextricably linked 

to extensive recession agriculture in Egypt. 

A decision support system for integrated water 
resource management in the Nile River Basin

Dr Verno Jonker

Technical Director
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Dr Abdulkarim Seid
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An ancient map of the Nile River in Egypt
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Th e increased international demand 

for cotton in the early 1900s resulted in 

the transformation of the agricultural 

production system in Egypt from fl ood 

to extensive perennial irrigation. In order 

to mitigate the seasonal and inter-annual 

variability of river fl ow, the Aswan Low 

Dam was constructed on the Nile River in 

1902, while elaborate plans to construct 

various upstream water resource schemes 

in Ethiopia, Uganda and Sudan were con-

ceived by British and Egyptian engineers. 

During the middle of the 20th cen-

tury, decolonisation coupled with uncer-

tain political developments in the upper 

regions of the basin, prompted post-

revolutionary Egypt to construct the High 

Aswan Dam (Lake Nasser) in order to 

achieve over-year storage within its own 

borders. By regulating the highly variable 

runoff , the dam allowed for a substantial 

increase in Egypt’s agricultural produc-

tivity after its completion in 1970. 

In the last two decades, political 

stability and ambitious economic growth 

policies have sparked renewed interest 

by upstream countries in the unilateral 

development of large-scale, multi-purpose 

water resource projects. Understandably, 

this led to trans-boundary concerns in 

Nile Basin relations, with downstream 

countries such as Egypt reverting to 

historic claims and agreements with 

the British colonial administration in 

Anglo-Egyptian Sudan (1929), and with 

Sudan (1959), which eff ectively divided 

the annual fl ow volume in the Nile River 

between Egypt and Sudan. Since imperial 

Ethiopia was neither involved in the de-

sign of upstream infrastructure projects 

nor in the colonial agreements, Ethiopia 

has always rejected any restrictions on 

its right to use the rivers fl owing on its 

territory. Similarly, the post-colonial gov-

ernments of countries in the equatorial 

lakes region have been vocal in rejecting 

any downstream interference in their au-

tonomy to develop their water resources.

THE NILE BASIN INITIATIVE (NBI)
It is against this background that the Nile 

Basin Initiative (NBI) was established in 

1999 by the Ministers in charge of Water 

Aff airs in the Nile riparian countries. Th e 

NBI is a regional, intergovernmental part-

nership that seeks to develop the River 

Nile in a cooperative manner, share its 

substantial socio-economic benefi ts and 

promote regional peace and security. It 

provides riparian countries with the fi rst 

and only all-inclusive regional platform 

for multi-stakeholder dialogue and infor-

mation sharing, as well as joint planning 

and management of water and related 

resources in the Nile Basin. 

THE NILE BASIN DECISION SUPPORT 
SYSTEM (NB-DSS)
Recognising the need for scientifi c in-

formation and objective analysis tools 

to support water resource planning and 

investment decisions in the Nile Basin, 

especially those with cross-border or 

basin-level ramifi cations, the NBI initi-

ated the development of the Nile Basin 

Decision Support System (NB-DSS) as a 

shared analytic and knowledge system. At 

policy level, the NB-DSS provides the nec-

essary shared knowledge base to help in 

joint identifi cation of development strate-

gies. At planning and management level, 

it provides the necessary data, models and 

tools for the evaluation of impacts and 

benefi ts from alternative water resource 

development and management plans. 

Th e development of the NB-DSS was 

based on a comprehensive needs assess-

ment which culminated in its conceptual 

design. Extensive stakeholder consulta-

tions carried out throughout the Nile 

riparian countries led to the identifi cation 

of a range of decisions, which the NB-DSS 

would need to support, and this in turn led 

to the identifi cation of ten thematic focus 

areas which guided the development of 

key functionalities and model components 

included in the core of the NB-DSS. 

The Great Temple Abu Simbel in Egypt, which had to be 
relocated in its entirety in 1968 due to the construction of 
the High Aswan Dam

Part of the NB DSS landing page
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Once the conceptual design had 

been completed, development of the 

NB-DSS was pursued through three 

work packages, which focused on de-

velopment of the system, independent 

testing and quality assurance. Extensive 

training accompanied the DSS develop-

ment process. The NB-DSS is designed 

to meet the requirements of complex 

water resource planning. It provides 

diverse toolsets for data processing, 

modelling, scenario management, op-

timisation and multi-criteria decision-

making. It offers tools for integrating 

environmental, social and economic 

objectives, thus greatly facilitating 

multi-sector water resource planning at 

river-basin level. The NB-DSS software 

framework is conveniently organised 

into several functional components that 

provide specialised toolsets for han-

dling different tasks in water resource 

planning and management. Major 

building blocks are termed 'Managers' 

with specific functionalities under each 

Manager provided as part of a dedicated 

toolset. In addition, a few tools provide 

generic, i.e. not manager-specific, func-

tionality, such as data import/export 

and metadata schema import. Key 

NB-DSS functionalities include:

 ■ Comprehensive information man-

agement through an integrated data-

base coupled with a suite of statistical 

and other data management tools for 

analysis, visualisation and archiving 

of diverse types of data, integrated 

metadata capability, and GIS func-

tionality. 

 ■ A suite of water resource modelling 

tools for simulating water balance, 

water allocation, river fl ow, erosion and 

sedimentation at varying scales, with a 

built-in model linking/nesting facility. 

 ■ A multi-objective optimisation tool, 

which generates optimal solutions to 

a range of water resource planning 

problems. 

 ■ A versatile scenario analysis tool for 

creating, editing, simulating and ana-

lysing water resource development and 

management scenarios.

 ■ A built-in cost-benefi t-analysis func-

tion which allows the quantifi cation 

of benefi ts, impacts and trade-off s of 

scenarios. 

 ■ A fl exible indicator tool for evaluation 

(quantifi cation) of environmental and 

socio-economic consequences of water 

resource development and management 

scenarios. 

 ■ A fl exible/scalable architecture, 

which means that the various com-

ponents of the NB-DSS are intercon-

nected and easily adaptable to address 

emerging needs of users. 

 ■ A built-in multi-criteria analysis 

tool that supports informed decision-

making through evaluation of conse-

quences of various decision options in a 

transparent and objective manner. 

 ■ A Script Manager, which incorporates 

an Iron PythonTM scripting environment, 

making it possible for users to write their 

own scripts and thereby create custom-

ised functionality using the NB-DSS 

application interfaces to other managers 

and tools. 

 ■ A GIS Manager, which facilitates the 

interrogation of spatial data. 

 ■ A Spreadsheet Manager.
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CASE STUDY APPLICATIONS OF THE 
NB-DSS
One of the key NBI work packages related 

to the development and establishment 

of the NB-DSS entailed applications of 

the NB-DSS to multi-purpose project 

case studies across the Nile Basin, in 

order to demonstrate and showcase the 

NB-DSS capabilities within the context 

of trans-boundary, multi-stakeholder 

integrated water resource planning and 

management. Th e study areas which were 

selected for NB-DSS applications involved 

six sub-basin applications, as well as a 

seventh application that considered the 

whole Nile Basin as an integrated system. 

Th e approach to the NB-DSS case 

study applications generally involved: 

 ■ Data compilation and preparation: 

Data compilation constitutes a critical 

component of NB-DSS applications 

and concerns to the collection, review, 

preparation and compilation of quality-

assured data sets that are relevant for 

use in the DSS. Th ese include hydro-

meteorological and physiographical 

data to support rainfall runoff , hydro-

dynamic and process modelling, as 

well as environmentally-, socially- and 

economically-related data to inform 

multi-criteria scenario evaluations.

 ■ Stakeholder involvement: Th e prior-

itisation of water management issues in 

the Basin, the identifi cation of various 

potential development interventions 

and management options to address 

these issues, the defi nition of scenarios, 

as well as the identifi cation of environ-

mental, social and economic indicators, 

were undertaken with inputs from 

stakeholders during various workshops. 

 ■ Development of baseline models: 

Once key water management issues had 

been defi ned, the river systems of the 

study basins were modelled using the 

water budget and allocation model of 

the DSS refl ecting the baseline (current) 

condition of the various study basins. 

 ■ Scenario defi nition and implemen-

tation: A key feature related to the 

implementation of scenarios in the 

NB-DSS, is the ease with which rel-

evant water resource scenario models, 

which have been confi gured, calibrated 

and validated outside of the DSS, can be 

imported or registered in the NB-DSS. 

Typically, these models entail modi-

fi cations to existing baseline models, 

which allow the impacts of structural 

interventions and management options 

to be simulated. 

 ■ Definition and quantification of 

indicators: An indicator’s defining 

characteristic is that it facilitates 

understanding of impacts related to 

water resource interventions by as-

sessing how the interventions affect 

the direction of change in environ-

mental, social and economic perfor-

mance, and by measuring the mag-

nitude of that change. The f lexibility 

which the NB-DSS provides through 

its Indicator Manager for the defini-

tion and quantification of a struc-

tured set of indicators during scenario 

planning and appraisal formed the 

basis of scenario evaluation. Response 

functions were used to translate 

simulation outputs into system per-

formance in terms of environmental 

and socio-economic impacts.
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 ■ Scenario evaluation: Th e strength of 

the NB-DSS culminates in its ability 

to support informed water resource 

planning decisions based on the evalu-

ation and interpretation of alternative 

development intervention and manage-

ment scenarios. For this purpose, the 

NB-DSS Analysis Manager was used to 

conduct Cost Benefi t Analysis (CBA), as 

well as Multi-Criteria Analysis (MCA).

Based on the outcome of the NB-DSS 

applications, informed decisions can be 

made. Th is could entail a fi nal decision on 

one single most favourable scenario based 

on the intervention with the highest 

overall score, the shortlisting of scenarios 

for further investigation, or the ranking 

of scenarios for further detailed studies. 

Solutions generally involve multiple 

criteria, trade-off s, compromise, confl ict 

resolution and judgement, especially in 

shared river basins. When making deci-

sions with regard to water management 

interventions, it is also important that 

cognisance be taken of external factors 

which could have a signifi cant impact on 

the outcome and viability of the interven-

tions under consideration. Th ese include 

climate change impacts, economic trends, 

policy changes, changes in funding mech-

anisms, etc, all of which can be accommo-

dated within the NB-DSS framework.

TYPICAL CASE STUDY RESULTS
Various water resource development and 

management scenarios, at sub-basin scale 

and at the scale of the integrated basin, 

were evaluated with the NB-DSS. Examples 

of typical fi ndings and conclusions drawn 

from the full basin development scenario 

for the Integrated Nile Basin case study are 

summarised below. Th is scenario entailed 

an assessment of the potential impacts as-

sociated with a possible future development 

state in the Nile Basin and was based on the 

assumption that all countries will unilater-

ally go ahead with the implementation of 

national schemes which have been identi-

fi ed for possible implementation. In total, 

this scenario involves the implementation of 

27 major dams, 24 hydropower installations 

and 13 new irrigation schemes across the 

Nile Basin.

 ■ Water availability, which is a re-

fl ection of dry season low fl ow, will 

improve along the White Nile, lower 

Blue Nile and lower Sobat rivers and the 

Main Nile River upstream of the Aswan 

Dam, due to increased fl ow regulation 

as a result of upstream dams which 

will lead to elevated dry season fl ows. 

Along the lower Atbara River, however, 

water availability will reduce signifi -

cantly. Th is can be attributed to the 

increased consumptive use of water in 

the Tekeze-Atbara Basin. Downstream 

of the Aswan Dam, water availability is 

expected to decrease by 11%. 

 ■ Fish production in certain river reaches 

will be severely impacted, specifi cally 

along the lower Blue Nile, the White 

Nile, the lower Atbara and the Main Nile 

rivers downstream of the Aswan Dam. 

 ■ Th e most severe impact in terms of fi sh-

eries production in wetlands is linked 

to the Machar Marshes, where the 

existing annual fi sh production of about 

8 900 ton/a, will be reduced by 17%. 

 ■ Th e impact on recession agriculture 

due to the attenuation of fl ood peaks 

by upstream dams will be most severe 

along the lower Atbara and Blue Nile 

rivers as well as along the Main Nile 

River downstream of Atbara and the 

Aswan Dam.

 ■ Th e urban water pollution risk in 

the Main Nile River downstream of 

Khartoum will increase. 

 ■ Th e dams and irrigation schemes which 

will be constructed will result in a total 

displacement of about 101 000 house-

holds across the Nile Basin.

 ■ Environmentally sensitive areas will 

be inundated by some of the dams, 

while some of the planned irrigation 

schemes will also require clearing of 

environmentally sensitive areas.

 ■ Important bird areas have been identi-

fi ed in some of the dam and irrigation 

footprint environments. 

 ■ Th e area extent of the Machar Marshes 

will reduce by 20%, while the Sudd wet-

land area will reduce by only 4%.

 ■ Th e ecological stress index along the 

lower Baro, Atbara and Blue Nile rivers 

will increase signifi cantly. 

 ■ Th e duration of the wet season along 

certain river reaches, specifi cally along 

the lower Blue Nile, White Nile, lower 

Atbara and Main Nile downstream of 

the Aswan Dam, will be signifi cantly 

reduced.

 ■ A signifi cant shift in the start of the 

wet season will be experienced along 

the lower Baro, Blue Nile and Atbara 

rivers upstream of their confl uence with 

the Main Nile River. 

 ■ Average annual fl ows along the lower 

Atbara and Blue Nile rivers will be sig-

nifi cantly reduced, as will the infl ow into 
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Felucca boats sailing on the Nile River, Aswan
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the Aswan Dam (-11%). Outfl ow from 

the BAS system will increase by 14% due 

to less water being “lost” in the Machar 

Marshes due to upstream regulation.

 ■ It is anticipated that this scenario 

will increase the GDP of the Nile 

Basin by USD 6 700 million, and will 

result in 75 000 direct employment 

opportunities and about 260 000 total 

employment opportunities.

 ■ Navigation along the lower Main Nile 

River will decrease on average by 77 

days per year.

 ■ Th e total energy production 

(hydropower) in the basin will 

equal 70 280 GWh/a.

 ■ Th e food production downstream of 

Malakal will increase to 21.3 million 

ton/year.

SCENARIO EVALUATION
In addition to the above types of plan-

ning outputs, the Analysis Manager in 

the NB-DSS provides powerful tools for 

evaluating a range of scenarios based 

on user-defi ned criteria. Examples of 

typical evaluation criteria are presented 

in Table 1.

By assigning diff erent weights associ-

ated with diff erent interest groups to de-

fi ned criteria, and by employing sensitivity 

and trade-off  analyses, a decision matrix 

can be developed and scenarios scored.

CONCLUSIONS
Th e case study applications of the 

NB-DSS have convincingly demonstrated 

the NB-DSS capabilities within the con-

text of trans-boundary integrated water 

resource planning and management, and 

have confi rmed that the NB-DSS is a 

powerful tool which is suffi  ciently capable 

of advanced water management scenario 

evaluation. Aligned with the key motiva-

tion for the development of the NB-DSS, 

the most prominent benefi t of the 

NB-DSS undoubtedly lies in the fact that 

it provides an accessible and transparent 

framework for sharing knowledge and 

understanding river system behaviour, 

which in turn supports the design and 

evaluation of alternative development 

scenarios, investment projects and man-

agement strategies. 

Th e NB-DSS information management 

system, the modelling systems and the 

analytical tools to support multi-objective 

analyses, seamlessly combine to facilitate 

informed, scientifi cally based, rational 

and cooperative decision-making within 

a trans-boundary, multi-stakeholder and 

multi-disciplinary environment. Within a 

water resource planning context, this could 

signifi cantly improve the overall benefi t 

in shared river basins, and will support 

the development of economically effi  cient, 

equitable, environmentally compatible 

and sustainable strategies for the sharing 

of benefi ts. Th e successful application of 

the NB-DSS requires accurate, calibrated 

and validated water resource models, and 

it is imperative that suffi  cient time and 

resources are allocated towards this task. 

During model development, it is also critical 

that the model developers are aware of the 

key water management issues being inves-

tigated, as well as the types of scenarios to 

be evaluated, which should guide the model 

selection process and dictate the spatial and 

temporal resolution of models.

THE FUTURE OF THE NB-DSS 
Th e Water Resources Planning and 

Management project of the NBI, under 

which the NB-DSS was developed, has been 

completed and closed. Th e Nile-Sec is cur-

rently administering the NB-DSS, providing 

help desk and other technical backstop-

ping services. Under the Nile-Sec plan, 

an NB-DSS user community forum will 

be formed to foster collaboration among 

riparian technical professionals. In parallel, 

the DSS is being deployed in all NBI coun-

tries, and operational application is starting. 

Th e NB-DSS has been one of the fl agship 

products of the Nile Basin Initiative. 
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Table 1: Example scoring of evaluation criteria

Criteria Group Unit Scenario 1 Scenario 2 Scenario 3

Env sens hotspots ENV index -5 -5 -5

Wetland area Sudd ENV % change 
baseline

-4 -27 -22

Eco-stress ENV index -2.0 -2.3 -3.3

Wet season shift 
Main Nile

ENV no weeks 16.9 16.0 15.1

Wet season shift 
Sudd infl ow

ENV no weeks 2.9 2.9 27.4

Wet season duration 
Main Nile

ENV % change 
baseline

-2.3 13.9 10.0

Retention time 
reservoirs

ENV no days 238 219 198

Fish production dams 
& wetlands

SOC ton/a 118 114 102 151 106 964

Fish production rivers SOC % change 
baseline

-33 -22 -21

Physical displacement SOC no house-
holds

101 106  101 537  101 628 

Economic displace-
ment

SOC index 0 -1 -1

Drowning risk SOC index 0 -1 -1

Recession agriculture SOC % change 
baseline

-17 4 3

Pest diseases SOC index -1.5 -1.3 -1.8

Water availability SOC % change 
baseline

5.6 8.6 15.4

Navigation White & 
Main Nile

ECON no days 
baseline

32 44 40

Energy production 
system

ECON GWh/a 70 280 71 649 71 533

Food production down-
stream of Malakal

ECON million 
ton/a

21.3 23.6 24.5
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BACKGROUND
River engineering specialists Fourth Element Consulting have 

combined hydraulic engineering with green infrastructure to 

provide urgently needed fl ood relief in the Atlasville suburb of 

the Ekurhuleni Metropolitan Municipality. 

Atlasville is a suburb of Boksburg just east of the OR Tambo 

International Airport in Johannesburg, Gauteng. Transformation 

of the area began in the early 1970s, when a natural wetland was 

drained to allow development of a middle-class suburb for per-

sonnel employed at the newly established Atlas Aircraft Company 

and affi  liated industries. Th e fl ow of the natural watercourse was 

confi ned in a narrow canal and named the Atlaspruit, and the sur-

rounding wetland area was backfi lled with subsoils and building 

rubble on which residential houses were constructed. At the same 

time the area immediately adjacent to the canal was established as 

a recreational park. With ongoing residential and industrial devel-

opment upstream of Atlasville, however, there was an increase in 

the generation of run-off  from the catchment. Th is continuously 

increased the volume of water carried in the canalised Atlaspruit 

during storm events. From February 2006 the canal was no longer 

adequate to carry the run-off  from major storms, and fl ooding 

caused severe damage to adjacent properties and households. 

Residents were forced to leave their homes while repairs were 

undertaken. Sewers and stormwater drains backfi lled and over-

fl owed, presenting health hazards. Insurance cover was refused in 

some instances and property values fell substantially.

Fourth Element Consulting was fi rst approached by the 

Ekurhuleni Metropolitan Municipality to undertake specialist 

fl ood analysis following these 2006 fl oods. It was found that 

fl ooding was due to a combination of limitations in the local 

Green engineering
brings urban fl ood relief

Following severe fl ooding of residential homes, 
and damage to public and private property, 
environmentally sound infrastructure solutions are 
being implemented in Atlasville. 
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stormwater network, and limited capacity in the Atlaspruit itself. 

Reed infestation in the canal also restricted fl ow, but even if 

these were cleared, the existing size of the canal was insuffi  cient 

to carry the increased storm run-off .

PROJECT DESCRIPTION
The occurrence of even more severe f looding in January and 

February 2010 compelled the Municipality to appoint Fourth 

Element to conduct a feasibility study for improving canal 

conveyance. A detailed hydrological model of the upstream 

catchment was developed, and the results from this provided 

the input for a further hydraulic model which was calibrated 

to the January 2010 f lood event. The calibration process in-

cluded iterative tests of both the hydrological and hydraulic 

probabilities. Using radar data provided by the SA Weather 

Services, the calibration process entailed the refinement of 

the rainfall depth and distribution across the catchment, and 

getting an accurate measurement of hydraulic resistance of 

the reeds in the canal.

RIVER ENGINEERING AND LANDSCAPING
Th e key components of the improved conveyance scheme were to 

remove the reeds and sediment build-up in the main canal and to 

deepen the fl oodplain within the park area, while simultaneously 

preserving its recreational functions and improving natural habi-

tats. Th e banks of the canal were profi led to increase conveyance 

and improve access to the water’s edge. In-stream vegetation was 

carefully selected to meet water fl ow requirements, habitat po-

tential and ease of maintenance. Bulk earthworks are shown by 

the red shading on the sample cross-section in Figure 1.

Th roughout the feasibility, concept design, detailed design 

and construction phases Fourth Element worked closely with the 

project manager, Sintec Consultants, and the landscape archi-

tects, Outerspace Design, to achieve the desired objectives of the 

study. Construction of Phase 1 of the scheme began in May 2012 

and was commissioned in June 2013.

Th e main hydraulic requirements were to reduce the resist-

ance to fl ood fl ows and enlarge the geometry of the fl oodplain 

to accommodate these fl ows. Environmental considerations in-

Figure 1: Sample cross section of the canal area – the red shading 
shows the extent of the bulk excavation to increase conveyance

Figure 2a: Pre-development 100-year floodline

Figure 2b: Post-development 100-year floodline

The challenging landscaping phase of 
the rehabilitation project in progress

Planting included hydro-seeding on the embankments 
and planting by hand in the main canal
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cluded providing reed beds and riffl  e sections for suitable habitat 

features to increase biodiversity, while stabilising the central 

stream and embankments with vegetation. 

FLOOD RELIEF
Th e project is being undertaken in two stages: the fi rst consisted 

of work along approximately 1.3 km of the stream where 100-year 

fl ood relief will be achieved. Th e fl ood relief achieved in Phase 1 

is shown by the pre-and post-development 100-year fl ood lines in 

Figure 2. Th e fl ooded area that previously extended into the prop-

erties of Atlasville is now confi ned within the park area. 

Phase 2 is currently in the detailed design stage and, when 

implemented, 100-year fl ood relief will be achieved over the en-

tire 2.2 km length of the Atlaspruit through Atlasville.

LANDSCAPING
The challenge was balancing f lood relief with recreation 

and habitat requirements, which needed careful hydraulic 

design. This placed specific demands on the landscaping 

and planting of the site. Planting comprised a combina-

tion of hydro-seeding on the embankments and park area, 

transplanting of smaller trees in the f loodplain, and planting 

by hand in the main canal. However, because the wetland 

area had been backfilled with building rubble and sedi-

ment dredged from the canal, the topsoil was of a very poor 

quality. In addition, the landscaping and planting had to 

take place during the wet season of 2013. As a result, the 
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The main hydraulic requirements were to reduce 

the resistance to fl ood fl ows and enlarge the 

geometry of the fl oodplain to accommodate these 

fl ows. Environmental considerations included 

providing reed beds and riffl e sections for suitable 

habitat features to increase biodiversity, while 

stabilising the central stream and embankments 

with vegetation. 
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vegetation did not establish optimally. These shortcomings 

will be addressed in Phase 2 when good quality topsoil will 

be imported to the site and construction and landscaping 

will be completed during the dry period to allow an optimal 

period for growth in spring.

EROSION CONTROL
Fourth Element analysed shear stress and velocity of fl ow in 

the main canal in order to specify erosion control measures. 

In-stream vegetation was carefully selected to balance habitat 

potential and hydraulic conveyance, and once established, the 

vegetation will stabilise the canal. However, to ensure stability 

during the establishment phase, erosion protection measures 

were identifi ed at locations of high-shear stress. 

The MacMat™ product supplied by Maccaferri Africa 

was specified, and it proved its worth during the month of 

high rainfall and river f lows in December 2012. The rough-

ness and relatively high permeability of MacMat™ allows for 

natural deposition of sediment in f lowing water and offers a 

good retention to a pre-seeded/hydro-seeded environment. 

In fact, sediment deposits were clearly visible in the stream 

within three months after construction. MacMat™is a three-

dimensional permanent erosion control geosynthetic turf 

geomat consisting of entangled polypropylene monofilaments, 

UV-stabilised non-degradable synthetic fibres providing a 

dimensionally stable matrix for soil erosion protection from 

wind, rain, run-off or f looding.

A total of 13 100 m² of MacMat™ was installed. This is 

one of the largest installations of this nature in South Africa. 

