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With a little help 
from my friends
IN RECENT WEEKS I seem to have 
lost my compass. In a modern capitalist 
culture where time is money and passion 
is the fuel of purpose, the losing of one’s 
compass is a dreadful thing. My rudder 
works fine, but it is in a submissive, uni-
directional position at this stage, evoked 
by nothing, surrendered to the billowing 
to take me somewhere – I am not sure 
where. I used to know. It’s depressing. 

Depending on which quarter of 
SAICE one engages, most of us are in a 
constant state of grumpy. Consultants, 
like the contractors, complain of no 
work, not enough work or too much 
work. They nag also about how they 
find one another incompetent and 
tedious. In turn, public sector civil engi-
neering practitioners whinge about con-
sultants and contractors ripping them 
off. Civil engineering academics are 
also in on the action. They have a long 
tirade on ECSA’s requirements for being 
academics, their viability for and lack of 
aspirations to register as professionals, 
and that students are “… not what they 
used to be.” They even protest about 
students studying only to pass exams. 

Graduates grumble about ineffectual 
mentoring, supervision and coaching 
by seniors, while seniors moan that 
they were better prepared to enter the 
workplace than their younger coun-
terparts. Graduates are expected to hit 
the ground running. And everyone is 
peeved about uninformed clients and 
misguided politicians incompetently 
leading our industry. Quite frankly, the 
politicians are not going to change for 
a long time – perhaps we should start 
governing ourselves like the medical 
and legal professions.  

We should make the best of a bad 
situation and provide everyone with 
rotten tomatoes and hire the bullring for 
a weekend. 

But I must honour the students – 
despite civil engineering students being at 
the bottom of the civil engineering food 
chain, they are a source of motivation 
and inspiration. They fork out the money 
required to solicit tertiary education, deal 
with the system of university education, 
write tests, assignments and exams, attend 
tutorials and mind-numbing lab sessions 
and practicals – if the system fails them, 
the system does not account to them. 

Lest I be accused of being cantan-
kerous, let me make my case. Let’s take 
the procurement, supply chain, price 
discounting and tendering fiascos that 
plague our industry as an example. We 
have been privy to every angle and version 
of criticism this charade could summon. 
We all agree – the billions of rands’ worth 
of time lost on tendering and scouting for 
work should be spent on doing actual pro-
ductive work that achieves the outcomes 
of the NDP. Civil engineering, according 
to the Department of Higher Education 
and Training, and the Department of 
Labour, is a scarce skill after all. But we as 
a united engineering community are yet 
to advance a plausible, workable alterna-
tive to the revolting tendering system to 
Treasury for consideration. The roster 
system is not such an alternative, as it pre-
vents new entrants into the infrastructure 
engineering market. Does anyone have 
a solution to this outrage that does not 
involve whinging, but aids to transforma-
tion and job creation? If not, let’s just get 
on with it then, and tender for work like 
the rest of the market.  

The real obstruction is this – as civil 
engineering practitioners we pride our-
selves on being obsessed with problem-
solving, and this, too, is the message 
we disseminate to the fledglings of our 
profession, the students, who will enter 
our industry like honest, sincere hope-
fuls for a better future profession. But, 

in relation to the example above, we are 
unable to resolve the undercutting and 
price discounting (sometimes to the tune 
of 80%) that is bringing our profession 
into disrepute and shame. We are unable 
to resolve this matter despite organised 
professional bodies like SAICE, CESA, 
SAFCEC, MISA and ECSA.  

We seem to have lost our compass. In 
a modern capitalist culture where time is 
money and passion is the fuel of purpose, 
the losing of one’s compass is a dreadful 
thing. Our rudder works fine, but it is in a 
submissive, unidirectional position at this 
stage, evoked by nothing, surrendered to 
the billowing to take us somewhere. We 
are not sure where – we used to know. It’s 
depressing. 

Help me – let’s take our profession 
back. I can still imagine no prouder voca-
tion than to be a civil engineer.  
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O N  T H E  C O V E R

AfriSam supplies concrete solution for 
civils work on Murray & Roberts N4 project
A CONCRETE SOLUTION which in-
cludes 12 500 m3 of AfriSam readymix 
with a high cementitious content will 
ensure the optimum durability of the 
civils structures being constructed by 
Murray & Roberts Infrastructure on 
an upgrade contract on the strategi-
cally vital N4 toll road connecting 
South Africa with Mozambique.

The contract, which was awarded by 
Trans African Concessions (TRAC) to 
Murray & Roberts Infrastructure, focuses 
on the section of the N4 near Middelburg, 
just east of the Rockdale interchange, and 
ending just west of the Arnot interchange. 

It involves increasing the car-
rying capacity of an 18 km section of 

the toll road by constructing a new 
double-lane eastbound carriageway, 
with associated infrastructure such as 
a bridge overpass at the Klein Olifants 
River and various other structures. 
Also included in the contract is the 
rehabilitation and reconfiguration of 
the existing section of the N4 to a new 
three-lane westbound carriageway.

The project includes construction 
of a new bridge, the extension of an 
existing bridge, and the construction 
of six large in situ concrete culverts 
and associated drainage works. Three 
of the culverts are cattle crossings, 
while two are cattle and vehicle cross-
ings and the third is a dam culvert.

To facilitate the construction of the 
dam culvert it was necessary to firstly 
construct a large rock-fill berm with a 
bentonite clay core on the northern (dam 
side) of the culvert, and then dewater the 
area wherein the culvert would be con-
structed. The construction programme 
required that this culvert had to be 
constructed at the end of February, this 
theoretically being the end of the major 
rainfall season in the region. However, 
the catchment area had experienced high 
unseasonal rainfall, and the water level in 
the dam was therefore higher than antici-
pated, which presented several challenges. 

The berm is 150 m long and approxi-
mately 4 m high, with a width of 10 m, 

The bridge construction over the Klein 
Olifants River on the N4 will require a 

total of 2 000 m3 of concrete
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and a natural slope on both sides. The 
team excavated to a depth of 4.5 m, where 
bedrock was located. Approximately 
6 500 m3 of rock-fill was placed up to the 
water level, followed by a soil layer of G5, 
which was compacted.

“The high water level in the 
Middelburg Dam means that the berm 
will be subjected to exceptionally high 
forces on the dam side, as well as to pres-
sure from the downstream inflow area, 
making it critical to ensure the integrity 
of its seal. Trenches of between 3 m and 
4 m were excavated on the northern (dam) 
side of the berm and filled with a soil/ben-
tonite mixture to form a watertight core 
in the berm,” explains Pierre van Vuuren, 
Murray & Roberts Infrastructure’s con-
tracts manager responsible for the civils 
work on the project. 

Excavating the trenches to facilitate 
the placement of the bentonite pre-
sented major challenges, particularly 
with respect to dealing with the dis-
placed water. Constant pressure from 
the inflow section and pressure from 
the dam side of the berm also made the 
timing of the placement of the bentonite 
critical, and this was done in a phased 
approach with only these 3 m to 4 m 
sections being excavated at a time.

When the berm is completed, the 
next step will be to dewater an area that 
is sufficiently large enough to allow 
construction work to begin on the cul-
vert. The existing culvert is a standard 
double-barrel box culvert, which will 
be extended to 26 m in length (36 m 
with its wing walls) and 4.2 m high, to 
accommodate the future lanes of the 
eastbound carriageway. The scheduled 
construction period for this culvert will 
be six months, inclusive of the dewa-
tering activities. 

Initial dewatering will require a very 
high pumping capacity, and thereafter 
the inflow of water from the upstream 
catchment area will be controlled using 
a sump and pipe system. Pumping and 
monitoring will be conducted on a 
24-hour basis during construction.

A deep cut-off wall, as well as ga-
bions, will be constructed to protect the 
river bed at the culvert outlet. Gabions 
will also be constructed to protect the 
banks against scouring. After culvert 
construction, the berm will be removed.

The existing bridge on the N4, 
which crosses the Klein Olifants River, 
can only accommodate the lanes on the 

To facilitate the construction of the dam 
culvert it was necessary to firstly construct 
a large rock-fill berm with a bentonite clay 
core on the northern (dam side) of the culvert 

AfriSam is supplying the concrete for the construction of the 
bridge over the Klein Olifants River on the N4 near Middelburg

AfriSam's enhanced durability mixes are easier to place and generate less heat 
of hydration, which prevents thermal cracking while reducing the CO2 footprint 
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westbound carriageway. A new bridge 
is being built adjacent to this existing 
bridge to cater for the future two lanes 
on the eastbound carriageway. Work on 
the bridge started in January 2015 and 
will be completed in October 2015. The 
entire bridge construction will require 
2 000 m3 of concrete.

“The existing bridge is 17 m wide, 
and the new bridge will be 12.5 m wide 
and 70 m long. The reason for the new 
bridge being narrower is that this sec-
tion of the N4 will carry two lanes, 
while the section over the existing 
bridge will carry three lanes,” Van 
Vuuren points out.

The average height of the bridge over 
the river is 9.5 m, and the new bridge will 
be constructed using bases and piers with 
standard abutments and splayed return 
wing walls at the sides. The deck structure 
of the bridge, with a depth of 1 400 mm, 
comprises four-span pre-stressed, post-
tensioned beams with a slab deck. 

A section of the bridge is being 
constructed in the middle of the river 
where there is a constant f low of water, 

and to mitigate this a system of girders 
and beams is being used in place of 
traditional staging. This is the most 
appropriate option, as it is not possible 
to erect staging due to there not being a 
stable surface in the river. 

The readymix concrete, supplied 
from AfriSam’s Middelburg readymix 
plant, will be used for the civil struc-
tures on the project, including all the 
concrete for the culvert. Significantly, 
the company installed a generator at 
this operation to ensure continuity of 
supply even under load-shedding condi-
tions. “We selected AfriSam as our sup-
plier because the company could supply 
a competitive concrete solution and the 
proximity of its readymix plant ensures 
ready accessibility and availability,” says 
Van Vuuren. 

AfriSam is supplying a high-
specification readymix concrete with 
a high cementitious content to ensure 
optimum durability. It allows more ef-
ficient use of labour as a result of easier 
placing and finishing. It also offers 
guaranteed early strength performance.

In addition to being cost effective, 
AfriSam’s enhanced durability mix designs 
meet all the durability specifications. 
AfriSam is considered one of the leaders in 
Durability Index testing in South Africa, 
and the mix design underwent special 
durability tests at AfriSam’s Centre of 
Product Excellence in Roodepoort. These 
tests included water sorptivity, chloride 
conductivity and oxygen permeability, 
all of which are designed to assess the 
working life of the structures being built 
with this concrete solution. 

According to Mike McDonald, 
manager at AfriSam’s Centre of Product 
Excellence, the AfriSam enhanced 
durability mixes are easier to place and 
generate less heat of hydration, which 
prevents thermal cracking while re-
ducing the CO2 footprint. 

 INFO

Maxine Nel 

AfriSam 

+27 11 670 5893 

maxine�nel@za�afrisam�com 

www�afrisam�co�za

www.theconcreteinstitute.org.za
+27 11 315 0300

KEY NUMBER 4506 C2 150x220

Need advice on your concrete? Our technical experts are available 
for consultation throughout Southern Africa. 
Discuss concrete with us.

We are there when you consult
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Development of the  
Nyamasoga Hazardous 
Waste Landfill, Uganda
BACKGROUND
EnviroServ Uganda (ESU) has established 
a hazardous waste landfill on a 44 hectare 
plot of land located in the Nyamasoga 
village in the Hoima district of Uganda. 
The site, which was officially inaugurated 
on 23 April 2015, was strategically chosen 
to be close to the exploratory oil drilling 
blocks on Lake Albert, as well as in close 
proximity of a future proposed oil refinery 
site. The expected waste stream will 
initially be stabilised drilling mud cut-
tings, drilling fluids and other stabilised 
hazardous waste. The site may in future 
receive other industrial waste and waste 
from the proposed oil refinery.

AIMS AND OBJECTIVES
Jones & Wagener (J&W) were appointed 
to conduct the conceptual design of the 
landfill site, and thereafter the detailed 
design of the landfill site, office area with 
weighbridge, access roads, leachate col-
lection and storage system, contaminated 
stormwater dam, and other associated 
stormwater management systems. It was 
requested by ESU that the landfill should 
have a modular cell development plan to 
cater for clients who required designated 
cells for their waste.

PROJECT DESCRIPTION
Geology
The geology of the area is of the Cambrian 
age and consists of the Basement Complex 
system rocks. The rocks are described as 
granites and gneisses including amphibo-
lites and quartzites. In most areas the hard 
rock is overlain by an overburden with a 
relatively clayey consistency, related to the 
natural residue of gneisses. Often hard, 
lateritic clay is found near the surface.

Field tests in the form of seven bore-
holes and eight test pits were located 
across the site. The dominant soils at the 
proposed landfill site are sandy clays, oc-
casionally with some gravel. These sandy 
clays are underlain by a deep formation 
of highly to completely weathered granite 
gneiss producing a dense, sandy forma-
tion. The weathered rock is encountered at 
depths varying from 2.5 m to 4.5 m, hence 
the maximum depth of the cells and con-
taminated stormwater dam was set at 5 m 
to limit hard rock excavation and possible 
perched groundwater interception.

Site layout
Upon receiving the survey of the acquired 
land, the location of the facilities across 
the site had to be planned. Due to the 

presence of steep topography in the form 
of a small hill in the eastern corner of 
the property, it rendered this area as 
unsuitable for any development. Entrance 
onto the site is dictated by the Hoima-
Kaiso-Tonya highway, which is located 
along the southern border of the property. 
Therefore the site office was placed in the 
south close to the entrance, in the side 
of a small hill with the terrace platform 
designed such that the volume of cut to 
fill balances. 

It is ideal that all contaminated water 
flows under gravity to an area where it can 
be collected. Thus the contaminated storm-
water dam was located in the lowest area 
on site, which is in the north. The landfill 
was placed in the northern portion of the 
site in a C-formation around the contami-
nated stormwater dam. This location was 
perfect, as the natural fall of the ground 
was very close to the minimum slope 
required at the base of the cells (1 in 20, or 
5%), and the drainage distance of the con-
taminated water was kept to a minimum. 
The size of the landfill was restricted on the 
southeast and southwest edges respectively 
by the steepness and direction in which the 
natural ground slopes. Roads were designed 
along the entire perimeter of the landfill to 
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enable access to all working areas on site, 
and there is also an access road joining the 
landfill to the site office and the entrance. 
Due to the presence of a water shed in the 

south, which drains to a different catch-
ment, no infrastructure could be planned 
in this area. The general site layout is illus-
trated in Figure 1. 

The landfill was designed to comprise 
four cells. As mentioned above, it was 
requested that the cells have a modular 
layout, and consequently each cell was 
further split into two. Filling of the land-
fill will occur in phases, commencing 
with Cell 1A, and will move progressively 
northward towards Cell 4B.

Geometry
All cells are surrounded by a berm to 
aid in stormwater separation and slope 
stability. The berm on the downstream 
side has been constructed higher than 
the rest of the cell in order to improve 
the waste body stability. The crests of the 
berms are all 4 m wide to allow space for 
geomembrane anchor trenches, and the 
external side slopes are to be constructed 
at a gradient of 1 (vertical) to 2 (hori-
zontal). The internal side slopes of the 
cells have been designed as 1 (vertical) 
to 3 (horizontal), as this is the maximum 
slope at which conventional layerworks 
can be placed on side slopes, and it is 
the expected limit of interface friction 
for the liner package. The basin has been 
designed to have a minimum cross fall 
of 5% to ensure that all liquids drain 
effectively to the low point in the cell, 
from where it can be removed. Each cell 
is split approximately in half by a sepa-
ration berm which has a height of 3 m 
(measured from the bottom of the cell 
basin) and crest width of 2.5 m. Sumps 
are provided for the collection of the 
subsoil water, as well as for the leakage 
detection and leachate collection sys-
tems. Liquids collected in these sumps 
are then pumped into storage tanks 
where they are treated in the leachate 
treatment plant (LTP).

The LTP has been designed to treat 
both the contaminated runoff from the 
landfill and the leachate generated in the 
cells. The process consists of the following 
steps:

 Q pH correction
 Q pre-filter
 Q ultra-filtration (UF)
 Q reverse osmosis (RO).

The permeate from the RO process is 
stabilised along with the other incoming 
wastes and disposed of in the landfill.

Barrier system
No legislation was found regarding the 
disposal of hazardous water to landfills 
in Uganda, and thus the barrier system 
has been specified according to the latest 

Figure 1: Site layout

Photo 1: Bunded tank area on 
the site office platform
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South African regulations. Compliance 
with the standards of the oil companies 
involved also had to be demonstrated. 
In terms of the National Norms and 
Standards for Disposal of Waste to 
Landfill (Notice 636 of 2013) the waste 
was assumed to classify as a Type 1 
hazardous waste, which may only be 
disposed of at a Class A landfill designed 
in accordance with sections 3(1) and 
3(2) of these Norms and Standards. This 
lining standard is shown in Figure 2. 
The same liner package was used in the 
contaminated stormwater dam, with the 
only difference being the replacement of 
the leachate drainage layer with a bal-
last and protection layer. The ballast and 
protection layers ensure the long-term 
durability of the contaminated storm-
water dam barrier by removing exposure 
to UV and heat from the sun, removing 
exposure to mechanical damage by plant 
or fire, and ensuring that a composite 
effect is maintained in the primary bar-
rier by surcharging the liner to prevent 
it from floating, as HDPE is slightly less 
dense than water. Figure 2: Class A landfill barrier
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The barrier system is referred to as 
a double composite liner system (a com-
posite being a geomembrane and com-
pacted clay liner in intimate contact); 
the primary composite liner is separated 
from the secondary composite liner by 
a leakage detection system. From the 

geotechnical investigation, the shal-
lowest perched groundwater table level 
that was encountered in a borehole was 
at a depth of 5.2 m. The presence of 
subsoil water below the liner package 
during excavation of the cell basin 
could therefore be expected, and some 

seepage was indeed encountered during 
excavation. As a result of this, a subsoil 
drainage layer was installed on the cell 
basin. Due to difficulty with sourcing 
natural filter materials, a geocomposite 
drainage material was used for this 
layer. This was a general design theme 

Figure 3: Proposed lining details
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in that geosynthetic alternatives were 
predominately used due to their avail-
ability and speed of deployment.

Compacted clay liner
Findings from the geotechnical inves-
tigation showed that most of the site is 
underlain by sandy clays and silty sand. 
Samples of the material on site were 
tested to determine whether their per-
meability would comply with the re-
quired specification of 1 x 10-9 m/s. The 

results showed that the material did not 
meet the specification and would have 
to be enhanced with bentonite. Results 
from various tests of the sandy clay 
mixed with different concentrations of 
bentonite led to the conclusion that an 
addition of 6% (by mass) bentonite is 
required to achieve the specified per-
meability. The proposed liner package 
is shown in Figure 3. The secondary 
composite was made up of a geocom-
posite clay liner (GCL) in contact with 

1.5 mm double-textured high-density 
polyethylene (HDPE), the primary com-
posite of four 150 mm thick bentonite-
enhanced soil (BES) layers in intimate 
contact with 2 mm mono-textured 
HDPE. The texturing of the HDPE en-
sures overall barrier stability, with the 
thicker primary composite liner making 
the barrier package less vulnerable to 
mechanical damage. A geocomposite 
drainage layer was used between the 
primary and secondary composite 

Photo 2: Construction of the secondary composite leachate detection 
system and placement of the first soil layer of the primary composite

Photo 3: Completed primary layer of  
Cell 1Ai – top of 2 mm mono-textured HDPE

Photo 4: Contaminated stormwater dam
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liners. The bulk of the geosynthetics 
were supplied and installed by Gundle 
Geosynthetics, a South African geo-
synthetic installation company.

PROBLEMS ENCOUNTERED  
AND INNOVATIONS
Once earthworks commenced on site, 
sourcing of the materials required for con-
struction was a high priority. It was then 
discovered that, besides the fact that ben-
tonite would be particularly uneconomical 
for the quantities that were required, it 
could also not be sourced locally in bulk. 
The design was thus changed to incorpo-

rate GCLs in the primary composite liner, 
while at the same time maintaining the 
thickness of the primary composite. The 
advantage of a GCL in the primary liner 
would be an expected faster construc-
tion time, due to less quality assurance 
required, as opposed to the BES layer. In 
order for GCLs to be hydraulically equiva-
lent to the BES liner, the flux through the 
liner should be equivalent. It was found 
that Naue’s Bentofix NSP 4900 met the flux 
specification of the primary BES layer. Due 
to the unknown nature of expected and fu-
ture waste streams that would be disposed 
of in the landfill, and their effect on the 

swelling potential of the bentonite in the 
GCL, ESU and J&W felt that a single GCL 
could not replace the four, 150 mm thick 
layers of BES. The decision was to con-
tinue with the construction of a 300 mm 
compacted soil layer onto which a GCL 
was placed, followed by another 300 mm 
compacted soil layer and yet another GCL 
on top of that, as illustrated in Figure 4.

The shape of the leachate collection 
trench was also changed after a more 
practical design was developed on site in 
consultation with the contractor, Epsilon 
Construction (a local Ugandan firm). The 
new methodology of installing the leachate 

Figure 4: Final lining details

Photo 5: Filling with 
stabilised waste in Cell 1Ai
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collection pipes on top of the primary 
HDPE represented the biggest risk to the 
overall barrier performance, due to the pos-
sibility of puncture. This new method was 
therefore stipulated clearly in bullet form on 
the drawings to better assist the contractor. 

After the design change from BES 
layers to the use of GCLs, more GCLs had 
to be ordered and shipped to site. The lead 
time on this product was about six weeks 
and construction could not be halted. To 
resolve the dilemma, the remaining quan-
tity of GCL was carefully audited and this 
quantity was then utilised to estimate the 
extent to which the entire liner package 

could be constructed in Cell 1A. Hence, 
Cell 1A was split again by aid of building 
a separation berm, as detailed in Figure 5. 
The drainage aspect of splitting Cell 1A 
caused some complications – there would 
still only be one sump for each of the 
subsoil and leachate detection systems 
for both cells in Cell 1A. Therefore the 
subsoil and leachate detection piping was 
continued underneath the separation 
berm, and the leachate collection pipe 
was designed to go through the berm, as 
detailed in Figure 5, allowing separate 
leachate collection from the two halves of 
the cell. The mean annual precipitation in 

the area around Hoima is just under 1.2 m 
per year, so splitting the cells also reduces 
the amount of leachate and contaminated 
stormwater generated during the com-
missioning phase of the landfill.

PROJECT STATUS
The construction of Cell 1Ai and Cell 1Aii 
has been completed, as well as Phase 1 of 
the contaminated stormwater dam. The 
treatment plant has been commissioned 
and most of Cell 1Ai has been filled with 
stabilised waste after the permit to pro-
ceed had been received from the Ugandan 
environmental authorities. 

