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Source: DWAF Annual Report, 1999 

" Changes in the South African society in general and specifically within the 
CMA, fast growing population, economic growth, wastage of water, and the 
imperatives for equity of access to water, have placed new demand on what 
is, although renewable, a limited resource" [OWAF, 1999; JRK, 20001 . . 

However, there should be "some for all for ever" [Hon. Kader Asmal, 19971 

• Introduction 
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1. INTRODUCTION 

"Ours is a drought-prone country, and our vulnerability in terms of water shortage is steadily 
increasing. For too long we have treated water with an almost reckless abandon. Now, as we 
recognise the need for democratic access to this scarce resource, steps have had to be taken 
to 'make every drop count' ... and our goal for water [should be] some for all, forever, ... for a 
new era of water management has dawned for South Africa ..... 

1.1 Background 

Hon. Prof. Kader Asmal, MP 
Then Minister of Water Affairs and Forestry. 

Source: DWAF, April 1999. A to Z of Water Saving Devices p.1 . 

This first chapter gives a synopsis of the fresh water situation in the world and in South Africa 
in general; and more specifically highlights a water problem facing the Cape Metropolitan 
Area, located in the Western Cape Province in South Africa. Apart from the background to 
the problem, this chapter presents the aims, objectives, hypotheses, methodology, literature 
review and structure of this dissertation. 
The central theme of this dissertation is that fresh water as a natural resource is scarce, 
hence it needs to be properly valued, diligently utilised, and not wasted. Water is an 
essential natural resource, without it life would be impossible. It is a natural resource that can 
be renewed or depleted, depending on the source and on use. Its source can be either from 
the surface (surface waters) or from the ground (ground water) . 
Surface waters are provided by the earth's hydrological cycle, and are considered to be 
renewable. Ground water as a long time (hundreds of thousands of years) accumulation of 
water in underground aquifers is considered to be a depletable resource stock, since only a 
small proportion (less than 5%) can be withdrawn each year and replenished by seepage of 
water from rainfall or snow melting. 

Although, the total global water supply is about 1350 x 106 km3
, only 0.1 % is surface and 

atmospheric water of which, about only 1 % is fresh water that can be productively utilised. As 
well, the regional water Jalance i.e. land precipitation, hydrological systems, and evaporation 
on land areas are not the same or equally distributed in all areas of the earth's surface (Gois, 
1972; Moore, 1988; Baseline Report, 2000). 
World-wide run off, a measure of water supply is relatively high, amounting to about 42,500 
km3 annually, as compared to global demand of 2800 km3

, (Moore, 1988). This creates a 
false picture, again because of the imbalances in distribution pattern, reliability in supply, and 
availability and accessibility. The reality is that fresh water in general is fast becoming 
critically scarce in many parts of the world (OECD, 1989; Davies & Day, 1998). 

There are many factors that contribute to this shortage, including climate change/drought, 
human population growth, economic development, and natural inequitable distribution of 
water in different parts of the world. The tasks of solving this water shortage problem so as to 
guarantee a continuous supply of water and the safe disposal of wastewater are straining 
many governments and municipal authorities in the world to the limit (Ashton, 1996). 
Obviously, the magnitude, type and degree of intensity of this water problem varies from one 
part of the world to the ether, from region to region, country to country and from area to area. 
The major challenge to scholars/ researchers, development economists, water resource 
planners, and policy makers is how to adequately meet the ever-increasing demand for 
water, and provide solutions that tackle the potential water shortage in some areas such as 
the CMA. 

2 
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The traditional approach to solve water shortages has been to concentrate on supply 
augmentation schemes by constructing more dams, reseNoirs and treatment facilities. 
(l'Jinham Shand et ai, 1993;The Water Program, 1994;Clayton, 1995; Winpenny, 1996; 
Davies & Day, 1998; DWAF, 1999a; Baseline Report, 2000). 
In a bid to supply more water enormous, expensive water projects were conceived and 
constructed in many parts of the world at a tremendous financial, social, and ecological cost 
(Davies & Day, 1998; World Bank, 1993). These large water projects have often led to 
increased energy use, increased industrial production, and created employment 
opportunities to the lucky few; but more than often caused environmental degradation, added 
to national debt and caused relocation of people. Furtllermore, in many cases it caused 
social and economic havoc, including poverty, diseases, increased social inequality and 
'consumerism' by the affluent sections of society. No wonder in this regard in Vanishing 
Waters Davies and Day conclude that: " .. . almost every target water-supply scheme 
creates new problems as it solves old ones" (Davies & Day, 1998 p.1 0). 
In order to get the bigger picture it is useful to examine albeit briefly the water profile of South 
Africa in general, and Cape MetropOlitan Area (CMA) in particular. Figure 1.1 shows the 
location of the study area - the Cape Metropolitan Area (CMA) in relation to the African 
Continent, the Republic of South Africa (SA) and the Western Cape Province. 

1.2 The Water problem in South Africa 

South Africa is a dry, water scarce and water stressed country. (DWAF, 1999 ; Baseline 
Report, 2000). The average annual rainfall is only 497 mm compared with a world average of 
860 mm. As depicted in Figure 1.2 the average rainfall varies from more than 800mm to less 
than 200 mm per year. The reality is that rainfall varies in amount from as little as 50 mm a 
year in parts of Kalahari to over 3 000 mm a year in mountainous parts of the country. Added 
to this, there is a considerable variation in the rainfall from year to year. 
The recent EI Nino and La Nina weather phenomena has exacerbated the situation by 
increasing variability, and intenSity of rainfall and drought. Davies and Day (1998) report 
severe existence of a drought in SA in 1985 "resulting in serious water shortages in 
living memory" (op.cit. p.2). This fact is well documented in the relevant literature. 

The severe floods that occurred in the Northern Province and Mpumalanga in SA from 
February to March 2000 paradoxically caused a severe shortage of safe drinking water in the 
region because it disrupted and ruptured water pipes. Taking into account all these factors it 
is evident that SA is a semiarid climate country with unpredictable and erratic rainfall (Rand 
Water: Water-Wise, 1999). As well, according to UN statistical classifications, SA is a water­
stressed country because there are less than 1700 kiloliters of water for each person each 
year (Chenje, 1996). 

There are a number of other factors that contribute to the water supply problem: 
• Fast increase in both industrial and agricultural production, 
• Increased water demand as a result of improved welfare and affluence - created demand 

for luxurious items such as private swimming pools, sauna, jaccuzi, washing cars, 
watering lawns et cetera, and 

• A fast population growth in the average at 3.8 % in SA, and 3.7% per annum in the CMA. 
The present population size, which stands at about 40 million people in SA and about 3.2 
million in the CMA, will reach, about 55 million, and 4.3 million respectively by the year 
2020 (Bekker et al. 1998; Baseline Report, 2000). All these people will need safe, clean 
potable water for drinking, cooking, cleaning, swimming, mining, manufacturing, watering 
and cooling et cetera. More water will be needed as well for irrigation and industrial 

3 
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Figure 1.1 :Map of the Cape Metropolitan Area, showing its position in relation to the 
African Continent, the Southern African Region, and the Western Cape Province. 
Source: DWAF, 1999; CMC, 2000; Baseline Report, 2000). 
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production. But, unfortunately South Africa's natural water supplies are limited. Only 
between 8.5% and 9.0% of rainfall in the area is successfully converted into usable water 
sources, such as rivers and lakes. 9Asmal, 1996; Rand Water, 1999). Figure 1.3 depicts an 
estimate of South Africa's potential evaporation. The CMA is located in an area of 
Mediterranean type of climate with winter rainfall and low/moderate evaporation (Preston­
White et aI., 1983). 

Then what will SA do next? 

As stated above traditional responses to increasing water demand have been to increase 
supplies, by constructing dams and reservoirs. SA has gone even a step further by executing 
inter-basin transfer schemes. Today there are 550 government dams with total capacity of 
37, 000 cubic km., and many inter-basin water transfers or "impoundments". As shown in 
Figure 3.3 (p.42) if the rate of water use and wastage continues at the present rate by the 
year 2030 more inter-basin water transfers will be required . Six of these inter-basin transfers 
will have capacities of supplying greater than 100 million cubic metres per annum SA (Davies 
and Day, 1998;Enviro-Feature, 1999). What is frighteninglinteresting is the fact that some of 
these transfers are fron-: outside SA. 

Figure 1.2: Annual Rainfall in South Africa. Source: DWAF, 1887. 

5 
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Figure 1.3: Potential Evaporation throughout South Africa. Source: DWAF, 1887. 

Phase 1 A of Lesotho Highlands Water Project, which was the first international water 
importation scheme in SA was commissioned as early as 1987. This is a clear manifestation 
of the fact that easily accessible water resources in SA have already been tapped. And the 
reality is that supplies are approaching their physical limits, and new supplies can be 
available only at increasing costs (DWAF, 1996; Davies and Day, 1998). 

Research from other parts of the world have established that the cost of producing a unit of 
water from the 'next project' is often two to three times that of the current one. 1991). All 
these problems and limitations of supply side of water management made it necessary for 
South Africa's Department bf Water Affairs and Forestry (DWAF) to make significant 
advances in exploration of alternative water use efficiency options. They include a 
countrywide water conservation campaign each year and demand side management 
interventions, such as water audit campaign in schools, commonly known as the "2020 
Vision for Water Projecf'. 