The layout arrangement and pegging were designed to suit 

the canal dimensions, f low depth and velocities. Initially the 

geomat shields the bed material, preventing the soil from 

washing out before the vegetation has established itself. Then, 

as the vegetation matures, the roots anchor the mat to the 

soil, providing a higher shear resistance, capable of handling 

steeper embankment slopes and higher f low velocities. A bio-

diverse application for the vegetation gives the best results 

and this benefited from the planned mix of sedges, water 

grasses and wetland vegetation selected for the project. This 

type of application usually incorporates a nursing (pioneer) 

species, which establishes easily, is fast-growing and gives im-

mediate protection. The pioneer species are often dependent 

on a lot of nutrients, so their initial growth rate starts slowing 

and they start to die off as the high nutrient content in the soil 

is depleted. At this stage, the main vegetation, which is more 

sustainable and does not need as many nutrients, but grows 

slowly, starts taking off.

Th e installation of the geomat required sloping of the canal 

to the required levels according to design, mostly done by ma-

chinery. Hand labour was then used to level the canal bed to a 

smooth surface ready for the laying of the geomat. Maccaferri 

Africa provided training to the contractor on the correct instal-

lation of the MacMat™. It took the construction team, which 

consisted of about 10 labourers and a supervisor, a bit more 

than a week to complete the laying of the geomat, with pegging 

and anchoring.

FLAGSHIP GREEN INFRASTRUCTURE PROJECT
The project started out with a f lood relief focus, and it was 

only during the feasibility and design phases that atten-

tion was drawn to other services that would benefit from 

the same scheme; in this case recreation and biodiversity. 

An intensive public involvement scheme helped drive the 

project towards providing each of these services, and as a 

Hand labour was used to prepare the canal bed 
for the laying of MacMat™ to control erosion

MacMat™ directly after installation
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result the Atlasville f lood relief scheme has become one of 

the f lagship green infrastructure projects of the Ekurhuleni 

Metropolitan Municipality. It has allowed for the integration 

of engineering specialists with the landscaping architect and 

environmental team to produce an innovative engineering 

solution. In terms of f lood relief the scheme has performed 

very well and was suitably tested during construction in 

December 2012, and again in the very wet period of February 

2014. Property values have increased and home owners are 

once again able to reinstate home insurance policies which 

had been cancelled. 

Green infrastructure projects are still fairly new to South 

African municipalities, although eTh ekwini and the City of 

Cape Town are making good progress. One of the challenges in 

implementing green infrastructure projects is that they should 

have multiple stakeholder departments, in line with the range 

of services they provide. Th is points to shared funding, main-

tenance and management responsibilities that are not always 

made easy by existing municipal structures. One of the primary 

concerns with the Atlaspruit project is that the reeds need to 

be controlled. If managed on a regular basis (at least annually) 

this will be a low cost, but if left uncontrolled it will reduce both 

the fl ood benefi ts and the habitat potential of the scheme. Reed 

control is not a Roads and Stormwater function, even though 

it is one of their projects, and this will be a good test of inter-

departmental cooperation to see how sustainable this green 

infrastructure project will be.  

Green infrastructure projects are 

still fairly new to South African 

municipalities, although eThekwini and 

the City of Cape Town are making 

good progress. One of the challenges 

in implementing green infrastructure 

projects is that they should have multiple 

stakeholder departments, in line with 

the range of services they provide.
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INTRODUCTION
In a region of the world where water 

resources are scarce and extensively 

utilised, there is a significant risk of 

exceeding the assimilative capacity 

of natural water courses. It is thus 

understood that the standards for 

pollution control barriers may vary 

between countries across the planet. 

South Africa has adopted norms and 

standards for waste containment which 

employ composite liners within con-

taminant containment barrier systems 

similar to the more than 100 regulatory 

standards worldwide. 

While technical literature gives 

valuable guidance on service life pre-

diction and performance, including 

under elevated temperature conditions, 

it is necessary to consider the extent 

of relevance to local conditions. The 

nature of rainfall events and ambient 

temperature conditions can be ex-

pected to lead to higher liner tempera-

tures than in the colder regions of the 

world, and consideration of the thermal 

conductivity influences within barrier 

systems may require one or more of 

a range of mitigation measures to be 

incorporated in the design and opera-

tion for effective pollution control and 

water resource protection.

WATER RESOURCES QUANTITY AND 
WATER QUALITY
Precipitation that falls on a land mass 

results in both run-off  and infi ltration. 

Without detracting from the eff ects of 

climate change in any way, it should be 

noted that the factors aff ecting how much 

of this rainfall or precipitation will infi l-

trate into the ground and what proportion 

will become run-off  are diverse and do 

change with time. Th ese factors include 

the nature of rainstorms, the type of cover 

of a catchment (vegetated or denuded), the 

slope of the catchment, and the geology of 

the surface and sub-surface materials or 

soil. Th e rainfall run-off  to river is what 

generates the elevated fl ows often called 

freshettes, and fl ood events, so important 

for channel maintenance. It is the seepage 

into the ground resulting in groundwater 

that is percolated through the soils and 

rock strata to watercourses where it mani-

fests in the form of base fl ow of rivers or 

springs and provides habitat for aquatic 

biota. Th ereafter the stream fl ow continues 

to sea and the hydrological cycle, aided by 

evaporation, continues.

As developments take place within 

a catchment, its characteristic response 

also changes with time. It is not only the 

quantum of water that is used through 

consumption or intercepted stream fl ow, 

Service life considerations
of pollution control barrier systems
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but also the discharge of used water 

which has an impact on this valuable 

resource. It is important to note that the 

groundwater quality aff ected by develop-

ments has an eff ect on the quality of water 

within the river system, although there is 

a time lag between groundwater and sur-

face water eff ects, thus dictating that the 

dilution of pollutants is not constant. 

Th e World Commission on Dams 

has highlighted the limits of usable water 

resources in the world. Th e amount of 

renewable water available per capita per 

annum varies widely across the diff erent 

regions of the Earth, which is a refl ection 

of the varying parameter combinations 

peculiar to diff erent regions of our planet. 

It may seem surprising that a country as 

large as Canada with its population has 

an average annual renewable water supply 

per capita of between 4 000 and 10 000 m³ 

of water per person per annum, whereas a 

continent such as Australia which is made 

up of a vast desert interior has a mean 

annual renewable water supply per capita 

of between 2 000 and 4 000 m³ per person 

per annum. Th is gives some context to 

the scarcity of water in South Africa 

where we have a mere 800 m³ per person 

per annum of renewable water.

EVOLUTION OF POLLUTION CONTROL 
STANDARDS
Th e consequences of using water and 

aff ecting its quality before returning to 

source or the resource, are not as well 

documented as quantity. Although South 

African legislation pertaining to water 

fi rst looked at conservation and irriga-

tion (Irrigation and Conservation of 

Water Act, Act number 8 of 1912), it was 

only as late as 1934 that the fi rst legisla-

tion to address water quality was prom-

ulgated. Th is was addressed primarily 

due to the mining-related pollution ema-

nating in the upper Vaal River catchment 

through the Vaal River Development 

Bill (Act number 38 of 1934). While in-

dustrial water or effl  uent was controlled 

to some extent under the legislation of 

the 1950s, it was only as late as 1994 

that the fi rst standards of contaminant 

containment for landfi lls was published 

(the Minimum Requirements for Waste 

Disposal by Landfi ll, First Edition, 

1994). Th ose standards emanated from 

a research programme in the 1980s, 

which culminated in the philosophy of 

mitigation of pollution by relying on con-

tainment for hazardous substances and 

dilution and dispersion of pollution from 

small and general sites. Th is philosophy 

relied on natural attenuation, with a 

range of standards between these two 

extremes. Th e result was that competent 

barrier systems were used only for a few 

hazardous waste sites, and the remainder 

of sites relied largely on clay-only liners, 

with associated drainage systems to a 

greater or lesser extent.

Th e water quality of our resources 

has changed noticeably in recent decades 

as a result of various developments and 

activities. It is reported that the greatest 

contribution to salts pollution in our 

water resources emanates from the 

mining industry (Brink 2008). Predictions 

to this eff ect have been published since 

the 1950s. However, it is really within the 

past decade, as acid mine drainage began 

Figure 1(a): The confl uence of the Vaal River and the Klip River showing polluted water 
from the Klip River entering the Vaal and remaining separate for some time before 

mixing takes place

Figure 1(b): The confl uence of the Steelpoort River and the Klip River in Limpopo 
showing the suspended solids concentration resulting largely from opencast mining 

practices in the catchment of the Steelpoort River
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decanting in the Witwatersrand, that this 

pollution of our water resources became 

so prominent. 

Remediation of eff luent within 

natural systems, such as the ecosystems 

services provided by wetlands and 

watercourses, is often not appreci-

ated. South Africa has approximately 

120 000 wetlands of which 80 000 are in 

a severely impacted or degraded state, 

thus significantly reducing the natural 

resource ability to reverse the effects of 

pollution. Similarly, stream flow within 

stream biota and the riparian zone of 

a watercourse fulfil a significant role 

in removing pollutants, as these sub-

stances are consumed as nutrients by 

fauna and f lora.

As watercourses shrink in size due 

to inter alia the development of dams 

or base fl ow abstraction, so too does the 

area of riparian zone shrink. Th e extent of 

habitat for in-stream biota thus reduces, 

the consequences of which are a signifi -

cant reduction in the remedying eff ect 

of the natural watercourse on pollutants 

entering the stream. If the assimilative 

capacity of the stream is exceeded (i.e. if 

the concentration of pollution exceeds 

that which the biota of the stream can 

survive) then the ecosystem crashes and 

the stream not only fails to increase in 

remedial action, but this remedying ef-

fect is also reduced. Th ere are examples 

of watercourses where this assimilative 

capacity has been exceeded to the extent 

that it is visible to the naked eye, such as 

at confl uences of river systems as seen in 

Figure 1.

WASTE MANAGEMENT PRACTICES
As our water resources are being im-

pacted on by both consumptive and 

discharge uses, it became obvious that 

a waste management strategy or hier-

archy was needed. It is accepted that 

waste generation should be avoided, and 

if unavoidable, reduced or minimised, 

and the residual waste stream should be 

considered for reuse wherever practically 

possible. Th at waste which cannot be 

reused and is disposed of has the ability 

to infl uence the pollution of our water 

resources based on the means by which 

it is disposed of.

Th e 1980s philosophy, which relied 

largely on dilution and dispersion of pol-

lution as the solution to waste manage-

ment for many uses due to the reliance on 

clay-only liners to control the rate of total 

solute transported to the environment, is 

hence a thing of the past.

Th e world standard for pollution con-

trol barrier systems has been summarised 

by the Geosynthetics Research Institute 

(Report number 34 of 2007) and refl ects 

the extent to which competent contain-

ment barrier systems are employed world-

wide. Th ese are summarised in Table 1, 

in which the use of compacted clay liners 

(CCL), geomembranes (GM) or combina-

tions thereof is recorded. 

This shows that South Africa's 

current norms and standards for con-

taminant containment barrier systems 

is somewhat more aligned with the 

world thinking of today, although 

European and first world standards are 

still more substantive. This is evident 

in the analysis of regulatory standards 

in the USA, where 13 of the 52 states 

now require double composite liners for 

general waste facilities, whereas South 

Africa requires a single composite liner 

for the same facility in which the clay 

component is 600 mm thick. In the USA 

this clay component would typically be 

between 900 mm and 1 500 mm thick, 

whereas in Germany the standard (after 

implementation of the hierarchy of 

needs defined by the European Union 

directive on landfill) would be a sub-

stantially thicker geomembrane and 

compacted clay liner. 

CONSIDERATION OF PRESENT 
REGULATORY STANDARDS
Th e form of barrier system employed by 

regulators is largely a single composite 

liner system and in some cases a double 

composite liner system for the higher risk 

of liquid waste products. Th ese forms of 

barriers have been adopted by the South 

African regulator and are shown in Figure 2.

Th e performance of individual mate-

rials is better known than the interaction 

between various materials, largely due to 

the fact that product suppliers advocate the 

attributes of the individual components.

A systems approach is critical to un-

derstand that the waste to be contained 

will have a signifi cant impact on the per-

formance of the barrier system!

Th e polluting period for a putrescible 

waste may be as short as a century after 

closure of the facility, whereas the polluting 

period for a facility for industrial waste or a 

mine tailings storage facility may be several 

centuries after closure of the facility.

Th e type of waste will also defi ne the 

loading conditions, and these may change 

with time. For instance, a municipal solid 

waste density will increase as decay takes 

place, and so, too, with time will settle-

ment take place inducing shear forces on 

the barrier system associated with the 

Table 1: Summary of regulatory standards employed for waste containment 
facilities (Koerner & Koerner 2007)

Type of waste CCL alone GM alone GM/CCL 

composite

Not 

designated

Hazardous waste
(HSW)

1
(2%)

0
(0%)

34
(65%)

17
(33%)

Municipal waste
(MSW)

9
(17%)

3
(6%)

32
(62%)

8
(15%)

Inert waste (ISW)
(i.e. C&D waste)

2
(4%)

1
(2%)

21
(40%)

28
(54%)

Figure 2: Typical layout of barrier system 
components for a Class A facility to which high-

risk waste would be contained and a Class B 
facility to which medium risk waste would be 

contained, being a double composite liner and a 
single composite liner respectively
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settlement, depending on the topography 

of the site.

Th e aspect which has been largely 

misunderstood, or not appreciated fully, is 

the eff ect of elevated temperature on the 

liner system, both its eff ect on individual 

elements and on the system as a whole. 

Th e durability of high-density polyethy-

lene when exposed to sunlight or ultra-

violet light, and when exposed to heat, is 

well documented (Rowe 2005; Rowe 2011). 

It is noted that a geomembrane liner of 

high-density polyethylene at ambient 

temperature of 10 to 15°C is expected to 

last in excess of 1 000 years. However, if 

the same geomembrane is exposed to an 

elevated temperature of 60°C this service 

life prediction reduces to a mere 15 years. 

Th is is quite inadequate for almost all 

contaminant containment facilities, as 

polluting periods for waste streams are 

typically of the order of a century or longer.

Similarly, as temperature rises, the 

mechanical properties of materials change 

and it is noted that, as temperatures rise 

above 60°C, the mechanical properties of 

high-density polyethylene geomembranes 

in particular change signifi cantly, which 

could also infl uence the stability of facilities. 

Th e interface shear resistance (and in some 

cases internal shear resistance) of geosyn-

thetic components are generally tested at 

ambient temperature; however, the eff ect of 

temperature on shear resistance should be 

factored into stability assessments.

Th e durability of geotextiles and geo-

synthetic clay liners (GCLs) (in particular 

their cover and geotextile components) is 

not well documented. While it is known 

that ultraviolet light may destroy the 

polypropylene cover component of the 

GCL or polypropylene geotextile under 

South African conditions within months, 

it is also noted that polyester geotextile 

should not be exposed for as long as a 

year, unless UV stabilisers are included 

within the polymer during manufacture. 

Independent laboratory test results of 

ultraviolet light with a weatherometer 

exposure for South African products are, 

however, not available from the manu-

facturers at this time. Perhaps of even 

greater concern is the lack or absence of 

data from tests which can be used by de-

sign engineers to evaluate the suitability 

of geotextiles and geosynthetic clay 

liners in barrier systems when exposed 

to elevated temperatures. It was reported 

during a Geosynsynthetic Research 

Institute (GSI) webinar in January 2014 

that a GCL beneath a geomembrane at a 

hazardous waste facility in South Africa 

near the apex of the uncovered slope, had 

degraded to the extent that, after a period 

of seven years’ exposure to sunlight-

induced heat beneath the geomembrane 

within the double composite liner system, 

the cover geotextile of the GCL had de-

cayed entirely, leaving no evidence of the 

polypropylene geotextile whatsoever, and 

only the bentonite layer remained.

Due to the diff erences in performance 

between various materials – whether due to 

the diff erences in durability when exposed 

to ultraviolet light or leachate temperature, 

or the diff ering interface shear between 

various materials and various polymers, 

or their strain characteristics or any other 

parameter – it is evident that the design 

must be done as a whole and not addressed 

as individual components in isolation.
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TEMPERATURE OF LINER EXPOSURE 
FOR VARIOUS WASTE STREAMS
Elevated temperatures are generated 

during the geosynthetic manufacturing 

process, as well as during construction 

site welding (or joining) of materials such 

as geomembranes and geotextiles. During 

the construction phase and operational 

life, geosynthetics may be exposed to el-

evated temperatures induced by sunlight, 

waste materials that are placed at high 

temperatures or waste materials which 

generate elevated temperatures over time.

Th e eff ects of exposure to sunlight can 

be designed for through either adequate 

• high-tensile wire mesh (tensile strength of  
at least 1770 N/mm2)

• system can be optimized depending on the subsoil 
with several mesh types

• cost-effective thanks to wide nail spacing
• dimensioning concept based on large-scale field  

and model tests
• small CO

2
 footprint and option to cover with  

natural vegetation

TECCO® systems stabilize slopes 
using high-tensile wire.

Scan and watch our movie on 
www.geobrugg.com/youtube/TECCO-fullscale

Geobrugg Southern Africa (Pty) Ltd
Unit 4 40 Fransen Street
Chamdor 1739 Gauteng, South Africa
Cell SA +27 82 420 6137 Phone +27 11 762 1289  
www.geobrugg.com info@geobrugg.com

Table 2: Anticipated temperature on lining systems reported at various climatic conditions

Type of waste Temperature 

recorded

(ºC)

Locality Reference Mean an-

nual rainfall 

of site

(mm)

Mean ambient 

temperature 

of site

(ºC)

MSW leachate > 50 Tokyo, Japan Yoshida and 
Rowe 2003

1406 16

Normal MSW liner temperature 30 to 40 Keele Valley, 
Canada

Rowe 2005 831 9

MSW with no recirculation ±30 Philadelphia, USA Koerner

MSW with recirculation ±50 Philadelphia, USA Koerner

MSW incinerator bottom ash 85 Germany Klein et al 2001

Piggyback cells >60 Germany Muller 2006

Landfi lls containing ash and alu-
minium production waste

in excess of 100 Pyke County, USA Rowe 2011

Dedicated paper pulp facility 
liner with dust suppression/
recirculation

59 to 67 within 
one year

Mbombela, 
South Africa

Regulator 767 19

MSW liner in sub-tropical region 
with no recirculation

42 to 47 Durban, 
South Africa

Moodley et al 
2013

828 21
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stabilisation of the polymer, or designing 

cover systems to isolate the geosynthetic 

material from UV exposure. Th e greater 

concern, however, is the long-term expo-

sure to elevated temperatures due to the 

placement of waste materials that are at 

an elevated temperature, or due to waste 

materials that generate elevated tempera-

tures through exothermic reactions. Th e 

putrefying and biological activity associ-

ated with the decay of organic content of 

a waste stream results in heat being gene-

rated. Th e nature of the organic material 

and extent to which moisture is present 

will signifi cantly infl uence the amount of 

heat generated and the resultant extent of 

elevated temperature on the liner system. 

Similarly, the exothermic reactions as-

sociated with hydration of ash and other 

similar exothermic chemical reactions 

will generate heat and also result in ele-

vated temperatures on the liner. Elevated 

temperatures can thus be expected on 

lining systems beneath coal combustion 

residue deposits, as well as gold tailing 

storage facilities, and in particular heap 

leach pads. Table 2 refl ects a collection 

of temperature results from temperature 

monitoring and publications.

It is known that if leachate is re-

circulated through an MSW facility, then 

the temperature of the leachate on the 

liner system will rise signifi cantly. We can 

thus also expect higher temperatures on 

the barrier system beneath putrescible 

organic waste streams in wetter climates 

than we can in drier climates.

Similarly, we can expect higher tem-

peratures on liner systems in warmer 

climates than cooler climates, because 

the rate of cooling is proportional to the 

temperature diff erential. Th e greater the 

diff erence in temperature between the 

body of waste to be contained and the 

ambient air temperature, the greater the 

rate of cooling. In the Northern European 

and Canadian regions where the annual 

air temperature is in the order of 10°C 

we would expect faster cooling rates and 

therefore substantially lower liner tem-

peratures than in the tropical regions of 

the world. Th is non-linear rate of cooling 

is refl ected in Figure 3.

LINER PARAMETERS FOR 
CONSIDERATION OF HEAT 
MANAGEMENT
For a given rate of production of heat 

energy within a waste mass, the energy 

produced will migrate outwards at a rate 

dependent on the means by which it is 

conveyed to the boundary. Precipitation 

infi ltration and liquids within the waste 

will migrate downwards under gravity, 

taking heat energy to the base of the 

waste facility, whereas when consolidation 

takes place within a layer of the waste, 

body gas migrates largely in a horizontal 

direction towards the sides of the facility, 

and the upper surface will convey heat at 

a diff erent rate. Th is rate of heat convey-

ance is defi ned by Fick’s Law being a func-

tion of the mass fl ux, the coeffi  cient of 

specifi c heat for the material, and the dif-

ference in temperature in degrees Kelvin. 

Th us for the same desired temperature 

or defi ned temperature diff erential, the 

critical factors for conveyance of heat 

energy are the mass of the material and its 

specifi c heat.

We can therefore see that the rate at 

which heat is conveyed from a particular 

point for the same volume of fl uid per 

unit time, the displacement rate would be 

4 200 times higher for liquid such as water 

or leachate, than for dry air. Hence, we 

can expect total heat on a base liner due 

to leachate to be higher than side walls 

exposed primarily to lateral landfi ll gas 

migration. Th is is particularly signifi cant 

when added to the fact that typically 80% 

of geomembrane damage during con-

struction is found on fl oor areas, and only 

20% of damage is found on wall areas.

Th is is not to be confused with the 

specifi c heat of change of phase of liquid. 

When a fl uid changes phase from a liquid 

to a gas at the same temperature, it ab-

sorbs heat. Th e latent heat of change of 

phase is quite evident in a simple experi-

ment where a drop of alcohol, a drop of 

water, and a drop of oil are placed on the 

palm of a person's hand. All three drops 

are at the same temperature, approxi-

mately 37°C; however, the alcohol will 

evaporate faster than the water and the 

water faster than the oil. Th is is due to the 

diff erent latent heat of change of phase 

for diff erent materials. Th ere is further 

opportunity to use this attribute, of latent 

heat of change of phase for cooling of 

membrane systems and extending service 

life if required.

Th e thermal conductivity of the bar-

rier system should also be taken into 

consideration in determining the service 

life of the facility. Th ermal conductivity 

is the property of a material to conduct 

heat. A material that conducts heat more 

effi  ciently is said to have a high thermal 

conductivity. Th is is evident when con-

sidering solid metal which conducts heat 

well, thus it is said to have a higher thermal 

conductivity than a liquid. A liquid would 

have a lower thermal conductivity, but it 

would still be higher than that of air which 

is a poor thermal conductor.

Th e properties of geosynthetics used 

in a particular design should be consid-

ered with respect to performance of the 

barrier system throughout its service 

life. It is widely reported that a geosyn-

thetic clay liner needs to be hydrated 

only after normal compressive stress 

has been applied, and prior to exposure 

to the contaminant to be contained (in 

particular if the leachate contains salts 

or hydrocarbons).

Th e literature reporting on investiga-

tions into the thermal conductivity of wet Figure 3: The cooling curve for water (Quaden & Ticotsky 2004)
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and dry GCLs (Singh & Bouazza 2013) rec-

ommends a particular form of bentonite so 

as to facilitate a desired thermal boundary. 

Th e wetting and drying cycles of a GCL 

should also be taken into consideration 

in those applications where wetting takes 

place. Th is hydration, however, is not al-

ways feasible and seldom designed for.

It is noted that for a double composite 

liner system where a GCL is used as the clay 

component of the primary composite liner, 

this GCL cannot absorb moisture from the 

underlying soil, as it is isolated from the 

soil by the secondary liner and leak detec-

tion system. Single composite liners over 

a capillary break system suff er the same 

disadvantage. Th is liner inability to absorb 

moisture from underlying soil (capillary 

rise) is further aggravated when exposed to 

consolidation and elevated temperatures. 

Th e moisture is driven off  as condensate 

and drains away within the drain or capil-

lary break and is thus not available for 

reintroduction to rehydrate the above GCL, 

unless climatic conditions are induced, such 

as saturated air to facilitate this rehydration.

It is seen from the above that the heat 

generated within the waste mass migrates 

to the base liner, above which there is a 

drainage layer or leachate collection system 

and geomembrane protection layer. Th is 

then creates a boundary condition at which 

the heat is concentrated, irrespective of 

what the heat energy per unit area is for a 

particular waste stream or facility. Th is heat 

energy is directly above the lowest perme-

ability layer being the geomembrane liner.

Th is heat is concentrated, as it is conveyed 

by liquid which will fi ll the pore spaces of 

fi ne-grained soil protection layers and will 

migrate laterally at a much lower velocity 

than through the overlying coarse aggregate 

leachate collection system or drainage layer. 

Th e situation is the same essentially where 

a geotextile is used as an alternative to a soil 

protection layer for the geomembrane, i.e. 

the leachate saturates the protection layer 

prior to migration of fl uid above that layer.

Th us there may be some merit in using a 

thick nonwoven geotextile protection layer 

despite its higher void ratio rather than a 

standard soil protection layer, due to the 

lower volume per unit area of liquid re-

taining heat above the liner.