Figure 5: Separation berm detail between Cell 1Ai and Cell 1Aii
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Breakthrough in 
waste management technology 
GLOBALLY THE NEED for sustainable 
waste management solutions is increasing 
and South Africa is no exception, with 
many of its landfill sites under pressure. 
In Tshwane, for instance, a number of 
landfills are under strain and already 
many have closed or will be closing in the 
next few years. 

Waste management company Earth 
Probiotic has heeded the call for a move 
towards more sustainable waste manage-
ment practices and has developed a cost-
effective and environmentally beneficial 
in-vessel composting (IVC) machine to 
combat the challenges of groundwater 
contamination, air pollution, vermin in-
festation and public health issues.

Known as the Heron IVC, the ma-
chine converts food waste, and waste 
paper and board into compost that can 
be used for landscaping, agriculture and 
small-scale food gardening systems. “It 
employs standard composting techniques 
– aerating waste to prevent anaerobic 
conditions; developing the ideal carbon 
and nitrogen ratio to manage the waste 
stream; adding probiotic accelerants for 
speed and the elimination of pathogens 

and leachate management; and using 
recycling systems for environmental com-
pliance – to ensure the highest quality 
outputs,” explains Earth Probiotic co-
founder, Gavin Heron. 

A temperature sensor connected to 
a remote dashboard via Wi-Fi allows for 
optimum temperatures to be maintained 
at all times, while an integrated webcam 
ensures continuous remote monitoring. 
Weight scales measure all inputs and 
guarantee that the correct carbon and ni-
trogen recipe is implemented. A bin lifter 
with load cells automatically calculates 
waste volumes, guaranteeing a smooth 
process for the Heron IVC’s operators. 

Food waste alone generates 335 kilo-
grams per tonne of carbon dioxide 
equivalent when dumped (as a result of 
the methane it produces). With the Heron 
IVC’s ability to produce high-quality 
compost, the machine is leading the move 
away from landfill. It has also encouraged 
job creation, and leverages local skill sets 
and capabilities – a feasibility study carried 
out by consultancy GCS Environmental 
Engineering revealed that at least four jobs 
would be created per machine. 

GCS’s study took place at the Tshwane 
Fresh Produce Market and was based on 
the performance of a Heron IVC that was 
four metres in length and 12 cubic metres 
in volume with a capacity of 30 tonnes per 
month, or a tonne per day – the smallest 
of Earth Probiotic’s composting machines. 
(The company manufactures to specifica-
tions of up to 12 metres in length and 
36 cubic metres in volume, with a capacity 
to process 3 000 kilograms of food waste 
and 300 kilograms of waste paper per day.)  

As a result of using the Heron IVC, the 
Tshwane Fresh Produce Market made con-
siderable savings. According to GCS’s cal-
culations, 13 000 kilograms of waste were 
processed, leading to nearly R13 000 being 
saved in waste disposal costs and over 
R2 000 in landfill airspace costs. This 
resulted in an overall saving in excess of 
R14 000 in just one month. “The technology 
appears to be more economically feasible 
than the current system the Tshwane 
Fresh Produce Market is using (disposal 
to landfill) and could present a significant 
cost-saving over the life of the project,” 
notes GCS consultant Robert Relou. “We 
have subsequently recommended the 

Earth Probiotic co-founder Gavin Heron 
(left) and GCS Environmental Engineering’s 
Robert Relou with the Heron IVC
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deployment of a larger system at the Market 
to enable the composting of 44 000 kilo-
grams of organic waste each month.”  

He goes on to explain that moving 
onto the larger eight metre-long Heron 
IVC will enable the processing of 
2 200 kilograms of food waste per day, 
equating to approximately 48 400 kilo-
grams per month producing 16 cubic 
metres of compost each month, which 
works out to a 6.3% reduction on cur-
rent per tonne landfill charges. “This 
technology has the potential to divert 
over 580 000 kilograms of food waste 
produced by the Tshwane Fresh Produce 
Market from landfill every 12 months, 
thereby saving over R110 000 over a 
three-year period and yielding a potential 
revenue from sales of compost of over 
R174 000 over the three-year period.”

As well as offering substantial finan-
cial benefits, both in terms of savings and 
profit for resale of outputs, GCS found 
that the Heron IVC facilitates employ-
ment opportunities. In fact, for each 
Heron IVC, three new jobs in the green 
economy will be created. Additionally, 
the Heron IVC takes into consideration 
environmental concerns by combatting 
the damaging effects of dumping and ef-
fectively diverting from landfill sites.

 INFO

Gavin Heron 

Earth Probiotic co-founder and team leader 

+27 11 783 3380 

gavin�heron@earthprobiotic�com 

www�earthprobiotic�co�za

The Heron IVC is an in-vessel composting machine which converts 
food waste, as well as waste paper and board, into compost 
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Leading water treatment technology 
for SA coal mining

EXXARO MATLA’s high-tech 10 Mℓ/day 
water treatment plant (WTP) – the Robert 
Clarke WTP – which is situated 20 km 
west of Kriel in the Matla mining complex 
of Mpumalanga, was officially launched 
recently. The progressive plant was built by 
South African company Prentec – a leader 
in water treatment technology – and forms 
part of Exxaro’s group-wide conservation 
plan which aligns with the South African 
National Water Resource Strategy. 

The motivating factors behind estab-
lishing the new WTP were to protect the 
environment and prevent further under-
ground flooding at Matla’s three mines 
which supply thermal coal to Eskom’s 
Matla Power Station.  

Reducing water usage, along with 
reusing and recycling water, is key to 
protecting South Africa’s most important 
natural resource – water. Conserving re-
sources will ensure sustainability at these 
operations, and is in fact very important 
for the future of mining in South Africa.

ABOUT THE TECHNOLOGY
The water treatment facility has the capa-
bility of pumping and cleaning ten mega-
litres of excess water generated from 

mining operations per day. Achieving a 
new and exciting development in mine 
water treatment technology for Exxaro, 
Prentec’s technology has also proved to be 
more efficient in terms of both power and 
chemical consumption. In comparison to 
traditional plants, the technology is more 
cost effective from a capital investment 
point of view, and in the longer term, 
more affordable to operate. 

As mining is also considered to be un-
predictable, Prentec has delivered a modular 
approach that can be adapted to suit different 
requirements. The WTP can be easily added 
onto in the future, and can be dismantled 
and moved to another site, if needed. 

The WTP comprises 28 modules that 
were all manufactured and assembled at 
Prentec’s factory located in Chloorkop, 
Johannesburg. Each of these modules 
measure 2.4 m wide by 13 m in length. 
The entire plant rests on a cement founda-
tion, and each module was trucked in and 
lowered onto the foundation.

The plant recovers 97% of the in-
coming water, and is unique in that it 
is achieved with 1 kW hour per cubic 
metre of energy versus two or three 
times this ratio at other plants. In addi-
tion, very small amounts of chemicals 
are used in the process and this, com-
bined with its modular construction, 
makes it a one-of-a-kind solution for the 
treatment of mine water. 

Following the tendering process, 
Prentec was awarded the contract in 

Official launch of Exxaro Matla’s  
10 Mℓ/day WTP near Kriel in Mpumalanga

Reverse osmosis vessels

Surface of the horizontal clarifiers
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November 2012. During 2013 a de-
tailed water survey was undertaken in 
the area, followed by the design of the 
plant, and related aspects. Construction 
and installation took place in 2014. 

A project of this magnitude, however, 
does not come without its challenges. 
During the manufacturing and assembly 
of the modules, Prentec’s factory was 
rather congested at times. However, 
the company has since expanded its 
operations through the acquisition 
of an additional adjacent factory. 

INVESTING IN THE ENVIRONMENT
The WTP has a very small footprint 
which aims to mitigate environmental 
risks. Exxaro’s commitment is to make 
sure that the environment is safeguarded 
at all times and that their operations do 
not harm the environment. Currently 80% 
of the treated water is released into the 
natural waterways and the balance is used 
as potable water at the mine.

A DEDICATION TO ROBERT CLARKE
Exxaro’s plant is named after Robert 
Clarke, the mechanical engineer and 
project manager who headed up the 
project from inception, and who tragi-
cally lost his life in a motorcycle acci-
dent in December 2013.

CONCLUSION
This plant is one of the best mine water 
plants in terms of the power-to-waste 

ratio. This, together with the WTP’s other 
features, and combined with its small, 
compact size and lower capital and oper-
ating cost, makes it an innovative plant in 
the current market. 

Prentec has also been awarded the 
operating contract and will therefore 
manage the plant for the next two years. 

Debbie Besseling 

debbie@idubemedia�co�za

Sand filter piping gallery

Exxaro Matla’s WTP, a new-generation mine water reclamation project, 
recovers 97% of the incoming water, with 1 kW hour per cubic metre of energy
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PrimeComposite slab system
drastically reduces CO2 emissions
INTRODUCTION 
The concrete construction industry 
depends on environmentally demanding 
processes, such as mass consumption of 
energy and raw materials, and extensive 
transportation, thereby contributing 
significantly to global carbon dioxide 
(CO2) emissions. Globally, Portland ce-
ment production emitted 932 million 
metric tons of CO2 (MtCO2) in 2002, 
i.e. approximately 7% of all stationary 
CO2 sources. Typical emission rates be-
tween 1995 and 2005 varied from 0.6 to 
1.0 kg of CO2 per kg of Portland cement. 
While alternatives to Portland cement 
exist, such as blended cements or low 
CO2-emitting cements, the demand for 
Portland cement continues to increase. 
In the production of 1 000 kg of Portland 
cement, 125 ℓ of fossil fuel and 118 kWh 
of electricity are consumed. 

The transportation of readymix 
concrete is a secondary, yet significant 
source of CO2 emissions, as was il-
lustrated in a survey of 99 readymix 
companies located throughout the 
USA in 2006. The survey, covering 
17 080 concrete trucks that had trav-
elled an annual average of 28 760 km 
per truck (> 491 million km in total), de-
termined that the average fuel economy 

was 1.52 km/ℓ. Therefore, approxi-
mately 324 million litres of diesel were 
consumed. According to this survey, 
the combustion of diesel fuel emits 
approximately 2.66 kg CO2/ℓ of diesel, 
resulting in 0.86 MtCO2 emissions due 
to the transportation of concrete by the 
99 companies involved. Clearly, world-
wide annual emissions from concrete 
transport are significant. 

While the CO2 emission rates as-
sociated with concrete production are 
far below other common building ma-
terials (e.g. steel), significant reductions 
in the carbon footprint of the industry 
are possible through the efficient and 
thoughtful use of Portland cement. One 
such development, the PrimeComposite 
concrete slab system, seeks to reduce 
required concrete slab thickness (and 
corresponding CO2 emissions), while 
improving performance and durability 
when compared to traditional slab 
systems. Thickness reductions are pro-
vided using a two-pronged approach: 
(1) Replacement of all steel reinforcing 
bars with steel fibres for required ten-
sile and f lexural load capacities, and 
(2) Control of concrete shrinkage with 
proprietary admixtures. Performance 
and durability improvements are pro-

vided by eliminating the need for saw-
cut joints and by reducing the number 
of construction (day) joints. Compared 
to traditional concrete slab systems 
– welded wire mesh reinforced with 
saw-cut joints, and steel fibre-reinforced 
concrete (SFRC) without saw-cut joints 
– the PrimeComposite slab system offers 
significant performance improvements 
and CO2 emission reductions. 

DEVELOPMENT OF THE 
PRIMECOMPOSITE CONCRETE 
SLAB SYSTEM 
Concrete floor slabs (slabs-on-grade 
and slabs-on-piles) are an essential, 
yet often overlooked component in the 
function and operation of nearly all 
buildings. Concrete for large spaces 
(industrial, warehouses, retail, etc) 
face a multitude of potential problems, 
including cracking, curling, extensive 
opening of construction (day) joints, and 
damage at saw-cut joints, among others. 
Shrinkage is, however, central to most 
problems. Shrinkage induces cracking, 
necessitating the inclusion of joints in an 
attempt to localise and control cracking, 
and causes slab length reductions that 
lead to potentially significant openings of 
construction (day) joints. 
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Figure 1(a) illustrates a typical con-
struction (day) joint opening in an SFRC 
slab-on-grade without saw-cut joints. 
Saw-cut joints, which offer only a limited 
level of cracking control, may reach kilo-
metres in length for a single building, as 
joint spacing of 3 m is common. 

Problems are further compounded, 
as the optimal window of time-of-saw-
cutting is finite, and a function of mix-
ture proportioning and ambient condi-
tions. Saw-cutting too early results in 
ravelling of the concrete surface, while 
cutting too late may result in uncon-
trolled cracking. Finally, saw-cut joints 
allow curling to take place and intro-
duce a point of weakness where damage 
localises and requires repair, as shown 
in Figure 1(b). Saw-cut joint damages 
commonly occur due to uneven levels 
of neighbouring slabs leading to forklift 
wheel impact and/or uplift of the con-
crete away from the soil support system 
below the slab. 

PrimeComposite improves ordinary 
concrete by enhancing the tensile and 
flexural behaviour and by control-
ling hygral (autogenous and drying) 
shrinkage, allowing for jointless slabs 
with thickness reductions up to and 
exceeding half the thickness of other 
slab systems. Mechanical property 
improvements are realised through the 
controlled addition of steel fibres, while 
shrinkage control is accomplished by 
both careful mixture design and the ad-
dition of proprietary concrete additives, 
PrimeDC and PrimeFlow. Steel fibres, 
PrimeDC and PrimeFlow are added to a 
simple concrete, provided by a readymix 
producer, using specialised equipment 
on the job site. 

Steel fibre-reinforced concrete (SFRC)
SFRC has been used for over 30 years to 
reinforce concrete slabs on grade and to 
limit the required number of shrinkage 
joints in concrete f loors. Based on 
experience using SFRC, typically a 
continuous field size of up to 1 500 m2 
is obtainable with construction (day) 
joints at a maximum spacing of 40 m. 
Concrete for this application typically 
consists of a C30/37 (30 MPa cylinder 
strength) strength class with water-to-
cement ratio (w/c) below 0.50, and a 
maximised aggregate content to limit 
drying shrinkage. Reinforcement is pro-
vided by a moderate dosage rate, typi-
cally ≥ 30 kg/m3, of type I (cold-drawn) 
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Figure 1(a): A typical construction 
(day) joint opening in an SFRC slab-

on-grade without saw-cut joints

Figure 1(b): Saw-cut joints allow curling to take place and introduce a 
point of weakness where damage localises and requires repair

Figure 2: Zero-shrinkage concrete deformations in function of age, in days to infinite time
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steel fibres. Higher dosage rates are also 
used, depending on fibre shape and di-
mension, service loading and subgrade 
bearing capacity. 

As will be discussed in more detail 
later on in this article, full-scale tests 
simulating SFRC ground-supported slabs 
exhibit a ductile flexural response with 
rotations concentrated along yield lines. 
Additional full-scale experiments pre-
sented in literature indicate that yield-line 
theory (i.e. flexure) controls the design of 
both pile-supported and elevated slabs. 
Testing of a 20 cm thick elevated slab 
with 6 m column spacing and 100 kg/m3 
dosage rate of hooked-end steel fibres in-
dicate that between five to seven times the 
first crack-loading are required to cause 
failure. Under typical loading conditions, 
punching failure around column or pile 
heads does not occur due to limited flex-
ural capacity of SFRC. 

Typically SFRC is cast over two 
layers of plastic sheeting to minimise 
frictional restraint between the sub-
grade and the shrinking concrete. Steel 
fibres are highly effective at controlling 

cracks; therefore these slabs typically 
exhibit minimal cracking. Steel fibres 
furthermore offer a reliable control of 
curling at construction joints, and edges 
are kept at an affordable level and do not 
affect the serviceability and the dura-
bility of the slab significantly. However, 
as shown in Fig 1(a), joint openings in 
excess of 1 cm are common. Therefore, 
as discussed in the following section, 
PrimeComposite includes proprietary 
additives to control shrinkage and fur-
ther improve concrete performance. 

Control of shrinkage 
As discussed above, concrete shrinkage 
critically affects the performance of all 
slabs. Restrained shrinkage results in 
random cracking of the slab, while un-
restrained shrinkage causes substantial 
joint openings. Differential shrinkage 
caused approximately 8 mm of curling at 
joints and edges after only 50 days with 
‘optimal’ concrete for slab-on-grade appli-
cations. In the authors’ experience, up to 
15 mm of curling has been observed with 
additional time. 

The addition of PrimeDC (a cementi-
tious additive) and PrimeFlow (a liquid 
admixture) to SFRC controls a lifetime 
of concrete shrinkage, as shown in 
Fig 2. Figure 2, using the ASTMC878 test 
method, however shows an early expan-
sion generated by ettringite formation, 
thanks to an addition of CSA (calcium-
sulfo-aluminate) cement. This expansion 
has to be consistent in time and from site 
to site, independent of the ambient tem-
perature, so that other admixtures and 
proprietary site techniques are used to 
regulate it in setting time, hardening and 
also to obtain the desired workability of 
the final concrete. 

Figure 2 also shows that at infinite time 
the concrete sample remains in compres-
sion, although this is a five-faces drying 
prismatic specimen in a 50% relatively 
humid atmosphere, thus much more 
demanding than a one-face drying slab 
on the ground. The shrinkage of the slab 
is eliminated through the use of a zero-
shrinkage concrete, confirmed by the fact 
that construction joints spaced 60 m apart 
remain closed after one year and longer. 
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The main advantage of the zero-
shrinkage concept is to protect the slab 
from random cracking, thereby cancelling 
the adverse effects of drying shrinkage. 
Crack-free slabs become feasible thanks to 
the steel fibre reinforcing, and the tensile 
strength of slab concrete becomes a viable 
property that the designer can rely on. 

Also, the cancellation of curling 
along the edges renders the slab in full 
and permanent contact with the grade, 
so that negative-moment cracking 
along the joints and edges is no longer a 
critical loading case. 

Construction joints that are needed 
to separate two consecutive pours fur-
thermore remain closed under usual 
temperature conditions inside a building, 
resulting in a total load transfer from one 
slab to the next. As the drying shrinkage 
is cancelled, it is possible to tie the con-
struction joints without any adverse ef-
fects like wild random cracking. 

The user experiences this type of 
floor as infinitely smooth, enabling fork-
lift trucks to enjoy rides without bumps 
at every joint. 

Typical permanent compression 
stress of up to 2.0 MPa takes place in the 
slab section when the slab is subjected to 
movement restraint by the friction from 
the granular base. In Figure 2 it is shown 
that a permanent 50–100 με in compres-
sion is being reached at infinite age so 
that the permanent compression stress 
εμ x E = 100.10-6 x 20 000 N/mm2 = 2 MPa, 
where E is the long-term modulus of 
elasticity of the concrete unaffected by 
shrinkage-induced micro-cracking damage. 

Case studies 
Since the year 2007 approximately 1.1 mil-
lion m2 of SFRC zero-shrinkage slabs have 
been successfully completed to the full 
satisfaction of customers and end-users. 

With a normal shrinkage concrete 
slab as described in the introduction, a 
minimum thickness of 150 mm would 

have been needed. When using a zero-
shrinkage slab, as full continuity is 
obtained across the construction joints, 
the only loading case to verify is that of 
the centre point loading, as the edge and 
corner cases of point loading do not exist 
anymore. Against the perimeter wall 
there is no traffic, thus the shelves are 
only loaded on one side at half of the full 
intensity. 

Between two adjacent buildings, 
where the very edge of each slab is 
subjected to full traffic intensity, a local 
thickening of the slab at a 30° angle and 
without stepping, is a common solution. 

REDUCTIONS IN CO2 EMISSIONS  
Table 2 provides statistics on the av-
erage thicknesses (weighted by area 
of individual slabs) and total areas of 
PrimeComposite and other concrete 
slab-on-grade systems cast between 
January and August 2012 by SIA 
Primekss. Other slab-on-grade systems 
included simple welded-wire mesh 
reinforced slabs with saw-cut joint and 
traditional steel fibre reinforced joint-
less floors. PrimeComposite slabs had an 
average thickness of 11.8 cm, including 
10 800 m2 of PrimeComposite slab with 
a thickness of 18 cm designed for point 
loads of 200 kN. Alternative slab systems 
were approximately 46% thicker, with a 
weighted average thickness of 17.2 cm. 
Nearly twice the area of PrimeComposite 
slabs were cast compared to other slab 
solutions, with only approximately 
31% additional concrete volume. If 
PrimeComposite slabs had been replaced 
with other systems (i.e. using the average 
thickness of other slab solutions), an 
additional 20 600 m3 of concrete would 
have been needed, or 43 170 m3 of con-
crete in total. CO2 emissions related 
to the production of Portland cement 
occur at rates between 0.6 and 1.0 tons 
CO2/ton cement, with the weighted 
average in 2005 being 0.83 tons CO2/ton 

cement. In the following calculations, 
CO2 emissions related to PrimeDC 
production are assumed to be identical 
to Portland cement, which is probably 
a conservative assumption, as produc-
tion of PrimeDC requires a lower kiln 
temperature and less calcium carbonate 
than Portland cement.

On average, the total cementitious 
content of PrimeComposite (i.e. Portland 
cement and PrimeDC) is nearly identical 
to other slab systems. Current produc-
tion totals presented in Table 2 result 
in cement-related CO2 emission rates of 
28.9 kg CO2/m

2 for PrimeComposite slabs 
and 42.1 kg CO2/m

2 for saw-cut and tra-
ditional jointless floors. This accounts for 
a reduction of more than 31% in CO2 per 
area of slab placed. 

According to in-house documenta-
tion, a total of approximately 1 100 000 m2 
of PrimeComposite slabs-on-grade have 
been placed to date. Based on the thick-
nesses shown in Table 2, PrimeComposite 
(compared to other slab systems) has 
saved approximately 15 900 tons of 
Portland cement and reduced Primekss’ 
carbon footprint by approximately 
12 585 tons of CO2. 

The comparisons presented so far 
were focused on the quantities of cement 
used. However, secondary sources of CO2 
emission reduction can probably also be 
considered, for example due to reduced 
transportation and steel demand. 

From January to August 2012, 
PrimeComposite slabs resulted in a 
20 600 m3 reduction in required con-
crete volume. Delivery of this volume of 
concrete would have involved between 
2 060 and 3 430 truckloads, depending 
on the drum volume. As discussed in 
the introduction, average fuel economy 
for concrete trucks was 1.52 km/ℓ 
in 2006, and diesel fuel combustion 
emits 2.66 kg CO2/ℓ diesel. Assuming a 
one-way delivery distance of 10 km, ap-
proximately 166–277 additional tons of 

Table 1: Typical case studies as reference projects  

Customer Area Thickness Dosage rate Point loading

Norwegian Post Office warehouse 42 000 m2 110 mm 40 kg/m3 steel fibre dosage rate 2 × 70 kN point loading

John Deere, Marsta (Sweden) 15 000 m2 100 mm 35 kg/m3 steel fibre dosage rate 2 x 50 kN point loading

MAP high storage (Sweden) 4 000 m2 150 mm 35 kg/m3 steel fibre dosage rate 2 x 112 kN point loading

Unil Logistic Centre (Norway) 15 690 m2 120 mm 35 kg/m3 steel fibre dosage rate 2 x 75 kN point loading



Civil Engineering August 2015 25

Table 2: Statistics on PrimeComposite and other slab-on-grade 

systems according to in-house documentation  

Slab type
Average thickness Area cast Concrete volume

cm m2 m3

PrimeComposite 11.8 250 984 29 616

Other 17.2 131 220 22 570

CO2 would have been emitted during an 
eight-month period. Additionally, up to 
15 450 m3 of aggregate and CO2 emissions 
related to production and transportation 
were saved, as typically 75% of the volume 
of concrete consists of aggregate. 