Other bold initiatives include the "Working for Water Programme" launched by the then 
Minister for Water for Water Affairs and Forestry Professor Kadar Asmal in 1995 and the 
1999 Draft Water Conservation and Demand Management National Strategy Framework 
document. All these efforts subscribe to the fact that water is a scarce resource in South 
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II We never know the worth of water until the 
taps dry up II [JRK, 2000] 

, 

• Valuation of water as a scarce 
resource 
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" South Africans undervalue water. 
and upper class 
And will 

water and could soon have a of "stepJ>ea " water tariffs ... We 
II Water Affaires Minister Ronnie Kasrils in the 
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" When the Woodhead dam was built it was expected to solve all of 
Cape Town's water problems. Instead, the demand increased so I"fapidly 
that no sooner was the Woodhead finished, than a start had to be on 
theldey- Hutchison". Source: CMC, (1997) - Woodhead Dam Centenary: 
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ater supply the CMA is becoming scarce due to a number of factors: 
increased population growth rates, improved life styles, and dwindling supplies, 
both in quantity and quality. The resultant is an increased demand for water, \ 
high and rising water development costs, intensive competition amongst all 
users of water " [JRK, 2000] 

• Supply & demand for water in the 
Cape Metropolitan Area 
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The Father of modern of Demand and 

p. 

it is best to take a few at a time ... Thus we 
and demand ..... Alfred Marshall (1842-1 

- in the Economics. 
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4. Steenbras 38.0 

5. Voelvlei Dam 66.4 

Dams 
0.7 

7. Paarl Dams 1.3 

8. Eerste River Dams 5.7 

9. Strand and Somerset West Schemes of Somerset West 3.5 

10. and Dam DWAF 93.0 

11. Atlantis & boreholes CMC 4.4 

12. Somerset West CMC 0.6 

1 DWAF 33.0 

Total 278.9 
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Figure 3.2: Water sources of the CMA as ascertained during the Western Cape 
Systems Analysis. Source: Davis & Day, 1998 reproduced from WCSA Ninham Shand. 
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Figure 3.3: 2030 Water Utilisation in SA showing Inter-basin Transfers assuming that 
no implementation of WC& WDM measures. Source: WRSA Figure 22, DWAF, 2000. 
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3.4.3 Desalination of Sea Water 

Seawater (saline) can be desalinated to provide unlimited fresh water supply for CMA, but 
the costs forit are very high. For example, despite the advantage of warm water (10 0 C 
warmer than sea water) of already existing electrical reticulation facilities at Koeberg nuclear 
station, a desalination facility on the area can yield 100 x 106 m3 pIa with a unit reference 
value of R 3.20 per m3 This implies that the venture at the moment is too expensive as 
compared to other options. 

3.4.4 Maintenance of Catchment Areas 

There is evidence in the literature that conclusively suggests that alien species are 'water 
thirsty' hence they reduce stream flow of infested areas (Preston and Davies, 1995; DWAF -
The Working for Water Programme, 1999; Baseline Report, 2000). This is a necessary 
strategy for water conservation in the CMA and with an average unit reference value of 
between R 0.15 - R 0.3C per m3 it is not so costly. 

3.4.5 Unconventional Sources of water 

• Importation by tanker e.g. from Zaire River: With a unit reference value of R 7.00 per m3 

this option is too expensive and economically not viable at least for now. 
• Rainwater harvesting: This can be an important source of fresh water, and with a unit 

reference value of R 3. 00 per m3 is expensive, but feasible option. 
• Towing icebergs from Antarctica: So far, this option is not yet fully studied, but apparently 

it is an unrealistic as the venture would be expensive. 

3.4.6 Conclusion 

To the CMC supply of enough potable water to the CMA is a high priority in order to support 
human life and for production purposes. So as to meet the ever-increasing demand for 
water the CTWU and later the CMC and previous governments struggle to build massive 
supply dams and reservoirs in the past 150 years or so, but the problem could not be solved 
once and for all. 

Future water supply to the CMA is hinged on a few viable options: Building more dams and 
reservoirs, especially outside the CMA; Effecting interbasin transfers by using pipes and 
tunnels; Further exploitation of underground aquifers; Recycling and re-use of sewage water; 
and maintenance of catchment areas. 

Today new supply augmentation schemes such as the planned Skuifraan dam (with a 
potential yield of 101 million m3 

- see Appendix C) and Palmiet Phase II (186 million m3
); and 

interbasin water schemes such as the Brandvlei - Theewaterskloof and Michell's Pass -
Voelvlei schemes are still on the top of the agenda. Unfortunately, there is a sense of 
urgency to supply mor3 water to the area under any costs in order to meet the ever­
increasing demand for it. This can create a serious threat to the environment; distort natural 
ecological balance; deprive other regionsof water; and can cost a lot of money to the CMC 
and thus can limit its ability to embark on some other development programmes in the area. 

That is why initially the DWAF was adamant to the government decision not to approve 
construction of any new dam unless, as Minister Ronnie Kasrils said - "proper management" 
of the existing water resources is effected and wastage is curbed" (Gosling in the Cape 
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Times of August 23, 2000 p.1). This 'proper management' as will be discussed in the next 
sections refers to WDM strategies and measures. As for now it is appropriate to explore the 
'other side of the same coin' i.e. - water demand. 

What are the factors fuelling water demand in the CMA? What is the actual demand for 
water in the CMA? These questions and related pertinent aspects will be discussed in the 
next sub-section. 

3.5 Water demand in the CMA 

3.5.1 Definition of water demand 

As it was discussed in the introduction to this section, the term 'demand' refers on different 
occasions to needs, wants, desires by people ready to buy, employ goods or services 
respectively. In economics 'demand' means the amount of goods or services that 
consumers are willing and are able to purchase in a particular time in a specific space 
at a particular price. It was shown schematically in Figure 3.1 that demand and supply are 
two sides of the same coin, and are the major forces that operate in the market acting 
parallel to each other. 

Water demand as used here is the amount of water called for or needed in a certain time or 
in a certain circumstance in the CMA. It is 'value loaded' in the sense that its estimation is 
based not only on objective factors such as population and industrial growth rate; but as well 
on subjective values such as 'the basic needs', equal distribution, 'affordable prices' et 
cetera. 

Outlined and discussed in this sub-section are four essential topics, which are necessary to 
understand the situation and extent of water demand in the CMA. These topics are the 
following: Factors affecting water demand; Classification of water consumption; Current level 
of water demand in the CMA; and Reconciliation of demand for water to the existing supply 
in the CMA. 

3.5.2 Factors Affecting Water Demand Growth 

The major underlying factors influencing water demand growth are population growth and 
economic development (van Niekerk et ai, 1995). An increase in the number of people 
increases the need (demand) for more water and the later increases as peoples' wealth 
grows. As communities prosper they increase their needs for water, move beyond the "basic 
needs " requirements (for drinking, cooking, single-tap / basin-washing and subsistence 
farming) to affluent uses such as two or more bath and taps in the house, swimming pools, 
saunas and overhead irrigation. 

There are a number of other factors besides population and economic growth that also 
influence water demand growth. These other factors include: 

• Physical conditions of a place - climate and relief, 
• Cost and water tariff structure, 
• Living standards, 
• Level of technology, 
• Water conservation and WDM strategies, and 
• Where it is used and for what purpose/process. 
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The focus of this thesis is on the last three areas, namely, how water can be used more 
efficiently in commercial, industrial and institutional facilities by applying WC and WDM 
measures and the best available technology. 

Water usage depends on what? 
In industries the amount of water used for a specific task depends on a number of factors, 
such as: The task to be carried out (e.g. water for drinking, washing, flushing, cooling, 
irrigation purposes); the size of the task (e.g. tons of product produced, square meters of the 
building floor)., It depends as well on the ·size of the population served; and the level of water 
efficiency of the performed tasks (Brooks and Peters, 1989). The same basis can be used in 
other areas after taking into account the particular characteristics of each area. 

3.5.3 Classification of water consumption 
Usually the demand of water is classified by sector, indicating whether it it is used for 
Industrial , Agricultural, Commercial purposes or other demands as shown in Figure 3.4 
below. However, it is common as in the case of CMA to be classified according to where 
water is used, viz., Residential (Domestic/Household) and Non-residential including 
(Industries, public and private organisations/institutions or installations)(Ploeser at aI., 1992). 
A mixture of the two sectors, that is sectoral-functional and positional is used in the CMA, 
South Africa and in the SADC Region (Ninham Shand, 1994; Macy, 1999; Baseline Report, 
2000). 