Considering the heat per unit area 

then, the thermal conductivity of an HDPE 

geomembrane is 0.34 W/mK and this is 

the defi ning rate at which heat will pass 

through the geomembrane to the GCL or 

CCL and beyond. If the GCL is hydrated it 

is expected to have a thermal conductivity 

in the order of 1.07 W/mK and will thus 

convey the heat through the GCL to the 

underlying material, be it a soil support 

or leak detection system. If, however, the 

GCL is dry then it will have a thermal con-

ductivity in the order of 0.11 W/mK, which 

is far lower than the thermal conductivity 

of the HDPE geomembrane. Th is empha-

sises the importance of maintaining the 

GCL or CCL component of a composite 

liner in a hydrated state, so as to facilitate 

heat dissipation and avoid liner tempera-

ture increases.

Irrespective of whether a hydrated 

GCL or compacted clay liner is employed 

as the clay component of the primary liner 

in a double composite barrier system, the 

fact that a leak detection system separates 

it from the secondary liner will mean that 

there is a zone of low thermal conductivity, 

which is lower than the conductivity of the 

geomembrane, and will contribute to still 

further temperature elevation and short-

ening of service life of the primary liner 

unless treated (see Table 5).

It is noted that there is a relatively small 

temperature drop across the geosynthetic 

liner systems (Legge et al 2007) and this 

can be ascribed largely to the presence of 

signifi cant static air voids within the leak 

detection system, these voids being stagnant 

(much like the double glazing of windows in 

the cold North European climate). In cases 

where double composite liners are required, 

such as high-risk waste containment, it be-

comes imperative that thermal conductivity 

is addressed so as to avoid accelerating liner 

degradation over the service life of a facility.

TEMPERATURE CONTROL 
STRATEGIES
Th e above refl ection on elevated tem-

perature generation in waste facilities 

and thermal conductivity through barrier 

systems leads the authors to believe that 

there are several opportunities or combi-

nations of opportunities to mitigate these 

eff ects. Th ese mitigating measures could 

address either limiting heat generation or 

facilitating heat dissipation. 

Table 3: Mass and specifi c heat for water and air

Material Mass (kg/m³) Specifi c heat (joules/g)

Water 1000 4.20

Air 1 1.02

Table 4: Latent heat of vaporisation for liquids

Substance Latent heat of vaporisation (MJ/kg)

Methylated spirits 1.12

Water 2.26

Crude oil 3.00

Table 5: Thermal conductivity of materials found in waste containment facilities 
(Singh& Bouazza 2013)

Material Thermal conductivity

(W/mK)

GM (HDPE) 0.34

GCL (wet) 1.07

GCL (dry) 0.16

GT (NWNP) dry 0.07

GT (NWNP) wet 0.83

It is noted that there is a 

relatively small temperature 

drop across the geosynthetic 

liner systems (Legge et al 2007) 

and this can be ascribed largely 

to the presence of signifi cant 

static air voids within the leak 

detection system, these voids 

being stagnant (much like the 

double glazing of windows in the 

cold North European climate).
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It has been shown that a single com-

posite liner service life can be extended 

by employing a further composite liner 

of substantial thickness above it so as to 

isolate the liquid heat conveying leachate 

from the secondary liner (Hoor 2012). 

Th is, however, will suffi  ce only for as long 

as the upper liner system is able to isolate 

liquid from the remote interface of the 

secondary liner.

Similarly, the above shows that heat 

can be dissipated by maintaining the clay 

component of the primary composite 

liner in a saturated or moist condition so 

as to facilitate heat dissipation at the base 

liner. Th is hydration can be achieved by 

managing the climatic condition within 

an underlying leak detection system 

(Gundle et al 2013) or maintaining the 

clay component in contact with soil mois-

ture from beneath the barrier system. 

Th e eff ects of elevated temperature 

on service life reduction, and hence pol-

lution control or performance of the 

barrier system, can further be mitigated 

by the selection of high heat-resistant 

products (geomembranes, geotextiles and 

geodrains); the use of cooling systems or 

methods, including utilising the benefi ts 

of latent heat of change of phase of liquids; 

the installation of thermal insulation bar-

riers; the pretreatment of the waste stream 

and management of the stream placement; 

or combinations thereof.

CONCLUSIONS AND 
RECOMMENDATIONS 
1. Th e failure to take the detrimental 

eff ects of elevated temperature into 

consideration in design for all polymer 

materials and clay components may 

lead to both reduced performance and 

reduced service life of pollution con-

trol barrier systems. In extreme cases 

this may also lead to stability failures 

due to the change in material proper-

ties of geosynthetic components. 

2. Service life consideration for waste 

containment facilities needs to recog-

nise both the polluting period of the 

waste to be contained, and the propen-

sity of the waste material to generate 

elevated temperature on the contain-

ment barrier system.

3. Th e presence of a leak detection 

system or capillary break that isolates 

the clay component of a composite 

liner from a hydrating source of 

moisture, which would otherwise 

maintain that clay component in a 

hydrated state, is likely to lead to still 

higher temperatures on the primary 

geomembrane liner and so reduce 

its service life and associated perfor-

mance. Th is is due to the large diff er-

ence in thermal conductivity between 

wet and dry conditions of a geotextile, 

geosynthetic clay liner or compacted 

clay liner, which in a dry state has a 

lower value of thermal conductivity 

than the geomembrane liner and ef-

fectively creates a thermal barrier or 

heat insulating layer.

4. The guidance obtained from inter-

national literature cannot be applied 

to South African conditions without 

recognising the implications of dif-

ferences in climatic conditions. It is 

evident that the higher precipitation 

rates of the tropics and sub-tropical 

regions may promote greater heat 
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generation in putrescible waste 

streams such as MSW than equiva-

lent sites in lower rainfall regions of 

Europe and the Americas. Similarly 

the warmer ambient air temperature 

of the African region will reduce 

the cooling of barriers due to heat 

transfer being a function of tem-

perature differential.
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INTRODUCTION
Geosynthetic materials are extremely useful and should be a 

common part of every geotechnical engineer’s repertoire, as 

these materials provide cost savings, simpler construction and 

greater durability than traditional materials in most cases. How 

geosynthetics are utilised, particularly relative to their inter-

face interaction with one another and the soils that they are in 

contact with, is a critical issue in nearly every installation where 

they are used. Noteworthy science has been undertaken and ap-

plied to this issue. Despite these eff orts, however, there can be 

signifi cant confusion on how the measurement and specifi cation 

of interface friction and direct shear performance should be un-

dertaken, what the construction requirements might be and what 

specifi c variables are most critical. Th is article presents a simple 

plan for this situation, and more importantly, provides additional 

resources and references on how to address problematic areas.

THE RECOMMENDED PROCESS
While there are great reference materials available, the recom-

mended process can be described in a very straightforward 

manner, as in the following seven steps:

Understand the goal

Although it sounds overly simplistic, the fi rst step is to under-

stand what one is trying to accomplish. Commonly with geosyn-

thetics, the designer is attempting to provide either additional 

strength to improve poorly performing soils, or to provide a bar-

rier function, i.e. protection of groundwater, containment of solid 

or liquid wastes, or containment of valuable liquids.

Th e engineer should make a choice as to the type of system 

that he/she wishes to evaluate. Which material/s will be used 

– a single liner, a composite liner, a double composite liner 
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with leak detection(1) – or other construction? Th e basic design 

will dictate the interfaces that will need to be examined and 

potentially evaluated. Another basic but important point is that 

of design technique, specifi cally the selection of peak strength 

or residual (long-term displacement) strength as the control-

ling design criteria. Several authors have weighed in on this 

topic(2)(3), and it appears that the most conservative method-

ology is to design for the residual strength of the interface with 

the lowest peak strength. 

Other items that require additional consideration at the ini-

tiation of a project are the overall application, the consequences 

of failure, and the diff erent environments that the design will see 

over its life span. It is important to consider the performance of 

the design during the construction phase of the project; histori-

cally the potential for failure is higher during this time period. 

Traffi  c and movement of construction equipment on the system(4) 

should be considered and controlled. If appropriate, calculations 

should be undertaken to determine what type of machinery 

and operation of the same are allowable during construction. 

Additional consideration should be given to the timing of op-

erations, for example: How should the overburden and load be 

placed on side slopes? Will the entire site be covered during the 

construction phase, or will some slopes and installed materials 

be exposed for a signifi cant period of time? All of these issues 

should be generally understood prior to investigating and calcu-

lating interface performance. 

Compare with historical references

It is important to consult historical literature(5) and databases 

during the initial evaluation of the interface performance. Once 

the variables described previously are generally understood, one 

can compare them to historical norms as a general reference. 

Th is should not be a defi nitive evaluation; however, it is useful to 

the engineering practitioner to know if he is attempting some-

thing that is commonplace, or if his design does not agree with 

the established standard of practice and performance. Clearly 

exceptional performance is possible; however, additional plan-

ning, evaluation, testing and verifi cation should be undertaken 

when exceptional performance is expected. 

Th e largest available database is published (to members 

only) by the Geosynthetic Institute, Folsom, Pennsylvania, in 

the USA (http://www.geosynthetic-institute.org): GRI Report 

#30: Direct Shear Database of Geosynthetic-to-Geosynthetic and 

Geosynthetic-to-Soil Interfaces. Dr Neil Dixon of Loughborough 

University in Leicestershire, in the United Kingdom, has also 

compiled a large number of interface test results (http://www.

lboro.ac.uk/departments/cv/staff /profi le/24.html). Th ese two 

databases are currently being combined and a new version of the 

Geosynthetic Institute report #30 is anticipated in the future.

Understand the variation

When consulting the historical databases it is imperative to have 

an understanding of what one is looking at. Specifi cally the level 

of variability that exists in the data, even within specifi c test 

results, should be understood. Th e variability for this test is quite 

high, with estimates of up to nearly 30%(6)(7). Furthermore, it has 

proved diffi  cult to compare test results with variable conditions, 

i.e. high overburden pressures vs low overburden pressures, high 

moisture levels vs low moisture levels, etc. Also, when consid-

ering the geomembrane type, one might anticipate signifi cant 

diff erences between the performance of diff erent types of tex-

tured geomembranes(8) and yet this data is commonly presented 

within one data set.

Professor Dixon does an excellent job of categorising this 

variation in his paper(7), and in section 2 of that paper he lists 

sources of variation within the tests as follows: 

“Interface shear behavior is a function of a large number of 

factors that can be summarised as below. (Th e most recent 

version (2014) of ASTM D 5321 also contains a listing of 

critical information needed to conduct an item repeatable in 

the appendices.)

 ■ Applied normal stress

 ■ Geosynthetic material characteristics

 ■ Soil gradation

 ■ Soil plasticity

 ■ Density

 ■ Moisture content

 ■ Size of sample

 ■ Drainage conditions

 ■ Displacement rate

 ■ Magnitude of displacement, and 

 ■ Other parameters.”

Another specifi c item that fi ts under “Other parameters”, but 

likely deserves its own heading, refers to the methodologies and 

techniques used to anchor geosynthetic layers within the testing 

apparatus. Experience and discussions with other industry 

participants have led to the opinion that this may be the single 

greatest cause of variation between laboratory-to-laboratory 

results. Seat time prior to testing, and particularly in the case of 

testing involving geosynthetic clay liners, the timing, consistency 

and amount of overburden pressures during the exposure to 

moisture can also be very important parameters.  

Th ere are two areas where this understanding comes into 

play. One is that the comparison of the design calculation results 

to “historical norms”, and in this area conservative engineering 

logic should be applied. Th e other area where understanding of 

variability is important is relative to the upcoming recommenda-

tions on testing evaluation, frequency and sample repetition. 

While this data is a mixture of multiple test events using mul-

tiple materials and combinations over a long period of time, most 

engineers have a very specifi c concern – the project that they are 

working on currently (a ‘one-of ’ interest) is very practical from 

that perspective. Th e designer should have a clear estimate of 

variability in his mind prior to conducting testing and should set 

his design to accommodate that level of variability.  

Conduct a test

In nearly every case, even when historical norms show agree-

ment with the expected design performance, it is advisable to 

conduct a laboratory test, using one of the applicable standards. 

Th e goal of this test is to validate the design and identify any po-

tential problem areas by verifying the estimations via a physical 

experiment. Another important benefi t of running a test is the 

self-imposed requirement to identify all of the pertinent variables 

necessary to conduct an accurate and repeatable test. Th ese in-

clude, but are not limited to, the variables listed above.

In the real world, economic and scheduling considerations 

usually drive the number and frequency of the testing that is 

conducted. Th ese tests are not inexpensive, usually running from 

$2 000 to $3 000 (USD) for testing suffi  ciently to calculate the 
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friction angle at a specifi c condition. Furthermore, a minimum 

period of two weeks is commonplace for testing, including 

the supply of materials, shipment, set-up time and so on. Th is 

schedule may be extended by a desire to obtain and use site-

specifi c soils for testing or other special considerations(9). While 

some authors have recommended multiple repeats and the use 

of multiple laboratories to assure accurate values, a single set of 

tests at three closely related overburden pressures is common-

place in practical experience.

Th e engineer should further understand that at this point he 

should be making a personal and project commitment to the lab-

oratory of choice; it is not advisable to switch laboratories during 

a testing cycle or even over the life span of the entire project. 

Changing laboratories only expands the uncertainty envelope, 

and contributes to variability and a less exact understanding of 

performance.

One fi nal issue related to testing should be mentioned at this 

point, and that is the interpretation of the testing results. Th e 

question of internal cohesion should be settled early on in the 

design, and all subsequent test results evaluated in a consistent 

fashion. While there are multiple opinions in literature on this 

topic, Rick Th iel has addressed this issue specifi cally and most 

eff ectively.(10)

Create a specifi cation

Having consulted historical databases and conducted at least 

minimal testing, the engineer is now required to convert his 

performance understanding into specification requirements. 

The specification requirements will be distributed to the 

bidders and manufacturers of material and should be clear, 

concise and direct. It should be understood that no manufac-

turer will willingly agree to design specification criteria for 

material. In the case of geosynthetics, specifically geomem-

brane, it is common for an interface friction requirement to 

be specified via an asperity height(11) requirement. This is an 

intellectual compromise; a simple asperity height specifica-

tion is exactly that – simple – and does not take into account 

texture density and other factors that have been demonstrated 

to be important to interface shear performance. That being 

said, it is factual that a ‘simple’ asperity height specification 

that has been effective in the real world, is decidedly not the 

‘best practice’. Some industry participants are researching 

this topic further and supplying additional characterisation 

of the interface surfaces.(12) It is likely that this type of surface 

characterisation will become more commonplace over time, 

particularly in critical applications.  

Validate the production materials with appropriate testing

It is the function of the engineer to bridge the gap of specifi ca-

tion between the materials available and those produced for 

the project, and the function and performance of a completed 

installation. Th e guy that supplies the lumber cannot be held 

responsible for the construction of the house. Nevertheless, it 

is a perfectly reasonable expectation of the engineer to require 

testing on production materials that are specifi cally supplied to 

the project. Obviously this will occur after materials production 

has been initiated and during a time-sensitive period. However, 

it is advisable to return to the same laboratory (and if possible, 

equipment and techniques) and duplicate the design validation 

testing with specifi c production materials whenever possible. 
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Th is is in addition to the requirements for more common com-

ponents of the specifi cation and generally good manufacturing 

quality assurance processes.  

Make sure that construction occurs in agreement  with the design assumptions

Th ere is an additional requirement that should be placed on the 

engineer. Assuming one is capable enough to have navigated 

this portion of the project with success, it is imperative to make 

two additional requirements which have been demonstrated(13)(14) 

to promote project success. Th ese are proper selection of the 

geosynthetic installer, and proper selection and authority for a 

construction quality assurance function.

It is recommended that the geosynthetic installer be 

selected based on historical performance, prior experience, 

insurability, training and certifi cation of the installation crew, 

and a host of other variables, besides being the lowest bidder on 

the project. Th ere is an industry organisation (the International 

Association of Geosynthetic Installers – www.iagi.org) which 

has done an excellent job of documenting the requirements for 

a successful installation (welding skills and other variables that 

contribute to project success). It is strongly recommended that 

IAGI-certifi ed welders and installers be utilised for any sensi-

tive geosynthetic installation.

Further construction quality assurance has been proved time 

and again to be critical to project quality and the eventual suc-

cessful performance of the installation. Again the criterion for 

construction quality assurance staff  and performance has been 

established, in this case by the Geosynthetic Institute certifi ca-

tion programme (http://www.geosynthetic-institute.org/icpintro.

htm). Historical experience, knowledge and the authority to act 

when and where necessary are critical to successful construction 

quality assurance (CQA). Done properly, a CQA staff  member 

acts as a product manager and facilitator, which is benefi cial 

to all involved. It is important to remember that the CQA of 

the geosynthetics should continue until the geosynthetics are 

covered with suffi  cient soil or other materials to off er permanent 

protection for the environment that they will be in.

As discussed in the following section, the material that has 

been designed must be used, or one with MORE adhesion, not 

less. Th e long-term stability and performance of the project are 

the primary objectives.      

MATERIAL VARIATIONS
Occasionally there are questions regarding the various types 

of textured geomembrane, and the benefi ts and advantages of 

each type. Some of the bases for these questions is that there are 

several ‘types’ of textured geomembranes. (GSE has produced 

and sold every variety of textured geomembrane: structured, 

coextruded texture and ‘spray-on’ texture. Other manufacturers 

often make only one variety.) Th e advantages, disadvantages and 

limitations of each type are briefl y explained below. 

In general, the performance of textured geomembrane falls 

into two categories: structured geomembrane or a coextruded or 

sprayed-on texture that both result in a more random distribu-

tion of texturing.  

Structured geomembrane is produced with a fi xed pattern, 

usually a design of raised bumps or ridges. Structured geomem-

branes are nearly always produced on a fl at-cast extrusion 

line that utilises contact rolls for cooling and impressing the 

texturing pattern into the geomembrane. Th e pattern, once es-

tablished, cannot be easily altered, and attributes such as asperity 

health and textured distribution are fi xed.  

A coextruded textured geomembrane is controlled, to a great 

extent, by the addition of either a gas or a chemical that decom-

poses to a gas within the outer layers of a three- or more-layer 

coextruded geomembrane.

Coextruded textured geomembranes are commonly made 

on round die or traditional blown fi lm type extrusion equipment 

and uses chilled air to cool the geomembrane. Th e textured 

pattern made with this technology can be controlled and varied 

greatly, and asperity height, texture density and other attributes 

can be changed and controlled. A common variation is diff ering 

asperity height and texture density on the two sides of the geo-

membrane to assure that, for example in a seismic event, the 

appropriate side of the interface will fail to allow for continued 

containment. Th is was demonstrated in the fi eld during the 1994 

Northridge California earthquake.(15)

Spray-on geomembranes share many characteristics with 

coextruded textured geomembranes. Th e asperity height, 

texture density and other attributes can be changed and 

controlled. Th ere are two basic diff erences with the spray-on 

product – a limit to asperity height and texture density, some-

what lower than that of coextruded textured geomembranes. 

With a spray-on texture, the physical properties of a smooth 

(un-textured) sheet are retained after subjecting that sheet to 

the spray-on manufacturing process. Th e common decrease 

in break elongation with other textured sheet varieties does 

not occur with the spray-on textured variety.  Some perceive 

this as a great benefi t. Th e spray-on process consists of molten 

polymer, mixed with hot air sprayed onto the geomembrane at 

a given speed and concentration.  

Th ere are some general trends in the interface performance 

of these products, determined by the type of manufacturing 

Figure 1: Fan-out of textured types

Figure 2: Coextrusion example 
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process used. A coextruded textured geomembrane will gener-

ally off er a slightly increased frictional performance and better 

adhesion against needle-punched nonwoven geotextile than a 

structured geomembrane. In theory, a structured geomembrane 

will off er better performance with non-cohesive soils than a 

coextruded textured geomembrane. Both of these phenomena 

manifest as lower adhesion (the intrinsic ‘stickiness’ of the two 

materials to each other). Again, this has been discussed in the 

geosynthetic industries literature.(16 & 10) A comment by Greg 

Richardson(17) applies: “As a simple rule, if you can take a piece of 

nonwoven fabric and essentially ‘polish’ the surface of the tex-

tured geomembrane by hand, then it lacks the level of adhesion 

required for slope applications ……”

Th e issue of adhesion occasionally arises during the instal-

lation process. Some geosynthetic installers will express a pref-

erence for interfaces with lower adhesion. Th is allows another 

layer of geosynthetic to slide over a textured geomembrane 

with very little bonding/adhesion and without the use of what is 

described in the fi eld as a rub-sheet. For product interfaces with 

higher adhesion, the use of a rub-sheet is common and slightly 

more time consuming for the geosynthetic installer. Any (the 

word “any” used here with care) consideration to the installer's 

opinion in this matter is misdirected. Proper slope stability and 

suffi  cient interface properties to resist slides and failures are of 

far more importance to the designer and the owner than saving 

a few moments of the geosynthetic installer’s fi eld crew’s time. 

Th e specifi c type of geomembrane that was selected, tested 

and designed should be used, or one with MORE adhesion, not 

less. Th e long-term stability of the installation should be the 

primary concern.  

Th e primary concern at most construction projects is usually 

safety. Rick Th iel(10) said in an article in Geosynthetics Magazine: 

“…could have dire consequences on the safety of a design project. 

Th is problem may occur when designers consider only the opera-

tional or fi nal build-out of a facility and they ignore the construc-

tion condition. Several failures have occurred during construc-

tion because of this. For example, an embossed geomembrane 

against a geotextile may perform well under high normal loads 

by providing a good friction angle and a modest y-intercept for 

operating and fi nal build-out conditions. However, under the 

low-normal loads experienced during construction of a thin soil 

veneer on a steep side slope, testing might reveal that the adhe-

sion extrapolated from the high-normal load results do not exist 

at low-normal loads. In this case, a more aggressive texturing 

that exhibits a ‘Velcro®-eff ect’ type of adhesion, or a very high 

friction angle at low-normal loads may be needed and should be 

verifi ed at the proper normal loads.”  

IN CONCLUSION
Finally, we as authors take issue with some material suppliers 

who continue to propagate old, outdated, and in our opinion 

misleading, information that suits their particular ends. 

Specifi cally, there was a study(18) published in November 1996 

that compared the interface friction performance of PVC and 

HDPE geomembranes. While perhaps useful at the time, the 

geosynthetic industry has made so many advances since then, 

as to render that article obsolete (we specifi cally reference the 

‘biological’ defi nition of obsolete: imperfectly developed or 

rudimentary in comparison with the corresponding character 

in other entities).
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Clearly this topic has seen a great deal of eff ort and improved 

knowledge and performance over time. However, as an industry, 

we still have further to go towards the goal of a complete and 

reliable understanding of the performance of materials across the 

broadest possible range of conditions. 
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What is involved in the closure of a surface mine? 

A mine closure plan typically involves: 

 ■ Th e decommissioning (removal) of buildings, plant and infra-

structure established at the pre-production stage.

 ■ Th e rehabilitation/reclamation of decommissioned areas back 

to their pre-mining land use as far as is practical, or some 

other agreed land use.

 ■ Th e restoration of areas where there is environmental damage 

(resulting from the ongoing mining activities), to protect the 

surrounding environment from further degradation. 

 ■ Maintenance and aftercare of the mine site until it can 

be proved that all the areas are physically, chemically and 

biologically stable, do not pose a threat to local inhabitants, 

and will preferably be self-sustaining for an indefinite pe-

riod of time. 

 ■ Relinquishment of the site to post-closure users.

What factors need to be taken into account for mine closure, 

and what is best practice?

The biggest factor to consider for mine closure is the post-

closure land use (and users) of the mine site. Post-closure 

land use is indefinite, hence aspects such as rainfall, long-

term erosion, and biological off-takes and feedbacks all need 

to be considered.

Best practice involves planning for mine closure from the 

outset, i.e. during the environmental impact assessment and 

feasibility design phases, so that a realistic and informed post 

closure land use can be developed without creating unrealistic 

expectations for the authorities and post-closure land users, or 

unnecessary liabilities for the mine. 

How early in the design of a mine is the mine closure planned and budgeted for? 

Typically mine closure is briefly covered during the initial 

environmental impact assessment. However, the details 

regarding actual closure planning and implementation are 

often lacking. 

Some broad sweeping statements contained within the en-

vironmental management programme (EMP) report relating 

to mine closure can often be unrealistic and/or create signifi-

cant liability for the mine. In certain instances, authorities 

may be sympathetic and allow for an amendment to the EMP 

so that a more realistic mine closure plan, strategy and post-

closure land use can be developed. A typical example would 

be the commitment to completely backfill open pits.

Stephen van Niekerk

Director

SLR Consulting (Africa) (Pty) Ltd 

svanniekerk@slrconsulting.com

Questions around mine closure Questions around mine closure 
Mine closure planning is dynamic and changes 
throughout the life cycle of a mine. This article 

briefl y addresses some of the typical questions 
asked around the closing of a mine.