A further reduction of the carbon 
footprint of PrimeComposite slabs is 
provided by the minimisation of rein-
forcing steel. Traditional jointless slabs 
require a minimum reinforcement ratio 
of 0.5% in both directions. Assuming 
the average thickness of these slabs in 
Table 2, a total of 13.4 kg of reinforcing 
steel is required per square metre of 
slab (As = 0.5% × 172 mm × 1 000 mm 
× 2 = 1 720 mm2/m, 1720 mm2/m × 
7 800 kg/m3 = 13.4 kg/m2 slab). The 
steel fibre dosage, 35 kg/m3, from the 

full-scale tests and the average thick-
ness of PrimeComposite slabs, 11.8 cm, 
yield a steel consumption of only 4.1 kg 
steel per square metre of slab. As steel 
production typically emits in excess of 
1 kg CO2 per kg of steel, a further reduc-
tion of no less than 9.3 kg of CO2/m

2 of 
slab is realised. 

The savings in CO2 are respectively for 
the cement of (42.10 kg/m2 - 28.9 kg/m2 = 
13.2 kg/m2), and for the steel reinforcing 
of (13.40 kg/m2 - 4.10 kg/m2 = 9.3 kg/m2) 
so that the total saving is 13.2 kg/m2 + 
9.3 kg/m2 = 22.50 kg/m2.

Considering the reduced volu-
metric demand for cement and steel of 
PrimeComposite slabs, CO2 emissions 
are reduced by 22.5 kg CO2 or 40.5% per 
square metre of slab. 

CONCLUSIONS 
Based on the results presented in this 
article, the following conclusions can be 
drawn: 

 QUsing the proprietary additives 
PrimeDC and PrimeFlow control 
shrinkage of concrete, allowing 
jointless slab sections for areas up 
to 6 500 m2. Shrinkage cracking, 
curling and joint opening are sig-
nificantly reduced or eliminated. 
 Q Full-scale testing of PrimeComposite 
slabs indicated a 100 mm thick slab, 
with sufficient quality subgrade, sup-
ports point loads of up to 115 kN.  
 QCO2 emissions are reduced by 
no less than 40.5% by replacing 
traditional concrete slab sys-
tems with PrimeComposite.  
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Water Transfer Scheme

INTRODUCTION
At the end of 2007, CEF Sustainability 
(Pty) Ltd, appointed by the Central 
Energy Fund with complimentary funding 
from the Norwegian Government, 
commissioned a study with the aim of 
evaluating hydroelectric potential around 
the Nelson Mandela Bay Metropolitan 
Municipality (NMBMM), focusing on the 
extraction of hydro-energy from existing 
infrastructure. The field investigation 
and the compilation of a prefeasibility 
study were conducted by a consortium 
comprising Energy and Water Resources 
Engineering (project management and 
hydropower), NNJ Technologies (electro-
mechanical equipment), AfriCoast 
Engineers (transformers and transmis-
sion) and Sustainable Transactions CC 
(environmental reporting). From the 
outset of the investigation the water 
supply infrastructure components of the 
Orange-Fish-Sundays Water Transfer 
Scheme (O-F-S WTS) and several other 
water supply impoundments, such as the 
Kouga, Impofu and Churchill dams and 
the Loerie Balancing Dam, were listed in 
the Baseline Report of 2008. All identified 
sites were evaluated in the field, and the 
flow conditions measured and correlated 
with information available from the re-
gional offices of the Department of Water 
and Sanitation (DWS). The main focus of 
investigation concentrated on the O-F-S 
WTS for its obvious hydropower poten-
tial hidden in dams, irrigation canals 
and transfer structures (e.g. cascade and 
concrete chutes). The small hydroelectric 
(SHE) potential, which exists along the 
O-F-S WTS had already been identified in 
2002 by the Baseline Study – Hydropower 
in South Africa, commissioned and pub-
lished by the Department of Minerals and 
Energy at the time (now the Department 
of Energy. The sites proposed for further, 
more detailed investigation are situated 
in the Eastern Cape Province. In all in-
stances the development represents the 
augmentation of existing hydraulic struc-
tures situated, in this specific case, along 
the O-F-S WTS.

Suitable hydroelectric sites 
along the Orange-Fish-Sundays 

Water Transfer Scheme
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GENERAL BACKGROUND OF 
ORANGE-FISH-SUNDAYS WTS
The O-F-S WTS is situated in the Eastern 
Cape Province roughly at longitude 260E 
and latitude 320S. For more than a century, 
due to favourable climate conditions and 
suitable alluvial/flood plain soils, wide-
spread agricultural activities requiring 
extensive irrigation were taking place 
particularly in the Great Fish and Sundays 
River basins. Before the large Gariep Dam 
storage on the Orange River was completed 
in 1972, the irrigation farmers situated 
along the Fish and Sundays Rivers were 
entirely dependent on water supplies from 
the four local major water impoundments, 
namely the Grassridge, Kommandodrift, 
Lake Arthur and Darlington dams. In order 
to keep the economic potential of the region 
continuing under steady development, 
the government of the day implemented 
the O-F-S WTS in 1978. At present the 
O-F-S WTS is a system comprising several 
infrastructural facilities, such as dams, 
barrages and weirs connected by tunnels 
and canals, and equipped with siphons and 
cascaded chutes. The water for irrigation is 
abstracted along the banks of the Fish and 
Sundays Rivers and along irrigation canals.  

The whole water transfer scheme 
operates as a gravity-flow system, and 
several more places would be suitable for 
the establishment of micro- and mini-
hydropower installations along the irriga-
tion canals, as well as along the natural 
courses of the Fish and Sundays Rivers. 

The selected sites are those with the 
highest hydro-energy potential capacity 
and the least augmentation requirements 
at existing infrastructure, primarily with 
regard to the civil costs. The raw water 
flows measured within this scheme are 

highly sustainable, and substantial quan-
tities of raw water are released from the 
Gariep Dam for more than 90% of the the-
oretically available time. The Orange-Fish 
Tunnel is closed for inspection for at least 
two weeks every year, usually in June. 

Table 1: The location of suitable hydroelectric sites situated along the O-F-S WTS 

Type of hydroelectric retrofit Name of identified facility Geographical location Distance from national/  
municipal electricity grid

Refurbishment / upgrade

Orange-Fish Tunnel  
Shaft 7 at Teebus

31022’26” S
< 1 km

25039’15” E
Teebus Outlet 
Control Works (CW)

31025’25” S
< 1 km

25038’13” E

Gravity chute  
augmentation

Little Fish River 
Cascade Chute

32048’40” S 11 km (national)
1 km (municipal)25037’50” E

Schoenmakers River 
Concrete Chute

33004’35” S
14 km

25034’00” E

Operating dam  
augmentation

Darlington Dam
33012’22” S

< 1 km
25008’54” E

De Mistkraal Dam
32058’04” S

< 1 km
25040’19” E

Elandsdrift Barrage
32031’43” S

3 km
25045’22” E

Grassridge Dam
31046’08” S

< 1 km
25028’10” E

Scheepersvlakte 
Balancing Dam (BD)

33027’15” S
< 1 km

25037’29” E
In-line hydroelectric  
installation

Nooitgedagt Water Treatment 
Works (WTW)

33031’51” S
 1 km

25037’50” E
Note: Teebus Outlet CW, Scheepersvlakte BD and Nooitgedagt WTW were excluded from the detailed analysis after compilation 
of the Baseline Report in 2008. At the time these sites had a low contribution capacity.

Teebus Outlet Control Works



28 August 2015 Civil Engineering

The 2008 study estimated that the lead 
time in developing SHE installations would 
be approximately two years on average, 
with the service lifespan of each plant 
being between 40 to 50 years at the dams 
and canals to which the SHE plants are 
retrofitted. In this way the national water 
supply facilities would be better utilised 
and its maintenance could be supported 
from the sale of hydroelectricity. The 
utilisation of the local vital water resource 
would be optimised by non-consumptive 
water use. The hydroelectricity generated 
from new plants would become a pre-
requisite to economic and social develop-
ment in the regional communities residing 
in the region (i.e. particularly during times 
of electricity shortages). The local farmers 
would be able to plan for the economic 
expansion of their businesses, if additional 
energy could be made available region-
ally, and the electricity consumers in the 
urban areas of the NMBMM would have a 
choice between ‘dirty’ and ‘green’ energy.

The total annual raw water alloca-
tion from the Gariep Dam at present is 
standing at 651 million m3 (20.6 m3/sec) 
of which as much of 207 million m3 per 
annum (6.5 m3/sec) are made available to 
the Nelson Mandela Bay Metropolitan 
Municipality for urban water use. A 
constant firm yield from the local water 
resources is estimated at 25 million m3 per 

annum (0.82 m3/sec) for the O-F-S WTS. It 
has been established that the average water 
abstractions from the WTS for irrigation 
fluctuate between 10 and 14 m3/sec from 
year to year. If the compensation for losses 
(some 4 m3/sec), due to evaporation and 
seepages from the balancing dams and 
canals, is added to the average irrigation 
abstractions, measured average releases 
from the Orange-Fish Tunnel amounts 
to 17 m3/sec on average and appears to be 
sustainable for the years to come. However, 
changes in irrigation methods, or a signifi-
cant reduction or increase in the size of 
irrigated areas might introduce a decrease 
or increase in the demand for water from 
the irrigation farmers. At present the de-
mand for irrigation water is regulated by 
the licensing system introduced and ad-
ministered by the DWS. The urban centres 
of Cradock, Cookhouse and Grahamstown 
are also depending to some extent on 
the O-F-S WTS flows, with an estimated 
overall demand amounting to about 
0.80 m3/sec. This demand for urban water 
almost equals the gain (about 0.82 m3/sec) 
from the firm yield generated by the local 
water resources. The transfers taking place 
in the O-F-S WTS are as follows:

 QOrange-Fish Tunnel water transfer: 
The artificial and sustainable flows 
are provided from the Orange River 
into the Fish-Sundays River basins. 

 QGreat Fish to Little Fish water 
transfer: Through a system of 
small dams, several canals, a 
tunnel and a chute water flows 
are diverted by gravity from 
one river system to another. 
 QLittle Fish to Sundays River water 
transfer: The reduced flows (from 
an original 17 to about 8 m3/sec) are 
further conveyed by a gravity chute 
from one river system to another 
natural river course, feeding the 
system of canals and a balancing 
dam before the raw water is treated 
and pumped into the NMBMM (Port 
Elizabeth) water supply system.

There are numerous benefits to be 
gained from the establishment of the 
overall anticipated install capacity of 
at least 23 MW, irrespective of the way 
in which the proposed SHE sites will 
be finally developed. The sites may be 
developed as self-standing installations 
or as a group of installations forming 
a regional hydroelectric scheme under 
management of one utility umbrella. In 
either case the overall annual energy 
production (AEP) will be able to offset 
ESKOM’s coal-based production by 
some 190 GWh annually (i.e. including 
annual losses), and therefore be likely to 
supply about 20 000 (average consump-
tion) South African households with 

Table 2: Summary on investigation of hydroelectric potential from identified sites

Site 

no

Name of 

potential site

Type of SHE  

installation

Estimated SHE  

capacity in MW

Essential  

parameters

for each site

1
Orange-Fish 
Tunnel (Shaft 7)

Refurbishment of 
existing plant

8 MW
Av flow: 16 m3/sec
Efficient head: 65 m

2 Grassridge Dam
New SHE  
plant retrofit

2 MW
Av flow: 25 m3/sec
Efficient head: 10 m

3
Elandsdrift 
Barrage 

New SHE  
plant retrofit

Scour: 1 MW
Canal: 1 MW

Av flow: 15 m3/sec
Efficient head: 8 m

4
Little Fish River 
Cascade Chute

New SHE  
plant retrofit

4 MW
Av flow: 8.5 m3/sec
Efficient head: 55 m

5
De Mistkraal 
Dam

New SHE  
plant retrofit

Scour: 0.4 MW
Canal: 0.5 MW

Av flow: 7.5 m3/sec
Efficient head: 11 m

6
Schoenmakers 
River Concrete 
Chute

New SHE  
plant retrofit

2 MW
Av flow: 8.5 m3/sec
Efficient head: 27 m

7
Darlington (Lake 
Mentz) Dam

New SHE  
plant retrofit

Option 1: 2 MW 
Option 2: 4 MW  

Av flow: 17 m3/sec
Efficient head: 28 m

Summary on SHE potential: Option 2 
for Darlington Dam and canal options at 
the De Mistkraal and Elandsdrift dams are 
considered. Many other marginal options 
exist along the WTS.

21.5 (22.9) MW

Most sites would 
be suitable for the 
reaction turbine 
types

Unit 5 De Mistkraal Dam
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electricity. It is also anticipated that 
the proposed SHE plants will be mainly 
utilised for the peaking rather than base 
load generation. 

With reference to the recently re-
leased NuPlanet Project Development 
company’s information on the per-
formances of the Sol Plaatje Hydro 
(3 MW since 2009) and Merino Hydro 
(4 MW since 2012), these plants annu-
ally operate at 97% and 95% of the time 
respectively. Both plants are situated on 
the Ash River, the f lows of which are 
supplemented by the Lesotho Highlands 
Water Project (LHWP). The O-F-S 
WTS has very similar f low conditions, 
sustained from the Gariep Dam through 
the Orange-Fish Tunnel. For that reason 
it may be assumed that all key SHE 
installations which might be developed 
along the O-F-S WTS could operate 
at least 90% of the available time. By 
2016, the new Stortemelk (4.4 MW) and 
Kruisvallei (5 MW) hydro-plants would 
be commissioned on the Ash River, 
utilising existing infrastructure and the 
f lows of the LHWP that are released 
into the Ash River.

TECHNICAL EVALUATION OF 
IDENTIFIED SITES
The technical, environmental and eco-
nomic viability of each potential hydro-
electric project are very site specific. The 
hydroelectricity output from an individual 
site depends primarily on the key param-
eters, as follows: 

 Q quantity of water available (i.e. 
water flow rate in m3/sec)
 Q drop in elevation (i.e. effective 
water head in metres)

 Q variability in the flow of water 
(i.e. annual availability of 
water flow in hours), or
 Q capacity allocation from a 
dam impoundment.

The amount of power that can be pro-
duced at a hydroelectric site is a function 
of available head and flow. The water 
energy potential is calculated as follows:

power output (kW) = gravitational 
constant (m/s2) * water flow rate 
(m3/sec) * effective head (m) * plant 
overall efficiency (up to 0.95 for 
modern plants)

It should be noted that the generating 
equipment (i.e. turbine/generator assembly) 
for the higher-head and low-flow installa-
tions is generally less expensive than for the 
lower-head and higher-flow installations. 
To calculate the amount of hydroelectricity 
that can be produced within each SHE plant 
an annual load factor (ALF) is determined 
from the historic data of similar installa-
tions, or has to be based on an assumed 
plant capacity utilisation factor:

annual load factor = capacity installed 
(kW) * time worked (hours) / 8760 hrs 
/ installed capacity (kW)

For SHE schemes depending on variable 
river flows (i.e. schemes not provided with 
sufficient storage) the average annual 
energy production (AEP) is determined 
including all hydraulic, mechanical and 
electrical losses. The variation in AEP de-
pends mainly on yearly hydrological con-
ditions. The AEP should be determined by 
averaging a series of a few years.

ENVIRONMENTAL VIABILITY 
ASSESSMENT FOR THE SHE SITES
The environmental viability is commonly 
related to the magnitude of environ-
mental impacts that can be associated 
with the hydroelectric development. 
These impacts can vary significantly, and 
are mainly dependent on the location and 
overall configuration of the development. 
In South Africa the assessment of key 
environmental issues typically refers to 
the status of the environment around the 
proposed site, based on the criteria set out 
in the DWS’s Decision Support System for 
the flow regimes found in the country’s 
river systems:

 Qunmodified, natural (classified A 
for a development within a pristine 
ecosystem – usually conservation 
area, national park, etc)
 Q largely natural (classified B for 
a development within an altered 
ecosystem – already affected by 
limited human activities, etc)
 Qmoderately modified (classified C 
for a development in a significantly 
altered ecosystem), and
 Q largely modified (classified D for 
a development in a completely 
altered/adjusted ecosystem). 

The environmental issues generally as-
sociated with the development of the 
SHE installations are principally twofold 
– short-term (i.e. typically during the 
construction period) and medium- to 
long-term (i.e. permanent impacts):

 Q alteration of the riverine hy-
drology (i.e. flow regime)
 Q disturbance of the environment 
as a result of construction activi-
ties, but in a temporary way
 Q the impacts associated with 
the development of secondary 
infrastructure such as roads 
and transmission lines
 Q visual impacts as a result of changes 
to the landscape (a consequence 
of poor design and can usually be 
avoided if proper consultations 
are conducted), and
 Q short- or long-term disturbances of 
existing uses of the site and river.

All identified and proposed hydroelectric 
sites along the O-F-S WTS are already 
developed and situated within well de-
fined servitudes of the DWS (i.e. largely 
modified ecosystems). Subsequently 
none of the requirements of Section 21(c) 
and Section 21(i) of the NWA (Act 36 of 
1998) would in practical terms apply for 

Table 3: Expected useful life of various assets forming a typical SHE facility

Type of asset Description EUL (years)

Structures/roads

Intakes/canals/weirs/dams 50–100

Buildings/houses 50

Access roads (wearing surface) 20

Hydro-mechanical 
equipment

Turbines (small sizes) 25

Valves and gates 45

Penstocks (mainly steel) 50

Hydro-electrical 
equipment

Generators 20

Transformers 20

Transmission lines 30

Auxiliary equipment

Electrical controls 15

Telemetry 15

Security components 10

NOTE: The RUL is the difference in years between the EUL and the evaluation year



32 August 2015 Civil Engineering

hydropower retrofit at identified sites. The 
environmental reporting within the 2008 
study focused on the short-term environ-
mental scoping at proposed sites. 

ECONOMIC MERIT OF PROPOSED 
HYDROELECTRIC SITE
The economic benefits which can be 
derived from a development proposal will 
be recognised by the funding agencies if it 
can be shown that the proposal has strong 
economic merit. The common method 
used in evaluation of economic merit is 
based on the ratio between the presently 
valued benefit and the cost streams. The 
higher the rate, the greater the weighting 
against future value is. The economics of 
a hydroelectric site depend on the power 
capacity which can be installed and the 
energy that a site can produce. Other im-
portant parameters are: 

 Qmarket-generated power/
energy to be sold, and
 Q appropriate price for power/
energy generated and sold.

unit cost of power (R/kW) = life cycle 
cost / discounted cost factor * system’s 
daily demand (kW) * 365; including 
project capital recovery factor (CRF) 
and project life in years (n)

LIFE CYCLE COSTING ANALYSIS 
The life cycle cost (LCC) represents the 
costs of construction (ICC), operating 
and maintaining a system (O&M) over 

its full operating life, including periodic 
rehabilitation and eventual replacement 
cost (RC). The LCC analysis allows for 
so-called ‘levelised’ costs for each costing 
component to be determined.

levelised cost of energy (LCE) = 
L(ICC) + L(O&M) + L(RC) / annual 
energy production (AEP); 
where: L(ICC) = levelised initial 
capital cost; L(O&M) = levelised 
O&M costs; L(RC) = levelised 
rehabilitation/replacement costs;  
AEP = as defined before

The ICC is the total initial capital cost 
including all direct (e.g. land, civil and 
electro-mechanical equipment, etc) and 
indirect costs (e.g. licences, permits, 
etc). The ICC is levelised by means of the 
capital recovery factor (CRF):

capital recovery factor (CRF) = 
[ir / (1 + ir)

n – 1] + ir ; where: ir = real 
discount rate; n = project life in years  

Prior to 2010 it was not compulsory to 
apply comprehensive asset management 
as per the GRAP 17 register methodology 
in the evaluation of the condition-based 
assessment of current infrastructural as-
sets. However, the approach incorporated 
in the study is that the overall SHE facility 
life span is assumed typically at 50 years. 
The different components of the proposed 
plants were assumed a different expected 

useful life (EUL) as given in Table 3. The 
EUL is a base for determining the condi-
tion-based remaining useful life (RUL).

The O&M costs (e.g. salaries, insur-
ances, taxes, routine check-ups, standard 
parts, etc) are by the conventional approach 
often estimated as a percentage of the total 
ICC, which is assumed as the equivalent an-
nual costs for O&M. However, the nominal 
discount rate (rn) should be applied, as 
O&M costs will occur in future years and 
inflation is a never-disappearing phenom-
enon in all economies. The levelised version 
of the O&M is calculated as follows:

levelised total O&M = present value 
(total O&M) * capital recovery factor 
(CRF) 
Note: The CRF comprises nominal 
discount rate (rn) which equals to the 
sum of the real discount rate ir and 
inflation rate (rn = ir + inflation)

The periodic rehabilitation/replacement 
costs (RC) of civil and electro-mechanical 
equipment are also levelised to conclude 
the LCC analysis. Typically turbine-
generator assemblies will be rehabilitated 
or fully replaced at 50% of the original 
cost after 25 years in operation. The con-
trols and electrical equipment accessories 
will be replaced after every ten years of 
operation at 50% of the original cost, and 
penstocks (where applicable), together 
with intake structure, will be completely 
rebuilt after 50 years.