3.5.4 Current(1999) level of Water Demand in the CMA 

Generally, water demand can be obtained by analysing historical water use, and normalising 
the data to take out the effects of weather. 
The CMA water demand is a combination of demand from individual sectors served by the 
municipal water and sewer system plus allowance for leakage and infiltration, otherwise 
collectively referred to as unaccounted for water loss (Brooks and Peters, 1989; Malan, 
1994). 
The most current water demand profile of the CMA is shown in Figure 3.4. This was obtained 
by updating previous WDM estimations by Ninham Shand in 1991, 1994, & 1999; and the 
figures are substantiated by both the Water Demand Workshop (3 March, 2000) and the 
UCT - CMA Water Study (2000). 

i: ',.: -'· W~!~·B=~,~~J~!E~~~~e~,=~;~;~' ·~:.~:~·:" '~: 
, .' METRePOLIcrAN<AREAIN~1-999-':"" ~ ' . I 

- '.' " , , ' --;" <-- ,-c... . ' ~~~'§PP·r.!~'.::. :~::o,~:::::.,,_:.~ ::~ ... _~:.~'~.j 
.', .. ?'.-~I~ :IO,='·: "'c' .. ..• B~!~~;1t~W~~::;":~-;'~~~:.: :;:~:: '. i 

''''-,., .... , .. ".".-' ''-~L~~:,_f·A.g%~.::'..- C(jmmerciab -! 
: , "" C' : '" ' :·'-,MlIIfIIClpal~I'"'~~JI!I!I.!!I!!~ :"!'O~':'·'~ : I ·.' ~:" ·::;': .: .. i 

1IIIIW"""",,,c·:,,:·c-=.,=· ",6~::',~ ,.'. ", ': -I 
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Figure 3.4: Water use by sec!or inthe CMA in 1999. 
Source: DWAF: Water Demand Workshop: 3 March 2000 
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Figure 3.4 shows that most water in the CMA (34% - 306 Mild) is used in households, about 
19 % i.e. 171 Mild is used for gardening, while 13 % i.e. 117 Mild and 6 % i.e. 54 Mild for 
industry and commerce respectively. The amount of unaccounted for water (UAW) increased 
from 11 % i.e. 87Ml/d in 1998 to 19 % i.e.171 Mild in 1999. This is serious because it 
indicates a dramatic increase by 96.5% in water wastage and water stealing in the area. The 
excessive wasteful use of water for gardening lawns (19% i.e. 27Ml/d) could be reduced. As 
would be shown in Section 6 and as the South Peninsula Municipality directed (see 
Appendix T), this reduction can be achieved by using water efficient techniques and 
"xeriscaping" methods. 

3.5.5 Factors affecting water demand in the CMA 

Water demand is a function of many variables but the salient ones include population growth, 
increase in production, change in welfare status (affluence) and weather variability. The 
actual methodology for calculating water demand is outside the scope of this thesis. Suffices, 
here to state that water demand, and water use sector-wise is constantly changing in the 
CMA reflecting the changes in the major variables presented above. Table 3.2 shows 
projections in percentage changes of population and water demand in the CMA. 

Table 3.2: Population Growth & Water Demand in the CMA 1980-2010 

Year Population ('000) Water Demand (million m3/a) 
I Industrial ner* ITotal 

1980 1760 102 25 43 170 
1985 1980 125 33 53 211 
1990 2220 152 41 63 256 
2000 3200 216 61 90 367 
2010 3800 275 80 114 469 

*Mainly for municipal use, particularly for businesses and for watering of public grounds. 
Source: Projections by Spies & Barriage, 1991 ;Central Statistics Service, 1997; Bekker 

and van Zyle, 1998; Baseline Report, 2000. 

Table 3.2 shows that population in the CMA almost doubled in the last 20 years. In the next 
10 years it will increase by 19% implying that there will be a more than proportionate 
increase demand for water by 2010. The conventional supply of water is about 279 million 
cubic metes per year (see tables 3.1 & 3.2), hence there is a deficit of about 88 million cubic 
meters (367-279). If the current rate of 4% increase of demand is maintained then demand 
for water in 2010 will reach about 514 million cubic meters ([367x4%x10years]+367). 
This shows a deficit of about 45 million cubic meters of water (514-469). In short the demand 
for water in the CMA is increasing at a higher rate than its supply. Even if a new dam, the 
Skuifraam is built, the generated water surplus cannot last forever. Hence, water supply 
augmentation alone is not a permanent solution to the water problem in the area. 

3.5.6 Evaluation of present water use in the CMA 
A comparison between the (1999) water use in the CMA (which was around 900 million liters 
per day) to the amount of 1998 (which was about 794 million liters per day) shows that 
there was an increase of 13.4% over one year (Ninham Shand et aI., 1999; The Water 
Demand Workshop, 3 March 2000; Baseline Report, 2000). This trend is likely to increase as 
a result of both rapid population growth rate (3.7%) and an increase in industrial production. 
The CMA is the economic power engine of the Western Cape Province. The latter currently 

36 



Univ
ers

ity
 of

 C
ap

e T
ow

n

in a 1 in 

37 



Univ
ers

ity
 of

 C
ap

e T
ow

n

answers 

38 



Univ
ers

ity
 of

 C
ap

e T
ow

n

"If this is the stream of life we should not \ 
waste it I. II [JRK, 2000] 

.. Water Conservation can be regarded be both an objective as well as a 
strategy for efficient water resource management. WDM should not be 
regarded as an objective, but rather a strategy to meet the various 
objectives listed in this chapter. WDM is a little more than efficient use of 
limited water resources . To realise its full potential it requires the integration 
of water conservation concepts into all water resource planning and 
management, both in private and public sectors in the CMA. This integration 
will help the CMC to move to the least-cost planning approach, which is based 
on economic efficiency ". [JRK,2000]. 
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Source; DWAF, (1997) Water Audit: How can your school be water-wise. p.19. 
II 's 

II 
[JRK,2000] 
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~ .... 'll,hp. 

ite 
lth . 

Check overflow pipes to 
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<...........:5 / . _ 
Source: Camps, S. (date unknown) . A Guide to Water Saving in SA . 
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.. We have to know what we are with our water nATnrA we can do some about it ". 
Prof. Kader Asmal in 1997: Water Audit ~ How School can be wa're"~wl,se p. 2. 

to conserve water • and save money • is to detect and leaks in 
Water Works Association: Water & Leak 

1 I 
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group with similar water needs and to 

NBI & 1998: Water- 2. 
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APPENDIX F: Leak Detection Forms 

APPENDIX G1: The impact of water leaks 

APPENDIX G2: Water leak & .. ,n.<::'T.rn<> conversions 

APPENDIX G3: Water leak conversion 

APPENDIX H: Procedure for Cost-Benefit forWC& WDM 

APPENDIX I: Schematic 
tower systems 

and ",.,,"\11 ....... 

APPENDIX J. The variables and tower 

APPENDIX K: zones & 

APPENDIX L: Mondl craft mills in Piet Retief - an of water reduction 
wastewater 

APPENDIX M: Water-wise list 

APPENDIX L: Wastewater can reduce water """,,,,t~,n,,, 

APPENDIX N: Economic Tests necessary for any efficient WDM programme 

APPENDIX 0: Procedure for economic of investment 

APPENDIX P: Procedure for water flows. 

APPENDIX Q: Estimations of devices'/fixtures' water consumption 

APPENDIX R' for Tariff in the CMA 

APPENDIX S: "South Africans undervalue water no Article in the Water & 

APPENDIX T: Water services laws & ordinances for water-use 
the South Peninsular 

APPENDIX U: Provision of water for all in the CMA is a & but .. 

APPENDIX V: "The Government ""''''/0'' the Skuifraam Dam" 
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APPENDIX A 

The capital city of the CMA in the Western Province is wasting water. .. it may face water 
curbs ... no more approval of new dams by the government. .. at least for the time 
being ... "I'm not going to put in another dam." - Han. Ronnie Kasrils - Water Affairs 
Minister (Reports the Cape Times: 23-08-2000) 

MELANIE GOSUNG 
ENVIRONMENT WRITER 

CAPE TOWN is wasting water and could soon 
have a system of "stepped" water tariffs, under 
which consumers who use large volumes will 
be charged at much higher rates, as is alread~f 
being done in Hermanus. 

Water Affairs Minister ROnnie Kasrils said at 
a media briefing 'yesteiday that the dtynewed 
to~\!,uP. tOJhe.fuct thati~ was,wastingwater 
and'reaI.!se thatfueSI<uifiaam dam would not 
be built to increase local water supelies until 
the dty could prove it was curbing wastage. 

The best way to do this was to penalise con­
swners for wastage through a <;tepped tariff sys­
tem. "We haven't been charging enough. We're 
in discussions with the provindal and local gov­
ernments about this," Kasrils said. 

He said the Western Cape was one of the 
provinces which faced the biggest challenges 
concerning water supply, and he would be 
unveiling a water conservation strategy for the 
province "in the near future". 

The stepped tariff system, applied in Her­
manus, means wealthier consumers are hardest 
hit as they generally consume more water for 
swimming pools, more than one bath or show­
er and larger gardens. 

Kasrils said all the statistics pointed to Cape 

WAKE-UP CAll: Water Affairs Minister Ronnie 
Kasrils sa;s city must wake up to its wast~e. 