Concurrent backfilling of open pits is often not possible and any commitment 
made to completely backfill at mine closure will create a significant liability
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How often would the closure plan generally change or be adjusted 

throughout the life of the mine?

Closure planning is dynamic and changes throughout the life of 

a mine – much like any other project process. Th e closure plan 

develops over time from a conceptual, pre-feasibility stage, to a 

detailed, bankable feasibility stage, to an approved, fi nal imple-

mentation stage. 

Certain restoration aspects, such as groundwater remedia-

tion, only become realistically measurable during the operation 

or latter stages of the life cycle of a mine, and so work on moni-

toring and predicting outcomes need to be done throughout the 

mine’s operation, with the fi ndings/results incorporated into the 

closure plan on an ongoing basis.

What is the latest stage that a proper plan can be implemented? 

An approved, fi nal implementation plan should ideally be in 

place three to fi ve years prior to actual closure/shutdown of 

mining operations, with the conceptual, pre-feasibility plan 

having been started many years before. 

Given the signifi cant liability associated with actual mine 

closure, the funds for the closure operation would typically need 

to have been built up over many years prior to closure. 

What would be the possible consequences of a poorly planned mine closure, 

or no plan at all?

A poor closure plan (or no plan) would typically result in inad-

equate funds being available to eff ectively implement the closure 

of the mine – hence the early relinquishment of the mine prop-

erty to post-closure users would be unlikely. 

Poorly-planned closure plans would also not adequately con-

sider and address the socio-economic impacts of mine closure.

Th e consequences of an inadequately closed mine could be in 

the form of various fi nes from authorities for environmental non-

compliance, negative publicity from surrounding landowners 

and communities, and the ongoing maintenance and aftercare of 

the property until such time that the mine is adequately closed. 

Alternative funding for closure operations (if not done during 

operations) would also need to be sourced. 

Poorly-planned closure plans can also result in over-mining, 

thereby reducing the net present value of the mine (i.e. over-

mining that results in a signifi cantly increased closure liability 

and hence reduction in the overall profi tability of the mine).

How is progressive reclamation used throughout the life of a mine to mini-

mise the work needed at closure?

Progressive reclamation serves three main purposes: 

 ■ To reduce the actual liability on the balance 

sheet during the life of the mine. 

 ■ To test and verify the anticipated closure strategies and the 

success thereof (i.e. potentially avoiding future unnecessary 

wasteful expenditure on closure strategies that do not work). 

 ■ To provide opportunities to optimise and do cost/benefi t 

analyses on various diff erent closure strategies.  

Progressive reclamation can also provide some upfront socio-

economic benefi ts, such as small business development and skills 

training. Examples are the development of indigenous nurseries 

to provide a source of plants for vegetation operations, or small 

industry development utilising mine infrastructure that is no 

longer required by the mine, e.g. mushroom growing in closed 

underground shafts.

Would closure planning normally be done in-house by the mining company, or 

by consultants? 

Consultants are typically best for mine closure planning since 

they can provide and/or tap into a wide range of specialists who 

cover all aspects of mine closure, e.g. engineering, environ-

mental, socio-economic, stakeholder and authority communica-

tions, etc. Th e closure planning process, however, needs to be 

carried out in conjunction with mine management to obtain 

their approval, buy-in and support. 

What role does software play in planning the mine closure? Is it possible to 

generate accurate models of how the area will look once remediation has 

been completed?

Software is increasingly being used in mine closure planning 

operations. Typical examples include: 

 ■ GIS databases to track and record environmental 

disturbance and progressive reclamation. 

 ■ Risk analysis software to undertake cost/benefi t analyses. 

 ■ 3D modelling packages to generate free-draining sur-

faces, and for the presentation of post-closure models. 

 ■ Soil erosion modelling to predict the stability 

and longevity of slopes.

 ■ Earth-moving software to generate the most cost-eff ective 

strategy for excavation and deposition of material, and to 

avoid double handling of materials (e.g. open pit mining). 

 ■ Hyperspectral remote sensing (airborne survey) to iden-

tify alien vegetation, pollutants (hydrocarbon spills) and 

areas requiring maintenance and aftercare (e.g. ferti-

lisation, reseeding, erosion control/remediation).

What are some of the most signifi cant challenges that are encountered in 

mine closure? 

 ■ Identifying realistic and sustainable post-closure land uses. 

 ■ Minimising the socio-economic consequences of 

mine closure on the surrounding communities. 

 ■ Decant of rising underground acid water, typically as-

sociated with sulphuric ore bodies (e.g. gold and coal). 

 ■ Th e capping, vegetation and erosion protection

of tailings impoundments. 

 ■ Predicting long-term erosion rates on tailings impound-

ments, and hence the adequacy of cover/capping designs. 

 ■ Finding viable post-closure uses for 

open pits (e.g. water supply).

 ■ Th e restoration and vegetation of sensitive areas 

(e.g. around salt pans) with arid climates. 

 ■ Generating aftercare monitoring proto-

cols and procedures that are easy to imple-

ment and require minimal specialist input.

Defi ning closure success is also a challenge – bearing in mind 

that diff erent stakeholders all have diff erent measures for de-

fi ning closure success. For example, the mine owners want zero 

risk, the closure engineers want minimal erosion off  slopes, the 

authorities want full legal compliance, the closure scientists want 

wide-ranging biodiverse systems and the post-closure agricultur-

alist wants productive grasslands.

How are safe methods and locations for tailings impoundments identifi ed, 

and how are they made as environmentally safe as possible? 

Best practice involves a thorough site selection exercise, where 

a number of tailings impoundments are considered and the 
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most suitable site chosen. Th e site selection criteria consider 

the following: 

 ■ Physical environment, e.g. geology, soil capa-

bility, surface water features, groundwater fea-

tures, potential for pollution, etc. 

 ■ Biological environment, e.g. ecological sensitivity, 

endangered fauna and fl ora, presence of wetlands, etc. 

 ■ Social aspects, e.g. current land use, visual 

impacts, heritage impacts (e.g. graves), nuisance 

impacts (e.g. dust, noise, light) etc. 

 ■ Technical issues, e.g. foundation conditions, expansion 

capability, impoundment failure consequences, etc. 

 ■ Economics, e.g. mineral sterilisation, construc-

tion, operation and closure costs, etc.

Do tailings impoundments require indefi nite monitoring?

Th e characteristics of the tailings material will infl uence the 

closure strategy adopted for the impoundment. Diff erent closure 

strategies will result in diff erent frequencies and intensities of 

monitoring. Successful closure of tailings impoundments will in-

volve the reduction of monitoring activities over time. Generally 

it is still recommended that inactive tailings impoundments (i.e. 

impoundments with a low risk) be inspected at least once every 

fi ve years.

Has the approach to mine closure and remediation changed in recent years? 

Yes. Mine closure is now becoming a multi-discipline activity 

requiring the input of engineers, environmental scientists, socio-

economic practitioners, communities, specialist interest groups, 

conservationists, agriculture experts, government and numerous 

other disciplines and stakeholders. 

Mine closure operations are trending towards creating future 

post-closure assets through innovative reclamation and rehabili-

tation strategies.

Mine operators are also increasingly becoming aware of the 

need to follow good environmental practices and reduce their 

long-term negative environmental impacts – thereby obtaining 

a social licence to operate from both the authorities and sur-

rounding communities. 

Practices such as environmental off setting (i.e. the rehabilita-

tion or restoration of non-mining degraded areas to off set new 

areas about to be disturbed by mining) are becoming increas-

ingly popular. 

How do the regulations in diff erent geographical regions aff ect the mine 

closure framework? 

Th e strictest regulations are typically found in fi rst-world coun-

tries. Strict regulations can also be found in countries that have 

a long history of mining, and hence have an understanding of 

the issues related to improperly closed/derelict mines, e.g. South 

Africa and Ghana. Th ird-world countries and countries with a 

small/immature mining industry typically have the least strict 

regulations.  

Afrimat Limited is a leading black empowered open pit mining 

company providing an integrated product offering ranging 

from aggregates, industrial minerals, concrete products 

(bricks, blocks and pavers) to readymix concrete.

Afrimat has established a strong foothold in contracting 

services comprising mobile crushing, screening, drilling and 

blasting.

Backed by more than 45 years’ experience, Afrimat listed on 

the JSE Limited in 2006. As part of its continued diversifi cation 

strategy, the group is expanding its footprint into Africa.

The group’s capabilities enable Afrimat to service projects of 

any scale from major infrastructure and construction projects 

for state-owned enterprises and parastatals through to small 

private sector contracts. 

Investing in 
diversifi ed growth

A range of products built on the foundation of 
quality and durability

Mining & Aggregates

Industrial Minerals

Contracting International

Concrete Products

Readymix

®

Tel +27 21 917 8840 info@afrimat.co.za

Fax +27 21 914 1174 www.afrimat.co.za

Mine closure operations are trending 

towards creating future post-closure 

assets through innovative reclamation 

and rehabilitation strategies.
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INTRODUCTION
It is a sad fact that the collection and transportation of waste 

costs South Africa over half-a-BILLION rand every year! 

Th erefore the focus of the new R135 million Electron Road Waste 

Management Facility in Durban is to move waste management 

towards a more sustainable municipal service – one that meets 

new national waste regulatory requirements, reduces waste 

transportation costs, provides employment opportunities, allows 

waste to be eff ectively diverted from landfi ll, and enhances the 

benefi cial recycling of waste.

Th is facility, which is located north of Durban Central near 

the Umgeni River, just south of Umgeni Road and just east of the 

N2 national road, is one of the fi rst large-scale greenfi eld waste 

management facilities in South Africa that includes a refuse 

transfer station (RTS). 

At present, most of the waste in Durban City is disposed of 

at the Bisasar Road landfi ll site in Springfi eld Park, but this site 

is reaching full capacity and is due for closure in 2015. When 

capacity is reached, waste collection vehicles will have to travel 

to the Buff elsdraai landfi ll site approximately 33 km away – more 

than double the distance of 15 km which is considered an eco-

nomic travelling cost for collection vehicles. Th ese prohibitive 

transport costs have made the provision of a waste transfer 

facility at the Electron Road site a viable proposition, particularly 

as the site is less than a kilometre from the Bisasar Road site. 

Implementing this more effi  cient transport system will result 

in a reduction in transportation time, lower fuel consumption, 

lower wear and tear on vehicles and road systems, and an overall 

reduction of carbon emissions.

Th e Electron Road RTS has been designed to transfer 

1 200 tons of waste per day. Th is equates to an entire football 

fi eld covered 1 m deep in waste every day. Th e RTS is able to 

receive waste from local household waste collection vehicles 

Richard Emery

Executive Associate

Solid Waste Management Division

Jeffares & Green (Pty) Ltd

emeryr@jgi.co.za 

Electron Road Waste Management Facility

The Electron Road Waste Management Facility with fully 
developed site and upgraded public road; note the roofing 
layout which allows natural lighting and natural ventilation



and compact this waste into specially designed containers. 

Each container load can carry at least that of two local waste 

collection vehicles. Th ese containers (often two at a time) are 

then taken to landfi ll by lower-maintenance long-haul vehicles. 

Th at means one single load by a vehicle with lower running 

costs replaces what would have been trips by at least four other 

higher-cost vehicles on the roads. 

Planning of the project started in the year 2000 and included 

a lengthy (over many years) environmental impact assessment 

process. Th e contract was eventually awarded in February 2012, 

and construction of the facility has, for all practical purposes, 

now been completed. 

MANAGERIAL VISION AND COMPETENCE
Th e project involved many years of intensive option-analysis 

(nationally and internationally) and incorporated a wide range of 

expertise fi elds, including mechanical, electrical, civil, structural, 

industrial architecture, polluted water treatment, greening initia-

tives, etc, all of which required close coordination. Th e skilful 

fi nancial management of the project led to cost savings in the 

tendered civil and mechanical components of the works, so that 

the contract was completed with noticeable savings against the 

tendered amount. 

SUMMARY OF FACILITY FEATURES

Complexity

 ■ Waste in itself is not consistent in nature, and a system was 

required to be able to process the varying character of the 

waste (moisture content, free liquids, bulk-mass items, level of 

organic waste, and amount of packaging waste). 

 ■ Pollution control, in detail, is required. Th is includes liquids 

squeezed or escaping from the waste-mass to special collection 

pits in the fl oors, or drainage from the compactor units.

 ■ Th e height of the building, and the time frames involved, re-

quired special construction techniques.

 ■ Th e entire operation of this facility is dependent on data, 

recording and billing systems. Th is key control is done using 

special weighbridges of a particular length and width, with 

specialised drainage pits beneath (to control run-off  of polluted 

stormwater). Th is data system, combined with data from the 

compaction units, provides critical information.

Roll-on roll-off vehicle for moving containers full of waste

The ramp up to the tipping hall floor, and the ramp 
down (right side), allowing smooth traffic movement
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Final weighbridge structure and recording station, 
with truck approaching for control weighing and billing



Full-view control room for the tipping hall floor and chute
The tipping hall floor allows unhindered movement of vehicles 
and operations by full spanning of trusses over 40 metres

Glass floor panels and open-view design of control room 
Compaction hall beneath the tipping hall floor, with Husmann 

compactors, and (on the right) the underside of the chutes

What the bio-swale will look like in a few seasons’ time (photo: Kraaifontein Waste Management Facility) – the bio-swale has a 
specially designed drainage system underneath, with local vegetation on top to facilitate slow-treatment of run-off water
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Combining time-honoured 
engineering with 

cutting-edge solutions

J&G is proud of its award winning projects

 Kraaifontein Integrated Waste Management Facility 

Winner of the 2012 National SAICE Award for 

Technical Excellence

 Electron Road Integrated Waste Management Facility  

Winner of the 2014 Durban Branch SAICE Award for 

Technical Excellence

Contacts
W Cape:  Richard Emery on 021 532 0940 or emeryr@jgi.co.za

Gauteng:  Stuart Gower-Jackson on 011 807 0660 or 

Gower-JacksonS@jgi.co.za         

 KZN: Colin Scott on 033 343 6700 or scottc@jgi.co.za

E Cape: Richard Fyvie on 041 363 1900 or fyvier@jgi.co.za

www.jgi.co.za

Innovative construction and greening features

 ■ Design elements were adopted from a facility in Hong Kong and 

made to suit the South African environment and labour situation.

 ■ Th e facility boasts the fi rst-time use of the modern-day 

Husmann compaction equipment and related side-pushers. 

Th ese are specialised units from Germany, through a South 

African supplier and South African installer. 

 ■ By introducing side-pushers to the facility, the processing speed of 

the facility is massively enhanced and allows for its optimal use.

 ■ A focal point of the project is the approximately 100 m x 55 m 

x 18 m (length x width x height) refuse transfer station struc-

ture designed by the Jeff ares & Green Cape Town Structures 

section. Th e major part of the facility has no internal supports 

(columns), thus allowing for free movement of vehicles, and 

hence quicker turn-around times and greater effi  ciency. Th e 

ceiling also required a clear height of 7.5 m.

 ■ A new type of loading magazine, that handles the roll-on roll-

off  reinforced steel containers, was designed and constructed. 

Th ese magazines also allow live-weighing, so the operator of 

the facility can see immediately (before the containers are 

taken away) whether the containers have been optimally fi lled 

for transporting.

 ■ Th e design of the building maximised natural light and natural 

airfl ow through the entire building.

 ■ Specialised control booths were incorporated in the design for 

optimal (natural visual) control of the facility. 

 ■ Special attention was paid to pollution prevention. Th e site 

consists of a number of silt/sand traps, oil traps and litter traps. 

Th is was done to allow key pollution prevention actions (such 

as the capture of oils, litter, sand and silt) and to lower the 

COD (Chemical Oxygen Demand) of the effl  uent.

 ■ A special stormwater treatment process was designed using 

the newly formulated SUDS system (Sustainable Urban 

Drainage System). Th e provincial government is now starting 

to recognise this new eff ective, natural process for treatment 

of potentially polluted stormwater.

Construction methods

 ■ Th e geotechnical conditions on site were less suitable than on 

other similar sites, and unique piling methods and systems had 

to be adopted.

 ■ Tilt-up wall panels were used for the fi rst time on this scale, which 

also allowed for a face-brick fi nish, requiring special moulds and 

A new type of loading magazine, that 

handles the roll-on roll-off reinforced steel 

containers, was designed and constructed. 

These magazines also allow live-weighing, 

so the operator of the facility can see 

immediately (before the containers are 

taken away) whether the containers have 

been optimally fi lled for transporting.
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casting techniques on site. Much of the preparatory work could 

therefore be done in parallel with other works on site. Casting 

moulds also allowed for easier quality control, and prevented the 

need for very high scaff olding and high-risk bricklaying. 

 ■ More than 33 specialist sub-contractors were used to ensure 

high-quality installation and correct product choice.

 ■ Th e design of the entire facility needed clear modelling of 

traffi  c movements, capacities and the structures themselves. 

Th is was accomplished by Jeff ares & Green undertaking 

3D-modelling.

 ■ More than 402 000 man-hours were used to construct the 

facility. Th e contract erred towards labour-intensive construc-

tion methods to allow gain in experience by the work force.

Social and community empowerment

 ■ Th e contract achieved over 15% for its Contract Participation 

Goal. Th is amounts to more than R19 million spent on em-

powerment, which was over the required target.

 ■ The construction contract included a budget for the 

training and upliftment of local residents and local labour. 

More than R73 000 was spent on direct, dedicated training 

of less skilled workers to enable better employment oppor-

tunities in the future.

 ■ A range of new jobs will be created by this facility. Where pos-

sible and logical, the design of the facility was towards more 

manual control rather than automatic/mechanised.

THE PROJECT TEAM
Th e Jeff ares & Green team, as Lead Consultant, undertook the 

project management, civil, structural, roads, and transportation 

designs, together with site supervision and contract management 

duties. GJA and Allan Cunninghame (sub-consultants) were re-

sponsible for the electrical, electronic and mechanical duties, and 

specialist mechanical plant sub-consultant ConsulTech was also 

involved. Th ere were many other multi-professional consultants 

involved, including surveyors, architects, a landscape architect, 

groundwater specialists, geotechnical scientists, and others. Th e 

main construction was undertaken by Aveng Grinaker LTA, 

while sub-contractor Akura supplied and installed the special-

ised mechanical plant. 

ACKNOWLEDGEMENTS
Jeff ares & Green hereby acknowledge the client, eTh ekwini 

Municipality and Durban Solid Waste, for their vision, foresight, 

expertise, and their total valued input and support throughout 

the whole process.  

SCALE OF THE FACILITY

 ■ Estimate: > 5 000 m3 of concrete
 ■ Estimate: > 24 000 m2 of formwork
 ■ 500 tons of steel
 ■ 13 000 m2 of brickwork (walls, columns)
 ■ 6 100 m2 of roof covering
 ■ 5 km of trenching and pipework
 ■ 17 000 Terraforce blocks
 ■ 10 500 m2 of concrete surface
 ■ 11 100 m2 of brick surfacing
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BACKGROUND
When one thinks of Namibia one hardly conjures up images of 

heavy industry, but rather vast expanses of nothingness. Th e 

country is, however, a place of surprises. Just south of the Etosha 

National Park lies the small town of Otavi where a rebar manu-

facturing plant is planned.

Lithon Project Consultants (Lithon) (Pty) Ltd was com-

missioned by Otavi Rebar Manufacturing (Pty) Ltd in 2013 to 

undertake a Bankable Feasibility Study that complies with World 

Bank standards, for the construction of a 150 000 ton per year 

rebar manufacturing plant. Th e study includes an Environmental 

Impact Assessment (EIA) process, as well as the compilation 

of an Environmental Management Programme (EMP) for the 

construction and operation of the proposed plant. Internal and 

external stakeholders contributing to the study are diverse and 

range from the Town Council, Ministries, environmental interest 

groups and local communities.

PROJECT DESCRIPTION
Th e planned rebar manufacturing plant is similar to a plant re-

cently constructed in Arizona (USA) (see photo).

It is expected that the plant will be able to produce billets 

and 25 tons of rebar (ranging from 8 to 32 mm in diameter and 

12 m long) per hour. Th e area required for the plant, laydown 

areas and infrastructure interfaces is approximately 35 ha. 

As there will be a high degree of pre-assembly, a construction 

period of approximately 24 months is anticipated. Th is will also 

minimise on-site construction activities and consequential 

environmental impacts.

Th e raw material for the plant is scrap metal sourced from 

various areas within Namibia, neighbouring countries and on 

the international market. Th e proposed plant will comprise a 

two-strand continuous casting operation with a pusher-type re-

heating furnace, which will be gas fi red. It will include weighing 

and integration facilities, as well as a water treatment plant to 

ensure the recooling of process water. A contract has been signed 

with the Italian technology supplier, Danieli Morgardshammer, 

and discussions are advanced on a ministerial level, as well as 

with the utilities that would supply power and water to the plant. 

It is the client’s requirements that the plant, including the fume 

treatment plant, comply with all regulatory, statutory and inter-

national environmental requirements.

Th e decision as to where an industrial facility is to be located 

is always a tricky one. Factors such as public acceptance, cost, 

technical feasibility, climatic conditions, geotechnical restraints 

and potential environmental impacts have to be taken into ac-

count when selecting the preferred site. Parameters defi ned 

by the operational needs of the proposed facility (e.g. acreage, 

proximity to a population centre, availability of land, power, 

water resources) to optimise the site’s integration with existing 

infrastructure and future requirements, also need to be taken 

into consideration. Based on the fi ndings of the site visit and 

after identifying the technical, physical and environmental 

constraints, Lithon prepared a Site Selection Report containing 

recommendations for the preferred location and orientation of 

the proposed plant, outside Otavi. Th e visit also enabled the team 

to put the project into context with regard to legal aspects.

In order to construct the plant, various services would 

have to be brought into the newly proposed heavy industrial 

area, namely:

 ■ Sewerage, including connecting to the existing municipal re-

ticulation network and installing an on-site package plant;

 ■ Water supply, which will primarily be groundwater with the option 
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of municipal supply being investigated; a large portion of the water 

will be recycled in the water treatment plant to be constructed;

 ■ Electricity, via a link to the regional power infrastructure;

 ■ Options of both an on-site Heavy Fuel Oil (HFO) and a Low 

Pressurised Gas (LPG) plant were investigated for the plant;

 ■ General waste will be disposed of at the municipal waste 

facility and hazardous waste will be taken to registered haz-

ardous waste facilities; and

 ■ Roads and rail links to the regional transport routes would 

have to be constructed. 

AIMS AND OBJECTIVES OF THE 
BANKABLE FEASIBILITY STUDY
Lithon’s Project Manager, Jan Fourie, is responsible for coordi-

nating the team of highly qualifi ed project managers, engineers, 

town planners, quantity surveyors, environmental scientists and 

other technical specialists, to execute the study. He believes that 

“the key to success lies in the involvement of all stakeholders, 

and by working together with a focused approach, implementing 

tasks according to a well-designed plan that is closely moni-

tored”. His motivated team are working towards achieving the 

objectives of the Bankable Feasibility Study, namely to:

 ■ Produce an Inception Report that clearly defi nes the project 

objectives and scope

 ■ Carry out a Market Study for rebar demand forecast, as well as 

the supply of scrap metal

 ■ Undertake a visual impact assessment

 ■ Review existing data

 ■ Undertake a topographical survey of the area that will be used 

for detailed planning and design

 ■ Commission geotechnical investigations to determine 

founding conditions for structures and to determine the pres-

ence of sinkholes

 ■ Review and conduct all statutory requirements for approval of 

land issues and the manufacturing licence

 ■ Undertake an EIA and the preparation of an EMP

 ■ Commission a Social Impact Assessment

 ■ Carry out feasibility level designs of all bulk and internal ser-

vices, as well as plant and related infrastructure

 ■ Prepare and obtain prices for all components to be constructed 

according to a variety of contracting models, carefully identi-

fi ed for the various packages

 ■ Carry out a fi nancial analysis of the proposed project to deter-

mine project viability and feasibility, and

 ■ Compile the Bankable Feasibility Study Dossier.

Based on the goals and objectives of the project, the study com-

prises the following phases:

Phase 1: Project Inception

 
Phase 2: Data Collection and Surveys

 
Phase 3: Market Study Regulatory Framework

 
Phase 4:  Environmental and Socio-economic Studies

 
Phase 5: Concept Level Designs

 
Phase 6: Authority Approval

 
Phase 7: Bankable Feasibility Study Level Designs

   and Specifi cations

Phase 8: Costing and Financial Analysis with

   Financing Options

Phase 9: Compile Bankable Feasibility Dossier

Th e Market Study dealt with economic conditions that could 

potentially change the demand – supply relationship for pro-

duction. Th is study not only reviewed economic and industrial 

growth and development aspects that aff ect demand, but inves-

tigated developments within the potential market hinterland 

and planned developments that would facilitate transport. 

Th is is relevant not only for acquiring production inputs, but 

also where product could be sold. Scrap metal sources and the 

methods for bringing them to the plant were investigated. Th e 

study assessed the competitiveness of the proposed plant rela-

tive to prospective suppliers and customers, which served to 

inform the designers of the need to make adjustments so that 

the plant remains competitive.