Table 4: Hydroelectric equipment proposed as suitable for retrofit at selected O-F-S WTS sites

Electro-

mechanical pa-

rameters (units 

proposed)

Rehab/  

upgrade
Gravity chute augmentation Operating dam augmentation

O-F Tunnel 

Shaft 7 at 

Teebus

Little Fish 

Chute

Schoen-

makers 

Chute

Grassridge  

Dam

Darlington 

Dam

De Mistkraal 

Dam

Elandsdrift 

Barrage

Total capacity 8 MW 4 MW 2 MW 2 MW 4 MW 0.5 MW 1 MW

Type of turbine Francis
Horizontal 

Francis
Kaplan Kaplan Kaplan

Horizontal 
turbular (S-type)

Horizontal 
turbular (S-type)

No of units 2 @ 4 000 kW 2 @ 2 000 kW 2 @ 1 000 kW 2 @ 1 000 kW 2 @ 2 000 kW 1 @ 500 kW 1 @ 1 000 kW

Rated head 65 m 55 m 27 m 10 m 28 m 3 m 7.5 m

Rated speed 500 rpm 500 rpm 1 000 rpm 1 000 rpm 500 rpm 1 000 rpm 1 000 rpm

Rated voltage 6.6 kV 6.6 kV 3.3 kV 3.3 kV 6.6 kV 3.3 kV 3.3 kV

Type of  
generator

Horizontal 
synchronous

Horizontal 
synchronous

Horizontal 
synchronous

Horizontal 
synchronous

Horizontal 
synchronous

Horizontal  
synchronous

Horizontal  
synchronous

No of units 2 @ 4 000 kW 2 @ 2 000 kW 2 @ 1 000 kW 2 @ 1 000 kW 2 @ 2 000 kW 1 @ 500 kW 1 @ 1 000 kW

Power factor 0.85 0.85 0.85 0.85 0.85 0.85 0.85

Notes: 
(i)  The values indicated above for each turbine/generator assembly are based on the inputs from overseas  

manufacturers. 
(ii)  Both De Mistkraal and Elandsdrift dams can have mini-hydropower units installed on the river scour outlets. However, in both 

cases the annual load factor will not be higher than 0.5 based on known river scour ecosystem releases.
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Table 6: Cost break-down of electro-mechanical equipment and controls (R million in 2008)

Costing item

Rehab/

upgrade

Gravity chute  

augmentation
Operating dam augmentation

O-Fish  

Tunnel Shaft 7  

2 @ 4 MW

Little Fish 

Chute  

2 @ 2 MW

Schoen-

makers Chute  

2 @ 1 MW

Grassridge 

Dam  

2 @ 1 MW

Darlington 

Dam  

2 @ 2 MW

De Mist- 

kraal Dam  

0.4 + 0.5 MW

Elandsdrift 

Barrage  

2 @ 1 MW

Generators 9.875 6.000 4.000 3.250 5.250 2.330 3.980

Turbines 25.675 15.000 10.400 8.450 13.650 4.500 7.500

Controls 3.950 2.000 1.600 1.300 2.100 0.070 0.120

Note: Values indicated above for turbines are based on the inputs from overseas manufacturers.

Table 5: Layout of costing for suitable hydropower sites along the O-F-S (R million in 2008)

Costing item

Refurbishment/

upgrade

Gravity chute  

augmentation
Operating dam augmentation

O-Fish  

Tunnel Shaft 7  

2 @ 4 MW

Little Fish 

Chute  

2 @ 2 MW

Schoen-

makers Chute  

2 @ 1 MW

Grassridge 

Dam  

2 @ 1 MW

Darlington 

Dam  

2 @ 2 MW

De Mist- 

kraal Dam  

0.4 + 0.5 MW

Elandsdrift 

Barrage  

2 @ 1 MW

Feasibility study 0.300 1.200 1.200 0.800 0.800 0.800 0.800

Project and engineering 2.500 2.200 2.200 1.500 1.500 1.100 2.200

Civil works and penstock n/app 9.500 9.900 4.700 5.500 1.800 3.600

Electro-mechanical  
equipment and controls

39.500 23.000 16.000 13.000 21.000 6.900 11.600

Transformer/transmission 10.000 8.000 5.000 3.000 3.000 1.000 4.000

Miscellaneous 1.000 1.000 1.000 1.000 1.000 0.200 0.200

Contingencies 9.400 7.900 6.200 3.600 5.700 2.000 4.000

Total in R million  
(2008 basis)

62.700 52.800 41.500 27.600 38.500 13.800 26.400

Annual energy production 73.0 GWh 32.0 GWh 16.0 GWh 16.0 GWh 32.0 GWh 5 GWh 12 GWh

Anticipated annual losses 2.2 GWh 1.0 GWh 0.5 GWh 0.5 GWh 1.0 GWh 150 MWh 360 MWh

Note:  Teebus Outlet CW, Scheepersvlakte BD and Nooitgedagt WTW were excluded from the detailed analysis during 2008/2009 
on account of low hydroelectric capacity available and high civil costs.

annual reserve payment (ARP) = 
replacement cost (RC) * (1 – D) / Tr ; 
where: D = depreciation factor; Tr = 
replacement period

It should be highlighted that the pe-
riodic replacement costs are to be de-
termined from the funds for the major 
overhaul (less asset depreciation), which 
should be paid into a reserve fund 
during the periods prior to the rehabili-
tation/replacement years. Subsequently, 
the levelised version of the RC is deter-
mined as follows:

levelised replacement cost (RC) = 
present value (ARP) * capital  
recovery factor (CRF)

Typically the ICC as major cost com-
ponent is valued between 50% and 
75%, annual O&M costs between 25% 
and 45%, and the RC proportion is on 
average around 5% of total cost.

TURBINE/GENERATOR EQUIPMENT 
PROPOSED FOR O-F-S WTS 
HYDROELECTRICITY DEVELOPMENT 
During the period of study there were 
no hydro-turbine/generator assembly 
manufacturers based in South Africa. All 
technical and costing inputs for the study 
therefore had to be obtained from overseas. 
Several overseas manufacturers were ap-
proached for technical and costing details, 
but only two provided both, while the rest 
omitted to provide the relevant costing 
details of their products. It was difficult to 
understand why, as the newly developing 
turbine/generator market in South Africa 
was an obvious motive for the partial 
cooperation of some manufacturers. NNJ 
Technologies (with their head office in 
India) on the contrary sent their repre-
sentative to join the study team in a field 
evaluation of all the proposed sites, and 
subsequently provided a report reflecting 
technical and much needed costing details 
for each proposed small-scale hydropower 

site situated along the O-F-S WTS. Table 4 
lists essential technical parameters for the 
proposed electro-mechanical equipment 
considered suitable at the time and obtain-
able from a manufacturer based in India.

The technical background and physical 
features of each proposed site are detailed 
in the Main (2008) and Addendum (2009) 
reports (lodged at the Central Energy 
Fund since 2009) on the hydroelectric 
potential in the Orange-Fish-Sundays 
Water Transfer Scheme. Since the final 
version of the pre-feasibility study not 
many changes have taken place within 
the Water Transfer Scheme, except that 
the Grassridge Dam was rehabilitated 
and the dam wall upgraded, meaning that 
the hydropower potential at this site may 
increase. Another change of importance 
is that the Darlington Dam is now fully 
incorporated within a nature conservation 
area, which might change the original op-
portunities of the hydropower development 
from the point of environmental impacts. 
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The O-F-S Tunnel Shaft 7 hydroelectric 
potential is now being re-evaluated by 
the consultants on behalf of Eskom, and 
nothing has been made available in the 
public domain yet about Eskom’s intentions 
regarding the potential development of this 
site and the price that would be involved.

COSTING OF HYDROELECTRICITY 
DEVELOPMENT AT EXISTING 
O-F-S WTS WATER SUPPLY 
INFRASTRUCTURE
The analysis of capital costs of the seven 
most suitable small-scale hydroelectric 
sites with significant potential is illus-
trated in Table 5. 

All prices are based on the market 
prices as in 2008. To bring them to present 
levels for illustrative purposes, the prices 
need to be escalated by at least a factor of 
1.50. The recently published limited costing 
outcome from the REIPP procurement 
programme indicates that the costs of hy-
droelectric development determined (even 
after escalation) for the O-F-S WTS appear 
rather low. However, it must be acknowl-
edged that practically all proposed sites 
are a retrofit of hydroelectric equipment to 
existing hydraulic infrastructure, explaining 
the low civil costs. Also, the legal/regulatory 
and environmental costs can be minimised 
if the schemes are to be developed within 
the DWS servitudes. The values in Table 6 
are based on overseas manufacturer inputs.

The average wholesale price of coal-
based generated electricity in South Africa 
in a low-demand season was around 
20 cents per kWh in 2008. Over the last few 
years this price has increased drastically. At 

all proposed SHE schemes the civil works 
costs range from 3% to 24% of the total cost. 
The existing civil structures are either to be 
augmented or adjusted only.

Generally most SHE schemes would 
have the advantage of low running costs 
over a scheme’s operating life. However, 
the initial development costs are usually 
high in comparison with other energy gen-
erating technologies. The funding agencies 
commonly require the shortest possible 
lead time, low capital costs and low levels 
of inherent risks. The sustainable hydroe-
lectricity installation can add a great boost 
to the regional economic development. It 
must be noted that, when a new hydro-
electric plant is introduced into an existing 
power network, it will have to compete 
with the network costs (i.e. existing system 
production costs) of energy it is going to 
replace. The SHE scheme should therefore 
be designed to maximise available output.

Besides the primarily socio-economic 
benefits to be gained from the proposed 
development, the national/regional elec-
tricity grid will benefit from the auxiliary 
services as follows:

 Q spinning (or synchronous) reserve – i.e. 
an ability to run at zero load while syn-
chronised to the national/regional grid
 Q regulation and frequency response – i.e. 
an ability to meet moment-to-moment 
fluctuations in the network power re-
quirements
 Q voltage support – i.e. an ability to con-
trol reactive power, therefore assuring 
that power will flow from the origin of 
generation to the demand area, and, 
most importantly, 

 Q the DWS will be able to decrease the 
O-F-S WTS electricity demand from 
the national grid by producing its own 
electricity.

CONCLUSION AND PERCEIVED 
NEEDS FOR FURTHER EVALUATION 
AND DEVELOPMENT
The proposed hydroelectric develop-
ment of the existing O-F-S WTS, if 
viewed against the background of already 
achieved hydroelectric development on 
the South African side of the Lesotho 
Highlands Water Project (LHWP), has 
significant potential for the development 
of hydroelectricity, with highly sustain-
able socio-economic benefits, and support 
of the regional electricity supply and 
distribution.

The hydroelectric evaluation of 
the existing water transfer scheme, 
including four large dams, two gravity 
chutes situated on the network of ir-
rigation canals and one upgrading of an 
existing small hydroelectric plant, offers 
a significant annual output in the order 
of 186 GWh and an annual potential re-
duction in CO2 of about 159 000 tonnes. 
All proposed sites were identified and 
investigated for opportunities of hy-
droelectric equipment to be retrofitted 
and for the generation of electricity at 
already existing structures. At the same 
time it was envisaged that existing in-
frastructure would be optimised by the 
non-consumptive utilisation of the pre-
cious water resource, already timed and 
exploited. This exercise, already done 
during 2008/2009, is very much in line 

Table 8: Firm benefits from hydroelectricity harnessed in the O-F-S WTS (units as shown)

Costing item

Rehab/

upgrade

Gravity chute  

augmentation
Operating dam augmentation

O-Fish  

Tunnel Shaft 7  

2 @ 4 MW

Little Fish 

Chute  

2 @ 2 MW

Schoen-

makers Chute  

2 @ 1 MW

Grassridge 

Dam  

2 @ 1 MW

Darlington 

Dam  

2 @ 2 MW

De Mist- 

kraal Dam  

0.4 + 0.5 MW

Elandsdrift 

Barrage  

2 @ 1 MW

Electricity to average  
households

6 000 4 000 2 000 2 000 4 000 1 000 2 000

Reduction in CO2  (t/a) 62 780 27 520 13 760 13 760 27 500 4 300 10 320

Reduction in SO2 (t/a) 180 80 40 40 80 20 40

Table 7: Estimated annual operation costs (R million/annum in 2008)

Costing item

Rehab/

upgrade

Gravity chute  

augmentation
Operating dam augmentation

O-Fish  

Tunnel Shaft 7  

2 @ 4 MW

Little Fish 

Chute  

2 @ 2 MW

Schoen-

makers Chute  

2 @ 1 MW

Grassridge 

Dam  

2 @ 1 MW

Darlington 

Dam  

2 @ 2 MW

De Mist- 

kraal Dam  

0.4 + 0.5 MW

Elandsdrift 

Barrage  

2 @ 1 MW

Annual operation costs 3.273 2.473 2.161 1.723 2.006 1.184 1.719
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Atlas Copco

with the contemporary developments 
of hydropower potential by the energy 
generation sectors in the countries with 
extensive existing hydraulic (i.e. water 
supply) infrastructure. South Africa 
is the eleventh country in the world 
with existing infrastructure of some 
4 500 small, medium and large dams 
and other water supply infrastructural 
components, with some of them having 
considerable hydroelectricity potential 
which can be exploited. The United 
States energy sector is ahead of all 
other countries, looking into developing 
additional new hydropower without 
requiring construction of any new 
dams or diversions, merely by adding 
hydropower to existing infrastruc-
ture – including existing dams, canals 
and pipelines (Blue Gold: Building 
New Hydropower with Existing 
Infrastructure, U.S. Hydro Research 
Foundation, April 2015). 

The SA energy supply sector struggles 
to maintain a sustainable regime of supply 
on a day-to-day basis. The present frequent 
energy shortages are already seriously 

damaging the South African economy. 
At the same time the low-hanging-fruit 
opportunities are left unattended, and the 
time available for development is wasted. 
The recent development of small-scale 
(original limit below 10 MW, increased in 
SA recently to 40 MW) hydropower which 
manifested in several schemes, namely the 
Sol Plaatje (3 MW at existing dam), Merino 
(4 MW run-of-river plant) and Bloemwater 
(95 kW in-line pipeline) hydros, as well 
as several micro and mini sites (< 1 MW) 
in the Western Cape Province, are now 
producing hydroelectricity supporting the 
national grid. The hydroelectric schemes 
Neusberg (10 MW) in the Northern Cape, 
and Stortemelk (4.4 MW) and Kruisvallei 
(5 MW) in the Free State Province will be 
producing hydroelectricity by 2015 and 
2016 respectively. These developments are 
providing enough confidence that retrofit-
ting small-scale hydropower using existing 
water supply infrastructure is the way to 
go for hydroelectricity development and 
generation in South Africa.  

It is hoped that this article will 
enable the relevant authorities to 

focus more closely on the significant 
potential of small-scale hydroelec-
tricity available from existing dams, 
irrigation canals and suitable pipelines 
which, if retrofitted with hydroelec-
tric equipment, could significantly 
contribute to green energy genera-
tion and the sustainable performance 
of the South Africa economy.
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Modelling of composite type variation 

of the Crump weir
INTRODUCTION
The accurate measuring of flow in rivers 
is essential for optimal utilisation of the 
surface water resources in South Africa. 
Long-term hydrological records con-
taining the characteristic parameters of 
change and variability are required for the 
effective management and conservation 
of scarce water resources. The runoff from 
catchments is measured by using gauging 
structures in rivers and at dams. In South 
African rivers, the use of compound 
gauging weirs is common due to the large 
variation in flows. This allows for accurate 
measuring of discharge in a river section 
at low and high flow rates (Wessels & 
Rooseboom 2009). 

Most of the gauging structures built in 
South Africa are compound Crump weirs 
consisting of a structure with a series of 
individual weir crests, each at a different 
level. The BSI 3680 standards require that 
compound Crump weir structures be 
constructed with divider walls. These di-
vider walls ensure that the flow lines over 
the Crump weir are parallel, minimising 
errors in measuring the discharge.

Water level readings just upstream of 
the crest of the Crump weir are used to 
calculate the discharge over the structure. 
The flow can be accurately measured for 
each of the weirs, during submerged and 
unsubmerged flow conditions, if the water 
level and the energy line are lower than 

the divider walls (within the capacity of 
the structure). Limited studies have been 
undertaken for discharges over the com-
pound weir structures where the water level 
is above the divider walls (exceeding the 
structure capacity). Uncertainties therefore 
exist applying the developed Crump weir 
theory for overtopped divider walls. 

Extending the application of the 
Crump weir theory to determine the flow 
rate during overtopping of the divider 
walls, results in errors in the rating of the 
structure during high flow conditions. 

The recorded high flows are used to 
determine flood peaks, for the design 
of infrastructure such as the sizing of 
bridges and spillways for dams, for flood 
line determination for town development, 
and are also essential to quantify the yield 
capacity of the surface water resources. 
This emphasises the importance of ac-
curate flow measurements. Inaccurate 
measurements could lead to the failure 
of structures at high flows or result in 
the overdesigning of structures and 
incorrectly quantifying the yield growth 
opportunities, placing a burden on the 
country’s capital resources. 

Research directed towards inves-
tigating the effects of overtopping of 
divider walls was identified, allowing for 
the construction of more cost-effective 
gauging weirs, and for the early prediction 
of flood events. 
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Objectives of the study
The purpose of the study was to determine 
whether the discharge-head relationship for 
compound Crump weir structures tested 
beyond their capacity requires special atten-
tion, by investigating the following aspects:

 QThe influence of overtopping of the di-
vider wall on the water level measured 
at the observation point.
 QThe water level above the crest of the 
Crump weir at which the effects of 
overtopping of divider walls become 
negligible.
 QThe influence of the varying Crump 
weir width on the effects of overtopping 
of the divider walls.
 QThe impact of a varying pool depth on 
the discharge–height relationship of 
overtopped divider walls.

Scope of the study
A physical model study was undertaken of 
a standard Crump weir with a varied crest 
length. Modular flow conditions were 
studied, and no influences of submergence 
were considered. 

Three different Crump weir widths 
with two different pool depths were 

tested. The divider wall was first set at 
the standard height to investigate the ef-
fects of overtopping. Then a second test 
was run with the divider wall sufficiently 
raised to prevent overtopping. The thick-
ness and length of the divider wall were 
kept constant throughout the study. Each 
test was run only once. 

CRUMP WEIR STRUCTURES
The Crump weir has a triangular profile 
with the upstream slope as 1:2 and the 
downstream slope as 1:5. In South Africa 
it is recommended that the upstream 
water level gauging point should be 
double the height of the total design 
energy head (Hd) from the crest of the 
weir. The canal walls should be vertical, 
straight and parallel and should extend 
at least twice the total design head up-
stream of the crest of the weir (Wessels & 
Rooseboom 2009).

The water upstream of the Crump 
weir normally f lows relatively slowly 
and obeys the fundamental relation-
ship of Q = cross-sectional area x mean 
velocity. As the water approaches the 
weir, the cross-sectional area decreases, 

causing an increase in velocity. The 
water then f lows over the crest, con-
verting its potential energy to kinetic 
energy. The water level downstream of 
the weir decreases as the water acceler-
ates under gravity – the f low is then 
termed ‘supercritical’. The supercritical 
f low, and the ‘hydraulic jump’ which oc-
curs downstream, cause serious erosion 
of the river bed. A hydraulic jump is 
an abrupt rise in water level when flow 
changes from a supercritical to a sub-
critical state, with associated dissipation 
of energy (Beach 1984). 

The major advantage of the Crump 
weir is that the discharge coefficient stays 
steady and constant during modular flow 
conditions and the structure is relatively 
insensitive to non-modular flow condi-
tions (Wessels & Rooseboom 2009). The 
flow conditions are defined as follows:

Modular flow (not submerged): Occurs 
when the downstream water level does not 
influence the water level upstream of the 
Crump crest (Figure 1). It is therefore pos-
sible to determine the flow over the weir by 
taking a single measurement upstream. 
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Figure 1: Definition sketch for Crump weir during modular flow condition 

Figure 2: Definition sketch for Crump weir during non-modular conditions 
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The formulae to determine f low 
rate over a Crump weir for modular 
f low conditions (Wessels & Rooseboom 
2009) are:

Q = 2
3

 Cde Ö 2
3

g b H³∕₂ (1)

Where: 

Cde = 1.163æ 
çè  

1 –
 
0.0003

h
æ 
çè
³∕₂
 (2)

 H = h + v2

2g

 (3)

The formulae and definition sketch 
(Figure 1) parameters are as follows:
Cde = Modular coefficient of discharge
b = Breadth of crest perpendicular to the 
flow (m)
H = Total energy head upstream relative 
to the weir crest (m)
h = Measured water level upstream rela-
tive to the weir crest (m)
v = Mean velocity upstream from the 
weir (m/s)
P = Pool depth below crest (m)

Non-modular flow (submerged): Occurs 
when the downstream water level influ-
ences the upstream water level (Figure 2). 
In this flow condition both the upstream 
and downstream water levels need to be 
gauged in order to determine the discharge 
over the Crump weir (Sileshi 2009).

The definition sketch (Figure 2) shows 
the following parameters:
h2 =  Measured water level downstream 

relative to the weir crest (m)
v2 = Downstream mean velocity (m/s)
H2 =  Total downstream energy head rela-

tive to the weir crest (m)

To prevent non-modular flow condi-
tions from occurring, the downstream 
water level should be less than 75% of the 
upstream water level – this is known as 
the modular limit of the structure. Non-
modular flow conditions were beyond the 
scope of this study.

Requirements for compound  
crump weir structures
Table 1 discusses the pool depth, Froude 
number and divider wall requirements for 
constructing the compound Crump weir 
structure.

Table 1: Requirements for compound weir structures

Requirement Details

Pool depth (P)

The minimum pool depth required for accurate gauging is:
P ≥ Hd

2
   

Where: Hd = Height of the highest measurable water level (m).
The pool should extend to a minimum of 5 Hd.
(Wessels & Rooseboom 2009)

Froude number (Fr)

For stable flow conditions upstream of the weir variations in the approach, velocity should be 
limited.
Fr < 0.40
(van Heerden et al 1986)

Divider wall

According to the BSI 3680 standards, extend horizontally at a 90˚ angle for a minimum distance 
of 6 Hd upstream of the weir crest. The wall then extends at a 45˚ angle until it reaches the floor. 
Use a thickness of 1 m to avoid sharp curvature in the flow lines at the entrances. The edge of the 
divider wall should be semi-circular.
(Wessels & Rooseboom 2009)
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Figure 4: Cross-section of a compound weir with filler walls in a river section 
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Figure 3: Flow patterns at a compound weir structure: (a) with and (b) without divider walls 

(Wessels & Rooseboom 2009)



Civil Engineering August 2015 39

Southern African leading asphalt manufacturer and supplier

www.nationalasphalt.co.za
+27 86 146 6656

Compound weir structures with and without 
divider walls
Divider walls are required to separate 
the different weirs of a compound 
gauging structure in order to minimise 
the possibility of three-dimensional 
f low. Three-dimensional f low includes 
a horizontal f low velocity component 
perpendicular to the main velocity 
vector at the observation point, which 
contradicts the assumption of parallel 
f low lines (Wessel & Rooseboom 2009).

Figure 3 illustrates the points at which 
three-dimensional flow occurs with or 
without divider walls. In the case of a 
compound weir with divider walls, the 
flow lines across the weir are parallel, 
ensuring accurate gauging of water levels. 
When compared to the compound weir 
without divider walls, it is evident that 
the flow lines are distorted across the weir 
section where the adjacent weirs meet.

Debris and sediment loads are 
a problem in South African rivers, 
resulting in the construction of com-
pound weir structures without divider 
walls. The presence of divider walls 
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causes debris to be trapped, resulting in 
three-dimensional f low patterns.