Town needing another dam . u_Bu~l'm ndi 

~:p~in-anO~dam.W~C.2~1 
~~~~ ' Ple_¥,~!,,~~oli:tan-Q~ " . 
c:ape.Town~havetoWaReuptothat,'7 . 

At the briefing, Kasrils released the annual 
report for his department's Working for Water 

programme designed to increase water supply 
with a country-wide system of hacking out 
thirsty alien vegetation. 

Last year, the programme cleared close to 
240 OOOha of aliens - an area larger than the 
Richtersveld National Park and nearly 10 times 
the size of the Cape Peninsula National Park. 

However, the project was still not clearing 
aliens as fast as they were spreading through­
out South Africa - at a rate of 5% a year. 

The programme already had to clear 10 mil­
lion hectares of aliens, an area larger than 
KwaZulu-Natal. To stop the spread it would 
have to clear around 500 OOOha a year. 

The Western Cape had the worst alien infes­
tation in the counny, largely because species like 
wattle and rooikrans were brought into the area 
in colonial times to stabilise sand dunes. 

Kasrils said the new regulations in terms of 
the Conservation of Agricultural Resources Act 
would be promulgated next month. 

These will stipulate the circumstances 
under which invasive aliens may be grown and 
will allow the authorities to enter private land 
without the landowner'S permission to clear 
weeds and invader plants. 

The'regulations will also compellandown­
ers to clear their land of invasive aliens before 
they can sell, transfer, rezone or sub-divide 
their land. 
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APPENDIX B 
Questionnaire survey forms used by the UCT - CMA Water Study: 

• • 
DEPARTMENT OF 
WATER AFFAIRS 
AND FORESTRY 

~ 
Cape MeU'"opotirall Council 

Kaapse Merropoliraanse Raad 
Ibhunga LoJawulo Lwenqila Yekctpa 

INTEGRATED WATER RESOURCE PLANNING STUDY 
REGISTRATION FORM AND QUESTIONNAIRE 

JULY 2000 

Thank you for agreeing to participate in the Cape Metropolitan Council's 
'Integrated water resource planning study'. Please complete this registration 
form and the attached questionnaire, and FAX it back to (021) 650 3791 by the 
24th July 2000. The FAX can be marked for the attention of the (UCT Water 
Demand Management Group'. Should you have any problems in this regard, please 
do not hesitate to call our group at (021) 650 2957 and we can make an 
alternative arrangement. 

NB. The information provided will in no way be directly linked to the respondent or 
his/her organisation and will not be utilised, other than for the purposes o[the 
study. 

Organisation Registration Form: 

NAME OF ORGANISATION: ............................................................. .. .. .. ... ........... .. 

TYPE OF ORGANISATION (the dominant activity the organisation is involved in): 

ADDRESS: ........................... .................... .. ........................................................ . 

TELEPHONE: ............ ............................ FAX: 

Optional: Representative's details 

TITLE: ............... INITIALS: .................. SlJRNAME: 

FIRST NAME: ... ................. ........................ . ....................................................... . 

POSITION: ....... ... ................... .. ..................................... . .................. .... ............. . 

rnNINHAM SHAND 
~ CONSULTING ENGINEERS 

ARCUS OrBB 
CONSULTINO' DESIGN' MANA-OIMINT 
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[ ] 
[ 1 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 

If 

[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 

1 Unaccounted for Water This is water that is lost from the reticulation ""."rA.,.,., 
either 
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Roboen 

FaiS<ii1 

Atlantic Ocean 

taken from State of the Environment for the Year One-
1998 

water 
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vv'U' ........ '-'- a water 

1 

1 

1 If water 

1 water 

I ~~~---~-I---------I ---------1---------1 ---------I--------~ 1--------- , ---------1--------- , ---------1 
o 

Water Demand Ma,"al~enlent: The and of a a water institution to 
. influence the water demand and usage of water. can include leak 

of water efficient 
borehOles, water audits and of water. 
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1 see as water 

1 comments 
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Uncertain 
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Uncertain 

Ertnlmely Plentiful 

Scarce 
68% 

Plentiful 
2% 

resources 

Extnlmel:y Plentiful 
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Plentiful 
4% 

resources 
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Respondents: 45 

Extremely Scan:e 
22% 

Uncertain 
El.tremely Plentiful 

0% 

./ 

i 
Scarce 
-'5% 

Plentiful 
-'% 

AdequlIle 
27% 

Figure 3.4: Respondents' perception of freshwater resources in the Cape Metropolitan Area 

Discussion: 

The aim of this question was to establish the perception of respondents towards fresh water 

resources in the CMA. The most noticeable result \vas that the largest proportion of the 

respondents perceives natural freshwater resources to be scarce at a national, provincial and at 

local level. However, it is interesting to note that 33% of respondents perceive freshwater 

resources in the CMA to be adequate, plentiful or uncertain as to the status of water resources. 

This perception is unlikely to contribute towards water savings amongst large water users. 

Question 2) If you \Vere challenged with solving a water shortage problem in the CI'vLA. \\"hat 
do you think would be the most suitable alternative to solve the problem') Suitability should 
cover feasibility, effectiveness and environmental sensitivity Of the options provided below, 
please rank your best alternative 1, your second best alternative 2 and your third best 
alternative 3, etc. 

Construct more dams in the catchment areas 
Pump water from other areas 
Desalinate sea-water 
Water loss management and control (leakage detection and repair programme) 
Implement escalating block-rate tariff (the greater the amount oh,:uer used. (he 
greater the charge for each additional unit) 

[ Recvc Ie more water 
[ Implement warer restrictions 
[ Promotion of (he use of water saving fi'(rures and fittings (retrofitting) 
{ lse grount::\,vater resources (eg aquifers) 
[ To\\" icebergs from the Antarctic 
[ Clear more invasive trees from the catchment areas 
[ Other 
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lfother. please daborare further: 

Respondents: 46 (First Choice), 44 (Second Choice) and 45 (Third Choice ) 

Respondents choice of alternatives to solve the water shortage problem in the C~L-\ 

,---------------.-.----.---------~.-.~--..--.-----.-~-~ 

; . 

~o_· 03rd Choice 

3S-V 
/ o 2nd Choice; 

i 
i. 
E. 

: 0 1st Choice 
30 

2S 

20 

15 

10 

5 

o 
. , ,.. ___ .... ___ ~ ___ "'-___ ,-lI. __ , :a_"- ....... ..- ..... 1.1 .. __ _ 

'-

Alternatives 

Figure 3.5: Respondents ' choice of alternatives to solve the \vater shortage problem in the C\;lA.. 

Discussion: 

The aim of this question is to investigate where respondents perceive water is being used and 

w'here they believe oppc rtunities exist for \varer savings . Criteria used in deciding the best 

alternative could include cost of augmentation, environmental damage or volwne of water If 

challenged with a pending water crisis, the majority of representatives of the large potable water 

conswners in the CviA believe it is best solved by implementing 3. water loss management and 

control system. A water loss management control system \vould be the responsibility· of the 

\vater supply authority , and not the users . This option illustrates [hat most users perceive the 

37 
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oJrd Cboice 

(J2nd Choice 

i 
; o lsI Choice 

C·,_~t 

Sectors 

Figure 3.6: Respondents ' perceptions as to which sector has the greatest ability to save v./arer 

Discussion: 

The aim of this question was to determine which sectors the respondents considered held the 

greatest scope for water savings Large water savings indicates inefficient usage of water and 

hence wastage. The perception exists that the greatest potential for water savings is within the 

realm of UAW. As in question 2, users perceive the greatest wastage and potential for warer 

savings is in the hands of the water supply authorities and not the private user. This reaffirms the 

idea that the \vater authority is seen to \vaste water, there is little motivation or incentive for 

users to act conservatively, and this will thwart any attempts by the authorities to encourage 

water savings amongst users. 

There is also an opinion that significant water savings can be achieved by focussing on water 

consumption in the domestic and gardening/sports body sectors. Municipal , commercial and 

industrial users are considered to offer the smallest scope for warer savings. however the large 

potable users are predominantly amongst these three groups. 

Queslion ~) Below is a map of (he C~L:.I.... showing the six Metropolitan Local Councils (\rLC) 
boundaries . [n your opinion, where is most of your orgJIlisation's water sourced from') (Please 
./ one choice) 

Within your organisation' s municipal boundar;. 

From J. number ofmuniclpal areas. but \vithin (he C~L\ 

F rom outside the C\rA 
[j ncertain 

39 
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Strongiy Oi.sa~e 
22·;. 

Strongiy Agree Agree 
2·;. 

"' I 
Di~e 

61% 

13% 

~ 

/ 

I:ndifferent 