A Financial Feasibility Analysis of the proposed development 

was undertaken, as was a cost estimate calculated for the project 

and its associated infrastructure, and potential businesses. Cash 

fl ows over a 20-year period allowed for the evaluation of possible 

changes in steel prices, commercial revenues, investment costs, 

operating and maintenance costs, and training costs. A pricing 

structure was prepared to ensure that the project is a competitive 

alternative to other suppliers of rebar in the region.

A Legal Assessment on the national legislation and interna-

tional regulations / conventions relevant to steel manufacturing 

was undertaken, as well as the identifi cation of the required 

transaction documents.

ENVIRONMENTAL ASPECTS
Th e Namibian Environmental Management Act (EMA Act No 

7 of 2007) was gazetted on 27 December 2007 (GG No 3966) 

and promulgated on 6 February 2012. Th is Act (together with 

the associated Environmental Impact Assessment Regulations 

– GG No 4878) provides a list of activities which may not be car-

ried out with an Environmental Clearance Certifi cate. Multiple 

activities associated with the proposed project triggered the need 

for a full EIA, as depicted in Table 1.

SLR Consulting (Pty) Ltd, an independent fi rm of environ-

mental consultants, was appointed to undertake the EIA process 

for the Rebar Manufacturing Plant. Th e primary objectives of the 

environmental studies were to:

 ■ Establish the environmental and community issues, the envi-

ronmental requirements, criteria and environmental risks to be 

considered, and ensure their incorporation in the fi nal design;

 ■ Undertake public participation in compliance with Namibia's 

regulatory requirements, with the emphasis on transparency 

and opportunity for meaningful input by interested and af-

fected stakeholders;

 ■ Facilitate integration and compliance with prevailing 

Namibian environmental legislation and legislative processes, 

as well as produce documentation that compares favourably 

with international best practice;

 ■ Take cognisance of criteria for sustainable development – such 

as carbon reduction, water use/conservation, waste manage-

ment, biodiversity conservation, social equity, understanding 
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Table 1: Multiple activities associated with the proposed project

ACTIVITY COMMENT

ENERGY GENERATION, TRANSMISSION AND STORAGE ACTIVITIES

The construction of facilities for the generation of electricity Power supply options being investigated would trigger this activity

The construction of facilities for the transmission and 
supply of electricity

Electrical reticulation on site triggers this activity

WASTE MANAGEMENT, TREATMENT, HANDLING AND DISPOSAL ACTIVITIES

The construction of facilities for waste sites, treatment of 
waste and disposal of waste

A water treatment facility is proposed

WATER RESOURCE DEVELOPMENTS

The abstraction of ground or surface water for industrial or 
commercial purposes

Water abstraction is required to supply the plant

The abstraction of groundwater at a volume exceeding 
the threshold authorised in terms of a law relating to water 
resources

Water abstraction is required to supply the plant

Construction of industrial and domestic wastewater treat-
ment plants and related pipeline systems

A water treatment facility is proposed

HAZARDOUS SUBSTANCE TREATMENT, HANDLING AND STORAGE

The manufacturing, storage, handling or processing 
of a hazardous substance defi ned in the Hazardous 
Substances Ordinance, 1974

The project could require the handling and storing of hazardous 
substances

Any process or activity which requires a permit, licence 
or other form of authorisation, or the modifi cation of or 
changes to existing facilities for any process or activity 
which requires an amendment of an existing permit, licence 
or authorisation, or which requires a new permit, licence or 
authorisation in terms of a law governing the generation or 
release of emissions, pollution, effl uent or waste

Although no permitting system is currently in place for air emissions, 
the current legislation required permitting for air emissions and the 
EMA is used as guidance for the permitting process

The storage and handling of dangerous goods – including 
petrol, diesel, liquid petroleum, gas or paraffi n – in con-
tainers with a combined capacity of more than 30 cubic 
metres at any one location

ALPG storage facility is proposed

Construction of fi lling stations or any other facility for the 
underground and above-ground storage of dangerous 
goods, including petrol, diesel, liquid petroleum, gas or 
paraffi n

ALPG storage facility is proposed

INFRASTRUCTURE

The construction of public roads An access road to the plant is required

The route determination of roads and design of associated 
physical infrastructure where:
(a) it is a public road
(b) the road reserve is wider than 30 metres

An access road to the plant is required
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project impacts and the regional spatial composition – to 

ensure that the implementation of the project is undertaken in 

such a way as to prevent an adverse eff ect on the environment, 

and subsequently on people and the Namibian economy; this 

ultimately translates into an operation that minimises poten-

tially costly risks to the developer;

 ■ Ensure a focused, robust and defendable EIA process, with 

minimal chances of appeals, which will enable the timeous 

identifi cation, assessment and mitigation of the commercial, 

fi nancial, technical and legal risks for the project;

 ■ Undertake an EIA process that is cost-eff ective and completed 

within the shortest possible time;

 ■ Ensure an eff ective and transparent integration between the 

environmental and technical processes; exchange of infor-

mation between these components is critical, not only in 

achieving a comprehensive and well-informed environmental 

process, but also in informing a sensitive project design, which 

recognises and responds to the environmental issues appropri-

ately and timeously;

 ■ Ensure that Namibia’s national obligations to international 

conventions and agreements, as they relate to protection of the 

environment and the surrounding communities, are upheld; and

 ■ Ensure that the potential impacts associated with the multiple 

alternatives for each aspect/service are investigated, as well as 

potential cumulative impacts of the proposed plant and other 

proposed developments.

Th erefore the EIA focused on public consultation, with detailed 

consideration of the socio-economic interaction, as well as the 

potential impacts associated with the proposed rebar manufac-

turing plant and its associated infrastructure (including services). 

In order to streamline the process, the study involved the review 

of existing data and studies, as well as the preparation of an 

Environmental Screening Report prior to the commencement 

of the EIA. Th is report highlighted preliminary environmental 

risks and potential impacts. In this way key environmental issues 

or fatal fl aws1 associated with the proposed project and alterna-

tives were anticipated at the earliest opportunity, and considered 

as an integral part of preliminary investigations and decision-

making. [Note 1: A fatal fl aw is an event or condition that could 

cause an unanticipated problem or prevent the opportunity 

from achieving its objectives and goals.] Questions pertaining to 

the need for, and desirability of, the proposed project were also 

considered, in relation to proposed future developments planned 

for the area. Issues such as technology, location and alternatives 

for each project option (e.g. power supply) were appraised at an 

appropriate level of detail. A high-level summary of the project’s 

environmental risks and their rating is provided in Table 2.

Based on the risk ratings and issues of concern, fi ve specialist 

assessments were commissioned namely:

 ■ air quality

 ■ noise

 ■ groundwater

 ■ transport

 ■ socio-economic

 ■ archaeology.

Th e public and stakeholder consultation process was designed to: 

 ■ Introduce the proposed project to the key stakeholders and the 

public and instil confi dence and credibility in the team;

 ■ Engage the stakeholders, including residents, businesses (both 

existing and potential), communities, government departments, 

regional and local authorities, non-governmental organisations, 

other organisations involved in environmental matters and the 

general public, to determine their needs and partner with them 

to ensure that their needs are considered in the process;

 ■ Establish processes that would involve the stakeholders and 

communities and result in social and economic empowerment;

 ■ Follow due process as outlined in the EMA and the EIA regu-

lations; and

 ■ Facilitate ongoing stakeholder consultation to educate, inform 

and keep them abreast as the project unfolds.

Th e stakeholder and community involvement process included 

the compilation of a stakeholder database and Background 

Table 2: Overall project risk summary

Rating Criteria

High
The environmental risk associated with the various activities/facilities may result in substantial deterioration of 
environmental aspects and vigorous complaints

Medium
The environmental risk associated with the various activities/facilities may result in a moderate deterioration of 
environmental aspects, with occasional complaints 

Low
The environmental risk associated with the various activities/facilities may result in a minor deterioration of envi-
ronmental aspects with sporadic complaints

Positive Positive environmental impacts are predicted 

Aspect Potential environmental impact Overall risk rating

Air quality Air emissions High

Groundwater Pollution of groundwater resources High

Groundwater Reduction of groundwater quantity High

Noise impacts Increase in disturbing noise levels Medium

Visual Negative visual impacts Low

Traffi c Impacts on road safety High

Impacts on road quality High

Socio-
economic

Increase in employment opportunities (positive)
High

Negative socio-economic impacts Low/Medium

Archaeology Impacts on archaeological resources Medium
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Information Document, Public and Key Stakeholder Meetings, 

compilation of a Comment and Response Report, and docu-

mentation of the process and the key issues arising from the 

process. Meetings were held in Otavi, both at the start of the 

EIA process and during the Scoping and Impact Assessment 

phases. Key Stakeholder Meetings were held in Otavi and 

Windhoek, at the same points in the process. Stakeholder com-

ment was taken into account in the assessment. Job creation 

was a primary concern for the local communities. A public 

notice soliciting comment on the EIA process and related docu-

mentation was placed in the local media for two weeks running, 

and the public and stakeholders were provided with a 21-day 

comment period on draft reports.

Th e environmental team investigated the project proposal 

and the infrastructure requirement, as well as the bio-physical 

and socio-economic characteristics of the study area, focusing 

on issues of concern. Relevant issues, alternatives and proposals 

regarding the proposed plant, to avoid or minimise environmental 

impacts, were discussed with the engineering team. Th is included 

identifying social and economic opportunities and activities that 

could be enhanced or improved to support the project objectives. 

Th e impact assessment covered the following main scenarios: 

construction phase including emergencies, normal operating 

conditions, maintenance and decommissioning of the plant. 

Professional comment and recommendations with respect to 

environmental issues were made as to the appropriateness, 

feasibility and sustainability of the proposed infrastructure 

development. Th e EIA assessed the potential impacts on the 

biophysical and socio-economic environment within the study 

area. Simon Charter, the Environmental Assessment Practitioner 

on the EIA, reported that, “…the socio-economic assessment has 

shown that the proposed plant will have a positive impact on the 

Namibian economy.” He indicated that, “…the most contentious 

specialist study was the air quality impact assessment, which 

will be completed in August 2014.” Even given this, he expects 

that the potential negative impacts on air quality will be low due 

to the innovative design of the plant that mitigates the potential 

impacts of emissions to a large extent. 

An Environmental Management Programme (EMP) for the 

construction of the proposed plant was compiled. During the 

EIA process a list of issues to be included in the EMP was devel-

oped and discussed with the engineering team to ensure align-

ment and practical implementation. Th is document will provide 

an upgradable framework for construction monitoring. Th e EMP 

is in a form that can be included in the tender documents and 

will need to be fi nalised once the decision on the fi nal design 

and the project’s go-ahead is made. Th e Environmental Impact 

Report and EMP will be included in the fi nal Bankable Feasibility 

Study report for the project.

PROJECT STATUS
Th e Bankable Feasibility Study is ongoing and it is foreseen 

that it will be completed during the fi rst quarter of 2015. Th e 

Impact Assessment Report will be tabled in the third quarter of 

2014 with the relevant authority – the Ministry of Environment 

and Tourism, for their review and consideration. If their deci-

sion is positive it will be in the form of an Environmental 

Clearance Certifi cate. Th e EIA for the power line connection to 

NamPower’s electricity supply grid has commenced and forms a 

separate EIA process. 

CONCLUSION
Th e environmental studies were integrated with the other main 

phases of the Bankable Feasibility Study and thereby enjoyed the 

following benefi ts:

 ■ A close working relationship between project team members, 

which enabled eff ective communication and focused detailed 

studies with a clear scope;

■ A good working relationship with the decision-making au-

thorities, which allowed familiarisation with and support of 

the studies and process;

 ■ Ample opportunity being provided to key stakeholders to ex-

change information and express their views and concerns;

 ■ Risks and fatal fl aws being highlighted at an early stage, which 

resulted in the avoidance of unnecessary investigations and costs;

 ■ Th e precautionary principle being applied;

 ■ Th e investigations and project decision-making being in-

formed by the environmental, economic and social opportuni-

ties and constraints of the study area;

 ■ Th e scope and budget for the environmental authorisation 

process required that inclusion of the stakeholder consultation 

process be clearly defi ned;

 ■ Costs of the environmental authorisations were reduced 

through preliminary planning and scoping of issues;

 ■ The early identification of additional approvals and per-

mits required;

 ■ Impacts that required mitigation in the design phase could be 

implemented during the early planning phases; and

 ■ Environmental inputs could be made into the operations and 

maintenance of the proposed new rebar manufacturing plant, as 

well as into the planning for Otavi’s new heavy industrial area. 
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ASSESSING THE ENVIRONMENTAL IMPACT of projects 

has become an ever more specialised role, but fortunately not an 

isolated one, as civil engineers increasingly become versed in the 

ups and downs of environmental compliance.

Conducting Environmental Impact Assessments (EIAs) 

involves the setting of parameters in the pursuit of environmen-

tally sustainable development – never an easy task when taking 

project implementation time frames and budgets into account 

– and especially when the location is in a sensitive and complex 

environment, like a coastline. 

Nonetheless, as environmental practitioners, it has been 

encouraging to see the growing awareness of the EIA process in 

the civil engineering fraternity, and the constructive teamwork 

that we usually experience these days in project management 

meetings.

Typically, we are involved from fairly early on in any project 

and, based on the engineers’ preliminary designs, we would 

begin our EIA by identifying those activities most likely to cause 

impacts, and those sensitive environments which might be af-

fected.Th is usually involves appointing experts in certain fi elds 

to undertake specialist assessments of impacts on particular 

components of the biophysical or social environment. In the 

marine environment, for example, a development might aff ect 

shoreline stability and currents, so we would need a marine 

ecologist on board and also an expert who understands marine 

hydro-dynamics.

In addition to the port projects that we have been involved 

in, we have also worked on projects like desalination plants 

and fishmeal factories that discharge eff luent into marine 

environments. Through the modelling of discharge volumes 
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Natural vegetation in the ‘back of port’ area that forms part of the Critical Biodiversity Area at Saldanha
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and rates, and taking into account local wave energy and cur-

rent velocity, eff luent dilution rates and areas of impact can 

be determined, informing not only the assessment of impact 

on marine ecology, but where these impacts are found to be 

unacceptable, providing feedback that will inform the final 

engineering design.

Th is, of course, is where a meeting of minds is so crucial. It 

is of little benefi t for us to recommend to an engineer a wish-list 

of mitigation measures that are not practical. At the same time, 

our role is really to set thresholds, not to design solutions. So the 

client and their engineering team would need to design around 

those thresholds in a way that suits their project and budget.

It is a process that involves substantial discussion and team-

work, and our experience on previous projects is invaluable, as 

this helps us to appreciate what engineers are able to deal with, 

and what is and isn’t possible.

It has therefore been heartening to see civil engineers be-

come more accepting of EIA processes and of the need for their 

project designs to be informed by these processes. Th ere is today 

much more understanding that this is a two-way process, and 

not just something that needs to be ticked off  a checklist. 

Sometimes the outcome of the EIA does aff ect the design, 

construction methods and materials used – and even the fi nal 

cost of the project. But engineers are more open to being in-

formed by mitigation measures identifi ed in an EIA, and we work 

closely with them to look at how designs can be adapted along 

the way.

Another constructive aspect of the EIA process is that 

the work of one specialist often informs the work of another. 

Specialists often need to ask engineers more detailed ques-

tions, which may require plans to be taken to a higher level of 

detail than had been expected for the initial feasibility stages of 

the project (during which stages the EIA is often undertaken). 

While this is not always convenient, it could provide early-stage 

warnings of unacceptable levels of environmental impact under 

certain technical parameters. It then gives the project team more 

time to consider how those parameters would have to be changed 

to allow the project to proceed.

Giving the process the time it needs is also important. SRK 

Consulting (SA) has conducted EIAs for the upgrading of ports 

at Cape Town, Saldanha, Matola (in Mozambique) and Port 

Buchanan (in Liberia) which required investigation and assess-

ment of potential eff ects on shoreline stability, destruction of sea 

fl oor (benthic) marine habitats, increased shipping traffi  c and 

often destruction or disturbance of surrounding coastal habitats. 

While addressing aspects like these in project design may cause 

delays in the EIA process, it is clear that there are no shortcuts 

for getting environmental authorisations granted before projects 

can be completed – or even started. 

In our extensive experience with EIAs – varying from 

airports and hydro-electric projects to low-cost housing and 

mining – it is sometimes a challenge to match project time-

lines with the bureaucracy inherent in meeting the necessary 

regulatory processes. So it certainly makes projects much easier 

when there is mutual understanding between civil engineers 

and environmental practitioners. In addition, it is often not just 

the national regulator that needs to be satisfi ed by the EIA; in 

many of the projects we work on around the world, a lender 

institution with their own set of strict requirements must also 

be satisfi ed. 

An EIA to determine the effect of harbour development on shoreline 
stability is but one example of cooperation between environmental 
scientists and engineers. Photo top: Industrial facility in Saldanha 
Bay Harbour. Photo bottom: ship loader and bulk carrier – Matola 
Coal Terminal, Mozambique
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INTRODUCTION
Th e University of Cape Town, in collabo-

ration with the University of Stellenbosch, 

executed an interdisciplinary investiga-

tion into the linkages between transporta-

tion, the environment, climate change, 

hydrology, agriculture and food security 

in the Letaba catchment in the Limpopo 

Province. Th e project was funded by the 

Africa Community Access Programme 

(AFCAP). Based on the links established, 

the (direct and indirect) consequences 

of planned transportation development 

in the region were investigated. Figure 1 

provides an overview of the study meth-

odology.

THE LETABA DISTRICT
Th e study area (Letaba basin) is an im-

poverished area in South Africa, which 

is earmarked for future development 

and upliftment. Administratively, the 

basin overlaps mostly with the Mopani 

district municipal region (particularly 

Linkages between transport, the environment, 
climate change, hydrology, agriculture and 
food security in the rural Letaba district
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with the Greater Giyani, Greater Letaba, 

Greater Tzaneen and Ba-Phalaborwa mu-

nicipal areas) and to a lesser extent with 

the Vhembe district municipal region 

(specifi cally parts of the Th ulamela and 

Makhado municipal areas). Th e popula-

tion in the study area is just over one mil-

lion people.

Limpopo, the province within 

which both the Mopani and Vhembe 

District Municipalities are located, is the 

second poorest province in the country. 

Approximately 77% of the population 

live below the income poverty line, and 

the province also has the lowest human 

development index score (0.485) in the 

country (Mopani District Municipality 

2010). Unemployment fi gures in the area 

are already very high in the region, and 

with an expected growth in population in 

the work force age category, substantial 

economic development is required to ef-

fect social upliftment. Figure 2 provides 

an indication of the location of the study 

area within the South African context. 

Agriculture is a key economic sector 

in the Limpopo Province. Th e province 

accounts for a staggering 45% of the 

$267 million annual turnover of the 

Johannesburg Fresh Produce Market 

(Limpopo Provincial Government 2012).

Buried beneath Limpopo's bushveld 

lie some of the world’s richest deposits 

of minerals, including the world's largest 

reserves of platinum group metals, as well 

as chromium, nickel, cobalt, vanadium, 

tin, limestone and uranium clay. Mining 

contributes about 30% to provincial 

Gross Domestic Product (GDP) (Limpopo 

Provincial Government 2012).

Th e Limpopo Province draws thou-

sands of local and foreign visitors every 

year. And equally, the province attracts 

investors ready to take advantage of the 

steady stream of eco-tourists, making 

tourism another very important economic 

sector in the region. Enormous potential 

still remains for growth in this area.

THE TRANSPORT SYSTEM
Th e state of roads in the district has an 

impact on the economic development 

of the area, as it is clear that most roads, 

leading to where the majority of the dis-

trict population lives, are not tarred and, 

as such, hinder the proper transportation 

of people, goods and services to these 

areas. Most of the gravel roads are not 

maintained regularly. In addition to that, 

some of the roads in the district do not 

have route names and numbers. Th ey 

also do not have appropriate road signs 

(e.g. speed limits), or signs indicating 

distances between destinations. Another 

problematic issue on the district roads 

is that, in most areas, fencing along 

the routes has been removed. Th is has 

resulted in wild and domestic animals 

wandering on the roads with detrimental 

eff ect to motorists and, thus, negating the 

region’s tourism attraction eff orts. Many 

road accidents in the district can be at-

tributed to animals roaming on the roads 

(Limpopo Provincial Government 2012). 

Visual inspection of the paved roads in 

the region, as part of this study, showed 

the majority of roads to be fraught with 

potholes. Car ownership per household in 

the Mopani district is 21.6%, and 34.4% of 

households in the Vhembe district own 

cars (Department of Transport 2003).

Currently, road transport is the most 

used mode of transport in Limpopo. 

Th is is in line with the national trend. 

According to the State of Logistics Survey 

for South Africa in 2010, road freight 

constituted 88.7% of all freight movement 

in the country, whilst the rail freight 

constituted 11.3%. Th e choice of road as a 

means of freight transport is infl uenced, 

in some instances, by reliability of mode, 

time to reach destination, safety of goods, 

and ease of access to collection or delivery 

points.

REGIONAL DEVELOPMENT 
PROSPECTS
A provincial economic development study 

in 2000 identifi ed tourism, agriculture, 

mining, trade and manufacturing as 

its key economic sectors. Th e Mopani 

District Municipality was identifi ed as the 

most important development point in the 

Limpopo Province for tourism and busi-

ness attraction, due to the diverse range 

of activities and natural splendour found 

there (Mopani District Municipality 

2013). Th e vision for the development of 

the Mopani district is: 

“Mopani district, as a whole, will 

create a favourable environment to ensure 

that out of the whole of southern Africa, 

the Mopani district will supply the largest 

part of food (fruit, vegetables, nuts, meat 

[mainly game] produce and products) 

to the local, national and international 

market. Th is will create extraordinary 

economic growth for the whole district, 

emanating in the improvement of the 

quality of life of all citizens, and also 

enable the local municipalities to be 

fi nancially viable and to provide quality 

services.” 

According to M’Marete (2006), 17.1% 

of the land in the Letaba catchment is ar-

able in terms of soil suitability, and 48.5% 

is classifi ed as marginal. According to the 

Limpopo Growth Development Strategy, 

the objectives of the Limpopo Province, 

with regard to agricultural development, 

are to triple the size of agriculture by 

2015, to increase the value of agriculture Figure 2: The location of the Letaba catchment within South Africa
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through enterprise diversifi cation, to 

invest in water-saving technologies and 

to add value within the agro-value chain 

(Limpopo Provincial Government 2012).

ENVIRONMENTAL CONCERNS
Th e region has a wealth of natural re-

sources which, unfortunately, are faced 

with a variety of challenges ranging 

from resource over-exploitation to land 

degradation. Sustainable development, 

which ensures effi  cient balance between 

social, economic and environmental 

needs, is of paramount importance in the 

region. Deforestation, erosion, invasion 

of alien species, rodents, insects and pest 

plagues, drought, pollution, destabilisa-

tion of wetlands, wildfi res, poaching and 

fl oods are the main environmental chal-

lenges in the district. Th e following local 

environmental issues were incorporated 

in this study: air pollution, deforestation, 

water scarcity and pollution, soil erosion, 

natural habitat loss, the negative eff ects 

of invasive alien plants and the resulting 

threat to tourism.

CLIMATE CHANGE AND 
TRANSPORTATION
Since the beginning of the industrial 

revolution, atmospheric concentrations 

of carbon dioxide (CO
2
) have increased 

nearly 30%, methane (CH
4
) concentra-

tions have more than doubled, and 

nitrous oxide (N
2
O) concentrations have 

risen by about 15%. Th ese increases have 

enhanced the heat-trapping capability of 

the earth's atmosphere (US Department 

of Transportation 2014). Scientists gener-

ally believe that the combustion of fossil 

fuels and other human activities are the 

primary reasons for the increased con-

centration of carbon dioxide in the earth’s 

atmosphere. Th is is despite the fact that 

plant respiration and the decomposition 

of organic matter release more than ten 

times the CO
2
 released by human activi-

ties. Th e latter releases have, however, 

always been in balance with the carbon 

dioxide absorbed by plant photosynthesis. 

What has changed in the last few hundred 

years is the amount of additional carbon 

dioxide released by human activities (US 

Department of Transportation 2014).

Greenhouse gas (GHG) emissions are 

not the only way that human interference 

can change the global climate. Activities 

such as agriculture or road construction 

can change the refl ectivity of the earth's 

surface, leading to local warming or 

cooling. Th is eff ect is generally observed 

in urban centres, which are often warmer 

than surrounding, less populated areas. 

Emissions of small particles, known as 

aerosols, into the air can also lead to re-

fl ection or absorption of the sun's energy 

(EPA 2014).