Overtopping of divider walls
The overtopping of divider walls is an 
unexplored area of research. Overtopping 
of a divider wall would result in three-
dimensional flow over the crest of a weir. 
In practice the ends of a compound weir 
structure are equipped with walls that 
extend to the side of the river, also known 
as filler walls. Figure 4 indicates a cross-
section of a compound weir with filler 
walls in a river section. 

When the f low in the river sec-
tion results in the overtopping of the 
divider walls, the filler walls also start 
to overtop and thus act as broad-crested 
weirs. A water level reading upstream of 
the lowest weir crest is used in practice 
to calculate the discharge in the river 
section. For a model study, a water level 
reading just upstream of the Crump 
weir is used to calculate the discharge 
over the Crump weir, while another 
water level just upstream of the filler 
wall is used to calculate the discharge 
over the filler wall. The sum of these 
two calculated discharges should be 
equal to the upstream discharge (con-
servation of mass). If they are not equal, 
the difference from the calculated 
upstream discharge indicates that the 
discharge–head relationship is incorrect 
(conservation of energy).

EXPERIMENTAL SETUP
A physical model was built at the labo-
ratories of the Department of Water and 
Sanitation to simulate a compound 
Crump weir structure with divider walls. 
The model represents only a segment of 
what will occur in practice. Figure 5 il-
lustrates the segment, i.e. a Crump weir, 
a filler wall and a divider wall that are 
modelled between two plastered brick 
walls. The experimental work was done in 
two parts, i.e. the pump calibration and 
the experimental setup. 

Design of pump calibration setup
The setup was used to calibrate the 
recorded f lows from the pumps at the 
DWS laboratories. The f low rates sup-
plied by the pumps were compared to 
those calculated using the water level 
readings. The Crump weir was the full 
width of the channel, and one water 
level reading 300 mm upstream of the 
crest was taken using a point gauge. 
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Figure 6 illustrates the design drawings 
of the calibration setup. 

Figure 7 is a photograph of the model 
in operation. The model starts off 3 m 
wide and then narrows to an 895 mm 
wide channel section. In order to stabilise 
the flow, 75 mm diameter concrete pipes 
cut to approximately 300 mm lengths 
were stacked in front of the outlet pipes.

Design of experimental setup
The experimental setup was varied to de-
pict three different Crump weir lengths, 
as well as two different pool depths. To 
determine whether the effect of over-
topping of the divider wall differs with 
increased water levels, the model was 
tested under different flow conditions. 
During the course of the experiment 
water level readings were taken at three 
different points.

Figure 8 illustrates the design draw-
ings of the experimental setup. The posi-
tions of the point gauges (wells) are also 
indicated in the drawings. The divider 
wall and the filler wall were designed to 
be 100 mm thick. 

RESULTS AND DISCUSSION
Calibration results
The calibrated results are depicted in 
Figure 9, the flows measured by the 

pumps were plotted in relation to the 
flows calculated using the measured up-
stream water levels. All three pipes (small, 
medium and large) were plotted on the 
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same graph. Each data set was fitted with 
a power curve, and the following equa-
tions were obtained:

 Q Small pipe: Qcal = 1.7677 Q1.1391

 QMedium pipe: Qcal = 1.0667 Q0.9931

 Q Large pipe: Qcal = 0.9558 Q0.953

These equations were used to adjust the 
flows measured by the pumps during the 
experimental setup. 

Analysis of experimental results
The results represent water level readings 
in relation to the calculated energy head. 
The following three water level readings 
were observed (see Figure 10):

 Q h1 – 300 mm upstream of the filler wall
 Q h2 – 300 mm upstream 
of the Crump crest
 Q h3 – 300 mm upstream 
of the divider wall 

The h3 water level is not measured in 
practice, but is used in this study to 
determine the energy level H for each 
discharge.

Table 2 explains the details of the 
nine experiments that were performed. 
The divider wall was raised by 300 mm 
so that the effects of overtopping of the 
wall could be studied for two different 
pool depths.

Figures 11, 12, 13, 14, 15 and 16 
indicate the water level readings h1 and 
h2 in relation to the energy level H cal-
culated from the water level reading h3. 
The figures depict that the energy level H 
upstream of the divider wall was not af-
fected by the raise in height of the divider 
wall. The figures also indicate the level of 
the filler wall (black line); all water levels 
above this line indicate overtopping. 

It can be noted that the water levels 
for a shallower pool depth are lower than 
the water levels for a deeper pool depth. 
The energy level is, however, higher for a 
shallower pool, due to the cross-section 
becoming smaller for the same flows, re-
sulting in an increased flow velocity. 

Results for experiments E1 and E2 (Figure 11)
The water level over the Crump weir de-
creases when the divider wall is raised, 
and the water level over the filler wall 
remains approximately the same for 
both E1 and E2. The higher water level 
over the Crump weir, when the divider 
wall is the same height as the filler wall, 
is as a result of the three-dimensional 
f low caused by the overtopping of 
the divider wall. This overtopping 
induces energy losses downstream of 

Qcal (m
3/s)

0.00 0.02 0.04 0.06 0.08 0.10 0.12

h 
(m

)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

h1 - E1
h2 - E1
H - E1
h1 - E2
h2 - E2
H - E2
Filler wall

300mm

P

300mm

300mm

h2
3h

1h

b
b

2

1 b
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Figure 11: Results for E1 and E2
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the observation point, hence the water 
level rises to compensate for the losses. 
Since the water level over the filler wall 
remains the same in both tests, the f low 
over the system will be overestimated.  

Results for experiments E3 and E4 (Figure 12)
The water level over the filler wall remains 
approximately the same for both E3 and 
E4. However, the water level measured 
over the Crump weir decreases when the 
divider wall is raised. The higher water 
level over the Crump weir results in the 
flow being overestimated. The water level 
rises to compensate for the energy losses 
induced downstream due to overtopping.

Results for experiments E5 and E6 (Figure 13)
The higher water level over the Crump 
weir, when the divider wall is 100 mm 
above the weir crest, indicates that the 
discharge will be overestimated for flows 
above the structure’s capacity.

Results for experiments E7 and E8 (Figure 14)
The water level over the filler wall re-
mains approximately the same for both 
E7 and E8. However, the water level 
measured over the Crump weir de-
creases when the divider wall is raised. 
The higher water level over the Crump 
weir, when the divider wall is 100 mm 
above the weir crest, causes the f low to 
be overestimated.

Results for experiments E9 and E10 (Figure 15)
The water level over the Crump weir and 
the water level over the filler wall re-
mained the same for both tests. This in-
dicates that the discharge was unaffected 
by the overtopping of the divider wall for 
E7 and E8.
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Table 2: Details of experimental setups

Experiment Flow rate (ℓ/s)
Crump weir  

width b1 (mm)
Filler wall  

width b2 (mm)
Divider wall 

height Hd (mm)
Pool depth P (mm)

E1 5, 10, 15, 20, 30, 40, 60, 80 and 100 288 507 100 410

E2 20, 30, 40, 60, 80 and 100 288 507 400 410

E3 5, 10, 15, 20, 30, 40, 60, 80 and 100 288 507 100 130

E4 20, 30, 40, 60, 80 and 100 288 507 400 130

E5 5, 10, 15, 20, 30, 40, 60, 80 and 100 385 410 100 410

E6 20, 30, 40, 60, 80 and 100 385 410 400 410

E7 5, 10, 15, 20, 30, 40, 60, 80 and 100 385 410 100 130

E8 20, 30, 40, 60, 80 and 100 385 410 400 130

E9 5, 10, 15, 20, 30, 40, 60, 80 and 100 585 210 100 410

E10 40, 60, 80 and 100 585 210 400 410

E11 5, 10, 15, 20, 30, 40, 60, 80 and 100 585 210 100 130

E12 40, 60, 80 and 100 585 210 400 130

Figure 12: Results for E3 and E4
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Results for experiments E11 and E12 (Figure 16)
For E11 the water level over the 
Crump weir is lower than the water 
level observed over the filler wall. 
E12, however, shows that the water 
levels over the Crump weir and over 
the filler wall are equal for the tested 
f low rates. These levels are also equal 
to the water level over the filler wall 
observed during E12. The results for 
the 385 mm Crump weir width differ 
from the previous two widths.

The calculated f lows are underesti-
mated for E11 and E12. This could indi-
cate that the energy losses experienced 
due to the divider wall are larger than 
the losses caused by the overtopping. 
Wessels and Rooseboom (2009) stated 
that, when divider walls are present, 
the calculated f low tends to be under-
estimated. This supports the argument 
relating to the reason for the drop in 
water level when the divider wall is 100 
mm above the weir crest.

CONCLUSIONS
It can be concluded that the overtopping 
of the divider wall has an influence on 
the measured water level upstream of the 
Crump weir crest. 

The results indicate that, for increased 
water levels over the Crump weir, the ef-
fects of overtopping become more signifi-
cant than for lower flows. The overtopping 
of the divider wall for narrower Crump 
weir sections causes the flow to be overes-
timated. However, for wider sections the 
turbulence upstream of the observation 
point becomes the dominant factor re-
sulting in the underestimation of the flow. 

RECOMMENDATIONS
Furthering the study is essential for en-
suring accurate gauging of flow beyond 
the structure’s capacity. For the continua-
tion of research the following recommen-
dations are made:

 QThe effects of the overtopping of the 
divider wall and filler wall should be 
quantified in order to derive new dis-
charge equations for the calculation 
of discharge across compound Crump 
weirs. These new relationships are 
essential for the accurate measure-
ment of discharge above the design 
gauging capacity of the compound 
Crump weirs.
 QTest the Crump weir widths that 
are wider than those considered 
above. This should be done in Figure 14: Results for E7 and E8

Figure 13: Results for E5 and E6
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order to investigate the claim that 
the turbulent f low upstream of 
the observation point is domi-
nant for wider weir widths.
 QThe effect of changes in the thick-
ness of the divider wall should be 
investigated. Higher f low rates should 
be tested to investigate whether the 
effects of overtopping of the divider 
wall become negligible at higher 
water levels.
 Q Literature indicates that the Crump weir 
is relatively insensitive to submergence. 
This claim should be investigated for 
testing beyond the structure’s capacity. 
This is a complex condition to analyse, 
and it is important that the modular 
conditions are fully understood and 
quantified before non-modular condi-
tions are studied. As most weirs start to 
operate under non-modular flow condi-
tions near or just above the structure’s 
design capacity, the impact of down-
stream water levels on the upstream 
water level measurements are critical.
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INTRODUCTION 
In February 2015 the rumours started doing the rounds 
that South Africa was faced with an imminent total shut-
down of all its generating capacity, which would plunge the 
country into darkness for two weeks. It was so bad that Bruce 
Whitfield on Radio 702 was asking every CEO who came on 
air what provisions they had made to keep their businesses 
running during this period, without understanding that to 
keep a business running is more than just a backup generator 
and a supply of fuel. Not once was it asked, “Do you have suf-
ficient supply of water? Where are you going to dispose of 
your wastewater (as the sewer system is likely to rapidly block 
without constant water f lows)? How will you secure yourself 
against the majority of the population who now lack access to 
the very basic necessity of life, water?” The last question is ob-
viously of immense interest to the water and sanitation sector, 
as we are the ones responsible for supplying that necessity 
and, as it must also be remembered, we supply the water to 
the power stations that is used in the generation of electricity.

The sector is, therefore, very likely to face these questions 
from concerned politicians. The purpose of this article is, there-
fore, to help the sector understand the risks it faces so as to 
ensure water security and that resources are not unnecessarily 
diverted away from the essential day to day operations.

SCENARIO PLANNING IN THE ELECTRICITY SECTOR
In the first instance it is necessary to separate energy generation, 
from bulk distribution, from retail distribution. Currently South 
Africa is facing problems in two parts of the chain – generation 

and retail distribution, which both have the effect of planned and 
unplanned outages. The problem with generation can be solved 
with a mixture of increasing the available capacity and reducing 
demand, whilst retail distribution is through maintaining the 
distribution system. Investment in both areas is required in 
order for the end user to receive a reliable supply.  

However, the focus at present is almost exclusively on 
supply from Eskom, whilst there could be significant risk to the 
sector’s operations from the failure of the municipal supply (cli-
mate change, cable theft, infrastructure failure and vandalism, 
failure of transformers, cable failure, lightning strikes, etc). 
Each of these events could lead to lengthy outages whilst equip-
ment is replaced. So even without the problem of energy 
supply from Eskom, the sector would need to ask itself, has 
it assessed its risks from these events and put in place ap-
propriate water system security and emergency response/
contingency plans? The reality is that the end impact on the 
consumer of any of the above events, is the same as a lengthy 
supply interruption from Eskom, the only difference being the 
scale and thus the inability to turn to adjacent municipalities 
for assistance (as they will be trying to solve the same problem). 
It is therefore prudent for any supplier along the value chain 
to determine what the worst disaster is that could befall them, 
even if there is a very low probability of it occurring, and to 
have a response plan in place.

So what is the likelihood of the worst case scenario occur-
ring, that of Eskom not being able to immediately bring power 
stations back on line and having to undertake a cold start? 

Table 1 below gives a list of the top 12 outages in the world.

How prepared is the water and sanitation sector 
to respond to disasters in South Africa?

Table 1: The 12 largest wide-scale power outages experienced in the world

Article
Millions of 

people affected
Location Date

1999 southern Brazil blackout 97 Brazil 11 March 1999

2003 Italy blackout 55 Italy, Switzerland, Austria, Slovenia and Croatia 28 September 2003

2005 Java–Bali blackout 100 Indonesia 18 August 2005

2009 Brazil and Paraguay blackout 87 Brazil and Paraguay 10–11 November 2009

2015 Pakistan blackout 140 Pakistan 26 January 2015

2015 Turkey blackout 70 Turkey 31 March 2015

2001 India blackout 230 India 2 January 2001

2012 India blackout 620 India 30–31 July 2012

1965 Northeast blackout 30 United States and Canada 9 November 1965

2003 Northeast blackout 55 United States and Canada 14–15 August 2003

2014 Bangladesh blackout 150 Bangladesh 1 November 2014

1978 Thailand nationwide blackout 40 Thailand 18 March 1978
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In the article from where the table was taken1 it can be seen 
that even some of the most developed countries in the world, 
such as Italy, have suffered major power outages (not attribut-
able to natural disasters), something that South Africa has not 
encountered to date. This does not mean that South Africa is 
immune to such power system failures, but that to date it has 
managed its system well.

This is in comparison to the Northeast blackout of 2003 
in the USA, which can be partly attributed to the fact that 
when the distribution system started to experience problems 
there was not a single central authority to take the decision 
as to which city to throw off the grid, and thus save everyone 
else. Each utility tried to keep their area of supply going 
and the result was that from New York to the Great Lakes 
everyone lost power. This is in contrast to South Africa, 
which is managed as a single system.

The other lesson that can be drawn from the list is that, 
although major power outages are fairly common throughout 
the world, none of them has led to the situation of two weeks 
without power and a cold start. The reason for this is that 
power stations can go into what is termed “island or house 
mode”, that is although the station is not putting electricity 
into the grid, the station is still operational and can be rapidly 
reconnected with the grid once the supply and demand have 
been balanced (for nuclear power stations and very large coal-
fired power stations this is essential to prevent damage). In 
the Northeast blackout this was what occurred. The blackout 
started at 12:15 on 14 August 2003 and by the evening of 
16 August power had been fully restored. This did not mean 
that there were no longer lasting effects, particularly where 
industrial production had been interrupted and damage oc-
curred, but power was not out for two weeks. 

Although natural disasters might have a far longer impact 
(ice storms, earthquakes, hurricanes, floods, etc) due to the de-
struction of equipment, the impacted areas are normally smaller 
and they do not result in a complete shutdown of the grid, al-
lowing power to be easily restored as equipment is repaired.

Worldwide there does not appear to be a single case 
where a large grid has completely shut down and a cold start 
implemented. To get from complete grid shutdown (i.e. the 
Northeast blackout in the USA) to a cold start there are 
several more steps. For South Africa it would mean no hy-
dropower is being generated internally, that Koeberg Nuclear 
Power Station was out of operation when the blackout oc-
curred and that the coal-fired power stations that had been 
put into “house mode” could not be reconnected to the grid 
and were completely shut down.

This does not mean that such a scenario should not be 
planned for, as the disaster at the Fukushima Nuclear Power 
Plant showed. Here the utility did not consider the possibility 
of a high-magnitude earthquake generating a massive tsunami, 
which would overwhelm the sea defences. So even though the 
plant had gone into shut-down mode when the earthquake 
struck, it was still in cooling mode when the tsunami over-
whelmed the sea defences and knocked out the cooling system. 
This resulted in numerous explosions and escape of radiation 
as the cooling systems overheated and failed. So the fact that 
Eskom has considered the possibility of a complete shutdown of 
the grid, planned for it and carried out the relevant exercises is a 
sign of strength not weakness.
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In this respect South Africa is unlike Europe or North 
America in that it cannot rely on neighbouring countries or sys-
tems to supply power to restart the grid.

Even if South Africa did get to this point, would it mean two 
weeks without power?

The answer is no. From black start facilities (hydro and coal 
power) it is possible to restart the entire power system and in this 
respect South Africa has an advantage. In South Africa there is 
an Energy Intensive User Group of Southern Africa whose 31 
members use 44% of the supply. So together with the metros, 
Eskom has a very small community with whom to coordinate 
when restarting the grid, to ensure that load balances demand.  

SCENARIO PLANNING IN THE  
WATER AND SANITATION SECTOR
What the water and sanitation sector needs to do with its 
electricity suppliers, is identify the critical elements in the 
water supply and wastewater treatment processes and deter-
mine how long they can be without power before it critically 
impacts on service delivery, and what contingency plans are 
in place to deal with this eventuality. This risk assessment 
is part of a thorough Water Safety Plan or Wastewater Risk 
Abatement Plan, and the question the sector should be asking 
itself is, “Are we prepared?”

It can be seen that at this point there is very little difference 
in response to a power interruption from a complete failure of 
the grid and a localised failure due to electricity supply interrup-
tion or internal equipment failure.

Some very useful lessons can be drawn from the inter-
ruption to Gauteng’s bulk water supply from Rand Water in 
September 2014, which was due to in the first instance equip-
ment failure on the electricity supply side from City Power, and 
in the second instance the theft of equipment from Eskom.

The first and most overwhelming lesson is: Don’t expect 
consumers to understand how the system operates and don’t 
expect them to restrict consumption on a voluntary basis (this is 
applicable to both the water and electricity sectors).

The supply problems in September 2014 occurred during a 
hot, dry period, when levels in reservoirs were already low. Many 
consumers were unaware of how their desire to water gardens 
and fill swimming pools was impacting on others in other parts 
of the system and, therefore, did not restrict their demand. Even 
those who were impacted showed similar behaviour, complaining 
bitterly about lack of water and the moment they received water 
using as much as possible, not understanding that this was de-
laying others in having their supply restored. 

This behaviour could be witnessed in the electricity supply 
sector as well. During a business breakfast at GIBS Business 
School on 17 April 2015, load shedding was in progress in 
the surrounding areas and the professor who was hosting the 
event bitterly criticised Eskom as delegates were arriving late 
due to the traffic jams it created. At the same time he was 
criticising Eskom, the delegates were sitting in a room with 
the air-conditioning on and the doors open, i.e. he could not 
link his behaviour to the problem.

In the electricity sector the response to this consumer 
behaviour is load shedding, in the water sector the equivalent 
is water conservation and demand management (WC/DM). 
During low water supply periods or droughts, short-term emer-
gency conservation measures, such as restricting water supply 
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to certain hours, are normally adopted (this has just been put 
in place in eThekwini Metropolitan Municipality and Illembe 
District Municipality for consumers drawing from Hazelmere 
Dam). So in the first instance the water sector should have 
in place a WC/DM strategy to guide them on the equitable 
and efficient use of water and how to implement restrictions 
downstream if the supply at a certain point in the supply chain 
fails. In the context of the water sector, failure of supply can 
mean complete disruption or a prolonged period of demand 
exceeding supply, which will eventually lead to the reservoirs 
being completely depleted (this is a surprisingly common oc-
currence in South Africa occurring all along the value chain). 
The overarching objective of the water sector is that the water 
supply should never be completely curtailed for more than 
eight hours over an area that the municipality cannot supply 
temporarily through available water tankers, and the sector 
should never be in a position that the main storage runs dry (i.e. 
command reservoirs and dams). The current campaign by the 
Department of Water and Sanitation (“What if this was the last 
drop?”) is a salient reminder of how water is irreplaceable.

Once a proper Water Security and Emergency Response 
Plan is in place, and water conservation and demand manage-
ment is identified as a measure to mitigate against the effects 
of low water supply, the next step is to look at how to mitigate 
the period over which restrictions are in place. The mitigating 
factor can vary from improved water demand management 
(when demand exceeds supply over a prolonged period), 
keeping in stock essential equipment (spare pump sets, repair 
kits for supply pipelines), to keeping in place essential service 
contracts where the resources are not in-house (e.g. deep-sea 
divers for working inside large-diameter pipelines or at the 
bottom of dams).

With wastewater the most critical aspect is how long the 
system can run before unacceptable pollution of the environ-
ment occurs. With wastewater the biggest problem occurs not 
when there is total failure, but when water is still coming into 
the system but the pumping stations or the wastewater treat-
ment works fail (again a common occurrence in South Africa).  
What is critical in this regard is the total load entering the 
environment during the period of failure and the subsequent 
impact, i.e. the failure of the system at Trompsburg in the 
southern Free State for a week has a completely different 
impact compared to the failure of the Northern Treatment 
Works in Johannesburg for a day.

CONCLUSION
In conclusion, whilst it can be seen that the risk of total failure of 
the electricity generation system is low, it is an event that could 
happen and should be planned for. In developing such a plan, 
situations resulting in partial failure of the water supply and sani-
tation systems should also be covered. The sector should, there-
fore, use the opportunity created by the concerns over Eskom to 
highlight the challenges in the sector and plan accordingly.

REFERENCE
1 http://en.wikipedia.org/wiki/List_of_major_power_outages
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One hundred years ago South Africa, as part 
of the British Empire, was at war with Germany. 

The first objective of the Union Defence Force 
was to take control of German South-West 

Africa (GSWA, today Namibia). A part of this 
offensive was to bridge the gap between the 
two national railway systems, from Prieska in 

South Africa to Kalkfontein (today Karasburg) in 
GSWA. This was a daunting challenge delegated 
to a newly formed South African Railways (SAR) 

and was executed successfully under trying 
conditions. This article (the final in the three-

part series) describes the construction of the 
rail link between Upington and Kalkfontein. 

After bridging the Orange River at Upington 
(see Part 2), the laying of track through an arid, 

barren Kalahari encountered similar, equally 
serious problems as the initial rail section 

from Prieska to Upington (see Part 1). (Parts 
1 and 2 of this series appeared in the March 
and May 2015 editions of Civil Engineering.)  