Figure 3.8: Respondents' perception of the statement that '-Water use and ,vater resource 

development in the CMA has little effect on the environment" 

Discussion: 

The aim of this question was to assess if large water users had made a connection between 

increased water use and the environmental effects on catchment areas, or if v,,'ater extraction was 

seen as having little or no effect on the environment. A significant percentage of the respondents 

disagree or strongly disagree with the statement referred to in Question 6. These sentiments 

show an understanding and recognition that the extraction of water from natural areas in and 

around the CMA is having a detrimental effect on the environment. This attitude should 

contribute to a more conservation orientated warer consumer, but whether this recognition and 

attitude has any effect on water consumption is unknown. 15% of the respondents either agreed 

to this statement or were indifferent. This small sector is however significant and could 

contribute to water wastage. This problem could be solved with better education. Comments 

received include: 

Environmental: 

• lfwe run out o.(water, this will in turn affect the environment: 

• Over-use/abuse of water resources definitely affects the environment and its ecology. 

• Bad planning, ,;ould destroy wildlife due to a change in the environment. 

• It is obvious that taking water from the environment wiLl have an effect on it: 

• Dams have an impact on the environment; 

• Water is critical to every facet of our lives. The excessive consumption 0.( chis resource 

will impact natural vegetation and rivers: 

Source: Copied from the Baseline Report, 2000 pp. 84-89, 92. 

92 
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APPENDIXC 
Table C-l . Future water supply options in the CMA 

" -\. 

Eikenhof Dam 

Raising - Upper farmers in the Palmiet Basin 

reaches of the 

Palmiet River 

Palmiet Phase I -

Palmiet Phase 2 

Skuifraam Dam 

Skuifraam 

Supplement 

Scheme 

Voelvlei Scheme 

Misverstand 

Scheme 

Water pumped from Kogelberg Dam on the Palmiet Between 31 x 1 

River to Rockview Dam then to Upper Steenbras Unit reference value is RO.IS per ml 

Dam through the Steenbras Pumped Storage 

Scheme to the Faure Treatment Works 

Water from Palmiet River to Kogelberg Dam to 

Steenbras Dam and then on to Faure Treatment 

Works. Scheme divided into two groupings. 

Lower Hangklip Scheme 

Placing a large Dam on the Palmiet River, upstream 93 x 106 ml. Unit reference ofRO.39 

of the estuary, severe environmental impacts. per ml 

Upper Campala Scheme 

Moderate sized dam north of the Kogelberg State 

Forest boundary on the Palmiet River. Small weir 

downstream of the Kogelberg State Forest 

93 X 106 ml .Unit reference value of 

RO.SI per ml 

Dam site in a valley upstream of the Berg and 72 x I 

Franschoek Rivers. Water would not have to be RO.36 per ml. 

released from Theewaterskloof. Environmental 

Unit reference value 

[mpacts fairly large 

Will exploit high rainfall catchment immediately 29 x I . Unit reference value 

downstream of Skiufraam. Will be affected by RO.39 per ml 

Molenars scheme. 

Pumping additional water from the Berg River to 120 x I . Unit reference R 0.69 

Voelvlei. Raising Voelvlei Dam and constructing a per ml 

second abstraction, treatment and delivery system. 

Skuifraam would decrease yield somewhat. 

Construction of a dam at Misverstand on the Berg 

River. This water will be pumped into the canal 

from Twenty Four Rivers supplying Voelvlei. 

Voelvlei enlarged with pipeline. 

70 x 10 assuming Voelvlei and 

Skuifraam have 

been built. Unit reference value of 

RO.78per m] 

1 
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Olifants River Developing a dam on the Doom River for 90 x I 

Clanwilliam irrigation needs, and then using R 1.03 per mJ
. 

Clanwilliam Dam for CMA. 

Unit reference value of 

Molenaars Scheme Construction of a low weir downstream of the 37 x I 

confluence of the Elandspad and Molenaars Rivers. RO.26 per mJ 

Then pump watre through the Hugenot Tunnel 

Unit reference value of 

Portal and then to Skuifraam. 

Brandvlei- . Unit reference of R 0.47 

Theewaterskloof 

Water transferred from Sreede River via Greater 100 x I 

Srandvlei Dam to Theewaterskloof Dam where it per mJ 

will be conveyed through the Riviersonderendl Scheme 

Berg River tunnel system. 

Michell's Pass - Transfer from the Sreede River to the Klein Serg 15 x I Unit reference of R 0.19 

Voelvlei Scheme River and via a canal to Voelvlei . 

Eerste River A low weir has been proposed near the Faure 19 x I . Unit reference of RO.21 

treatment works on the Eerste Ri ver 

Lourens 

Scheme 

River lncreasing the efficiency of a diversion of the 13 x I Unit reference value of 

Diep River 

Aquifer 

Newlands 

Aquifer 

Lourens River by means of a weir. Water will be RO.27 per m3
• 

injected into the Steenbras- Faure Pipeline 

Construction of a dam at Platberg near 12 x I . Unit reference value of 

Vissershoek. Desalination necessary. R1.34 per m3
. 

Environmental considerations of Rietvlei nature 

Reserve. 

a treatment works. Various options include pumping water to annum, and recharge of 18 x 

Faure treatment works for CMA use, or local use for irrigation 106 m3 per annum R 0.33 per 

purposes or finally, using the aquifer at a high rate intermittently. m3 

System of boreholes in the Newlands Area 10 x I 

Lower Berg Saline Water would require blending. Proposal is for water to be 78 x I per annum. Unit 

Aquifer delivered from Lower berg aquifers to the Glen Garry in the reference value ofRO.60 per m3 

CMA 

Works, the Mitchells Plain Works and the Macassar Works. Almost all of this sewage is of a domestic nature, with 

minimal industrial chemicals. 

Irrigation Yield and Reference 
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Only large scale use of effluent dependent on the crop and treanTIent For an annual yield of 20 x 10" m', unit 

after harvesting. 20 x 106 m1 has been allocated from reference is R 0.87 per m1 

Riviersonderend-Berg river catchment to Stellenbosch and Helderberg 

Fresh water supplement Yield and Reference 

This is only possible if blending ratio does not exceed L :4. This may For an annual yield of 36.5 x 10omJ
, umt 

be possible in conjunction with Faure Water treanTIent Works. reference IS RI.51 per m1 (Includes 

treanTIent cost) 

DESALmlAnO~eF SEJ\\WA'I:.ER: "',' "' .... : .~ -•.•• . ... '~', , ';-;'k 
~ 

:, 
~o:. .. \~~:E~'~ _.' ,.~ ... 

.... _.- - . 'It ~~. .. ~ ~ '- . _ . ~ ~ ...... : .. ; .-E ~a.': ," -~. _ ·t ,,:;.-, . ". ~ 

General' ~ c, .. , 
'" T . .. . ·¥ierd': and;"Reference~ :,,' ," 

.,,, . 

Possibly unlimited supply for the CMA. Koeberg is the most For an annual yield of 100 x 10" m', unit 

favourable site due to warmer water, no additional intake facilities and reference is R3.20 per mJ
, which includes 

close to electrical reticulation network treanTIent. 

MAINoTENA:NCEOFC'('~<mMEN1i~~':Ft: ~ ~~., ,,~~~·;·:~~'~·.~{~t~ ~ '. 
.. . • 11--.. 

~ -.' ,t ~- ~'''''';';- .,.'' ~'...."C' .. ":" ,:"'r .. !,;~~t·~ .~:_,i." ~ ,.~ . .,1--, 

Spread of Exotic invasive vegetation is a threat to the regions water resources and leads to reduction in streamflow. 

Two scenarios have been created. 

Scenario A: Future mature dense infestation assumed to be 28% of catchment resulting in 23.7 x 106 m1 streamflow 

reduction per annum. Clearing and maintenance of the affected areas could yield 18 x 106ml at a unit reference value 

ofR 0.27 per ml. 

Scenario B: Future mature dense infestation assumed to be 62% of catchment resulting in 63.9 x L 06 m1 streamflow 

reduction per annum. Clearing and maintenance of the affected areas could yield 46 x 106 m) with a unit reference 

value ofRO.17 per ml. 

~~€a . · ~S~~~.OF~~. "" .. 
.• , ~i ,. .• ;:i",," .::,~'<"~~ 

' .. " .;ti."'~~ . . _:' ". . ;ot'~~;:.~~~,~~. 
~~'.~~.;'- ,,~,'~';.',..~~.~~y-•• ~ _OJS>""'-tf"'_~:>;"'~; 

Importation by tanker Yield and unit cost 

Water could be loaded from the mouths of rivers, Supertankers capable of carrying 280 000 m' from the Zaire 

using Supertankers as fresh water floats on sea River, would result in a unit cost of R 7.00 per m] Additional 

water. costs could also be for offloading and payment to countries, 

with total costs not exceeding R 8.00 per m1 

Rainwater Tanks Yield and Unit cost 

With a storage of about 2 mJ
, a household could Reference value would be over R 3.00 per m' 

obtain about 20 m3 per annum for toilet flushing and 

miscellaneous use. The storage tanks, pump and 

elevated tank would cost about R1250. 

Towing Icebergs 

Capturing and towing Icebergs to a place where they could be converted to a supply of fresh water. Various logistical 

implications exist and it is not a feasible option. 

Soun:e: DWAF,l 994; Baseline Study, 20000. 

2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• 

on how to carry end-user audits . 
.... ViUfJ''''A water use audit: 

.. and 
• Evaluation of the audit results/data. 

.. 

.. 
• .. 
• .. 
.. 

.. 

.. 

to do a Water-use Audit 

A. a Goal 

the purpose and the of the audit initiative. 
recLucmg water can be set if the of water COllsumt:lUOill and 

is known. Data! information on audits or surveys can be used if it is necessary to 
UHJl/JLl.Vll and to estimate the nntf'nt';l 

cal:egl:ml~s from industrial codes 
as used 

Factories and industries 
Local Authorities 
Hotels 
Private office 

malls 
Schools 
General 

B. and UtoUHJ'l;'; Commitment 