Th e expected direct eff ects of climate 

change include average global tempera-

ture rise, changes in the average levels 

of precipitation, higher ambient levels of 

carbon dioxide, more frequent and severe 

extreme weather events, sea level rise 

(as a consequence of higher global tem-

peratures) and a potential increase in the 

duration of the pollen season. In terms of 

extreme weather events, heat waves will 

likely be more severe, sea level rise could 

amplify storm surges in coastal areas, 

and storms will likely be more intense 

(USGCRP 2009). It is widely known that 

transport systems, on the whole, perform 

worse under adverse and extreme weather 

conditions. Regarding the production of 

goods and services, the transport sector 

will probably be aff ected most in relation 

to changes in agricultural productivity 

initiated by climate change (Koetse & 

Rietveld 2009). Climate change will af-

fect the economic development within 

a region (either positively or negatively), 

which has knock-on eff ects in terms of 

transportation volumes in that region. 

Th e relationship between climate change 

and transportation is, however, strongly 

bilateral. Fuel combustion in today’s 

motorised transportation systems emit 

greenhouse gases into the atmosphere, 

exacerbating global warming.

CLIMATE CHANGE AND HYDROLOGY, 
AGRICULTURE AND FOOD SECURITY
In many areas, climate change is likely to 

increase water demand, while shrinking 

water supplies. Th is shifting balance would 

challenge water managers to simultane-

ously meet the needs of growing com-

munities, sensitive ecosystems, farmers, 

ranchers, energy producers, and manufac-

turers. It is estimated that an 8% reduction 

in rainfall results in a 31% reduction in 

groundwater recharge and a 30% reduction 

in surface runoff  (CSIR 2010).

More extreme temperatures and 

precipitation can prevent crops from 

growing. Extreme events, especially 

fl oods and droughts, can harm crops and 

reduce yields. Many weeds, pests and 

fungi thrive under warmer temperatures, 

wetter climates and increased CO
2
 levels. 

Moreover, increased use of pesticides and 

fungicides may negatively aff ect human 

health (USGCRP 2009).

Figure 3 shows the impacts of the cli-

mate change on crop yields (“ET” denotes 

evaporation).
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+

Figure 3: Impacts of climate change on crop yield (“ET” denotes evaporation)
(Source: Piao et al 2010)
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ESTIMATING DEVELOPMENT 
IMPACTS IN THE LETABA DISTRICT
Figure 4 shows the linkages between 

transportation development and its fi rst, 

second and third order impacts that were 

modelled, pertaining to the Letaba region, 

in this study. As there is uncertainty 

about the exact future we are heading 

towards in South Africa, as well as in 

the Letaba district specifi cally, it was 

decided to explore regional development 

scenarios, based on the quadrant method 

(see Figure 5). 

The idea behind a scenario analysis 

approach is to paint a full picture of 

the contrast between various potential 

development scenarios. This allows 

decision-makers to become aware of the 

potential impacts that their decisions 

might have, despite the uncertainty 

about which development path will 

actually be realised. The development 

path followed might be out of decision-

makers’ direct control, but at least they 

can be alerted to the expected impacts, 

Scenario III:
high economic

development; high

infrastructure

development

Scenario II:
high economic

development; low

infrastructure

development

Scenario I:
low economic 

development; low 

infrastructure

development

Scenario IV:
low economic 

development; high 

infrastructure

development
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Figure 5: Regional development scenarios

Figure 4: Localised impacts included in the study
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regardless of which pathway actually 

unfolds. Because extreme events were 

modelled, there was no future date on 

which the scenarios were based, so 

extreme values deemed realistically 

achievable in favourable conditions 

within the next 36 years (to 2050) were 

used.

During the analysis it became clear 

that there are two key forces that will in-

fl uence the development of, and quantum 

of, impacts generated by transportation 

in the region going forward, namely 

economic development (shown on the 

horizontal axis in Figure 5) and infra-

structure development (shown on the 

vertical axis). It should be noted that there 

can be positive reinforcement between 

the two driving forces (e.g. a growing 

economy could stimulate infrastructure 

development, or a lack of infrastructure 

could hinder economic development), but 

it is entirely possible that the two forces 

develop in opposite directions. Th is is due 

to the fact that the decision-making on, 

and management of, these forces are de-

centralised, and thus do not reside within 

one entity. Additionally, the funding to 

promote initiatives stimulating economic 

and infrastructure development does not 

fl ow through a single channel and is often 

subservient to a variety of alternate man-

agement initiatives.

All four scenarios represent diff erent 

infl uences on passenger and freight 

volumes, as well as on the state of in-

frastructure in the region. Scenarios II 

and III (the high economic development 

scenarios) were each sub-divided into four 

sub-scenarios:

A.  Only agricultural development 

takes place. Tourism and mining 

levels are assumed unchanged.

B.  Only mining sector development 

takes place. Agriculture and 

tourism levels are assumed un-

changed.

C.  Only tourism sector develop-

ment takes place. Agriculture 

and mining levels are assumed 

unchanged.

D.  All economic sectors develop as 

expected, simultaneously.

Table 1 depicts the changes modelled 

in all scenarios (Scenario I was used as 

a reference scenario). Th e magnitude 

of changes modelled was based on the 

economic development overview for the 

region, combined with expected climate 

change impacts, where relevant.
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ESTIMATING THE IMPACT OF 
CLIMATE CHANGE IN THE LETABA 
DISTRICT
Figure 6(a) (produced in ArcSWAT) 

depicts the current hydrological state 

of affairs used in this study to represent 

the ‘no climate change’ simulation. In 

contrast, Figure 6(b) shows the ‘climate 

change’ simulation state of affairs; 

changes are based on CSIR climate 

change forecast data (CSIR 2010). From 

these figures it is evident that average 

evaporation increases, and average 

precipitation increases slightly. Surface 

runoff is reduced in the ‘climate change’ 

simulation configuration, likely exac-

erbating the effects of pollution (soil 

and water) in the region. The SWAT 

model projects an 8.9% increase in 

average temperatures, a 1.4% reduction 

in total precipitation, a 20.2% increase 

in crop yields and a 22.2% increase in 

water yield per sub-basin by 2050 in the 

Letaba catchment.

On the whole, these climate change 

impacts are expected to impact traffi  c 

volumes in the scenarios in the following 

ways:

 ■ Forestry is aff ected by both average 

temperatures, as well as precipitation 

levels. Th e expected change to forestry-

related freight volumes is the sum of the 

temperature and precipitation changes 

(7.5% growth).

 ■ Agricultural traffi  c volumes (both 

passenger and freight) are modelled 

to grow by 21%, which is equal to the 

combined changes in crop and water 

yields, as per ArcSWAT in the 2050 

simulation.

 ■ Tourism is mainly aff ected by the 

change in precipitation levels, and 

hence traffi  c volumes are reduced by 

1.4% on all tourism-related segments.

TRANSPORTATION IMPACT 
ASSESSMENT RESULTS
The results for all scenarios under 

the ‘no climate change’ assumption 

are shown in Table 2. The blue colour 

spectrum indicates positive impacts 

(dark blue is the most positive) and the 

red colour spectrum indicates negative 

impacts (dark red is the most negative). 

There are significant positive improve-

ments in water shortages when gravel 

roads are upgraded to paved roads. The 

environmental impacts considered to 

be compound impacts, i.e. they consist 

of a multitude of factors, generally 

fare the worst. This is evident in the 

extremely high negative impacts on 

health, agricultural productivity loss, 

biodiversity loss and air pollution. 

Air pollution is a compound impact, 

despite being only a first order impact, 

as there are a number of individual air 

pollutants (such as CO and NOx) that 

together constitute overall air pollu-

tion. When compound impacts are 

calculated, weights can be applied to 

distinguish between the relative impor-

tance of each subservient impact. Equal 

weights were used in this study, as we 

were interested in determining the ex-

treme ranges of impact change.

Th e economic development of the 

agriculture sector results in higher 

levels of environmental impacts than 

that of tourism or mining sector de-

velopment in the study region. Th is is 

attributable to the diff erences in scale 

of development, and also to the large 

number of road segments aff ected by 

agriculture. Comparing pure infra-

structure changes (scenario IV) to pure 
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It should be noted that there 

can be positive reinforcement 

between the two driving forces 

(e.g. a growing economy 

could stimulate infrastructure 

development, or a lack of 

infrastructure could hinder 

economic development), but 

it is entirely possible that the 

two forces develop in opposite 

directions.

Figure 6(a): ArcSWAT climate scenario 2013

Figure 6(b): ArcSWAT climate scenario 2050
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transport volume changes (scenario II), 

it can be seen that transport volumes 

have a greater eff ect on environmental 

impacts than infrastructure – economic 

development in the region will thus 

come at a hefty price in terms of the 

environment. When all infrastructure 

and volume changes are in play, there is 

an approximate threefold increase in the 

impact on health in the region.

Th e ‘climate change’ simulation 

results are summarised in Table 3. Th e 

general trend in these results mimics 

that of the ‘no climate change’ scenario. 

Air pollution, biodiversity loss and ag-

ricultural productivity loss values are 

worse in this simulation, where climate 

change is assumed to occur as expected 

by the CSIR (Engelbrecht et al 2011) 

by 2050. Th is is mainly driven by the 

increased number of freight vehicles on 

the roads. Noise pollution, soil contami-

nation and urban sprawl values remain 

largely the same, as none of these are 

really aff ected by climate change im-

pacts. Soil erosion, however, is better in 

this simulation, despite the same level of 

infrastructure upgrade. Th is is due to the 

improved soil loss values estimated in 

ArcSWAT, based on a full hydrological 

Table 3: Scenario result comparison in the ‘climate change’ simulation

Scenario 

I

Scenario 

II:A

Scenario 

II:B

Scenario 

II:C

Scenario 

II:D

Scenario 

III:A

Scenario 

III:B

Scenario 

III:C

Scenario 

III:D

Scenario 

IV

Air pollution 0% 48% 13% 16% 52% 53% 18% 22% 57% 6%

Noise
pollution

0% 8% 2% 2% 9% 9% 3% 3% 9% 1%

Biodiversity 
loss

0% 53% 24% 29% 57% 77% 53% 58% 86% 36%

Urban 
sprawl

0% 0% 0% 0% 0% 2% 2% 2% 2% 2%

Soil
contamination

0% 6% 4% 5% 7% 8% 5% 7% 9% 2%

Soil erosion 0% 0% 0% 0% 0% 9% 9% 9% 9% 9%

Water quality 
decline

0% 29% 12% 14% 31% 12% -4% -2% 14% -11%

Water
shortages

0% 0% 0% 0% 0% -40% -40% -40% -40% -40%

Road safety 0% 9% 2% 2% 10% 9% 2% 3% 9% 1%

Health
deterioration

0% 199% 77% 93% 216% 245% 135% 151% 270% 77%

Agricultural 
productivity 
loss

0% 88% 40% 48% 96% 65% 24% 32% 78% -4%

Table 2: Scenario result comparison in the ‘no climate change’ simulation

Scenario 

I

Scenario 

II:A

Scenario 

II:B

Scenario 

II:C

Scenario 

II:D

Scenario 

III:A

Scenario 

III:B

Scenario 

III:C

Scenario 

III:D

Scenario 

IV

Air pollution 0% 42% 13% 16% 46% 47% 18% 22% 51% 6%

Noise 
pollution

0% 7% 2% 2% 8% 8% 3% 3% 8% 1%

Biodiversity 
loss

0% 48% 24% 29% 53% 92% 73% 78% 101% 56%

Urban sprawl 0% 0% 0% 0% 0% 2% 2% 2% 2% 2%

Soil 
contamination

0% 6% 4% 5% 7% 8% 5% 7% 9% 2%

Soil erosion 0% 0% 0% 0% 0% 24% 24% 24% 24% 24%

Water quality 
decline

0% 26% 12% 14% 28% 14% 0% 2% 16% -7%

Water 
shortages

0% 0% 0% 0% 0% -41% -41% -41% -41% -41%

Road safety 0% 8% 2% 2% 8% 8% 2% 3% 8% 1%

Health 
deterioration

0% 179% 77% 93% 196% 285% 194% 210% 309% 136%

Agricultural 
productivity 
loss

0% 80% 40% 48% 88% 97% 62% 71% 109% 34%
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analysis of each sub-basin. Water pollu-

tion deteriorates somewhat, due to the 

increase in agricultural freight volumes, 

but the reduction in soil loss more than 

off sets this increase when the infrastruc-

ture is upgraded. Health impacts in this 

simulation follow the same pattern as 

water pollution, highlighting the signifi -

cance of water pollution’s contribution to 

total health impacts. Summing over all 

changes in each simulation, a 15.5% re-

duction is seen in the total impacts in the 

‘climate change’ simulation (as opposed 

to the ‘no climate change’ simulation). 

Th us, the localised eff ects of climate 

change, resulting from expected global 

climate change, had a positive infl uence 

on total transportation impacts in the 

study area.

CONCLUDING REMARKS
The comparatively extreme values of 

compound impacts show that second 

order impacts, although often hidden 

from first sight, are extremely impor-

tant, and should never be disregarded 

from an impact assessment. The 

same goes for third order impacts. 

Furthermore, the environment pays the 

price for economic development, and 

decision-makers should be cognisant 

of these (probably unintended) conse-

quences when planning for growth and 

expansion. Additionally, the upgrade 

from gravel roads to paved roads has 

large positive benefits in terms of water 

availability, which (especially in arid 

regions) can help to alleviate water 

pollution impacts, and can reduce soil 

erosion and contamination. A major 

development goal should thus be to 

convert gravel roads to paved roads 

in water-stressed areas. This should, 

however, be managed well, so that sav-

ings are not acquired by unwittingly 

inducing increases in accidents, health 

impacts, noise and air pollution due to 

urban sprawl proliferation and higher 

than average travel speeds. Also, a rela-

tive economic and environmental life 

cycle cost comparison between paved 

and gravel roads needs to be taken into 

account. Finally, this study demon-

strates that it is erroneous to assume 

climate change will always bear negative 

consequences – it is imperative that 

local climate conditions be considered 

in any planning studies, instead of 

basing plans on generalised climate 

change expectations.
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GETTING OUT OF THE MUD
Secondary and tertiary roads cater 

mainly for intra-provincial travel and 

are, in the main, the responsibility of the 

provincial government.

In the earlier part of the century the 

four then existing provinces concentrated 

their eff orts on ‘getting out of the mud’ 

with a blacktopping programme for the 

more heavily traffi  cked roads and a grav-

elling programme for lesser traffi  cked (but 

greater in total length) roads. Th is policy 

of diff erentiating in the improvement pro-

cess between the diff erent levels of road 

based on traffi  c volumes contrasted with 

Australian practice at the time of opting 

for a greater length of blacktopping, but 

with lighter pavements. In hindsight this 

turned out to be a costly approach in the 

long term, since the Australian road au-

thorities were later faced with major road 

repair costs as road traffi  c grew.   

Th e gravelling improvement ap-

proach used by the provinces consisted 

in the main of providing the road with 

an adequately wide eight inches thick 

gravel surface, and cutting mitre drains 

to drain surface water off  the road where 

necessary. Water fl ow across the road 

was eliminated by the provision of pipe 

culverts. River crossings were generally 

of the low-level submersible type where 

traffi  c could not pass in times of fl ooding 

– mostly no more than 10% of the time. 

Th e type and quality of the material used 

for gravel surfacing were of prime impor-

tance in its eventual riding qualities, both 

in dry and wet conditions. During the 

late 1950s and early 1960s the then Natal 

Provincial Roads Department carried 

out research to determine the necessary 

qualities in the choice of gravel for road 

surfaces, and devised a handbook for the 

choice of materials for this purpose. Th is 

work was later further developed at the 

then National Institute for Road Research 

(NIRR) of the CSIR.  

For those roads carrying more than 

350 or so vehicles per day, properly en-

gineered blacktop roads were provided 

– including bridges across rivers. During 

this period very few, if any, roads reached 

traffi  c volumes that required more than 

a single, two-lane carriageway of 12-feet 

The fi rst six chapters in 
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lanes with 5-feet shoulders. Departmental 

design teams carried out all, if not most, 

of the design and construction work at 

the time, with the exception of complex 

bridges. In general, the engineering, by 

today’s standards, was fairly straightfor-

ward and largely based on experience in 

the area.

During this period up to the seven-

ties, the pavement design for blacktopped 

roads was based on the so-called CBR 

design method, which related the amount 

of cover to be applied to a layer to its 

bearing capacity. Pavements generally 

comprised a sub-base layer of natural 

gravel, usually six inches thick, un-

derlying a base layer of crushed stone 

between six and eight inches thick. 

Sometimes, although very seldom, a mac-

adam base was provided. Th e surfacing 

normally comprised a seal coat of a two-

coat surface treatment of crushed stone 

chips with a bituminous, or occasionally 

tar, binder. In the Cape Province the well-

known Cape Seal was used as the wearing 

course. Th is comprised a layer of coarse 

(three quarters inch) crushed stone chips 

followed by two applications of a slurry 

seal (a mixture of bitumen emulsion and 

crushed stone dust and natural clean 

coarse sand). Th is proved to be a very 

eff ective surface treatment.

Also at the time experiments in 

the USA known as the AASHO and 

WAASHO road tests led to an empirical 

design approach, which assumed struc-

tural equivalents for the various material 

types in the road pavement. Th is led to 

the drawing up of the well-used pave-

ment design manual termed TRH4 by en-

gineers in the CSIR and the Department 

of Transport.

CHANGE IN DESIGN APPROACH
Th e period from the mid-sixties to the 

early eighties saw a growing awareness 

of the consequences for the secondary 

road network of the rapid growth in road 

traffi  c being experienced in the country. 

Th is era was strongly infl uenced by de-

velopments in road engineering in the 

USA, but also in England and Europe. 

Road planning was based not only on an 

extrapolation of current traffi  c volumes, 

but also took into account future develop-

ment in certain areas or regions, as well as 

the economic benefi ts to agriculture and 

industry of reduced transport costs. Th e 

need for road transport of agricultural 

products such as timber, sugar cane, milk 

and fruit played an important role in pro-

vincial road development programmes. 

In addition, traffi  c demands on certain 

secondary roads in the vicinity of cities 

were reaching or exceeding a fi gure of 

8 000 to 10 000 vehicles per day, which 

necessitated the construction of multi-

lane arterials and freeways. 

Road pavements were designed to carry 

considerably heavier cumulative traffi  c 

loadings, and developments in road pave-

ment engineering included the gradual 

introduction of asphaltic concrete (USA 

terminology) or premix (UK terminology) 

for wearing courses, and later base courses. 

Th e development of this innovation had its 

initial impetus in Natal, where a better seal 

to the crushed stone base was required be-

cause of the heavier rainfall. At that stage 

the premix was generally of the British 

Standard BS594 type, or a continuously 

graded design mix. Further developments 

in asphalt technology during the following 

decade or so led to the use of asphalt-

treated bases (ATBs), sometimes termed 

bituminous treated bases (BTBs), of 

varying strengths depending mainly on the 

grading of the aggregate. Th e well-known 

gap-graded surface course (and later base 

course) was developed during this period 

of exciting developments in the pavement 

engineering sector.

Th is period also saw the develop-

ment of stabilising agents of lime or ce-

ment being added to sub-bases and base 

courses in order to increase their bearing 

capacity, and to render them less suscep-

tible to the eff ects of the ingress of water 

into the pavement. Whilst in the other 

provinces the cement binder content used 

in the crushed stone bases (CTBs), and 

sometimes sub-bases, was kept to a rea-

sonably low level, in the Transvaal cement 

was used in increasing proportions in 

these layers. Th e cement content became 

so high that the pavements of many roads 

in the Transvaal suff ered from extensive 

shrinkage cracking. While this was 

unsightly they did not cause structural 

defi ciencies in the pavements, other than 

increasing the possibility of the ingress of 

water into the pavement. Unfortunately 

much unfavourable comment was heard 

from the public and politicians. Th is was 

a major blow at the time to the confi dence 

which had been built up regarding pave-

ment design.

In the early eighties, developments 

in fl exible pavement design led to the 

adoption of the rational or mechanistic 

methods whereby the design was based on 

the evaluation of the limiting strains and 

stresses in the specifi c pavement layers. 

Th is move signalled a departure from the 

empirical structural number concept to a 

rational/mechanistic design procedure.

ADVENT OF CONCRETE PAVEMENTS
A major development in the fi eld of 

pavement engineering during the late 

sixties and the seventies was the advent 

of the use of concrete pavements on both 

provincial and national heavily traffi  cked 

roads. At that stage such pavements 

generally comprised an eight-inch thick 

unreinforced concrete base overlying a 

cement-treated crushed stone sub-base. 

Expansion joints were cut into the slab 

at 14 feet intervals without load transfer 

dowels between the resultant slabs. Th is 

pavement type provided excellent service, 

up to forty years at times, before requiring 

rehabilitation. A particular problem was 

the road noise generated by the cross-

tining necessary to provide adequate skid 

resistance, and much experimentation 

took place to keep this to a minimum. 

During a visit to Canada, an engineer 

from the Department of Transport asked 

his Canadian counterpart how they 

handled public complaints in this respect. 

Th e answer was that he, the Canadian 

engineer, asked complainants, “Do you 

want to die quietly? Th e more noise there 

is, the safer the road is against skidding in 

wet weather.” 

Towards the end of the century dif-

ferent types of concrete pavements were 

also developed, including a continuously 

reinforced concrete pavement used for 

the fi rst time on the Ben Schoeman 

section of National Route 1 between 

Johannesburg and Pretoria as a pavement 

rehabilitation measure. 

Th e late seventies and early eighties 

also saw numerous bypasses of rural 

towns being built, generally at the 

request of the towns concerned, to 

eliminate the growth in heavy road 

haulage through their streets, but also 

to maintain continuity in traffi  c fl ow for 

long-distance traffi  c.

PWV ROAD NETWORK
A notable feature of provincial roads 

planning at the time was the so-called 

Pretoria/Witwatersrand/Vereeniging 

(PWV) road network development plan 

prepared by the then Transvaal Roads 

Department. Th is grid of high-capacity 
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roads, of varying standards and criss-

crossing the entire PWV area, was 

probably too advanced for its time and 

unfortunately has never come to full frui-

tion, mainly because of funding problems. 

In hindsight, however, with its transport 

corridors for road and rail infrastructure 

and its sophisticated level of planning, the 

system would undoubtedly have obviated 

most of the traffi  c problems facing this 

area in the early part of the 21st century.

MULTIPLICITY OF ROAD 
AUTHORITIES
Unfortunately, neither the then Natal 

Roads Department nor the Cape Roads 

Department produced any fully integrated 

plan to handle the fl ow of road traffi  c 

within their burgeoning metropolitan 

areas during this period. Th is highlights 

the problem caused by the multiplicity of 

road authorities in the country – no single 

voice to assume responsibility within a 

developed metropolitan area where urban, 

provincial and national roads interact and 

where coordination in the provision of the 

total road network is essential.

DEPARTURE OF QUALIFIED 
PERSONNEL
Th is period unfortunately also saw the 

large-scale departure of qualifi ed road 

engineers and construction personnel 

from the various road authorities – 

mainly because of the obduracy of the 

Public Service Commission in not paying 

salaries commensurate with responsibility 

and comparable with private sector com-

panies. A notably ill-advised comment by 

the then Provincial Secretary in Natal at 

the time was, “Engineers should be on tap 

– not on top.” Th is remark of course fur-

ther accelerated the fl ow of professional 

engineers from the roads departments. 

Th e situation had changed from the 

early sixties when most (in excess of 90%) 

of all road engineering and construc-

tion was carried out by departmental 

personnel and in-house construction 

units, to 1976 where only 25% of the 

road engineering and construction was 

not carried out by consulting engineers 

and contractors. Towards the end of the 

century almost all road engineering and 

construction, and even maintenance, took 

place through the private sector.

ROADS IN THE TBVC COUNTRIES
During this period the so called SGTs 

(Self Governing Territories) and TBVC 

countries (Transkei, Bophuthatswana, 

Venda and Ciskei) had been established, 

with authority for roads in their own 

countries or homelands. 

For many reasons this political 

system was disastrous to a total inte-

grated road network within the bounda-

ries of South Africa. Th e road systems 

and administration in these areas took a 

major step backwards, from which it has 

not yet fully recovered. In some of these 

areas more than 80% of the roads budget 

was spent on salaries, with some roads 

(carrying 2 000 vehicles or more per day, 

including a high percentage of buses) still 

being gravel roads.

BEFORE AND AFTER 1994
While the provincial road system of 

secondary and tertiary roads was just 

managing to hold its own in the face of se-

vere fi nancial stringencies up to the mid-

eighties, the period from then onwards 

until the advent of the new government in 

1994 was one of disillusionment with the 

funding support from government, and 

to a large extent signalled a retreat into 

inactivity insofar as the road network was 

concerned. Funds provided were barely 

adequate for the necessary maintenance 

needs, and in some provinces, notably 

KwaZulu-Natal, a decision was taken to 

rip up some blacktop roads which were in 

a very poor condition, and convert them 

to gravel roads because they were cheaper 

to maintain.

Unbridled and severe overloading 

by heavy haulage vehicles, which led 

to major structural damage on certain 

haulage routes, exacerbated the posi-

tion. A study by the Department of 

Transport in 1991 showed that, whereas 

in 1975 only 17% of the countrywide 

expenditure on roads was needed for 

maintenance and improvement, by 

1990 the figure had risen to 52%. The 

situation was considerably worsened by 

the fact that, in constant rand values, 

total road expenditure on rural roads in 

1975 was more than twice that in 1990. 