SURVEY AND ROUTE SELECTION
The police station at Nakop, on the border between South 
Africa and German South-West Africa (GSWA), is halfway 
between Upington and Kalkfontein. The Upington–Nakop 
or ‘South African’ section is 142 km long and the Nakop–
Kalkfontein or ‘German’ section 135 km. The South African 
section faced a technical obstacle in the form of a belt of sand 
dunes, extending in a north-westerly direction from Upington 
for about 100 km. This area was carefully explored to avoid 
cuttings of any depth to keep the line clear of drifting sand. 
On the German section, the terrain was more mountainous, 
but the engineers had no detailed maps to trace the best route 
to Kalkfontein. A “very thorough and widespread reconnais-
sance” was quickly conducted, and the SAR engineers eventu-
ally opted for a route close to the base of the mountains to the 
south which would minimise difficult climbs. The final route 
is shown in Figure 1.

When the SAR was instructed in October 1914 to con-
tinue the railway line beyond Upington to Kalkfontein, the 
Rebellion was in full swing. Rebel leader General Manie 
Maritz had his headquarters at Ukamas in GSWA, squarely in 



Civil Engineering August 2015 51

the way of the planned rail extension. The military authori-
ties therefore cautioned the railway surveyors not to venture 
beyond Upington. On 20 November 1914, the day that the 
railhead from Prieska reached Upington, Engineer-in-Chief 
Tippett, itching to continue, asked SAR General Manager Hoy 
that an “… arrangement should be made to provide military 
protection for the survey party at once and for the construc-
tion staff later on if found necessary.” The Department of 
Defence cautioned again that it was not safe to survey beyond 
Upington, as enemy patrols in the neighbourhood were ob-
served on a daily basis. Hoy agreed that the survey should be 
postponed. By early December, military intelligence indicated 
that Maritz had retired to the German side of the border and 
the survey commenced forthwith.

The survey party, headed by Engineer Erskine-Murray, con-
sisted of five engineers with two motor cars, mule wagons and 
associated equipment. Their work progressed smoothly up to 
Lutzputs, where they shared a camp with a small body of Union 
soldiers holding the water supply. On 18 January 1915, the 
Lutzputs outpost was overrun by about 1 000 rebels with six 
guns and two maxims. They took 160 prisoners, including the 
entire survey party, also killing one survey assistant during the 

skirmish and wounding another. The rest of the survey party 
was unhurt, soon released and allowed to return to Upington 
along with the other prisoners. However, all their personal ef-
fects, notes and surveying instruments were confiscated and 
disposed of by the rebels. 

The rebels attacked Upington soon afterwards on 
24 January 1915, but were repulsed with losses. Unconditional 
surrender followed on 2 and 3 February. This time, the survey 
party took no chances and waited until a large contingent of 
troops had gone forward to Nakop before they made a fresh 
start on 14 March. As a precaution against possible capture 
by German forces, the Defence Department gave military 
rank and uniforms to all the members of the survey party. 
Hereafter, the survey and staking out of the line continued 
without interruption until the party reached Kalkfontein 
on 28 May 1915. The average rate of progress (survey and 
staking) was 3.6 km/day.

CONSTRUCTION OF THE LINE FROM UPINGTON
The earthworks team, for the same security reasons, also 
had to hold back, only starting at Upington on 4 March. The 
construction to Kalkfontein was tackled in roughly the same 

Figure 1: Railway link between Upington and Karasburg (map by Bruno Martin, published in Tracks across the veld by JNC Boonzaaier, used with permission) 

Figure 2: The harsh, dry terrain just before Kalkfontein 
(Transnet Heritage Library photograph GSWA018) 
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manner used between Prieska and Upington, but some proce-
dures had to be adapted for the different terrain. The surface 
geology from Upington to Kalkfontein was characterised as 
“75% rock, 25% sand” – opposite of what was encountered 
earlier between Prieska and Upington. The sand was mostly 
confined to the belt of sand dunes close to Upington. Cuts 
were minimised to avoid the covering of tracks by drifting 
sand, and a few large embankments were therefore required. 
Westward of the Molopo River (about halfway in the South 
African section) the surface geology changed to closely 
bedded rhyolite boulders – “the heaven had rained rocks” as a 
contemporary engineer described it – which extended almost 
all the way to Kalkfontein. To make cuttings of only 75 mm 
deep, large boulders had to be excavated to a depth of as much 
as 450 mm. The Engineer-in-Charge of earthworks lamented: 
“This seemed to break one’s patience, specially when the rails 
were coming forward at a rate of 4 miles a day. The linking in 
was moving forwards both night and day, 7 days a week, un-
less delayed by material shortage; whereas earthworks gangs 
only worked 6 days a week and only during daylight.” 

As before, deviations had to be made when the earthworks 
team was in danger of being caught by the track-laying team. 
The size and position of the earthworks gangs had to be judi-
ciously managed, while keeping the labour force to the min-
imum: “Although gangs had to be strengthened up, there was a 
limit to the size and number of gangs to be employed, ruled by 
the food, water, tools, etc, requiring transport and the number 
of wagons available.” 

Engineer Walker, in charge of earthworks, increased his 
labour force to five gangs with a total of 350 labourers, sup-
ported by seven wagons (for Prieska–Upington he used three 
gangs with a total of 175 labourers, supported by five wagons). 
Whereas the gangs were spaced 4.8 to 6.4 km apart earlier, 
he now moved them further apart to 6.4 to 12.9 km. It was 
only towards the end of the section, near Kalkfontein, that 
the pressure on the earthworks team eased somewhat: “By 
constant watching and placing gangs in position best suited 
for pressing the work forward, the earthworks were carried 
out without once delaying the rails, but it was not until the 
open country was met with before reaching Kalkfontein that 
the work was easy and headway was made, and it was here 
that the biggest mileage of roadbed was constructed in any 
one day, namely 16 miles, and the minds of everyone on earth-
works were relieved of the worry of keeping out of the way of 
railhead; even the natives shewed pleasure as they knew their 
strenuous time was over and normal working hours again the 
order of the day.” 

The earthworks team started work at Upington on 
4 March 1915 and reached Kalkfontein on 22 June – see Figure 2. 
The earthworks were completed in 95 working days at an average 
rate of 2.9 km/day.

The severe f looding of the Orange River at Upington, 
starting on 1 December 1914, prohibited the continuation of 
bridgework (see Part 2 of this series for a full account of the 
problems encountered with the river crossing at Upington). 
The remaining two wagon ponts, four motor boats and ten 

Figure 3: The last rail being laid before Kalkfontein; note the ends of the German rail at the bottom edge of the photograph  
(Transnet Heritage Library photograph GSWA020) 
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rowing boats could only convey enough track material to 
the northern bank to complete the section from the train 
ferry (then under construction) to the planned main line. 
Meaningful progress with track-laying beyond Upington could 
only begin once the train ferry was completed on 14 March. 
From 14 March to 16 April, the train ferry carried 64 km of 
track-laying material across the river, as well as three locomo-
tives to move the material further down the line. After the 
completion of the temporary bridge on 16 April, the f low of 
track material was further increased and the track-laying team 
moved into top gear. The track-laying team reached Nakop on 
the border on 17 May, and Kalkfontein on 25 June, breathing 
down the neck of the earthworks team who had only arrived 
three days earlier. The placement of the last rail at Kalkfontein 
is shown in Figure 3.

The track-laying was completed in 104 days at an average 
track-laying rate of 2.7 km/day. A breakdown of the progress 
shows a steady improvement. The first part was laid at 1.2 km/
day (when the train ferry limited the full supply of material); 
the second part at 2.8 km/day (the difficult section up to the 
German border); and the third part at 3.5 km/day (when con-
ditions were better with optimised procedures). These average 
track-laying rates would, of course, have been higher were it 
not for the unproductive days when the military claimed the 
completed section for their own use. A new South African 
record of 8.5 km for daily track-laying was set, improving on 
the previous record of 5.2 km/day set only a few months ear-
lier between Prieska and Upington. The new record was set on 

Figure 4: A proud Engineer Prettejohn on completion of the line to 
Kalkfontein (Transnet Heritage Library photograph GSWA005) 
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23 June 1915, two days before arriving at Kalkfontein. Resident 
Engineer Prettejohn, posing at Kalkfontein in Figure 4, had 
reason to be proud and relieved to have reached Kalkfontein 
after starting at Prieska ten months earlier.

WATER MANAGEMENT
A serious lack of water crippled the project from its beginning 
at Prieska. From Prieska to Nakop water was practically unob-
tainable other than taking it directly from the Orange River. 
For locomotives, the groundwater was generally too brackish. 
Where there was no option other than groundwater, engines 
failed frequently, with as many as six or seven “dead engines” 
on some occasions. One can sense the frustration in a tele-
gram sent from site to head office on 10 November: “Engine 
failures again numerous and movements of material to rail-
head practically suspended. … Three total failures within last 
12 hours … train ex Prieska taking 12 to 20 hours to make a 
5 hours schedule run …”

Locomotives therefore had to carry their own water, each 
construction engine fitted with two extra cylindrical tanks of 
23 000 ℓ each. At the start of the project at Prieska, the wa-
tering stations between De Aar and Prieska (serving that line 
since 1905) were the most convenient sources for the engines 
running between De Aar and Prieska. The heavy construction 
traffic demanded much more water than before and, somewhat 
predictably, the watering stations could not keep up and sud-
denly failed. The locomotives starting at De Aar now had to take 
in more water, which had to be brought by rail from the Orange 
River at a point 110 km north of De Aar! Rail water tankers had 
to be procured in considerable numbers and additional tanks had 
to be constructed.

Water was also required for the construction teams with 
their animals, as well as the 135 000 troops and 169 000 ani-
mals transported during the construction period to GSWA. The 
method of watering the animals is shown in Figure 5. From the 
start of the project, the Irrigation Department employed five 
drilling machines to put down numerous boreholes, shown in 
Figure 6. The drilling programme failed to obtain anything but 
an occasional small supply adequate for domestic purposes, but 
quality inadequate for running locomotives. Where ground-
water was found, it had to be carted to the construction areas 
by wagons over very rough country for distances up to 21 km. 
The earthworks team, often far ahead of the railhead, mostly 
had to rely on this source.

The water management problem was most severe in the 
desert-like section between Upington and the border. Some 
relief was offered when the Molopo River (crossing the line about 
halfway between Upington and Nakop, just west of Lutzputs) 
came down in flood during February 1915 – an unusual occur-
rence: “At several places in the valley large lakes were filled and 
two of these, being within a few miles of the railway crossing, 
were tapped and used during construction. One of the lakes, 
being about 4 miles long, 1 500 feet wide and average depth 
6 feet, is expected to last for at least a year.”

From the border at Nakop to Kalkfontein, the water situ-
ation was less severe, as the line, for the most part, skirted 
the base of a series of mountains. The drainage pattern from 
the mountains formed several large valleys with considerable 
runoff in the rainy season. Drilling for water in these val-
leys was more successful, with good supplies of fresh water 
secured at intervals of about 35 km. To make up the balance 
of the water requirements, there was no other option but to 

Figure 5: Water being discharged from a rail tanker into a temporary canvas-lined hollow for watering the mules  
(Transnet Heritage Library photograph GSWA017) 
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bring water forward by locomotive. A f leet of about 15 lo-
comotives was operational during the construction period, 
one a dedicated “water train”. The water train obtained water 
from the Orange River at Upington, from the temporary lakes 
formed by the Molopo, and from a small supply of good water 
pumped from a well at Nakop on the border. 

LINKING UP WITH THE GSWA RAIL SYSTEM
While the SAR was racing to complete the rail to Kalkfontein, 
a similar effort was under way by the South African 
Engineering Corps (SAEC) to restore the line beyond 
Kalkfontein to working condition. The SAEC was a formal 
military unit, commanded and predominantly staffed by SAR 
officials, operating full-time in enemy territory and under di-
rect military control. The SAEC, which had to obtain all their 
equipment and supplies by ship from Cape Town via Lüderitz, 
started their work of fixing the sabotaged railway line and 
blown-up bridges at Lüderitz, working their way towards 
Keetmanshoop as the military campaign slowly progressed 
over the difficult barrier posed by the Namib desert. The line 
from Kalkfontein joined the Lüderitz–Keetmanshoop line at 
the Seeheim junction. The repair work posed its own chal-
lenges, not covered here – suffice to say that it took 58 days to 
get the last 302 km before Seeheim back into operation. The 
repair team, under command of SAR Engineer Cocks, reached 
Seeheim on 29 May 1915. 

While the main SAEC repair team under Cocks con-
tinued on the main line towards Keetmanshoop, a second 
SAEC party, under command of Captain Bateman, arrived at 
Seeheim to get the Seeheim–Kalkfontein branch line into op-
eration. The total length of the Kalkfontein–Seeheim section 

Figure 6: One of the five rigs drilling for groundwater to 
supply the Prieska–Kalkfontein railway line  

(Transnet Heritage Library photograph 18679)
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is 286 km. The Bateman party started on 8 June and arrived 
at Kalkfontein on 21 June, recording remarkable average pro-
gress of 20.4 km/day. Bateman’s repair party from Seeheim 
reached Kalkfontein only four days before Prettejohn’s track-
layers did the same from Upington. Another SAEC milestone 
was reached on the same day, 21 June 1915, when the German 
rail system allowed through traffic all the way from Lüderitz 
via Keetmanshoop to Windhoek, and back to the coast at 
Swakopmund. This only left the extension to the north, from 
Karibib to Otavi, damaged and incomplete. Reconstruction 
from Karibib started on 21 June. At the time of the German 
surrender on 8 July at Otavifontein, the railhead had already 
progressed 216 km beyond Karibib, 121 km short of Otavi. 
By 16 July 1915, the line was through to its terminus at 
Grootfontein, with all railway lines in GSWA repaired and 
connected to the South African rail system.  

In retrospect it almost seems as if all the activities at the time 
were choreographed to climax during June/July 1915. Figure 7 
provides a timeline to cover the railway activities during 1915, and 
how they meshed with the military conclusion of the campaign.

PERSPECTIVES ON THE  
PRIESKA–KALKFONTEIN RAIL LINK
Military benefits
Looking at the entire GSWA campaign, there is no doubt that the 
advance of the railways within GSWA, closely following the mili-
tary frontline, was a key ingredient to its success. A modern anal-
ysis of the campaign comes to the conclusion that “… because 
the war for Namibia was fought for, along, and through railway 
tracks it is best described as a ‘railway war’.” But cynics may 
claim that the huge effort invested in the Prieska–Kalkfontein 
rail link contributed little to the success of the military cam-
paign. What good is a railway line completed only two weeks 
before the final surrender of the enemy? 

The military benefits of the line were twofold. First, the 
military had control over the line and claimed it for their own 
use as they wished. Materials were conveyed as far as pos-
sible by rail and thereafter by donkey, mule and ox wagons. 
From August to December 1914 (when the Prieska–Upington 
section was built) some 135 000 troops and 169 000 animals 
were transported and 613 special military trains were run. 
The military use of the line continued as it advanced from 
Upington to Kalkfontein. Military depots were formed along 
the line to shorten wagon and road transport as much as pos-
sible. The five depots were at Draghoender, Keimoes Road, 
Lutzputs, Langklip and Nakop on the border. Second, the 
contribution of the line immediately after the campaign might 
have been even greater. After surrender of the German forces, 
the South African government was anxious to return its 
troops and war equipment to the Union. At this time, South 
Africa was preparing to send troops to its second campaign 
of World War one, this time into German East Africa (today 
Tanzania) which required a speedy mobilisation of men and 
material, mostly the same resources tied up in the GSWA 
campaign. The return of 26 000 troops and 60 000 animals in 
about three weeks was a massive operation. Lines in GSWA 
that normally had two trains per week, now had to handle 
four trains per day, forcing trains to also run at night for the 
first time. Some troops and supplies were returned by ship via 
Walvis Bay and Lüderitz, all the rest by rail via Upington. 

The contemporary press freely acknowledged the railway 
contribution to the military campaign: “As General Manager 
of the SAR he [Hoy] did brilliant work in connection with the 
rebellion and the South-West campaign, the rapid transport 
of troops having much to do with the success of the military 
operations in both cases.” (Potchefstroom Herald in 1916) 
“That Sir William Hoy well deserved the knighthood which 
has been conferred upon him will be admitted by all who have 
any idea of the immense amount of work which fell to the lot 
of the Railway Authorities in this country in the last sixteen 
months.” (Rand Daily Mail in 1916) “The part played by the 
Upington connection has been of incalculable service to 
General Botha in the prosecution of his successful campaign.” 
(The Railway Gazette in 1915) 

A military historian, after studying the railway contribu-
tion to the campaign sixty years later, agreed: “The value of the 
Railways’ contribution was immense. It was true indeed that the 
SAR&H rendered unique services without which the suppression 
of the Rebellion and the advance into GSWA would have been 
enormously complicated.” 

Engineering excellence
The SAR, understandably, was bursting with pride after suc-
cessful conclusion of its project: “Yet, despite dangers and delays 
beyond their control, the civilian engineers and staff of the South 
African Railways Administration, who planned and executed the 
work, carried on unperturbed, and for solid and rapid workman-
ship established what even under peace conditions would have 
been a record for South Africa, and will rank high with railway 
construction achievements elsewhere.” … “But if, on the whole, 
the engineering was straightforward, the retarding circum-
stances under which the engineers had to work, and the rapidity 
with which, nevertheless, they did work, make the Prieska–
Kalkfontein line one of the noteworthy feats in the annals of 
railway construction.” 

The SAR project was recognised by their fellow South 
African engineers when William Ingham, president of the South 
African Institution of Engineers, congratulated William Tippett 
and his engineers of the SAR. Accolades from other quarters 
were earlier received when the line reached Upington. At the end 
of the campaign, appreciation for the entire railway contribution 
was expressed by the Prime Minister and Commander-in-Chief, 
General Louis Botha: “General Botha telegraphs appreciating 
excellent services and sends congratulations on success attained 
railway construction.” 

Military versus railway objectives
Most archival material paints a picture of smooth, harmonious 
cooperation between the railway engineers and the military 
commanders during the GSWA campaign. A typical example is a 
letter from Military Command Cape Town to General Manager 
Hoy: “I have to acknowledge and express my great appreciation 
of the most satisfactory arrangements which were made by the 
South African Railways in dealing with military traffic during 
the last four months. Particularly during the first two months of 
mobilisation, when it was often found necessary to order trains 
at very short notice, and sometimes to cancel or alter them at 
the last moment, was the smooth working of the system and the 
energy and willingness of the South African Railway officials and 
employees most noticeable ...” 
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There is reason to believe that this was generally true. But it also 
has to be recognised that the soldiers and the engineers had different 
objectives, which would inevitably clash at times. A typical situation 
during the campaign was described by a military historian: “If a 
commander urgently wanted rail transport, he frequently overrode 
the railwaymen to get his way. Many acts of interference occurred, 
and rail operations during the Rebellion were notable for ill-feeling 
between defence and railway authorities, un-cooperation in some 
instances and a good deal of frustration to both parties.” 

Conflicts of this kind were frequent enough to prompt 
General Manager Hoy, after the conclusion of the campaign, 
to voice the frustrations from the railway perspective: “[The 
Department of Defence’s] methods have been most exasperating 
at times during the past three years and have resulted in much 
avoidable inconvenience and expense …”

Similar frustration from a military perspective was voiced 
by no less than an irritated General Louis Botha, in a private 
note to General Smuts written at the height of the campaign on 
23 May 1915: “Hoy with all his engineers has caused chaos … I 
have already made all sorts of plans, but it is now becoming clear 
to me that our forward movement is being delayed by the clumsy 
feebleness of engineers, and because of these Collins and Beaton 
[SAR engineers commanding the SAEC] should never be in such 
responsible positions, and I fear that Hoy listens to them too 
much. However, it is damned discouraging …”

Botha, in this instance, was probably reacting to a delay caused 
by local problems, rather than registering a general complaint 
about the railway engineers. These mutual frustrations were not 
unique to this campaign. At their core, the frustrations stem from 
the fundamental difference between military engineering and civil 
engineering. An eminent military engineer at that time encapsu-
lated the essence of military engineering: “… the fundamental eco-
nomic principle of military engineering is that time is of essence, 
and cost and durability of works are ordinarily matters of minor 
importance. The quickest makeshift is usually the best solution. 
Simplicity must characterise all designs. Materials which are avail-
able at or near the site must be utilised to the fullest possible ex-
tent. … The highest expression of the skill of the military engineer 
is this very simplicity and the rapid adaptation of his designs to the 
tactical requirements of the situation and to the resources in men, 
tools, materials and time at his disposal.”

The railway engineers, however, were clearly bent on building 
well, and building for the future: “These railways [the lines in 
South-West Africa] were so designed and constructed as to be 
likely to be useful for commercial purposes after the war …”

Animal versus machine power
The construction of the rail link relied heavily on animal power – 
thousands of mules, donkeys, horses and oxen were used to haul 
water, food supplies, rails, sleepers and other paraphernalia to 
sustain hundreds of men in the desert, far away from any ameni-
ties. It may strike the modern reader as strange to see this heavy 
reliance on animal power with no mechanical assistance other 
than the steam locomotive. This same question was raised by 
someone in response to a paper presented to the South African 
Society of Civil Engineers (the forerunner of the current SAICE) 
by Resident Engineer Prettejohn in 1916. This person wondered 
“whether, from an economical point of view as well as from a 
question of rapid progress, it would not have been better to use 
a track-laying machine in lieu of such large gangs of natives and 

Figure 8: The Boer-and-Briton cartoon from the  
South African Railways and Harbours Magazine, January 1915

Figure 7: Construction of the rail connection between Upington and 
Kalkfontein in 1915 
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mules?” (Two such American machines were then known to 
be commercially available – the “Hurley” and “Harris” track-
laying machines, the latter being perfected during the preceding 
36 years.) Prettejohn responded that the manpower savings re-
alised by the track-laying machines might not translate into cost 
savings in South Africa, the wages being lower than in America. 
Regarding their claimed speed of track-laying, Prettejohn would 
only be convinced after proved by a “lengthy trial”. Furthermore, 
Prettejohn argued that the overall speed of construction was not 
limited by the track-laying, but by other factors – he stated that 
“there is no trouble in placing in a mile of track in favourable 
country, hauling both sleepers and rails with mules, in 6 hours”.

[In broader context, World War One was on the cusp of the 
transition from animal to machine. The military campaign in 
GSWA hinged on both the railways, and the speedy and surprise 
advances of cavalry (mostly by former Boer fighters), supported 
by more conventional infantry and artillery – a campaign often 
described by military historians as the last full use of cavalry 
before the era of completely mechanised warfare.]

Contribution to nation-building
The Union of South Africa in 1914 was struggling with a process 
of conciliation between Afrikaners and English, very similar to 
our own broader nation-building efforts of today. The act of en-
tering World War One as an active participant, at the time, was 
seen by some as an opportunity to unify Afrikaners and English 
in the face of a common enemy. More specifically, the hard work 
and focused effort required for the Prieska–Kalkfontein rail link 
was a possible vehicle for closing these divisions within the SAR, 
suggested by a cartoon in the SAR magazine reproduced here as 
Figure 8. A modern observer suggests that this did materialise to 
some extent: “The conquest of the new territory was part of the 
establishment and unification of the new South African nation.”