A full commitment and full endorsement of senior of or heads of households is 
am,OUlteJlY necessary before any water audit could be conducted. There is a need to "sell" the idea the 

and financial of the whole exercise from to down. 
This could a set of 

Clear Communication. A letter In this letter one should communicate an 
undlers1tandllng of the and financial future 

~~I.n,,,>,, your enthusiasm for ,.""r'm·"''' 

L"E,UH'~ to environmental cOlnpllial1lce, 
conservation 

.. Financial Considerations are very nnpolrtallt to org;all1lsatlODlS, 
more to business and Present a estimate ofrealistic 

and show how this is could affect the bottom line. 

C. ". ........ ,"1'. Team 

Assemble a team of "fJ<''''1<'''''''' on various of water e"'"''''''''I'' 
water mallla:gernellt 
An industrial water '-''''(''<LVL,", should include members from 

maintenance pel:SOllll1e:l. areas such as 

and 

This team should be lead 
<lVJ,,,,,,,,,," devices. 

an on water enlCll~nCY ",·v<uua',lVl.l, and technical 

and of 

water meters, and 
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BASIC PROCEDURE FOR IMPLEMENTING WATER-USE AUDITS 

A. 1Jettnlin2 the Water .... "'oj-D'm 

include: 

• 
• 

llli>'"<Ul1.IO", such as where there is a decrease in the presence of water it may be necessary to 1J'1"1n11'" 

cmTIPc)ne:nts in the reticulation such as: 

• 
• 
• Joints and 
• Elbow turns, and 
• other 'vV"UI'VU'v'U standard pUUUlJH.,O' 

The purpose of these in terms of: 
• Where water goes once it passes 
• How much and 
• what devices or processes it is consumed. 

B. actions 

Collect written bill locate 
interviewees so that the water usage information will be 

P ... "UH ... '" a site and a schematic 

circulate survey 
the actual audit. 

An site should be pn~ared in order to show the facilities' water 
ret:)re:;entati,on of the meters in use in that The of each section of the 
water distribution 

The purpose of the schematic as shown in . .is to the 
the meters, how it is and where the water goes. 
The level of details included in the schematic det:1en(is on the purpose of the water 
the industrial or a office will have ,",VIC"I""''''' 

The information included in the 
and staff interviews. 

schematic is collected from site msne'CIH)n. 

A schematic shows: 
• Distribution of water 

• and 

• 

D. In situ :Sp~~citlic in a Water-use Audit 

The actual water-use audit PfC>tol;;ol can be summarised into 5 

Observe and note don processes, take flow or volume measurements, in,rentoIv 
their pressure or absence of water 

to the 

I'Vi>,'UU'll of 

schematic 

fixtures 

2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

~""-"-'- Document nn,,, .. ,,,i"i,",,n nrot'pnUrt'lil nn,,, .. ,,,h,,,,a schedule 
Determine how often or for what eqlLiplnellt establish how U\..LUUJllll'. areas are 

~,f;!..-'!-'- Calculate water .,.. ... ,,"'I'n1l'.t; 

"''''''"'." .. data 
Correlate water cOllsum]:ltlon with """.,."1,,,1'''' pruranlet'ers such as or IJn'UU~U'JU, or in the case of 
UU,IlUJW,!;", occupancy rate. 

& an Audit 

The oblectIve of WDM as ~"'IJ""U<"U in the nrF"!ll"'" section is to reduce the amount of water Wd:>l""'C 

the end-users. 
This could be achieved administrative behavioural str:ite:~ies. These aJre those <:tro,tpo'l"'C that aim at 
1'''''"1('"",0 demand Ulll'}U':" 

ftxtures and water- rOT,,,,,,'V'n 

reduce demand of 
or encourage water conservation behaviour users. A Water-use Audit is 

the ftrst Water-use Audit surveys the consumers' 
in order to determine whether water has been used 

or not; to the sitlJation. The fIDal 
establish the amount of water that could be saved and at what in a 

In water audits can be determined if and where excess water is used and recommend ways in 
which its use can be reduced. 
It involves the deflnition of the water distribution de'lel~)ptnellt of an 11'H1P11,t,,,,,,, of water use 
opt~raljorls at the and '''''''''''IT,,,tifW' 

The results of a water-use audit will an account of water volumes used and and flow 
{\n,·,."t,n11 sUDlIDed up for the whole 

"'''''_",.np water program can be Qe~aglleQ to UU'lllllll"" 

water reduction and their 

a water efficient progranl is recommended and later UUI"'''''Uv''''V'-'' its progress monitored and 
as user aJre devised to ensure its success. 

Source: Baseline 2000. 

3 
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n u n k n 

A. ""on,tnr'v of distribution ,",v<,ro,m 

a leak detection review the of your distribution the 

• Results of the water audit: How much water is the 
.. Mains and services: ages, and 

pressures. 
• Meters and meter-box assemblies: types, and sizes of meters; ages; of meter 

and meter 
.. Valves: types, left or and how often exercised. 
• Blow-off and air-release valves: locations and how often are exercised. 
.. maps: 'What is shown on maps, how current is the and how often is 

and a low-

me:m,bel:s consider whether each person has a keen sense of 
water maters and the distribution a sense of rPQ,n('\n~l 

leak and 
U,,',\cWLU5 survey, unless more than one person is needed for 

D. '~"''''''E! the 

p1a.nuu'5 how the leak survey will be 

• of noise 
• "That effect will traffic have on the "",."",,,, 
.. \\'hat type of IS for the leak crew? 
• What time of will be most effective conduct H;)"I;;U.lU5 

I.. leak? 

i • Is the crew a 
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'" What is the effective route to follow in the initial ''''',"kiUU.", 

.. Which are the most effective leak survey and plItpomtmg are these records be 

.. will leak detection team communicate and work with to ensure effectiveness and 
resolve holes? 

a Leak Detection and "" ... '" ..... 

can be nrema:red m 
must include the '{'"JlflAJ" ..... '" tune up order to 

the leak-detection "'i'UPU1",UL. 

a leak: detection survey. This will build team members' 
to ensure the survey accurate. may also be available from consultants. 

the survey, leak detection team members should familiarise themselves with the 
Ul"'Hl'~lH to be used. Consult instruction ideas and review instructions. 

mpimellt to be sure that 

detection 

To determine whether 
can 

tenus, how to conduct a leak detection survey. The leak 
record the results of the survey. 

survey is to listen for leak: sounds on all contact in the 
contact to listen for leak: sounds on all meters, 

and other contact Note the address ·of all locations 
fJV'"'W"'" leak sounds exist. This initial search each area of the 

need to listen t1n·'~t"tl'" over mains addition to contact the test 

1. 
2. 

J..,,""\;.ULLllS over the main with a 
on a hose bib at customer's service. 

'-'''''VLU,"U,",'& how far away the main we can hear the sound of water v,,~,a.VUll", from the hose bib. 

If the distance between contact IS than the distance that the sound travels the then 
we can the nuCf{)Ol:loIlle to listen over the main at intervals between about 4 and 20 miters. 

Interference 

There can be number of sound interference with leak detection "'i'LUi-"UL'¥LH there 
correct 

the sounds 
If there is any 

do is to return to each location in the initial U"',"UJ'UI", 

by a contact mlcrc)ph.one. If the 
check to see if the meter is a meter 
water use, a leak exists. The leak: must be 

2 
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There are two a leak: 
.. to determine whether the leak sound is l"al:\.a~;" 
.. to determine the leak's exact location. 
The procedure is as follows: 

Return to the location and 

water use, or some other and 

the area, attention to 

both fJv"->"n,,. Note that what may be believed to be a leak sound 
or sound from other sources, such as an electrical 

maps and locate pressure or other system 
sound. If when the area, we found another cause 

the or quiet it temporarily. 

If the leak noise is heard on a water meter we should listen tor leak sounds on both sides of the 
meter in order to determine if the sound is louder on the customer side or the utility side of the meter.W e 
can as well search/look for obvious signs of customer's use, such as operating. In this case, the 
meter we can hear the meter even if the meter hand is not check the meter indicator 
for movement; the leak may be in the area of the meter box, 

Methods leaks 

If a leak is on the main or the service the leak sound may be detectable on 
valves, or hydrants, We can listen for sounds of on services to the 
determine where the sound is the loudest. Then we can plIlpo,rnt 

mlCI()OtlOfle or methods discussed below. 

A correlator is a ..,,,,_,,,',,,0;; of electronic .. u~,.w_.u used to leaks. It includes the 
items: 
.. Transducers Of to pick up the noise from the and convert it into an electronic 
.. Two sets of cables or radio transmitters/receivers to cany the electronic from the transducers to 

the 
.. received from two or more signal sources; 
.. 
.. W:;,ctUfJUI..'H""1 to recreate the leak sound for the operator; 
.. 
• a written of the leak wave form and the distance of 

the leak from the contact and 
" A power supply (often a 12 - V automobile is 

U-f,I'UCTOl'JnlHle method. 

The of this method is to frod the location of the loudest leak sound over the main or service line. 
The first step is to determine the exact location of the main or service. An electronic locator can be 
used to locate the buried main or service line. mark the location of the main or service line on the 
pavement. Locate other from which the sound be coming. 
Ground are either or on the manufacturer. The stereo 
models can discern differences in between two most models have only 