Added to the seriousness of this is the 

fact that these figures relate to the total 

road network, including national roads, 

which in general were financially more 

favourably positioned than provincial 

roads (because of the contribution of 

road tolling).This period up to the turn 

of the century probably represented the 

lowest point for provincial roads depart-

ments for the past 60 years.

Th e year 1994 saw the advent of a new 

government in South Africa. For provin-

cial road administrations the main conse-

quence was a change from four provincial 

road authorities, plus various SGT and 

TBVC authorities, to nine provincial road 

authorities. Unfortunately, in the main 

these were very poorly staff ed in terms 

of professional roads personnel with 

experience, and in some instances they 

were overwhelmed by having to carry the 

bloated personnel establishments of the 

old TBVC states.

Th e period from 1994 to the end of 

the century, and beyond, saw a paradigm 

shift in provincial road planning. From 

a road priority system previously based 

on traffi  c demand and economic and 

agricultural growth potential, the new 

provincial road planning approach was 

largely based on providing local road ac-

cess for the many rural communities in 

the country.

Th e philosophy recognised that, in the 

absence of a road network in deep rural 

areas, delivery of other services necessary 

for the social and economic development 

of rural populations was constrained. Th e 

absence of a good road network in these 

areas, it was held, hindered the develop-

ment of the social fabric of the area. With 

the rate of development of new housing 

projects, it was necessary in the new 

century to provide road infrastructure to 

accommodate the transport needs which 

would facilitate social integration of these 

areas with the broader community, and in 

so doing ease the plight of under-served 

customer segments. 

Another facet of the country’s road 

activities that received attention at the 

time was the need to grow the tourist 

industry by providing access to tourism 

facilities, through the provision of ad-

equate road links to the primary network.

As far as the condition of the sec-

ondary and tertiary road network at the 

close of the century is concerned, the 

Moving South Africa transport strategy 

of 1998 suggested that the condition 

of 32% of rural roads to farming areas 

was at the time inadequate, while 

for rural villages the figure was 82%. 

Unfortunately, as the 20th century came 

to a close, the rest of the provincial 

road network, as well as that of many 

towns and cities, began to show signs of 

rapid deterioration in condition, a trend 

which accelerated during the early part 

of the 21st century. 
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D I S P U T E  B O A R D S

DISPUTE BOARDS DEFINED
Chapman (2012) describes dispute boards 

(DBs) as a “job-site” dispute avoidance and 

adjudication process typically comprising 

three independent and impartial persons 

selected by the contracting parties. 

Th e TCCP of the UTRC1 (1996) views 

the Dispute Review Board to be a “forum 

to foster cooperation between the owner 

and the contractor, and [a] means for 

promptly and equitably resolving dis-

putes, claims and other controversies”. 

Various forms of DBs exist, e.g. a 

Dispute Review Board (DRB) (provides a 

recommendation which is non-binding), a 

Dispute Adjudication Board (DAB) (pro-

vides a decision that is interim-binding) 

and a Combined Dispute Board (CDB) 

(ICC2 model which is a hybrid between 

DAB and DRB).

It does not supersede the ultimate 

dispute resolution methods available 

to the parties, such as arbitration and 

litigation. It is an earlier, non-binding 

(DRB, CDB) or interim-binding (DAB, 

CDB) intermediate step, directed at 

avoiding the other more expensive, 

time-consuming (and possibly less satis-

factory) procedures.

Th e objectives and functions of these 

boards are similar in that they seek to 

provide a means of dispute avoidance and 

early adjudication based on the contract 

between the parties.

Th e resolution of disputes by DB 

arises as a result of an agreement between 

the employer, the contractor and the DB 

members. Other than the relevant rights 

and obligations of the parties and DB 

members, the agreement regulates mat-

ters such as the jurisdiction of the DB, 

procedural rules for its operation, pay-

ment,  ethical rules (such as the require-

ment to make disclosure and to act inde-

pendently and impartially) and liability of 

the DB members.

Consequently the DB is a creature of 

contract which in South Africa has no legis-

lated safeguards, guidelines or requirements.

WHY DISPUTE BOARDS?
In 1991 the United States Committee on 

Large Dams pointed out that, despite the 

best intentions of all parties, problems 

may still arise that are not easily settled at 

job level.

Employers have become constrained 

and, due to internal rules, procedures and 

bureaucratic impediments, their capacity 

to settle disputes has reduced. Similarly, 

the increased incidence of joint ventures 

both in consulting and in contracting 

means that organisations involved in con-

struction are often less autonomous and 

are less able to negotiate settlements of 

their contractual disputes.

Th is resulted in the parties increas-

ingly having to resort to arbitration or 

court action, which has been criticised 

for starting too late, taking too long, 

costing too much, and more often than 

not resulting in poor relationships, all 

ultimately causing any victory to be a 

Pyrrhic one3. 

Furthermore, the quasi-judicial role of 

the engineer was increasingly being ques-

tioned for many reasons.

In the process of seeking solutions, 

construction project stakeholders iden-

tifi ed a gap between traditional ADR 

processes and arbitration/litigation. DBs 

are recognised as a cost-eff ective and ex-

pedient solution operating in this space.

DISTINGUISHING FEATURES
Th e most signifi cant characteristics of 

DBs which distinguish them from other 

dispute resolution processes are:

 ■ Standing (as opposed to ad hoc) DBs 

are established at the commencement 

of a project, and by undertaking regular 

visits to site4 and studying progress 

reports, minutes of meetings and other 

relevant documents made available by 

the parties, are up to speed with de-

velopments on the project and actively 

involved throughout the construction 

process; and

 ■ DBs have the ability to avoid disputes 

before they arise.

Th ese unique features result in DBs being 

highly eff ective in avoiding and resolving 

disputes in “real time”, i.e. as they occur, 

during the currency of the project.

DRBF5 STATISTICS
From 1974 to February 2012, DBs have 

been used on some 2 340 projects world-

wide, totalling over $166 billion worth 

of contract work. Th e DRBF database 

shows that out of 2 753 disputes brought 

before DB panels, 88% were satisfactorily 

resolved, while only 327 (or 12%) went on 

to other dispute resolution methodologies 

(such as mediation, litigation or arbitra-

tion), with a signifi cant percentage of the 

decisions and/or recommendations that 
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were disputed being upheld in subsequent 

arbitration/court.

Direct costs for a DB are estimated 

to range from 0.06% – 0.30% of the fi nal 

construction contract amount, and are 

shared equally between the parties6.

BRIEF HISTORY  
The earliest reported use of a DB was 

on the Boundary Dam in Washington 

in the 1960s, where the technical Joint 

Consulting Board was asked to make 

decisions regarding conflicts. The 

idea worked well and the use of DBs 

increased worldwide in the intervening 

40 years.

Jaynes (1993) considers the El Cajon 

project in Honduras during the early 

1980s to be the fi rst known application of 

a DB on an international project.

In 1995 the World Bank made it 

mandatory for disputes to be referred 

in the fi rst instance to a three-member 

DRB rather than the engineer for projects 

funded by it, with estimated value in ex-

cess of US$50 million. 

Also in 1995 FIDIC published a new 

Orange Book7 which provided that dis-

putes are to be resolved by DAB. 

In 1996 FIDIC published a sup-

plement to the FIDIC 4th edition Red 

Book8, recommending DAB as a pre-

ferred method of dispute resolution. In 

the foreword to the supplement it stated 

that “FIDIC agrees that this [appoint-

ment of an expert(s) at the beginning of 

the contract] is an acceptable alterna-

tive to the Engineer’s former role in 

dispute adjudication”.

FIDIC included DAB provisions in all 

three editions of its major standard forms 

(Red9, Silver10 and Yellow11 Books) pub-

lished in 1999, as well as the Gold Book12, 

published in 2008. 

Th e fi rst project in southern Africa 

which could be traced on which a DB13 

was used, is the Lesotho Highlands Water 

Project (LHWP) Phase 1A (1990) in the 

Kingdom of Lesotho. Th e motivations for 

its use included:

 ■ Th e substantial disputes that arose on 

projects such as the Orange-Fish and 

Hex River Tunnels.

 ■ Th e invidious position of the engineer, 

who was seen by many as having an 

interest in the outcome of his decision 

and that he may have to judge in his 

own case.

Its use was subsequently extended to a 

number of other projects in southern 

Africa, inter alia the LHWP Phase 

IB which incorporates the Mohale 

Dam, Mohale Tunnel, Matsoku Weir 

and Tunnel, various road projects in 

Lesotho, all subsequent TCTA large 

projects, the Medupi and Kusile Power 

Stations and Nelson Mandela Bay 

Stadium, SANRAL GFIP14, Gautrain, 

Durban Harbour Tunnel, Coega 

Harbour, Thune and Dikhatlong Dams 

in Botswana, Maguga Dam, LUSIP and 

Mbabane Bypass in Swaziland, Nacala 

Dam rehabilitation and MCC15 funded 

projects in Mozambique, to name but 

a few.

Research undertaken during early 

2000 into the operation of DRB in 

southern Africa revealed that DBs were 

increasingly being used in southern 

Africa and worldwide, and the increase 

was expected to continue. Th ere was 

evidence and general acceptance that DBs 

were proven to be successful.

ADVANTAGES OF DISPUTE BOARDS
Th e principal advantages of DBs include:

 ■ Reduction in cost and time of dispute 

resolution, DBs being substantially less 

costly and more expedient than arbitra-

tion and litigation

 ■ Opportunity for dispute avoidance

 ■ Reduction in disputes

 ■ Informality of procedure and improved 

dispute resolution process 

 ■ Preservation of relationships

 ■ Improved chance for acceptance and 

settlement with concomitant early fi -

nality to the dispute resolution process

 ■ Wide application and can be incorpo-

rated into diff erent contract types

 ■ Th e opportunity to secure objective and 

impartial dispute avoidance and resolu-

tion experts

 ■ Credibility of the disputes resolution 

system among participants

 ■ Th e parties retain control of the dispute 

resolution process

 ■ Reductions in tender price can be 

achieved when DBs are incorporated 

into the contract16

 ■ On a multi-contract project the DB 

mechanism can be incorporated into 

the diff erent contracts by using the 

same DB or a panel from which a DB is 

chosen for a specifi c contract.

CONCLUDING REMARKS
Th ere is little doubt that worldwide DBs 

are experiencing exponential growth. A 

number of standard forms of contract17 

provide for DBs, major funding agencies18  

generally require the establishment of DBs 

on projects it funds, and major employers 

have fully embraced the DB concept.

NOTES
1 Technical Committee on Contracting 

Practices of the Underground 

Technology Research Council.
2 International Chamber of Commerce.
3 For example, in the well-known 

Wembley Stadium dispute the legal 

costs amounted to some £22 million, the 

award was £6 million and photocopying 

alone approached some £1 million.
4 Whether or not any unresolved disputes 

are present.
5 Dispute Resolution Board Foundation, a 

non-profi t organisation formed in 1996 

to promote the use of DBs worldwide; 

the DRBF has over 700 members in 59 

countries, and its objectives include 

communication, education and training.
6 Direct costs include daily rate per 

member, travel time to meetings and 

expenses, progress review between DB 

meetings, board deliberations and report 

preparation following a full hearing.
7 Conditions of Contract for Design-Build 

and Turnkey.
8 Conditions of Contract for Works of 

Civil Engineering Construction.
9 Conditions of Contract for Construction 

for Building and Engineering Works 

Designed by the Employer.
10 Conditions of Contract for EPC Turnkey 

Projects.
11 Conditions of Contract for Plant and 

Design-Build.
12 Conditions of Contract for Design, Build 

and Operate Projects.
13 Th e DRB format which provides for a 

non-binding recommendation.
14 Th e South African National Roads 

Agency Ltd Gauteng Freeway 

Improvement Project.
15 Millennium Challenge Corporation.
16 Research by the TCCP of UTRC; re-

duced allowance for contingencies to 

cover less eff ective dispute resolution 

procedures.
17 For example, FIDIC Standard Forms of 

Contract, SAICE GCC 2010.
18 World Bank, MCC, Japanese 

International Cooperation Agency 

(JICA).
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M A R K E T  C O N T R I B U T I O N

EVERY YEAR Th e Concrete Institute receives many queries 

on testing of concrete, mostly about testing for compressive 

strength. From these it would appear that many in the construc-

tion industry do not fully understand the importance of testing, 

the signifi cance of test procedures and the interpretation of test 

results. In this article the core test will be discussed (also see ar-

ticle on cube testing on page 54, Civil Engineering, July 2014).

Typically, cores are taken as a ‘knee-jerk’ reaction when suspect 

cube results are received. Such testing is not good practice as it tends 

to aggravate disputes, not solve them. If cube results are suspect, 

further investigation should be agreed between all those involved. 

Most importantly, before testing is started, the parties should agree 

on the acceptance criteria for further tests. It is recommended that 

the criteria contained in Clause 14.4.3 of SANS 10100-2 are used for 

the acceptance or otherwise of concrete core results. 

When cores are taken, they should be drilled, prepared and 

tested in accordance with SANS 5865. As it is very diffi  cult to carry 

out the test correctly, Th e Concrete Institute strongly recommends 

that cores be tested only at a laboratory that is SANAS accredited 

for this test. Note that a laboratory claiming SANAS accreditation 

may not be accredited for this particular test. Th is can be checked 

on the SANAS website (www.sanas.co.za).

Cores can also be taken from non-suspect concrete in similar 

elements and locations for comparison purposes.

CORE STRENGTH ACCEPTANCE CRITERIA
Usually, the in-situ strength as measured by a core will be lower 

than the standard cube strength of the same concrete, due to 

many factors, including the location of the test sample, its curing 

and temperature history, and the degree of compaction.

A large research project was carried out in South Africa 

some years ago by the Portland Cement Institute which involved 

testing a substantial number of cores from diff erent concretes 

from around the country, diff erent directions of drilling rela-

tive to placing direction, and diff erent degrees of curing. Based 

on those results, the following criteria were included in SANS 

10100-2 Clause 14.3.3:

14.4.3.1 If the average core strength is at least 80% of the speci-

fi ed strength (see 14.3.3), and if no single core strength 

is less than 70% of the specifi ed strength, the concrete 

shall be accepted.

14.4.3.2 If the concrete in a certain area fails to comply with 

14.4.3.1 because a single core result falls below 70% of 

the specifi ed strength, a further set of three cores may 

be taken from the same area to determine the extent of 

defi cient concrete. If the new set of three cores complies 

with the requirements of 14.4.3.1, the area represented by 

this second set of cores shall be considered acceptable. If 

the new set of cores fails to comply with the requirements 

of 14.4.3.1, then criterion 14.4.3.3 applies.

14.4.3.3  If the core strength does not meet the acceptance criteria 

of 14.4.3.1 and 14.4.3.2, the following should be consid-

ered in relation to the defi cient part of the structure:

a) strength requirements for the member(s);

b) performance of a full-scale load test as in clause 15;

c) strengthening the defi cient part of the structure; and

d) removal and replacement of the defi cient part of the 

structure.

CONCLUSION
It is important that if cube strength testing is carried out – and 

it is mandatory on most projects – it is carried out correctly, and 

the results are interpreted correctly to ensure compliance with 

the specifi cation.

When cube results fail or are suspect, it is important to 

determine whether the failure is due to poor sampling, sample 

preparation or testing so that defi ciencies can be rectifi ed. Only 

once it is clear that the concrete in the structure may be suspect, 

should core testing be considered.

Correct use of the processes and criteria outlined above 

will hopefully result in quicker resolution of disputes relating to 

strength testing of concrete. 

As is often the case in the construction industry, the key to 

improvement is better education and training at all levels. Th e 

Concrete Institute’s publications and training courses provide 

an invaluable education resource on many aspects of concrete 

and concrete testing, and its Advisory Service is also available to 

provide guidance to the industry.
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PUBLISHING DETAILS
Title:  Bridging the Eastern Cape

Th e Life and Work of Joseph Newey

Author: Dennis Walters

Publisher: Coral Tree Press, East London

ISBN: 987-0-620-59478-3

To purchase (A):  SAICE Bookshop (contact Angelene Aylward)

angelene@saice.org.za

To purchase (B): http://www.easterncapebridges.co.za

SOUTH AFRICA has seen a number of valuable contributions on 

its civil engineering history in recent years. A new book by Dennis 

Walters, consulting structural engineer from East London, has 

recently taken its place amongst the fi nest of these publications. 

Walters picked the life of English engineer Joseph Newey and his 

bridge-building career in the Eastern Cape as focal points, but 

the book off ers much more than a narrow biography and a sterile 

catalogue of completed bridges. He starts with a vivid description of 

the stark conditions during the Industrial Revolution in the “Black 

Country” of England in the 19th century, then briefl y follows the ca-

reer of Newey through six countries before the 27-year old engineer 

stepped on shore at East London in January 1873. Once in South 

Africa, he erected new bridges, and also had to repair widespread 

bridge damage following the exceptional fl oods of December 1874. 

One of his best known projects, the Great Kei River Bridge, was 

completed in the midst of the Ninth Frontier War, with parts of the 

work being completed while under guard for protection. Upon its 

completion in 1879, Newey built bridges over the Orange and Kraai 

Rivers at Aliwal North before he was promoted to oversee all Public 

Works Department projects in the Eastern Cape in 1882. Hereafter 

he was involved with a broader range of projects, such as bridges, 

public buildings, roads, lighthouses, fencing the Cape Colony during 

the 1896 rinderpest, and drilling for groundwater during the Boer 

War. He retired in 1905 and died two years later on his farm in the 

Kei Road district. He was a founding member of the Cape Society of 

Civil Engineers in 1903, the forerunner of SAICE today.

Interspersed with the Newey story, the reader fi nds general 

snippets on, for example, iron and steel manufacture (Chapter 1), 

tunnelling practices (Chapter 3), early military works and bridges 

in the Eastern Cape (Chapters 3, 8), the Frontier Wars (Chapter 7), 

and the design and erection of stone arch bridges (Chapter 11). 

Th e author communicates this fl ood of interesting information 

with a rich variety of more than 200 photographs (140 were lifted 

from archives and previously unpublished sources), 60 diagrams, 

maps, paintings and sketches, and 20 information boxes providing 

B O O K  R E V I E W

Bridging the Eastern Cape
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background information on contemporary personalities, localities 

and events. A useful list of 74 historic bridges is provided in an ap-

pendix, complete with completion dates, coordinates and current 

status. Th e wide and diverse variety of topics covered, interesting 

as they may be to readers, unfortunately weakens the coherence 

and focus of the book. Th ere are often too many unconnected bits 

to permit a smooth, natural development of the Newey narrative. 

Some readers, however, may prefer the newspaper-like layout used 

for this coff ee table book in landscape format.

Th e book is hard-bound and printed on high quality paper. Th e 

review copy was sturdily packaged and arrived by mail in perfect con-

dition. Th e content could have been improved with more rigorous re-

view and proof-reading. Typical problems were formatting errors such 

as easily avoidable widows and orphans (p 40, p 50); uneven breaks 

between paragraphs (box p 47, p 91); inconsistent spelling (Komgha/

Komga), capitalisation (river/River, drift/Drift, war/War), decimal 

points/commas, and units (lbs./lbs/lb, inch/in); line break within 

numbers (35 000 p 58); spelling errors (pouring p 10, iromwork p 64, 

birdges p 80, Herzog p 82, destoyed p 129); the incorrect Colesburg 

rather than Colesberg; and the tautological Karnmelkspruit River. 

Th e sources of many old photographs are often not provided (starting 

with the fi rst two in the book) and some sources remain obscure 

(where would future researchers fi nd the “Pandora’s box” of family 

memorabilia, or the Aidan Dreyer Collection, as examples?).

Bridging the Eastern Cape, to the reviewer’s knowledge, brings 

aspects of South African civil engineering history together in a 

published form that had never been systematically researched or 

addressed before. Like any good book, the fascinating events and 

insights presented beg more questions. How was the Public Works 

Department of the Cape Colonial Government organised and 

funded, and how did Newey fi t into its organisational structure? 

While the author covers some aspects of the structural design 

considerations of the bridges, how were the bridge levels deter-

mined in the almost complete absence of hydrological fl ood data? 

What were the criteria for prioritising the construction of bridges 

in an undeveloped frontier region where almost all communities 

were clamouring for improved road communication? Nobody is 

better qualifi ed than the author, both as structural engineer and 

having studied the historical record, to address these and many 

other related questions. Civil engineers will be chanting for more!

In the preface to the book, Walters sets a goal to “add to the 

record of the history of civil engineering works in our country”. 

He meets this goal in an admirable way, putting the spotlight on 

Joseph Newey and numerous lesser-known civil engineers and 

engineering projects, supported with an unusually large collec-

tion of valuable, previously unpublished photographs, sketches 

and paintings. Th e value of the book extends beyond Joseph 

Newey, as it brings an era and a world to life shared by a genera-

tion of British engineers that left an indelible mark on the devel-

opment of South Africa in the second half of the 19th century. All 

civil engineers interested in our history should get a copy.

Johannes Haarhoff
johannes@haarhoff.org.za
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WHAT SETS ENGINEERS APART from other professional 

disciplines is our ability to tackle diffi  cult and complex problems 

that require wide-ranging inputs and often have far-reaching 

consequences. Who other than engineers could thus be better 

suited to address the developmental needs that the African con-

tinent is facing. Complicated, unsolved and thought-provoking, 

the solutions to these problems will not only require advanced 

technical knowledge, but an in-depth, multi-disciplinary ap-

proach, founded on ethical judgement and professional respon-

sibility. Engineers Without Borders South Africa (EWB-SA) 

believes that change and development in South Africa will be 

driven by engineers. As a response to the multitude of problems 

that the profession is currently facing in our country, we are set-

ting out to re-envision the engineering sector as a place in which 

people can live their passion, unfold their potential and work 

with compassion. EWB-SA sees this as the only way in which 

sustainable, long-term progress will be achieved.

As a vehicle to pursue our long-term vision of transforma-

tion in the engineering sector, EWB-SA aims to provide com-

munities and community-based organisations with access to 

engineering skills and technologies to improve the quality of life 

of their members in a sustainable manner. In doing this, we see 

our role as one of building bridges that connect students with 

professionals, graduates with retiring engineers, rural under-

standing with urban experience, engineers with non-engineers. 

Engineering knowledge lies at the core of what we do, and our 

eff orts are focused on three key areas: 

 ■ Generating engineering knowledge 

through thought leadership.

 ■ Using engineering knowledge through incuba-

tion of projects, ventures and businesses.

 ■ Transferring engineering knowledge through mentorship 

and educational activities, all to benefi t communities.

EWB-SA aligns itself with South Africa’s National Development 

Plan and is committed to contribute to the vision of building 

a prosperous nation. Our particular areas of contribution lie 

Wiebke Toussaint

Founder and National Coordinator

Engineers Without Borders SA 

wiebke@ewbsa.org

Engineers Without Borders 
South Africa

EWB University of Pretoria members at the launch of their chapter

As an EWB project, high-efficiency wood stoves 
were designed for the Township Caterers’ Project
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in skills development, community development and enterprise 

development. In South Africa the statistics do not paint a rosy 

picture. Seventeen of the twenty “Top Scarce Skills” listed in 

the 2014 National Scarce Skills List released by the Department 

of Higher Education are engineering-related. South Africa’s 

engineer to population ratio remains critically low and has 

not risen much above the 1:2113 fi gure suggested in a “Scarce 

Skills” research report commissioned by the Department of 

Labour in 2008. University throughput rates are fl uctuating 

between 30% and 60%, depending on institution and year. 

Employment rates for 25–34 year olds are low, and graduate 

retention rates are not discussed.

Th e engineering sector is becoming increasingly aware of 

these challenges, and interventions such as the Memorandum 

of Understanding between the Presidential Infrastructure 

Coordinating Commission and the Engineering Council of 

South Africa signed in 2013 indicate that urgent initiatives 

are required to address these challenges. While institutional 

commitment is necessary, room for trial and error, innovative 

approaches and quick action are limited in a purely top-down 

approach. To take on these complex issues, the challenge we 

face as engineers is to marry our old values of safety, quality 

and conservativeness with the new order of sustainability, in-

novation and social development. Being a social movement at 

heart, EWB-SA has embedded the solutions to some of the sec-

tor’s challenges in its strategy, allowing for eff ective bottom-up 

intervention, with a collective vision owned by students, gradu-

ates and engineering professionals.

While numerous professional organisations and interest 

groups currently exist in the engineering space in South Africa, 

collaboration and coordination are lacking, with each group 

only addressing the immediate needs of their active members. 

EWB-SA is the fi rst organisation in the engineering environment 

that appeals to engineering and built environment professionals 

on an all-encompassing basis. EWB-SA attracts people who want 

to use their professional skills to build the country, taking no ac-

count of professional discipline, sector, gender, race or age. Th is 

positions EWB-SA uniquely to take leadership in the engineering 

transformation that the sector needs. 