Geo-political objectives
World War One came at a time when boundaries and forms of 
government in southern Africa were fluid. Present South Africa, 
Botswana, Zimbabwe, Zambia, Lesotho and Swaziland were all 
in the British sphere of influence; GSWA was a German colony, 
and Angola and Mozambique under Portuguese control. During 
the convention in 1908, which laid the groundwork for unification 
in 1910, observers from both Rhodesia and Mozambique were 
present. In 1922, a referendum was held in Rhodesia about possibly 
joining the Union of South Africa, but the option was rejected. At 
the time, the region was still seen to be in flux, with the possibility 
of a reconfiguration and/or amalgamation of states. 

When England asked for South Africa’s engagement in GSWA, 
it was limited to the destruction of the radio stations in Lüderitz, 
Windhoek and Swakopmund. But, it is now claimed, “the military 
campaign was conceptualised as a long-term territorial expan-
sion right from its beginning in August 1914”, and therefore the 
railway link was motivated by long-term geo-political considera-
tions rather than military exigency. It is difficult to see how the 
Windhoek radio station could have been eliminated without a full-
scale invasion, and equally difficult to imagine that South Africa 
and GSWA, whilst officially at war, could amicably share a border 
for four years, but that is another matter. The motivation for South 
Africa wanting to occupy GSWA is claimed to be the diamond 
deposits in the south, and the potential to resettle large numbers of 
South African farmers in GSWA.

South Africa’s occupation of South-West Africa continued 
for many decades, heavily contested on international platforms 
during the second half of the 20th century. South Africa eventu-
ally withdrew, and Namibia gained its independence in 1989. 
The rail systems of both countries remain connected and the 
Prieska–Kalkfontein (Karasburg) rail link is still in operation, 
one hundred years after initial construction.

CLOSING NOTE
The history of warfare deals mostly, and rightly, with strategy, 
acts of valour and other activities close to the battle lines. 
Limited emphasis is placed on the quiet, less glamorous contri-
butions of those that provide the logistics and infrastructure in 
support of frontline activities. The GSWA campaign of 1914/15 
is a good example where the construction of the Prieska–
Kalkfontein railway line had been largely ignored in official ac-
counts. A contemporary reporter said it best:

“The public thinks vaguely of columns of men marching into 
the enemy’s country. But they know nothing … of the immense 
labour entailed merely in protecting these columns from hunger 
and thirst in a land destitute of all sustenance … This complex 
enterprise has been in progress for months without the general 
public having the faintest idea of what it entails … the transpor-
tation of tens of thousands of men and horses over the Union 
railways, with batteries of artillery and tons of equipment; the si-
lent embarking of brigade after brigade, regiment after regiment; 
the shipping of thousands of tons of beef and mutton, flour and 
groceries, to say nothing of thousands of tons of forage for the 
horses and tens of thousands of tons of sleepers, rails, locomo-
tives, general rolling-stock, and other material; the construction 
of railway lines, and the maintenance by rail, motor, and mule 
transport, of supply trains as the several wings of the expedition 
advanced …”

Modern South Africans may question the political motives 
and sentiments of those living a hundred years ago. We could 
all agree on one point, though – the construction of the rail link 
between Prieska and Kalkfontein represents one of the finest 
examples of dogged determination, urgency and engineering 
ingenuity in the annals of South African civil engineering.

NICHOLAS KINGSWELL 
PRETTEJOHN (1872–1935)
Nicholas Kingswell Prettejohn 
was born in England on 13 May 
1872. At the age of 14 he started 
his engineering studies under 
Professor Tweedie at the Cheveley 
Hall School in Plymouth. In 1888 
he enrolled as a private student 
and pupil engineer of Professor 
Fairweather at Watts College in 
Edinburgh, where he did general 
railway work, survey and bridge 
designs. The first ten years of 

his career took him to Spain (construction of the 176 km railway 
between Algeciras and Bobadilla), Brazil (survey and construc-
tion of the Great Southern Railway from Sao Paulo to the border 
with Uruguay), Colombia (in charge of survey for the Antioquian 
Railway) and Chile (in charge of surveys for the Lunturo Nitrate 
Company). At the age of 26, he arrived in South Africa in 1898 
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to work on the new Pretoria–Pietersburg railway line, a project 
interrupted by the South African War in October 1899. Prettejohn 
joined Thorneycroft’s Mounted Infantry at the start of the war as 
Lieutenant, and rose to Captain. He was mentioned in despatches 
by Lord Kitchener on 23 June 1902, and resigned on 30 June 1902 
after the Peace of Vereeniging.

On 20 October 1902, Prettejohn joined the Central South 
African Railways (CSAR) as Divisional Engineer. From 1902 to 
1911 he was posted to ten different railway survey or construc-
tion projects all over the Orange Free State and Transvaal. Soon 
after the CSAR dissolved into the South African Railways (SAR) 
after unification, Prettejohn was appointed as Resident Engineer 
in 1911 and continued to be involved in surveys and construction 
projects “too numerous to mention”. From April 1913 to October 
1913 he was the Acting New Construction Engineer, in other 
words in charge of all new lines being built. From November 
1913 he was posted to take charge of the construction of the 
Carnarvon–Calvinia line, a task “that required special attention”. 
In August 1914, an even greater task was laid upon him when he 
was appointed as Resident Engineer-in-Charge of the Prieska–
Kalkfontein railway line – certainly one of the most difficult 
railway projects ever undertaken in South Africa which earned 
him a Distinguished Service Order.

After completion of the Prieska–Kalkfontein line, Prettejohn 
was sent to inspect the railways in East Africa, reporting to 
General Smuts. From here, with World War One still raging 
in Europe, he travelled at his own expense to London to seek 
a commission with the Imperial Railway Staff. This took him 
to France and later Mesopotamia. Back with the SAR in South 
Africa, he returned to new construction projects. In 1924, he was 
put in charge of the new narrow-gauge George–Knysna line, later 
our famous Choo-Tsjoe tourist line, now sadly closed. His final 
assignment in 1928 was as Resident Engineer New Works based 
in Cape Town Harbour, where he supervised the moving of the 
locomotive yard and running sheds from Cape Town to Salt 
River, the Cape Town–Woltemade line, and the breakwater ex-
tension and a new basin at Cape Town harbour itself. He retired 
on 1 August 1931 as Resident Engineer (Cape Town) at the age of 
59 and died in 1935. At the time of his death, he was credited as 
“the Engineer who had built more railways in the Union than any 
Engineer then in the Service”.

Prettejohn was a Member of the Institution of Civil Engineers 
in London and the South African Society of Civil Engineers. 
He was one of the most colourful characters of the SAR, a great 
raconteur who loved to regale his personnel in the evenings in 
the construction mess, usually with stories about his early years 
in South America. One of his colleagues recalled: “[Prettejohn] 
once kept me entertained at Carnarvon for three afternoons, 
without repeating himself, while we were awaiting transport for 
inspecting the route from Carnarvon to Calvinia …”
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MARKET 
CONTRIBUTION

SAFRIPOL – 
RECOGNISED 
LEADER IN THE 
MANUFACTURING 
OF HDPE RESIN 
FOR PE100 PIPE 
SAFRIPOL IS THE recognised leader in 
South Africa in the supply of premium, 
world-class PE100 high-density polyeth-
ylene (HDPE) grades which are used in 
pressure pipes for water conservation and 
delivery, waste management, and mining 
and gas applications. Safripol uses its 
unique polymerisation technology, polymer 
expertise, global alliances and application 
know-how to develop ground-breaking 
solutions to meet the needs of the growing 
HDPE pressure pipe market. Safripol adds 
value to South Africa’s water conserva-
tion efforts by converting valuable natural 
resources into high-value petrochemicals 
and plastics. These in turn are used to 
create innovative, engineered pipe solu-
tions that are leak-tight and perform long-
term, with reduced maintenance costs 
when compared to more traditional pipe 
materials such as steel and concrete.

HDPE pipe was developed more 
than 50 years ago by Hoechst (now 
LyondellBasell) and one of the first applica-
tions of these early pipe resins was for the 
transport of drinking water. Although these 

early-generation materials had relatively low 
slow-crack growth resistance by today’s 
standards, testing carried out by DVGW 
(the German Technical and Scientific 
Association for Gas and Water) did not 
show any signs of premature degradation. 
Today’s modern PE100 pipe materials, such 
as Safripol’s iMPACT 100®, continue to raise 
the bar for performance. An excellent track 
record, coupled with continuous product 
development and improvement, gives 
specifiers and end users trust in the product 
and continued peace of mind.

Safripol, previously a Hoechst com-
pany, is a LyondellBasell licensee and is 
the only South African manufacturer of 
HDPE resin for PE100 pipe. iMPACT 100® 
was developed by Safripol in partnership 
with Australian high-density polyethylene 
manufacturer Qenos, also a LyondellBasell 
licensee, and exceeds pipe manufac-
turers’ and standards authorities’ require-
ments.    

Underpinning the development and 
continuous improvement of iMPACT 100® 
is rigorous-type testing and QC testing car-
ried out at regular intervals. This ensures 
that iMPACT 100® continues to exceed the 
requirements of the ISO and SABS stand-
ards for long-term hydrostatic strength, 
resistance to slow-crack growth and resist-
ance to rapid-crack propagation.   

HDPE pressure pipe is an engineered 
product required to withstand internal 
pressure and external influences for up to 
100 years. All testing – carried out on finished 
pipes – is designed to evaluate the material 
far beyond the requirements of in-service 
conditions experienced in the field during 
installation, commissioning and service. 
This testing is also applied to notched pipe 
samples which simulate possible damage 
caused during pipeline installation. With the 

support of Safripol’s technical services and 
development engineers, this data can be 
used by pipe designers and engineers to 
maximise pipe service life, safely reduce con-
tingencies and optimise usage temperature.

Close involvement in the local pipe 
industry ensures that local product and 
processing requirements are fully under-
stood and incorporated into each product 
design. Safripol’s technical services and 
development engineers are recognised for 
their analytical capabilities and expertise, 
and are supported by an extensive tech-
nical centre and manufacturing facilities. 
This ensures professional advice and 
support for the process optimisation of 
iMPACT 100® at any pipe manufacturing 
facility in South Africa.

iMPACT 100® pipe resin was used to 
manufacture the 630 mm diameter pipeline 
that connects the Cunene River in Angola 
with the towns of Xangongo, Ondjiva and 
Mongua. This project now uplifts these 
communities who previously had no ac-
cess to drinking water. This is proof that 
iMPACT 100®, produced in South Africa, is 
a world-class product ideal for use in dif-
ficult and challenging local conditions.

 INFO

Safripol 

+27 11 575 2931 

info@safripol�co�za 

www�safripol�com

WATER-SAVING 
SOLUTIONS FOR THE 
SOUTH AFRICAN 
INDUSTRY 
SOUTH AFRICA IS a water-scarce country 
and it is essential that heavy industries such 
as mining and wastewater treatment con-
serve this precious resource. Environmental 
solutions company I-CAT promotes water 
efficiency by continuing to develop the latest 
technology and solutions for its clients. 

Not only is the quantity of the avail-
able fresh water a major issue, but the 
declining quality of this resource also has 
to be contended with. Thus South Africa’s 
industrial base has had to prioritise water 
management. “This has placed the spot-
light firmly on I-CAT’s suite of products and Safripol’s HDPE resin for PE100 pipe 
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services developed specifically to optimise 
water-effluent management,” says I-CAT 
technical manager Morné van Wyk.

“It is imperative that local operations 
are as efficient as possible in terms of 
water use. It is for this reason that major 
industrial sectors such as mining and 
wastewater treatment have been com-
pelled to look much more carefully at their 
water management policies.”   

Water resources in the southern 
African region are already almost fully 
utilised and under considerable stress as a 
result. At the projected population growth 
and economic development rates for the 
region, it is unlikely that the anticipated 
demand for water resources will be sus-
tainable in the long term. 

Hence supply is expected to become 
a major restriction in terms of both the 
quantity and quality of the water that is 
available. It is imperative that South Africa 
especially, as the leading economy in the 
region, develops a water-efficient economy 
in conjunction with inculcating water 
conservation as a social ethic. This should 
ultimately create a culture of sustainable 
water use in industry. 

The fact that water is such a precious 
and scarce resource not only demands its 
preservation, but means that water-effluent 
management has to be both financially 
viable and practical for industry to embrace 
it. I-CAT’s strong focus on innovation gives 
it a leading edge in customising solutions 
for specific customers and industries. 

An example of the company’s proactive 
approach to water conservation is the fact 
that it recently tendered on a major project 
to supply technology that would accelerate 
evaporation of excess water on tailings 
dams. The proposed solution represents a 
unique combination of I-CAT’s water purifica-
tion systems and misting cannon technology.

“Our proposal was well received by the 
client, and trials are under way to prove the 
concept,” Morné confirms. The principle 
of accelerated evaporation is being looked 
at as a more cost-effective and efficient 
alternative to energy-intensive methods 
such as reverse osmosis, chemical dosing 
or desalination. 

Traditionally evaporation is carried 
out in solar evaporation ponds. However, 
this process is slow and requires a large 
surface area in order to be as effective 
as possible. Natural solar evaporation is 
often limited by land availability as a result. 
In addition, one not only has to take into 
account the cost of building additional 
storage ponds, but also the added cost of 
clean-up and re-vegetation requirements.

Mechanical evaporation machines, on 
the other hand, can augment natural solar 
evaporation by being up to 14 times more 
efficient than the total area covered by a 
traditional solar evaporation pond. 

The machines offer the added benefits 
of being compact and reliable, as well as 
highly efficient. This means that they can 
be transported to different sites as and 
when required. This technology presents a 
low-cost enhancement of evaporation from 
existing containment ponds, or to minimise 
the surface area of any new pond that 
needs to be built.  

Water-atomising evaporators available 
from I-CAT Environmental Solutions op-
erate by compressing air through a tapered 
barrel via a fan to propel water droplets 
through an array of nozzles. These nozzles 
are used to control the precise size of the 
water droplets. This technology is best 
suited for larger areas where the waste-
water contains less dissolved solids with a 
small particle size. 

I-CAT has invested in a considerable 
amount of research and development into 

optimising the evaporation process. “We 
are in the process of introducing some of 
our latest innovations in this regard to our 
customers. This will ultimately form part 
and parcel of the wide array of solutions 
that we are able to offer,” Morné continues. 

Another example of the type of evapo-
ration enhancement technology offered 
by I-CAT is its range of water-fracturing 
evaporators. These operate by means of 
a high-speed fan and are best for smaller 
areas where the wastewater contains high 
solids with a large particle size.

“The large-scale development of such 
pioneering technology is testament to 
I-CAT’s capability to develop practical and 
cost-effective solutions for everyday prob-
lems and broader industry issues faced 
by our clients, which include the pressing 
need to conserve water, not only in South 
Africa, but throughout the region,” Morné 
concludes.

 INFO

www.i-cat.co.za  

ENVIRONMENTALLY 
SAFE DUST 
SUPPRESSION 
PRODUCT 
EFFECTIVE DUST suppression has become 
increasingly important in order to comply 
with environmental, health and safety leg-
islation. Numerous industries are looking 
for cost-effective and environmentally safe 
solutions in order to comply with air quality 
regulations, and more specifically with the 
National Dust Regulations of 2013. 

I-CAT Environmental Solutions offers a 
solution called GreenBit which can assist 
clients looking to implement best practice 
technologies to ensure compliance and 
performance regarding dust emissions and 
air quality. 

I-CAT Environmental Solutions director 
Lourens Janse van Rensburg notes that 
the GreenBit solution has various applica-
tions and is not only limited to the mining 
industry. “The product is offered to multiple 
sectors and road agencies for application 
on unsealed gravel roads in any area.”

Lourens adds that the need for dust-
suppression products that reduce the im-

I-CAT’s misting canon technology is a cost-effective and efficient method 
to accelerate evaporation of excess water for large bodies of water 
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pact on available water resources and the 
surrounding environment is crucial in South 
Africa which is a water-scarce country. 
“GreenBit is water-soluble and easily in-
corporated into routine dust suppression 
procedures with no requirement for special 
equipment or handling precautions.”

GreenBit has also been designed to 
be less harmful to the environment than 
traditional bitumen-based road sealants, 
because of its natural active ingredients. It 
produces a durable, smooth and dust-free 
surface with lengthy intervals between 
maintenance applications. 

GreenBit has been applied on various 
mines, and I-CAT Environmental Solutions is 

currently in a six-month paid trial on a copper 
and cobalt mine in the Democratic Republic 
of Congo, which started in April 2015. To 
date, the results from the application of 
GreenBit have been extremely encouraging – 
the clients have seen the benefits of cost and 
water savings, the use of a more environ-
mentally-friendly solution, improved grip on 
the roads and dust-free road surfaces. 

What’s more, GreenBit recently ob-
tained Ecospecifier Verified Product status 
from the Ecospecifier Verified Product 
Programme. The programme ensures 
that products have been independently 
assessed according to the Verified 
Product Programme Standard whereby all 
manufacturers’ eco claims are verified in 
accordance with ISO 14021 and consumer 
law, and that products are healthy and 
non-hazardous.

 INFO

www.i-cat.co.za    

DESIGN SOFTWARE 
FOR ENGINEERING 
MINDS 
THE KNOWLEDGE BASE software devel-
opment team pride themselves on devel-
oping software which is ‘built by engineers 
for engineers’. But what does this tagline 
mean and what sort of software tools does 
a consulting engineer really want?

Company CEO and software architect 
Vincent Bester emphasises the importance 
of the following four characteristics of 
software design tools which appeal to the 
engineering mind:

 Q Designing from the ground up
 Q Design autonomy
 Q Researched methodology 
 Q Data format compatibility.  

These four characteristics in turn have pro-
vided a framework for the ongoing devel-
opment of Civil Designer, an infrastructure 
design package which spans the terrain 
modelling, roads and hydraulic network 
design fields.

DESIGNING FROM THE GROUND UP
Many infrastructure design programs are in 
fact just CAD packages with some added 
design elements. In practice, however, the 
civil engineering professional is required to 
work in a holistic design environment en-
compassing an in situ and realistic analysis 
of the project context. 

The upstream data analysis of a gravity 
network is as significant to the design 
process as the modelling of the network 
itself. Potential service clashes and catch-
ment point data, for example, allow the 
necessary idiosyncrasies of a design to be 
determined so that it can be properly mod-
elled. Likewise, hydraulic networks require 
an analysis of demand patterns and pump 
station specifications. In the latest ver-
sion of Civil Designer it is even possible to 
model borehole pump supplies and water 
quality attenuation.

The well-known computer science 
acronym GIGO (garbage in, garbage out) 
could equally be stated NIGO (nothing in, 
garbage out). Upstream data and realistic 
analysis cannot be overlooked when the 
integrity of a final design is at stake. 

DESIGN AUTONOMY 
Not all civil engineers agree on the best 
methodology for tackling specific design 
challenges. In addition, every project is 
unique, and different environmental factors 
necessitate different design approaches. 
The experienced designer needs the 
flexibility to make use of software tools 
according to specific project specifications. 

For example, cut-and-fill quantity 
optimisations can be calculated via band, 
prism or contour methods, depending on 
the terrain at hand, and stormwater runoff 
can be predicted using the Rational, Illudas 
or SWMM models, depending on the pref-
erence of the engineer. The software must 

GreenBit, a particularly effective dust suppressor, is manufactured locally by I-CAT 

GreenBit is a natural binding agent which 
makes it ideal for dust suppression
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implement proven methodologies, but 
leave the engineer with the opportunity to 
manipulate the process according to his or 
her preferred approach.

When a particular methodology is 
implemented, the engineer also needs to 
maintain full control over the design compo-
nents and adjust the process where neces-
sary. For example, the vertical alignment 
design of a large roundabout may be com-
pleted using the widely accepted Stockdale 
method, but the designer should be able to 
adjust the outcome according to his unique 
requirements at any stage before the final 
production drawing is generated.

RESEARCHED METHODOLOGY
While certain methodologies are popular 
in particular fields of engineering, they do 
not always provide the optimum approach 

to a design problem. A case in point is the 
Colebrook-White equation which is widely 
used for water pipeline hydraulic loss 
calculations. It is an established standard, 
but due to the implicit complexity of the 
friction factor, is slow and impractical to 
use in commercial applications. To over-
come this difficulty numerous approxima-
tions and variations of the equation were 
developed. However, the question is how 
these actually measure up in terms of ac-
curacy and usability.

Senior software developer and water 
engineer Kosta Tutunovic explains that, 
“Before the release of Civil Designer 2015, 
tests were carried out on more than twenty 
formulae approximating the Colebrook-
White equation. The most accurate was 
the Goudar-Sonnad solution (accurate 
to 12 significant digits), but the simplified 

Serghides solution proved preferential 
when the speed of execution was given 
priority in addition to the level of accuracy 
of the final result. The most popular equa-
tion, the Swamee-Jain, was among the 
worst performers!”

DATA FORMAT COMPATIBILITY 
Not only is DWG/DXF compatibility and the 
means to draw upon libraries of industry 
standard specifications a necessity, but 
it is also important to take advantage of 
niche tools and new technologies. 

Hec-Ras data and the Google Earth 
KML technology serve as examples of 
niche file formats, which are nonetheless 
important industry tools, and interoper-
ability with such formats needs to be sup-
ported.

CONCLUSION
These four factors, in combination with the 
unrivalled support and training services 
provided by the Knowledge Base soft-
ware house, work together to support the 
proposition that Civil Designer really does 
provide the infrastructure design specialist 
with a design system which is ‘built by 
engineers for engineers’.

 INFO

Rod Harris 

Knowledge Base Sales (Pty) Ltd 

+27 21 701 1850 

rod@knowbase�co�za  Borehole hydraulic modelling in Civil Designer 2015

Stockdale roundabout design in Civil Designer 2015
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S A I C E  A N D  P R O F E S S I O N A L  N E W S

FRANS DRUYTS, for 52 years a very 
valuable member of the civil design 
team of the Department of Water 
Affairs, passed away on 17 June 2015 
at the age of 73 after an illness of 
two months.

Frans was born on 24 February 1942 
in the midst of the Second World War 
in Tilburg in the Netherlands. After the 
war the Druyts family moved to Cape 
Town, and in 1959 Frans matriculated 
from the Zwaanswyk High School in 
Retreat. At the start of 1960 he boarded 
the train to Pretoria where he was em-
ployed as a Learner Technician by the 
former Department of Water Affairs. 
This marked the start of a long and suc-
cessful career, not only as a civil servant 
serving his adopted country with dis-
tinction, but also as a very prominent 
member of the design team responsible 
for bulk raw water infrastructure. Frans 
later announced with great proudness 
that his career had started as a tea-boy, 
because the most junior official in the of-
fice always had to take responsibility for 
the refreshment breaks. This, however, 
later stood him in good stead when he 
became the ‘refreshment manager’ of the 
tennis club which he joined!