can be used to listen fOf leak sounds 2 - 4 mitres away. Jot down some notes on 
the exact sound intensities and the meter if the has a meter. After pinpointing the 
its location can be verified with a second using the ground microphone. 

3 
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LEAK DETECTION AND REPAIR PLAN 

Name -------------------------------------------------- Date: -------------------------
A. Area to be 
A-I. the results of the water show on a map which areas in the distribution 

Indicate which areas have the for recoverable u;;aAQ.~;" 

Describe each area to be <mr",,'''''''1'1 under item B-2 of this 

A-2. Total miles of main to be 
the miles 

of the is 
included in the survey. 

and exclude service lines. 
calculate the benefit-to-cost ratio to reflect 

A -3. number of main per ------------------
The average survey crew can survey about two miles of main per Items to consider include 
Distances between traffic and and number contact 
bX]Jlallll if more than three miles per ---------------------------------------------------

1"' ........ " .. IPTP survey ( divide line 2 line 

FY1,pr1lpn,~p shows that the 
water meters, 

B-2. Describe the areas noted on the map in A-! have the greatest potentl;l1 for TPf'''''''rm 

B-3. for leaks at all describe your 

B-4. Describe the and you will use to the exact location of the detected 
leaks. --------------------------------------------------------------------------------------------------------------------

B-5. Describe how leak detection team and the crew will work How will resolve 
the holes? --------------------------------------------------------------------------------------------

1 
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B-6. Describe the methods you will use to determine the flow rates for excavated leaks of various sizes. 

C. 
Col. How many agency staff will be used? ---"---'---'---"---

Staff costs wages and benefits: 
Person 1 Rlhour --------------------­
Person 2 Rlhour --------------------­
TOTAL Rlhour ---.. ----------.. ---.. --

D. Leak Detection 
Leak detection surveys: 

Costs 

D-I. costs 
D-2. Consultant-crew cost 
D-3. Vehicle costs 
D-4. Other cost 
D-S. Total survey costs 

E. Leak Detection ........ """. 
E-!. Cost of leak detection eqlliplrneltlt 
E-2. Leak detection team tralmmlg 
E-3. Leak detection survey costs 
E-4. Total leak detection costs 

Schedule 
Indicate dates. 
F-l. When will the leak survey 

Cost 

F-2. When will the leak survey be cOIlo:pll~te(r! -.,---,.---.---.. ------.. ------.. ------.. ------.. ---,.------,.------.. -----­
F-3. When will leak 
F-4. When will leak 

Name --------------------------------------------------------------- Date ---------------------------­
Title ---------------------------------------------------------------

2 
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LEAK DETECTION SURVEY DAILY LOG 

Agency ------------------------------------------------------------------------- Date -------------------------

Leak Detection Team Members: ----------------------------------------------------------------------------­
Manufacture and Models of Equ: U"'lll Used: -------------------------------------------------------------
Area ------------------------------------------------- Reference: ----------------------------
Sheet and Block Numbers: ----------------------------------------------- & Coordinates ---.. ---.-----

Leak 
Number 

Location or Address 
of Leak 

Meters Hya.rams 
Indicated Number of 

or 
Customer 

or 

Valves 

Points Use ------------ ----------------

Leak 
n: 
r -.r 

or 

Test Rods 

Leak to be Leak 
Rechecked R p.nflirp..-l -. 

or or 

Other 

Miles of Main --------------------- Time ------------------ hours 
Number of Leaks '" ----------------- To be checked ----------------

b f k n. -r n.J . h Num er 0 Lea S r ~'J:' ,., ... ,~ ----------------- r • Tune ------------- ours 
Remarks: 

Nota 
Leak 

3 
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LEAK REPAIR REPORT 

-------------------------------------------------------------- Date --------------------------------------------

W.O. No.: --------------------------------------------------Foreman: ------------------------------------------------

LEAD IDENTIFICATION Reference: --------------------------------------
Refer to Leak and Coordinates: -------------------------------
1,~c'(1\l."'r" Date: ------------------------------------Leak 

Location 1"" __ U .... L"'''" street name and nUlnbler): ---.. ------,----,------.. ------.. ------,---.,------.-------,----,------.. -----

FOR MAIN AND SERVICE LATERAL LEAKS ONLY 

Sketch a of the site u.H •• 1U1U11,,,. 

1 Street name; north arrow. 
2. Meter nmnber 

Mains and 
4.All valves 

5.Locate leak to nearest intersection or house 
With address. 

Show distance to lines 
Or street centreline 

Leak found? ---.----.---,----.-----

TYPE OF LEAK 

If Main or Service Attach Three Photos 
1. doVifll over leak or ... <U11"'/:," 

2. of leak and ",<U.""",\O. 

3. which you feel 

Meter Leak -----. Main Line Leak -.... ------------ Joint Leak ---------------
Meter Leak ------ Service Lateral Leak -------- Other Leak --------------
Meter Yoke Leak-------- Fire Leak ------- Describe ------------------
Curb Leak ------- Valve ------------- ----------------------------------

DESCRIPTION OF REPAIR 
was: --------- l'-"'II-I"'lJl"'U ---.----.--- n"'lf-'lY'_"'''' 

---•• ------.---- n,"'If-'U4'v"'U Valve 
-------Welded -------- Recaulked Joint 
------ other l aeSCllOe 

Costs 
Materials ---.. ------.. ------,.---,---.--.. -­
Labom ---,.---------.. ------.. ------.. ----

Other ---._---,------.. -------.------.. ----­
Toml-------··---------------------------

"'l.)l."-,",""U. what material was used? ----

Time -----------------------------
Crew Size ---·_---,------··------,--1 p'~rscms) 
Eql1iplmellt Used for 

Backhoe 

Size of Leak: 
Measmed 
Estinlated ---.. ------'.---.--rDm 
Method Used ------------------

4 
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DESCRIPTION OF DAMAGE FOR MAINS AND SERVICES 

Tie Rods 
------Joint 
-----Valve 

In your U'JLlilUll, what caused the ~~'~E;~{-'------"---

Estimated of Leak in Months --------------------
How Detennined ----------------------------------------
Diameter of Main or Lateral in metres --------------

to in metres ---------------------

Material: 
-------Galv. Iron ------ Ductile Iron ---------A.C.P. 
-------Black Iron ------ Steel------- P.V.C. 
------Cast Iron --------

Examine broken of cast-or ductile-iron 

Min Thickness of Good 
Thickness 
----------------metres 

Is there evidence 
Or 

leak 

Metal ''''''''''''''''''''6 
------------------metres 

No 

-------Hole 
------Circumferential 
-------Broken VV'''f'.LLUl'', 

------Service Pulled 
-------Cracked at 
-------- Gasket Blown 
-------- Crushed 
---------Cracked Bell 
----------Other 

Pressure --------------------------
How Detennined ---.. --.. ------.. ------.. ---.--

Deterioration is on: 
---.. ----- Outside ------Inside 

Number of Previous Leak 
",,"UU!>;> Present ---.. ------._----­

Cause of Leak ---------------------------

OpInIOn, should be ,"'I-'·,,."' .... u: --------- Yes ---------- No ------------ Do not know 
" ..... n .. " .. extent: ------------------------------------------------------------------------------------------------------

FOR INDICATE GROUND CONDITIONS 

or Soil: of Cover 

--------- Gravel/Sand --------Concrete 
---------Native Soil 

-------Adobe Loam ------- Pea Gravel Soil 
------- Other --•.. ----------- ------ Other ---.. -------.----------- Other ---.--••••• -----.----.. -

5 
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LEAK DETECTION AND REPAIR PROJECT SUMMARY 

Name 
PT~'''''''rpT' ___________________________________________________________________________________________ _ 

Date: ----------------------------------------------

LEAK DETECTION SURVEY 

Total Number Leak <;:,n·v"""c Were Conducted: ---.. ------'.--.>------.. -----

First Date: ----------------------------------------------- Last Date: --.'.--.'------.. ------,.---

Metres Valves Test Rods Other 
Number of 

~u:spe:cte:a leaks: ------------------------- Number orn>oo:um~a leaks: ---'.--.,------._-----
time: ------------------ hours 

Plflpomtmg tinIe: ------------------ hours 
Miles of main ~llrvp"pn- -----------------------

rate = kilometers of main ~H1I',,,,,,>,,,,A x 8 survey and plfLPOmtmg 

Total number of visible leaks TPn,n1l'1l'<'rI since survey from other sources discovered 
detection 

LEAK REP AIR SUMMARY 

First leak made: -------------------------------- leak made:---,------------------,----------

Number Total Number of 
Np,>£InIU Excavation: ----------- not n<:;'OUll,"" .L,-,;"uaLl\.>U Leaks: ----------

leak 

Total Water Losses Total Water Losses From Total Water 
From Excavated Leaks: -------- htres/month Nonexcavated Leaks: -------- Htres/month 
Htres/month. 

Losses: ---------

Materials 
Labour 

Other 
Subtotal 

Excavated Leak 
Costs ) 

Materials 
Labour 

Other 
Subtotal 

Nonexcavated Leaks 
Costs ) 

---_.------,.--.,----- Materials 
------------------ Labour 

Other 
Subtotal 

Total 
Costs ) 
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LEAK DETECTION PROJECT COST-EFFECTIVENESS 

1. Calculate the value of water recovered from all leaks. 

Vwr "'i,,"'a~," recoverd in cost, 

Vwr 

V wr R ---.. ------.,------- ---,.-----

2, Determine the total cost of the leak detection survey. 

Costs (R) 

Total 

1) the total costs \ o,.;alo,.;ULa~C;U in 3. Divide Vwr 

Benefit: Cost Ratio = Value of water recovered! total cost leak detection survey 