EWB-SA truly only has one criterion for participation: a de-

sire to use professional skills to advance and positively contribute 

to nation-building in South Africa. Since its inception, EWB-SA 

has achieved signifi cant progress in validating its envisioned 

programmes through pilot initiatives. After piloting successful 

mentorship, training and project implementation programmes 

in 2013 and 2014, EWB-SA is ready to scale up its initiatives and 

roll them out across the country.

EWB-SA is a registered non-profi t company in South Africa, 

which started in January 2013. To date EWB-SA has eight es-

tablished student chapters across South Africa, some of which 

existed before the establishment of the national body. Th ree ad-

ditional chapters have been earmarked for setup in the latter half 

of 2014. In addition to the student members, EWB-SA has over 

100 practising engineers participating in our network. A profes-

sional executive committee has been established in the Western 

Cape for this purpose. Gauteng and KwaZulu-Natal are planning 

the setup of their own professional executives within the next 

year. Our membership is diverse, ranging from fi rst-year univer-

sity students to retired engineers. All engineering disciplines, 

genders and race groups are represented in our organisation. 

The origins of EWB-SA lie in its aim to use engineering 

knowledge to benefit society, and EWB-SA student chapters 

are the main drivers of this. Student members apply the 

technical knowledge they gain in class to community develop-

ment projects. Projects are selected autonomously by chapters 

and range from a small-scale biodiesel plant standing at 

Wits, to bio-digesters, high-efficiency stoves, a solar-wind 

hybrid power system and workshop upgrades for a disability 

centre in Nelson Mandela Bay. Since the first student chapter 

was established at UCT in 2008, student teams across the 

country have served communities through the application of 

engineering knowledge in over 30 projects, focusing on five 

engineering areas: energy, water and environment, health and 

hygiene, infrastructure and education.

To support students with the design and implementation of 

their projects, EWB-SA places project teams at engineering con-

sulting companies. Project teams normally constitute fi ve team 

members. Students take full responsibility and ownership of their 

project and its eventual implementation during this time. Th e 

objective of providing students with a work-learning placement is 

to ensure that they receive technical mentorship, enabling them 

to deliver community development projects with greater eff ec-

tiveness, while learning to appreciate what constitutes sensible 

“engineering judgement”. Th e work-learning placement serves 

as a professional development opportunity for the students and 

ensures that EWB-SA projects are executed to improved quality 

standards. Over the past year EWB-SA has worked with engi-

neering consulting companies WSP Africa and Hatch Goba to 

pilot the mentorship programme.

Th rough its scalable initiatives EWB-SA has grown from 

strength to strength over the past 18 months. Th is trajectory 

has been fuelled by the voluntary contributions of close to 

1 500 technically-minded individuals across the country. We 

are always welcoming new members to the organisation and 

look forward to hearing from you if you are interested in leaving 

your mark. To take the organisation to the next level, EWB-SA 

is reaching out to the public and private sector to engage and 

contribute. We are looking for partners, supporters and sponsors 

who share our vision of creating a prosperous engineering sector 

in South Africa to drive the development of our country.

For more information or to get in touch, please visit/contact:
www.ewbsa.org
info@ewbsa.org

While numerous professional organisations and 

interest groups currently exist in the engineering 

space in South Africa, collaboration and 

coordination are lacking, with each group only 

addressing the immediate needs of their active 

members. EWB-SA is the fi rst organisation in 

the engineering environment that appeals to 

engineering and built environment professionals 

on an all-encompassing basis.
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THE MOTIVATION to write this piece stems from the experi-

ences of many who are, or have been, in similar positions. I am 

sure most young engineers, technologists and technicians have 

all gone through this – that period when nothing seems to be 

going your way. Despite all your eff orts to show interest, no job 

interviews seem to come through. All you get is that dreaded 

response assuring you that your details are being kept on record 

and that you will be contacted as soon as suitable positions 

become available. You have applied for all the available jobs, but 

you seldom get on the shortlist. Sometimes you do get on the list 

only to fall out at that last hurdle. It is worse when you think you 

have what is needed for the job available, but still cannot land 

that position. You read about the apparent lack of skilled profes-

sionals, and it all seems like a farce to you. 

Th e doubts start crippling you. You start wondering why you 

chose the profession in the fi rst place. You are tempted to think 

you are not any good – after all, everyone seems to be rejecting 

you. Delusions of competence take over, and you start thinking 

of reasons to justify why you are being overlooked, be it your sex, 

race, age, nationality, even your level of education (too high, too 

low), and many other ‘wrong’ reasons for your failure to fi nd suit-

able employment.

Objectively speaking, there is always a good reason why one 

cannot fi nd the job that one desires. Besides the obvious rea-

sons, like inexperience, it could be because employers are going 

through diffi  cult fi nancial times and hence cannot take on as 

many young professionals as they would like to. A lack of sus-

tained government investment in the sector directly aff ects the 

incomes of employers, which in turn will determine the number 

of people they are able to employ. Sometimes young professionals 

fail to fi nd suitable employment because of poor communication 

skills. For example, the way we write our CVs and cover letters 

could be working against us (too long CVs, spelling errors, etc).

Th erefore, make sure that all the appropriate boxes have been 

ticked. Professional guidance and assistance can solve most of 

these issues. 

Ticking all the boxes will increase one’s chances of success 

in the job hunt, but will not guarantee the same. What then 

does one do to avoid the stress (and sometimes depression) 

that can come from the lack of opportunities? Like most suc-

cessful people in the world will tell you, loving and believing 

in what you do are the only things that will keep you up 

when the going gets tough. I have seen some people decide to 

further their education in the times they cannot find work. 

There were times I job-shadowed with a consultancy an hour 

away from my home just so that I could learn something from 

them. I later got a limited duration contract with the same 

company. Academics (and non-academics) could use such 

periods to finish that paper that has been sitting on the shelf 

for the past year. A friend of mine became involved in tutoring 

university students during this time. That way, his grasp of 

important engineering concepts was not affected by inactivity. 

This is the chance to learn some of the software tools relevant 

to your speciality. Because you love the profession, do some-

thing related to the profession that will improve and prepare 

you for that job when it comes. 

On a lighter note, this is also the time to watch engineering 

documentaries on, for example, mega structures, rather than 

crime movies. You are not an aspiring cop or detective, but an 

engineering practitioner. 

the love (for engineering) keeps you going
When the going gets tough

Nicholas Kizito
iCE Group Tygerberg (Pty) Ltd 

Part-time Lecturer
Dept of Civil Engineering and Survey

Cape Peninsula University of Technology 
kizitonm@gmail.com
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DURING THE COURSE OF THE YEAR, the members of the 

SAICE Young Members Panel (YMP) again took their popular 

roadshow to a number of universities and universities of tech-

nology. Th e roadshows not only help to familiarise university stu-

dents with SAICE and the civil engineering profession, but during 

these shows students are also introduced to current trends in civil 

engineering, and are advised on how to optimise their time at 

university. Th e aim of all these initiatives is to contribute towards 

students’ preparation for their careers as professionals. 

Below are a few highlights from YMP road shows during 

the year. 

CIVILUTION CONGRESS 
SAICE’s biggest and most anticipated event, the Civilution 

Congress 2014, saw the YMP open the first day’s networking 

session with a recitation of the Credo of the African Engineer 

which set the tone for the rest of the Congress – motivating 

engineering professionals to conduct business differently, and 

highlighting the role they can play in bettering government 

and communities. 

During the three-day Congress, students from the Tshwane 

University of Technology, the University of the Witwatersrand, 

the Vaal University of Technology and the University of 

An overview of a few
2014 YMP roadshows 

Fridah Mahlangu
SAICE Career Guidance Officer

fridah@saice.org.za
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A rapt audience at the Civilution Congress YMP roadshow
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Johannesburg attended entertaining and interactive YMP discus-

sions that centred on career guidance. 

Th ese discussions also off ered invaluable networking oppor-

tunities, giving students the chance to ask relevant questions of 

experienced engineers on all aspects of civil engineering and the 

industry.

YMP members commented as follows on their participation 

in the Civilution Congress: “It made us realise that our country 

needs every one of us. We are concerned about the future of our 

country and are motivated to bring about better change through 

our contributions. We will work together to promote excellence 

in engineering in Africa.” 

TSHWANE UNIVERSITY OF TECHNOLOGY 
On Valentine’s Day, amidst chocolate and red, the Tshwane 

University of Technology was visited by the SAICE 2014 

President and CEO. 

Manglin Pillay, SAICE CEO, kicked off  the day’s events by 

emphasising the importance of starting at the bottom and being 

prepared to do anything with a smile. He asserted that future 

success lies in humbleness and passion for what you do. 

SAICE 2014 President, Stanford Mkhacane, added that your 

past does not determine your future. Your future is what you 

make of it, and what will get you far is ambition and hard work. 

After having listened attentively and soaking up all they 

could from the career-oriented presentations that the YMP had 

prepared for them, the students’ day ended with watching a per-

formance of the Ethicana play, which promotes ethics and anti-

corruption – a stirring end to a successful roadshow.

NELSON MANDELA METROPOLITAN UNIVERSITY 
Th e SAICE YMP roadshow blew into Port Elizabeth with a newly 

developed programme aimed at the almost 100 Nelson Mandela 

Metropolitan University students who attended. 

Th e new, exciting and relevant topics centred round technical 

ability, soft skills required to be a great engineer, and ethics and 

corruption. Local SAICE member, Tronel Strydom, also gave 

a stirring talk, titled “If you were for sale would I buy you?”– a 

presentation which spoke about being professionally presentable. 

Oliver Rowe, past YMP chairman, was also there and 

delivered an inspiring presentation about the history of civil 

engineering, in the process motivating students to innovate – a 

critical factor for our growth as a country. 

To end, a performance by the NMMU Student Chapter of the 

Ethicana play was received warmly and enthusiastically, and the 

students were ready and excited to put everything they had learnt 

into practice.

ACKNOWLEDGEMENT
SAICE and its Young Members Panel would like to thank Esor 

Construction who continues to sponsor all these highly suc-

cessful roadshows. Without their support, reaching out to our 

future engineers in this manner would not be possible at all.  

SAICE 2014 President, Stanford Mkhacane, added 

that your past does not determine your future. 

Your future is what you make of it, and what will 

get you far is ambition and hard work. 

SAICE YMP member, Phuti Seopa, addressing TUT students

SAICE 2014 President, Stanford Mkhacane, 
enjoying a one-on-one chat with a TUT student 

NMMU Student Chapter and students together with SAICE YMP members 



84 August 2014 Civil Engineering

ABOVE CLOUD NINE – MILLAU 
VIADUCT, FRANCE
THE TALLEST BRIDGE IN THE 
WORLD
The Millau Viaduct spans the valley of the 
Tarn River near Millau in the southern part 
of France. It is a cable-stayed road bridge, 
i.e. a bridge with one or more towers from 
which cables support the bridge deck in a 
fan-like design. The bridge was originally 
built to solve the problem of holiday traffi c 
during summer on the route from Paris 
to Spain. This architectural wonder of the 
world was designed by the French struc-
tural engineer Michel Virlogeux and British 
architect Norman Foster in July 1996. 

In late 2001 the very fi rst stone was 
laid, and by spring 2002 the fi rst piers 
were reaching for the sky. A year later 
the concrete work was fi nished and the 
record for the highest pier in the world 
was set at 245 m. Work on the steel deck 
started shortly after and in May 2004 the 
north and south sections were joined, 
spanning 2 460 m between the two 
points. 

In December 2004, after much 
blood, sweat and tears, construction 
was complete and the fi rst traffi c crossed 
the Millau Viaduct. The highest point 
is at 343 m, which is 19 m higher than 
the Eiffel Tower in Paris. The bridge is 
estimated to weigh about 36 000 tonnes 
and cost $524 million to construct. There 
are four wells between 9 m and 18 m 
deep under each of the seven piers. The 
project required 127 000 m³ of concrete, 
19 000 tonnes of steel for reinforcement 
and 5 000 tonnes of pre-stressed steel for 
the cables and shrouds.

CN TOWER, TORONTO, CANADA
The CN Tower was built in 1976 by the 
railway company Canadian National. It is 
the tallest free-standing structure in the 
western hemisphere, reaching 553.33 m 
into the air, and also has the world’s 
highest glass fl oor. 

The idea was to build a communica-
tions tower for television and radio. It 
was designed by architects J Andrews, 
W Zerafa, M Housden and E R Baldwin, 
and cost around $63 million to construct. 
The tower took about 40 months to 
construct with the help of 1 537 workers, 

working 24 hours a day, fi ve days a week. 
This magnifi cent tower was built to with-
stand an earthquake of 8.5 on the Richter 
scale and winds of up to 418 km/h. It is 
reported that lightning strikes the CN Tower 
75 times per year on average. It even sports 
(unnecessary) exterior lights during bird 
migration seasons to prevent injuries. 

The CN Tower has six glass-faced 
elevators travelling at 22 km/h to reach 
the observation deck in 58 seconds. The 
glass fl oor is made up of 23.8 m² solid 
glass and is designed to be fi ve times 
stronger than the required weight-bearing 
standard for commercial fl oors. In other 
words, fourteen large hippos could fi t in 
the elevator and travel up to the observa-
tion deck where the glass fl oor would 
withstand their weight without a problem.

This architectural and engineering 
wonder of the world is obviously a 
very popular tourist attraction. People 
from all over the world visit the tower 
for a unique dining experience. The 
360 Restaurant, appropriately named, 
makes a complete rotation every 
72 minutes, giving diners a breathtaking 
view of Toronto over 160 km far – that 
is all the way to the Niagara Falls and 
across Lake Ontario to New York State.

Edge Walk is the CN Tower’s most 
thrilling attraction, and the fi rst of its kind 
in North America. Adrenalin junkies get to 
do the world’s highest full-circle hands-
free walk on a 1.5 m wide ledge at the top 
of the tower’s main pod at 356 m. Visitors 
walk in groups of six, while attached 
to an overhead safety rail via a trolley-
and-harness system. Participants are 
encouraged to push their limits and lean 
back over Toronto with nothing but air and 
spectacular views beneath them.

The CN Tower, which also boasts a 
theatre, is Toronto’s ultimate event and 
shopping venue.

THE ITAIPU DAM
The hydroelectric Itaipu Dam is located 
at the Brazilian-Paraguayan border. The 
main source of energy used is the Parana 
River, which is the seventh largest river in 
the world. 

Planning started in the 1960s and the 
dam was offi cially opened in the 1980s. 
Although it is the second largest dam in 

the world after the Three Gorges Dam in 
China, it is the largest exporter of elec-
tricity in the world.

The dam consists of a series of 
four dams that are 224.9 m high and 
7 724.85 m long – a concrete wing dam, 
a main concrete dam, a rock-fi ll dam 
and an earth-fi ll dam. Before construc-
tion could start the fl ow of the Parana 
River needed to be diverted. More than 
50 million tons of earth and rock had 
to be moved to create the channel to 
divert the water, also relocating 10 000 
families in the process. This channel 
was 2 092.15 m long, 91.44 m deep and 
149.35 m wide.

It took 40 000 workers to construct 
the dam, and unfortunately 149 fatalities 
were recorded in the seven years it took 
to build. The project was so large that 
it required the construction of a whole 
new community, including hospitals, 
schools, parks and churches for the 
construction crew. 

They used 12.3 million cubic metres 
of concrete to build the dam and enough 
steel and iron reinforcement to build 
380 copies of the Eiffel Tower. To cure 
the concrete properly, up to 50 000 do-
mestic deep-freezers were used. The 
main dam has 28 giant turbines in an 
804.67 m long power house, each 
weighing in at 362.87 kg.

In 1982 the dam was completed to the 
point where the diversion channel could 
be closed and the lake fi lled. It took only 
two weeks to fi ll the 170 km long and 7 km 
wide reservoir, because of heavy rains 
during this period. When the lake was fi lled 
it contained 29 billion tons of water.

This hydroelectric plant provides 
almost 90% of Paraguay’s electricity and 
about 25% of Brazil’s. The dam, being 
a renewable energy source, provides 
the equivalent amount of power to that 
of burning around 434 000 barrels of 
oil per day. On average Itaipu gener-
ates approximately 75 TWh of electricity 
per year, in the process preventing 
67.5 million tons of carbon dioxide that 
would have been emitted had the same 
amount of electricity been generated by 
coal-powered plants. 

The fi nal cost amounted to $20 billion.
 ...continued on next page »
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Einstein, Newton and Pascal decide 

to play hide and seek. Einstein is 

fi rst, so he closes his eyes, counts 

to ten, then opens them. Pascal is 

nowhere to be seen, but Newton is 

sitting right in front of Einstein, with 

a piece of chalk in his hand, in a box 

drawn on the ground, a metre to a 

side. Einstein says, "Newton, you're 

terrible, I've found you!” 

Newton replies, "No, no Einy! You've 

found one Newton per square metre. 

You have found Pascal!"

  HAVE A
CHUCKLE

BURJ KHALIFA, DUBAI
TALLEST BUILDING ON EARTH
The celebration of glass and steel known 
as the Burj Khalifa is a skyscraper in Dubai, 
in the United Arab Emirates, and is the 
tallest man-made structure in the world. It 
stands at 828 m tall, which is three times 
as tall as the Eiffel Tower and almost twice 
the height of the Empire State Building. 

This magnifi cent structure also holds 
several other records – tallest free-
standing structure, highest number of 
storeys, highest occupied fl oor, highest 
outdoor observation deck, elevator with 
the longest travel distance, and tallest 
service elevator in the world. 

The design of the building was inspired 
by the Greek desert fl ower, Hymenocallis, 
which means beautiful membrane. 

Excavation began in January 2004 
and construction was completed in 2010. 
During the peak of construction, 12 000 
people worked on the building every day, 
and 110 000 tons of concrete, 55 000 tons 
of steel rebar, 22 million man-hours and 
$1.5 billion later, the Burj Khalifa is standing 

tall and proud. The tip of the Burj Khalifa 
can be seen from about 95 km away. The 
elevator, travelling all the way to the 164th 
fl oor, can move at a speed of 18 m/s. The 
design of this skyscraper needed to be 
adapted to resist the extreme tempera-
tures of Dubai, which is why the exterior 
shield consists of 26 000 glass panels and 
141 956 m² of refl ective glazing, aluminium 
and textured stainless steel panels.

Although it is an architectural 
wonder, it also houses a host of tourist 
activities, like the Behold Telescope, 
which is on the observation deck, where 
visitors can experience a panoramic 
view of Dubai. It also contains a mosque, 
swimming pool, restaurants, the Armani 
Hotel, residential space and a nightclub.

Another activity that is becoming 
ever more popular is base jumping 
off the tallest skyscraper in the world. 
Defi nitely not for the faint at heart.

Alida Bruwer

SAICE Student Member

alida.b@live.com



  

 

 

 
 

 

 



START AT THE TOP
(Civil Engineering June 2014 p 1) 

The CEO’s article of June 2014 struck a 
particular chord with me. He discussed ANC 
cadre deployment within the government 
service and the prominent role of engineers in 
leadership in several other countries. I spent 
a most rewarding career of some 43 years in 
the then Department of Water Affairs, retiring 
with the rank of Deputy Director General in 
2003. At my retirement function, I remarked 
to the then Minister of Water Affairs, Ronnie 
Kasrils, that during this period of service “I 
had always supported the government of the 

day, but had never voted for it!” He was rather 
taken aback, but appreciated the sentiment. 
He, in fact, praised the work of the engineers 
and personnel of the pre-1994 Department. 
I believe fi rmly that appointments in the civil 
service should be from all sections of the 
community, and should not be based on 
political affi liation, in order to serve the best 

interests of the country. The only possible 
exception might be the Director General, who 
interfaces with political offi ce bearers.

In the CEO’s article he makes men-
tion of the prominent position of engineers 
within the leadership of a country such as 
China. In 2000 I was fortunate to attend 
the ICOLD Congress in Beijing and to meet 
the then Deputy President who was an 
engineer. The attitude of China towards 
engineers in leadership positions rather 
contrasts with that of former Minister of 
Water Affairs, Prof Kader Asmal, who was 
fond of saying, “Engineers should be on tap, 

not on top.” This clearly did not boost mo-
rale amongst the engineers of Water Affairs!

SAICE and the engineering profession 
have a key communications role in convincing 
the decision-makers that we need a non-
political civil service with the best interests 
of the country at heart if we are to produce 
sustainable services for everyone. Engineers 
have an important role to play at all levels of 
government, and the dwindling number within 
the public service is of great concern.

Paul Roberts    

A further response to 
the CEO's June piece: 

The CEO’s point that government needs 
offi cials from engineering backgrounds 
highlights the problems experienced 
today, particularly at local government 
level where there are now few engineers. 

Rarely does one fi nd a Municipal 
Manager as an engineer, and few depart-
mental engineers. Instead 'Municipal 
Managers', 'Process Managers' or 
'Directors' are, more often than not, ap-
pointed on political grounds and not on 
engineering competence.

The result is a potential disaster, 
both from an engineering and fi nancial 
perspective, with no proper forward 
planning being undertaken, little or no 
maintenance of infrastructure or control 
of development and construction stand-
ards, and where the funding is simply 
directed to projects according to some 
or other political agenda.

Andy Hillman

Letters
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MPumi’s cartoon of the month
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Course Name Course Dates Location
CPD Accreditation 

Number
Course 

Presenter
Contact

GCC 2010
13–14 October 2014 Midrand

SAICEcon13/01359/16 Neville Gurry cheryl-lee@saice.org.za
27–28 October 2014 Port Elizabeth

Bridge Maintenance
15 September 2014 Pietermaritzburg

SAICErail12/01156/15 Ed Elton dawn@saice.org.za
10 November 2014 Midrand

Basics of Track 
Engineering

16–17 September 2014 Pietermaritzburg
SAICErail12/01155/15 Ed Elton dawn@saice.org.za

11–12 November 2014 Midrand

Railway Transport
18–19 September 2014 Pietermaritzburg

SAICErail11/00887/14 Ed Elton dawn@saice.org.za
13–14 November 2014 Midrand

Technical Report 
Writing

30–31 October 2014 Midrand
SAICEbus12/01067/15 Les Wiggill cheryl-lee@saice.org.za

3–4 November 2014 Port Elizabeth

Practical Geometric 
Design

20–24 October 2014 Cape Town
SAICEtr13/01418/16 Tom McKune dawn@saice.org.za

8–12 December 2014 Midrand

Reinforced Concrete 
Design to SANS
10100-1:2000

29 October 2014 Midrand
SAICEstr12/01066/15 Greg Parrott cheryl-lee@saice.org.za

26 November 2014 Port Elizabeth

Structural Steel Design 
Code to SANS 
10162: 1-2005

28 October 2014 Midrand
SAICEstr12/01158/15 Greg Parrott cheryl-lee@saice.org.za

25 November 2014 Port Elizabeth

Business Finances 
for Built Environment 
Professionals

15–16 September 2014 Cape Town
SAICEfi n12/01021/15

Wolf 
Weidemann

dawn@saice.org.za
6–7 November 2014 Midrand

Handling Projects in a 
Consulting Engineer's 
Practice

4–5 August 2014 Durban
SAICEproj12/01022/15

Wolf 
Weidemann

dawn@saice.org.za
3–4 November 2014 Midrand

Leadership and 
Management 
Principles & Practice in 
Engineering

9–10  September 2014 Durban

SAIMechE-0543-02/15 David Ramsay dawn@saice.org.za
8–9 October 2014 Bloemfontein

Concrete Pavement 

Slabs
23 October 2014 Midrand IPET2010/03 Bruce Raath cheryl-lee@saice.org.za

Water Law
10–11 September 2014 Durban

SAICEwat13/01308/16
Hubert 

Thompson
dawn@saice.org.za

1–2 October 2014 Midrand

Sanitary Drainage 

Systems for 

Buildings 

7 October 2014 Cape Town

SAICEwat12/01103/15 Vollie Brink dawn@saice.org.za21 October 2014 Durban

12 November 2014 Midrand

Road to Registration 
for Mature Candidates

7 October 2014 Johannesburg

CESA484-01/2017
Peter Coetzee/
Rob du Preez

margie@ally.co.za

dawn@saice.org.za
24 November 2014 Durban

3 December 2014 Johannesburg

Basic Pressure 
Pipeline Design

13–14 November 2014 Cape Town CESA376-05/2016
Dup van 
Reenen

margie@ally.co.za

dawn@saice.org.za

Getting Acquainted 
with Sewer Design

28–29 October 2014 Cape Town CESA378-05/2016 Peter Coetzee
margie@ally.co.za

dawn@saice.org.za

Road Construction 
and Maintenance

1–3 December 2014 Cape Town CESA379-05/2016 Theuns Eloff
margie@ally.co.za

dawn@saice.org.za

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

SAICE Training Calendar 2014 



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

Get to Builders. Get it done!

We stock a wide range of plumbing and sanware 
products. Our focus is on ensuring that our product 

range is project complete, offering everything the 
plumber and homeowner needs under one roof.  

We pride ourselves on stocking quality plumbing products 
at an affordable price that our customers can trust.

PLUMBING
SOLUTION

your complete



Now with the 

fastest and easiest 
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www.civildesigner.com

Exceptional engineers take 

advantage of integrated design 

tools of world-class excellence.