Obituary 
Frans Druyts
1942–2015
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In 1963 Frans obtained his 
National Diploma for Technicians 
(Civil Engineering Draughtsman) 
from the Pretoria Technical College. 
For the next ten years he was part 
of the Concrete Dam Design Group 
where he worked with the late Frank 
Hollingworth, also a distinguished 
dam design specialist. During this 
time he was involved in the draughting 
and minor design of many dams, in-
cluding the Gubu, Blyderivierspoort, 
Da Gama, Welbedacht, Buffelskloof, 
Glen Alpine and Lakenvallei Dams 
and the Loskop Dam Raising. During 
this period Frank motivated Frans 
to further his career in civil engi-
neering by continuing his studies.

I met Frans in 1972 in the third-
year civil engineering class (about 150 
students) at the University of Pretoria. 
Frans was a conscientious student, 
usually sitting in the second row of the 
class and it was therefore no surprise 
that he graduated in 1973. He also 
received the prize for the best design 
by a final-year student in civil engi-
neering, which a year later was used for 
the construction of the Miertjieskraal 
Dam, indeed an exceptional achieve-
ment! Frans was once again a full-time 
employee of the Department, attached 
to the Concrete Dams Group.

His first assignment after gradu-
ation was the design of the 57 m high 
Hans Strijdom (now Mokolo) rockfill 
dam. With the design done Frans was 
transferred to site in 1976 to become a 
member of the contracting team and to 
gain practical experience for registra-
tion purposes. By 1977 Frans was a reg-
istered professional engineer and it was 
time to return to the design office in 
Pretoria to pursue his real love, i.e. the 
design of bulk raw water infrastructure.

During the period 1978 and 1980 
Frans supervised the design of the 
Braam Raubenheimer (now Kwena) 
Dam, Vaal Dam Raising, Jonkershoek 
Tunnel System and Kleinplaas Dam.

In 1980 Frans was promoted to 
head of the Canal Design Section, 
supervising many canal projects, at 
that time including the Rama pro-
ject, Vaalhartz drainage, Makatini 
Flats, etc. During this time Frans 
became a member of SAICE.

A year later he was transferred to 
become the head of the Department’s 
Materials Laboratory, responsible 

for the material investigations and 
concrete mix designs for all depart-
mental projects. Those were the 
heydays of bulk water infrastructure 
development by the Department. 
Some of the dam projects that come 
to mind are the Kogelberg, Rockview, 
Heyshope and Zaaihoek Dams.

By 1986 Frans had moved on to 
head the Earth and Rockfill Design 
Section of the Department. Here 
he was responsible for the design of 
the Lower Fish River government 
waterworks, Glen Melville Dam, 
Glen Boyd Dam, Spitskop Dam re-
pairs, Morgenstond Dam Raising, 
Mlazi Canal repairs, Kwaggaskloof 
Dam repairs, Roodekoppies Dam 
and Inyaka Dam to mention a few.

The regulations relating to dams with 
a safety risk were introduced in 1986. 
Frans became one of the first engineers 
to be trusted with the responsibility of 
serving as an Approved Professional 
Engineer. He performed this duty with 
great success for many of the dams with 
a safety risk. His final assignment as an 
Approved Professional Person (new legal 
description) was for the 88 m high De 
Hoop Dam on the Steelpoort River con-
taining more than 1 million cubic metres 
of concrete and storing 345 million cubic 
metres of water. He had thus progressed 
from a tea-boy to a leading senior dam de-
sign engineer, leaving a positive footprint 
throughout the South African landscape!

This, however, is not where his 
contributions to society ended.

Frans was a respected member of the 
Committee for drafting the SABS 1200 
and SABS 0120 standardising of engi-
neering specifications. He was also a 
member of the SABS 1083 Committee 
drafting the Standard Specification 
for Aggregates from Natural Sources. 
He also had the honour to chair the 
departmental Library Committee, 
using his extensive knowledge of 
water resource management.

Over the years Frans mentored 
many young engineers who have be-
come valuable assets for our country, 
both in the department and the private 
sector. SAICE’s CEO, Manglin Pillay, 
is one such junior engineer who was 
mentored by Frans. He was always avail-
able to share his wide experience with 
other persons, and for a period of time 
he went back to his roots to lecture 
at the Pretoria Technical College.

Frans shared his knowledge as 
author and co-author in many pub-
lications, especially within ICOLD 
and SANCOLD. He was also a keen 
photographer and he added sig-
nificantly to the as-built records 
of all the projects he worked on.

Frans was married to Felicia and two 
sons were born from this relationship, 
Franciscus and André. Who will forget 
how Frans cared for and supported his 
beloved wife when she became ill, until 
she passed away? Frans indeed per-
formed his family duties with excellence.

He had a very good sense of hu-
mour, too. He enjoyed a glass of good 
red wine and had an extensive collec-
tion. Each year when the Minister of 
Finance increased the sins tax he would 
simply remark that it still remains 
a bargain to grow his collection.

Reference has already been made 
to his participation in sport. In his 
younger years he played social rugby 
for the Department before becoming 
a serious tennis player, participating 
in the Pretoria third team league. He 
was a tongue-in-cheek Wimbledon 
champion, and during the annual 
Wimbledon tournaments he would 
give us a daily professional analysis 
of each player and the prospects of 
potential winners. Later he played 
some bowls with the senior citizens.

Frans believed in driving Ford 
motor cars. His car was, however, 
never parked in his double garage, be-
cause that was permanently occupied 
by his wood-working tools and stock 
of wood. Here he created the most 
remarkable pieces of furniture. His 
hobby indeed demonstrated his excep-
tional technical and artistic skills.

Frans will be remembered as a 
man of integrity. One always knew 
where one stood with him. He shared 
his opinions openly and was always 
prepared to listen to another's point 
of view, although he would never 
compromise on the founding level 
of his dams to be on solid rock!

Frans will be missed sorely by 
his partner of the last 12 years, 
Suzette, his children and grand-
children, and many other family 
members, colleagues and friends.

We salute you!

Jaap Kroon (colleague and friend) 

jaap@kroon�co�za
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WHEN I THINK OF DAVID – who sadly 
passed away in April 2015 – I think of a 
man who displayed some of the most ad-
mired qualities: integrity, honesty, stead-
fastness, loyalty, decency and modesty (he 
was even too modest to write a CV which 
would only have done justice to his work). 

He was the kind of person you wanted 
at your side when times were hard, 
when you needed someone to lean on 
and when you needed a kindred spirit 
who was ready to share your woes. 

David was exceptionally good in his 
chosen profession – civil engineering. In 
his long and distinguished career he con-
tributed hugely and generously to a wide 
spectrum of civil engineering activities. 

He was born in 1935 and attended 
the University of the Witwatersrand, 
graduating with a BSc (Civil Engineering) 
degree in 1956. In 1961 he undertook 
postgraduate studies in structural anal-
ysis, geotechnics and concrete technology 
research, and in 1962 obtained his MSc.

I first met David when he joined 
our then young Arup South Africa 
office in 1958. He had been highly 

recommended by his academic su-
pervisors and was one of the early 
graduates we engaged with a commit-
ment to an opportunity to relocate 
to Londen for further experience. 

While in his later years David 
acquired a national and international 
reputation for his expertise in civil 
engineering contracts and associ-
ated matters, in his early years he was 
an outstanding all-rounder and more 
particularly a brilliant analyst. 

My first experience of working 
closely with him was when we were 
commissioned to design a telecommu-
nications tower for the South African 
Broadcasting Corporation. Just under 
240 m in height, it was at the time the 
tallest structure in Africa, and by some 
margin the tallest our firm had ever had 
to deal with. As a result it posed some 
problems hitherto not encountered, 
particularly those associated with the 
wind forces on the structure – problems 
which in those pre-computer days were 
only beginning to be understood, and 
it was difficult, if not impossible, to 

model for analytical purposes. David 
thus elicited state-of-the-art information 
from physicists at the CSIR (Council for 
Scientific and Industrial Research) and 
used his burgeoning and wide-ranging 
engineering skills to find adequate solu-
tions to apply to this project. He was 
arguably the first person in Arup to have 
acquired expertise on the behaviour 
of wind and its effect on structures.

When he moved to London in the 
early 1960s we worked together again, 
this time on the design of the Sydney 
Opera House. David was one of a handful 
of unsung heroes who made it possible 
for us to overcome some extraordinarily 
difficult problems. I realised then what 
a fine person he was to have at your side 
when the going got rough – he was calm 
under fire and never lost his quest for 
excellence and perfection. His unob-
trusive sense of humour also helped to 
lighten tense and difficult moments.

After the Sydney Opera House pro-
ject, David added to his ever expanding 
experience by working in a multidisci-
plinary group within Arup, although 
the major part of his professional life 
would be focused on the design and 
construction of rapidly growing and 
expanding infrastructure, particularly 
highways, bridges and rail engineering. 
His imagination and meticulous at-
tention to detail contributed hugely to 
the rapid growth of this part of Arup. 

He was at the core of the team which 
successfully took on the political and en-
gineering establishment at what was then 
British Rail with an imaginative, economic 
and environmentally friendly proposal 
for Eurostar’s route from Folkestone to 
London (now HS1); he played a discreet, 
yet central role in its realisation, and 
his growing expertise in establishing 
and managing major civil engineering 
contracts drew widespread acclaim. 

Some of the other major transport 
projects he was involved in included the 
Channel Tunnel Rail Link, the Øresund 
Link between Denmark and Sweden, 
motorway and trunk road schemes for 
the UK Highways Agency, and urban and 
interurban road and motorway projects in 
Hong Kong, Iran, Kuwait, Libya, Nigeria, 
Singapore, Saudi Arabia and Turkey. 

An exceptionally good engineer 
and fine human being, it is difficult to 
pay adequate tribute to such a man.

Sir Jack Zunz 

Obituary 
David Lowes 
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YOUNG MEMBERS’ PAGES Think more.
Be more.

Thought Campaign

Two young engineering minds turned entrepreneurs  
– looking at disrupting the global construction industry

HOW AN IDEA WAS BORN
The idea came from talking about our futures in our final-year 
civil engineering design room, and discussing whether or not 
we should apply for a job. We both decided not to go working, 
but to rather become entrepreneurs and find a business model 
around advanced technology and civil engineering.

We were inspired by techno-entrepreneurs like the Google 
founders Larry Page and Sergey Brin, and SpaceX and Tesla 
Motors founder Elon Musk. They applied their technical back-
grounds to business, thereby causing a ‘disruptive’ stir in the 
respective industries.

After searching for ideas on the internet, we discovered 
that there is little development or advances regarding the ap-
plication of 3D printing in the construction industry. We then 
decided to look at a business model around the combination 
of construction and 3D printing.

The result of our endeavours is that we are now developing 
a 3D concrete house printer that would be able to build low-
cost housing similar to RDP housing. 

The road so far has been a technically challenging one, 
and one which has now in fact become a multi-disciplinary 
route, as the development requires not only civil engineers, 
but also mechanical, electrical and electronic engineers, and 
programmers and robotics.

A working prototype should be out by the end of 2015.
Our partnership works well as, besides our engineering 

training, Refilwe has a strong business background and Chris 
is a graphics and programming expert, so we complement 
each other very well.

ABOUT THE 3D CONCRETE PRINTING PROCESS
A 3D concrete printer (or additive manufacturing process using 
concrete) uses a chemically altered concrete mix, which is 
pumped through a concrete extruder/nozzle that is controlled in 
three dimensions. This extruder is controlled by a computerised 
gantry system, and builds the housing structure layer by layer. 
The key components therefore are (1) a concrete pump, (2) a 
cement extruder, (3) the right software and (4) a computerised 
gantry system. 

The construction process using this technology is mostly 
automated, requiring minimal labour throughout the entire con-
struction process.

This technology reduces construction costs by about 50%, 
conservatively speaking, and has the capacity to build around ten 
houses in less than 24 hours.

Computer-generated example of a partially completed  
3D concrete-printed house

Refilwe Lediga, left (refilwe@printcrete.co.za) and  
Chris Berry (christaphor@gmail.com) 
– co-founders of Print-Crete Technologies
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We are also consulting with the following bodies:
 QNHBRC (National Home Builders Registration Council) – for 
assistance in registration
 QAgrément SA – for assistance with the certification of innova-
tive and non-standardised construction processes
 QGovernment – for possible partnerships 
 Q Private sector – for partnerships and investment (we need 
funding!)

CHALLENGES 
Because our technology automates the construction process to a 
great degree and therefore involves minimal labour, the biggest 
challenge of 3D house printing is its potential impact on the con-
struction labour force, especially in South Africa with its high 
unemployment rate. 

However, a trend that we have observed is that new 
technology also creates new industries and opportunities. 
Opportunities for example exist to manufacture these ma-
chines in South Africa and to supply them to the world, which 
could put South Africa in a pioneering position with regard 
to the global construction technology industry, almost like 
how the Germans have consistently dominated the automo-
bile industry. It is quite difficult to compete with Chinese 
cheap construction labour without taking a nationalist and 
protectionist stand in the construction sector, and we believe 
that advanced automated construction methods is a solution 
and a good fight-back strategy. The future is here, and an op-
portunity to put the country on the map globally exists now. A 

private-public partnership is necessary, however, as this pro-
ject cannot succeed without involving the government. This 
is really a time where visionary political leadership, bold en-
gineering and big business need to come together to develop 
this technology and take it to the market.

ACKNOWLEDGEMENTS
We would like to thank the following people for their con-
tributions to this project so far: Mr Deon Kruger, Warren 
Hurter and Bevan De Nobrega. We also thank the University 
of Johannesburg for its support of the project (the machine is 
being developed under the university’s Resolution Circle Tech 
Incubator Programme).  

MORE ABOUT THE PARTNERS
Refilwe is the CEO and founder of Varsity TV, a campus-based 
and student-focused television channel that aims at unearthing 
young talent and also focuses on MOOCs (massive open online 
courses) in the tertiary education space. He is also the secretary 
of the SAICE Johannesburg Branch, and serves on the com-
mittee of the UJ Civils Society as head of Civil Engineering 
Alumni Relations. He has completed courses with the Branson 
Entrepreneurship Centre, and is currently enrolled for a Master’s 
Degree in Civil Engineering.

Chris has completed his BEng in Civil Engineering, and is a 
part-time graphic designer and computer programmer. He has 
also created and published games that are available on various 
online platforms. 

Civil Engineering students of the University of Pretoria recently visited DFC on the East Rand, 
where they were shown a range of products that they would undoubtedly come across during their 
future careers. DFC (Dynamic Fluid Control) is a manufacturer of valves for the water and effluent 

environments, as well as for the mineral processing industry in the mining sector. The visit, apart from 
being a fun outing, certainly enhanced the students’ understanding of an important section within the 

water engineering discipline. 

Refilwe Lediga, left (refilwe@printcrete.co.za) and  
Chris Berry (christaphor@gmail.com) 
– co-founders of Print-Crete Technologies
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Sustainable solutions that work
Kaytech will help you to implement sustainable solutions 
that work.  Technological innovation is combined with a 
practical balance between engineering imperatives and 
cost-effectiveness to give you the greener answer to your 
ecological challenge.

From landfi lls to coastal erosion, from basic rural amenities 
to large scale water infrastructures, each project presents its 

own unique challenges.  Kaytech has an extensive range of 
environmentally sound and recycled products to ensure that 
you get exactly what you need for your specifi c project.

Backed by professional engineering support, Kaytech is 
always a better solution.  For more information on how 
Kaytech can help you, contact us today.

Engineering a Greener Future

Filtration & Drainage • Separation • Road Maintenance & Rehabilitation • Water & Waste Containment • Erosion Control • Reinforcement

bidim R

Johannesburg 011 922 3300
Port Elizabeth 041 453 0755
East London 043 727 1055
Cape Town 021 531 8110
Durban 031 717 2300
www.kaytech.co.za

3866_kaytech_green_ad_297x210.indd   1 2014/07/29   12:38 PM
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SAICE Training Calendar 2015
Course Name Course Dates Location

CPD Accreditation 

Number

Course 

Presenter
Contact

GCC 2010

22–23 September 2015 Bloemfontein

CESA-672-02/2018 

SACPCMP/CPD/14/031
Neville Gurry cheryl-lee@saice.org.za

29–30 September 2015 Midrand

7–8 October 2015 Mafikeng

14–15 October 2015 Durban

Technical Report Writing

3–4 September 2015 Port Elizabeth

SAICEbus15/01751/18 Les Wiggill cheryl-lee@saice.org.za5–6 October 2015 East London

22–23 October 2015 Midrand

Practical Geometric Design 7–11 December 2015 Midrand SAICEtr13/01418/16 Tom McKune dawn@saice.org.za

Reinforced Concrete 

Design to SANS  

10100-1:2000

16 September 2015 Port Elizabeth
SAICEstr15/01727/18 Greg Parrott cheryl-lee@saice.org.za

27 October 2015 Midrand

Structural Steel Design 

Code to SANS  

10162:1-2005

15 September 2015 Port Elizabeth
SAICEstr15/01726/18 Greg Parrott cheryl-lee@saice.org.za

26 October 2015 Midrand

Business Finances for Built 

Environment Professionals
12–13 November 2015 Midrand SAICEfin15/01617/18

Wolf 

Weidemann
dawn@saice.org.za

Handling Projects in a 

Consulting Engineer’s 

Practice

9–10 November 2015 Midrand SAICEproj15/01618/18
Wolf 

Weidemann
dawn@saice.org.za

Leadership and 

Management Principles and 

Practice in Engineering

9–10 September 2015 Durban

SAICEbus15/01784/18 David Ramsay dawn@saice.org.za

30 Sept–1 Oct 2015 Cape Town

14–15 October 2015 Bloemfontein

28–29 October 2015 Port Elizabeth

4–5 November 2015 Midrand

Water Law of South Africa
9–10 September 2015 Bloemfontein

SAICEwat13/01308/16
Hubert 

Thompson
dawn@saice.org.za

15–16 October 2015 Midrand

The Legal Process dealing 

with Construction Disputes

16–17 September 2015 Durban

SAICEcon13/01368/16

SACPCMP/CPD/15/010

Hubert 

Thompson
dawn@saice.org.za

21–22 October 2015 Port Elizabeth

27–28 October 2015 East London

4–5 November 2015 Bloemfontein

10–11 November 2015 Cape Town

25–26 November 2015 Midrand

Earthmoving Equipment, 

Technology and 

Management for 

Civil Engineering and 

Infrastructure Projects

14–16 October 2015 Durban SAICEcon12/01177/15
Prof Zvi 

Borowitsh
dawn@saice.org.za

SAICE / Induna Training Services
CIDB Contracts: 
Similarities and Differences

26–27 October 2015 Port Elizabeth 
Pending Lydia Carroll dawn@saice.org.za

4–5 November 2015 Cape Town

FIDIC Contracts – a 
Practical Approach

29–30 October 2015 Midrand SAICEcon15/01774/18 Kevin Spence dawn@saice.org.za

Management of Claims 
under FIDIC

25–26 November 2015 Midrand SAICEcon15/01775/18 Kevin Spence dawn@saice.org.za

The Role of the Engineer  
– Duties and Authorities

4 September 2015 Midrand SAICEcon15/01776/18 Peter Glass dawn@saice.org.za
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Course Name Course Dates Location
CPD Accreditation 

Number

Course 

Presenter
Contact

Introduction to NEC

10 September 2015 Midrand

SAICEcon15/01777/18 Lydia Carroll dawn@saice.org.za
9 October 2015 Durban

6 November 2015 Cape Town

4 December 2015 Port Elizabeth

Introduction to Claims and 
Dispute Resolution using 
FIDIC Contracts

27 November 2015 Midrand SAICEcon15/01778/18 Kevin Spence dawn@saice.org.za

SAICE / Bruce Raath & Associates
Concrete for Contractors / 
Consultants

26–27 October 2015 Durban SAICEcon15/01755/18 Bruce Raath cheryl-lee@saice.org.za

Concrete Floors and 
Pavements

2–3 September 2015 Midrand SAICEcon15/01756/18 Bruce Raath cheryl-lee@saice.org.za

Durability and Repairs of 
Concrete Structures

20–21 October 2015 Midrand
SAICEcon15/01757/18 Bruce Raath cheryl-lee@saice.org.za

28–29 October 2015 Durban

Candidate Academy
Road to Registration for 
Candidates

2 September 2015 Johannesburg CESA-357-04/2016
Allyson 
Lawless

margie@ally.co.za 

Road to Registration for 
Mature Candidates

5 October 2015 Cape Town
CESA-484-01/2017 Peter Coetzee margie@ally.co.za

7 December 2015 Durban

Road to Registration for 
Mature Candidates

8 October 2015 Johannesburg
CESA-484-01/2017 Rob du Preez margie@ally.co.za

3 December 2015 Johannesburg

Basic Contract 
Administration and Quality 
Control

14–16 October 2015 Durban CESA-359-04/2016 Theuns Eloff margie@ally.co.za 

Getting Acquainted with 
Basic Pressure Pipeline 
Design

5–6 November 2015 Cape Town CESA-376-05/2016 Dup van Renen margie@ally.co.za 

Getting Acquainted with 
GCC 2010

5–6 November 2015 Durban CESA-377-05/2016 Theuns Eloff margie@ally.co.za

Getting Aquainted with 
Sewer Design

7–8 November 2015 Durban CESA-378-05/2016 Peter Coetzee margie@ally.co.za 

Getting Aquainted with 
Geosynthetics in Soil 
Reinforcement

7–9 October 2015 Cape Town SAICEgeo14/01627/17
Edoardo 
Zannoni

margie@ally.co.za 

In-house courses are available. 

For SAICE in-house courses, please contact Cheryl-Lee Williams (cheryl-lee@saice.org.za) or  
Dawn Hermanus (dawn@saice.org.za) on 011 805 5947.

For Candidate Academy in-house courses, please contact Margie Rigby (margie@ally.co.za) on 011 476 4100.

If you would like to discuss any topics that you feel are relevant to SAICE 
members, scan the QR code alongside to access SAICE’s blog.



THE FUTURE IS NOT WHAT IT USED TO BE. IT’S BETTER!
When Franki Africa was bought by the Keller Group the geotechnical universe changed forever in Southern Africa.

Our capability and range of specialist solutions is now greater than ever before.

Tel: +27 (0)11 531 2700 

www.franki.co.za A 
 
COMPANY AFRICA

Solutions include: Piled Foundations; Rigid Inclusions; Jet Grouting; Lateral Support; Underpinning; Deep Soil Mixing; Soil Improvement; In-situ Replacement;  
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Faster road design with

intersections, traffic circles,

stockdale roundabouts,

and cul-de-sacs

CIVIL
DESIGNER
2015

www.civildesigner.com

Exceptional engineers take 

advantage of integrated design 

tools of world-class excellence.