For 1-'''':llU.IHl'', future leak detection you calculate average survey cost per mile 

4. Determine average survey costs per kilometre of main 

Costlkm total cost of leak detection ""l'"""rftnt" number of kilometres QllT"'P'JPti 

CIkm RI km ---------------------

/ 

7 
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, IID~ ifnI'! _Ians per " 
pelll seanif minute , ' 

I 

2 

3 

4 

5 

Five 

12 

,018 

" . 
. "," :,. . 

stream. 

, _aletlllallllllllialilll1!ll . 

Q::::: P) 
Where Q is leak rate in 
area the 

in 

Leaks in or cracks can be estimated this 



University of Cape Town

APPENDIX G3 Leak Losses for Circular Holes 

E 
c­
O') 

2 . 5 -, , _ , .. . ' "~, ,,, .. J ; ... :{;. .,.:.~ . ~,,~ ' . : :-. f$\,!~·t:l,f..:.::' '!.i';: B~~ . _ ": . . ;:~;;:: ,; .. '. }'.I ,, ',,' 

2 -·1 ..... ~ : ... " ~_~_ :~ J: I.l'[ ,,-.,:' / _ ' l ~!':4_ ~' :~: -'I 

1.5 -

1 
.. 

. -

O 5 I :::';~~; . -~ 
" .lL!, , ," . 

;..=, • • C .:-r; ',f,' l ' 

, .... . ~:," 'h)t,.v{,I;J·(r~;K-q<",l'.~ ' ·" ',: . / ;~!f.':: .. ~Wfl·klllfl,~~"Pl.rtA'?'!~'t-'~~':·+·'~: ' \ ( .. !~ ' o · ' : ·?rt:; ~ I :~. ': !' .. ~. : :. :4'" ; ... : ; ·1:;:; ,~;~;~r~;(:'t.I~'~ i·f:·':r~:W~~.'~~',.:~~'7h}; <~;,-,;,:r; ' ~;', ' ~., i' 

0.01 0.025 0.05 0.075 0.1 

- 20 (psi) 

~ 40 (psi) 
.q.-a-- 60 (psi) 

'---80 (psi) 

~_ ~2g __ (P_sD 

Diameter of Hole (in) Source: NCDENR, 1998. 

- --"- ." --_. ---- .... --~- ... _,-_._-------------_ . . _--- -_ ... -------_ .. _ .. ,--_ .. 
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APPENDIX H 
Procedure for conducting cost-benefit calculations for a 
water conservation programme. 
Cost -benefit analyses can be done only after all the respective databases have been established as 
discussed in Section 9. The following steps are essential in calculating water savings, benefits, and costs of 
a conservation programme. The sequence of calculations is depicted in Figure H-l. 

1. Multiply the total service area population by the measure's market penetration in order to get an 
estimate of the number of people that will be affected by this measure. For example - 100,000 
population x 50% penetration = 50000 affected population. 

2. Multiply the affected population by the measure's unit water savings to determine total water savings 
per measure. Example - 50000 x 5 Llcd = 250000 Lid. 

3. Multiply affected population by any other savings, such as energy, to determine total other savings per 
measure. 

4. In cases where the measure saves exterior water, multiply the total water saved by the cost of water to 
determine total Rands savings. Use the variable component of the retail cost for the customer and the 
marginal cost of the water and wastewater. 

5. In cases where the measure saves interior water multiply the total water saved by the sum costs of 
water and wastewater. 

6. Multiply total other savings (e.g. RIk W.h) to get the total Rand savings. At this point, all the benefits 
have been calculated. 

7. The annual costs to the customers as a whole are calculated by multiplying the affected population 
size by the annualised costs to the individual customer. (Annualised costs are calculated by 
multiplying current individual costs times the capital recovery factor, found in standard compound 
interest tables). 

8. To the utility the costs are the equivalent, uniform annualised costs determined in the section on 
developing the measures database. 

9. Finally all costs and benefits, including water savings, should be combined into one table for 

evaluation as discussed in Chapter 8. 

Unit cost Population Market penetration Unit water plus Unit water and other 
other savings wastewater costs 

, 
... ... Affected 
... Population 

"" 
Water plus other 
savings 

, + 
I Rands .... 

Rand ... .... 
saved 

.... 
... .. 

Evaluation 
~ I costs 

I I 
Figure H-1: Cost - Benefit Analyses Flow Chart of a Conservation Programme 
Source: Peter Macy & William Maddaus,1989. 
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APPENDIX I 
Schematic comparison between once-through cooling 
and cooling tower systems (Figure 1 & 2), and typical 
cooling tower operations (Figure 3). 

1&_ 

Onin 

Figure 1: Once - through cooling 

Figure 3: 
Typical cooling tower operation 

Water flowing out of a cooling tower 
circulates to equipment tJuzt needs cooling. 
The equipment is cooled; the water is 
warmed. rne warm water is returned to 
the cooling tower where it is re-cooled 
and the process begins again. 

WATER 
SPRAYED 
DOWNWARD 

MAKEUP _____ ~--__ --_ 

Figure 2: Closed-loop cooling system 

~---DRIFT ("0") 

.... ... ----EVAPORATION ("E") 

-- WARM WATER 

;1----4 ----......... ~--~ t WATER t 
(UM") 

TREATMENT 
CHEMICALS 

COOL WATER i 
SACK TO PROCESS i 

BLOWDOWN ("S") (ALSO CALLED BLEED·OFF) RECIRCULATING PUMP 

Source: Massachusetts Water Resources Authority, 1995; NMOST, 1999 

i 
I 
I 
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APPENDIX J 

The key variables and equations for a cooling tower 

1. CONCENTRATION RATIO (CR) 

CR, otherwise referred to as Cycles of concentration is an indication of how many times water 
circulates in the cooling tower before it discharged as bleed-off/blowdown. The CR is a 
relationship between the concentration totals of dissolved solids of blowdown CB and the 
concentration of total dissolved solids in the make-up water (CM). 

CR=CB/CM 

CR can as well be obtain by using conductivity of the incoming make-up water (M) and the 
conductivity bleed-off/blowdown (B) 

CR=B/M 

E = M -B 

CR = E I (CR -1) 

v = M1 X (CR2 - CR1)/CR1(CR2 -1) x 100% 

Where: V = Volume of water conserved 
CR1 = Concentration level before increasing cycle and 
CR2 = Concentration ratios after increasing cycles 
M1 = Initial make-up water volume (before modification) 

Water Balance in a Cooling Tower 

Water added up to the cooling tower to replace water lost through evaporation, drift, and 
blowdown/bleed-off is called "make-up water" (NMOSE, 1999) (M). Therefore, the water balance 
in a cooling tower system is the relationship between Evaporation (E), Bleed-off (B), & Drift (D) 

M=E+B+O 

Source: Compiled from different sources, including (NCENR, 1989; MWRA, 1995; 
MNOSE, 1999; and SADC·IEMP, 2000). 
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APPENDIX K 
"Xeriscape" zones & watering equipment 

Example of Xeriscaping at a Municipal Facility POV-UD 5vrir.kler heads 

[mvact rotor 

-----:a: ~riP emitter. 

Source: NCOENR, 1998; NMOSE Water Conservation Guide, 1999. 
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APPENDIX L 

Mondi craft mills in Piet Retief - an example of water 
reduction by recycling wastewater 

t""~ , ~~ ~ ~W: b~c;vSlcrtff7/0/. 71;-;VI; 7f ---

I'-.:liil ~s \\-cter consumption Isduced bv 40~~ 
The Mondi Kraft mill ill Piet Retief prouUf"s about 1 70Um' of 
wastewater a day. This wastewater consists primarily of excess 
paper machine water and pulp washing water. Before the com­
missioning of the aew wastewater purification plant. wastewater 
frum the mill was pumped into holding ponds before being irrigat­
ed on to 192ha of fields. 

i" his disposal system was unaccept. 
dOLe for rl numi>er of reasons. the two 
most important bemg: 

The wasre\vater oonrained a hl~n salt 
content ;nver 1000ppm sodium). 
Over a long period, sodium builds 
uo in the soil and could eventuallv 
!~ad to permanent dama~e. . 
?!et Reriet' is ..;ubiect [0 heavy thun· 
der ::;(orms ;)nd !on~ periods' oi wet 
h'eather. Once the soil was saturated. 
runoff ilowing 0'"'' the fields pickP.d 
up wastewater and carried it into the 
Blesboksonlit. 
[n order 'to effectivelv deal \Vith the 

wastewater ?roblem. the mill bUllt the 
wastewater purification plant. 

This plant recei\'es wastewater from 
the holdin~ ponds and through a com· 
bin.tion oi ultrnflltration. ion .,change 
and reverse osmosis . produces clean 
water (for re-use i.n the mill) and a con· 
centrated effiueru. 

The concentrated effluent is eva po· 
rated and incinerated in a t1uidised bed 
reaClOr to produce salt cake which is 
sold to the vsutu and Sappi pulp mills. 

By ,e-using :h. clean water in the 
mill the intake oi river water has been 
reduced bv ~O%. 

Prof K~der I\smai. :Vlinister of Water 
.1ifairs and Forestry. "'hen opening the 
uruque R2S-millioQ water purification 

pian( at {he .vlondi Krar"t mtll early in 
\lm'ember. SRid thaI the mast important 
gO\'~mment :)HHemem on water issues 
for generations \viU be tabled in parlia· 
:nen( during this session. 

He was referrin~ (0 his White Paper 
on \Vater Suppiv and Santtation Policv, 
(n \ .. ' hal he ~ailed d "jneaK preview '. 
Pror ,\smai said there would be exciting 
policv chan~es that would ' ,chart the 
t va~' ahead '. 

He "oded l113t (he White P1per 
would empower women to play their 
' proper role in all spheres and at all 
lev~ls of the water sector. 

"This means ensuring thSL at the 
' .. ery minimum. \'Iomen make up 10% 
"f the membership of structures for 
which I am responsible. [n appropnate 
cases the~' will be the majority. 

"This dmpowerment of tV'omen must 
r"place the realitv of their being fobbed 
uff and patronised. [t must apply from 
the top. right down to localleval.," 

)'Ien. he said. should take note. 
"Th.ir days of sheltered employment 
<1l1d assumed superiority are over.-' 

The miaister then questioned tbe 
future of the Forestrv Council. which 
includes representatives of the forestrv 
industrv. individual cree farmers and 
the prOCessors, 

"Soutb Africa has changed funda-

ThtJ .1./,:nistp.r Of tVnt~ :",(mrs & FOfp.slIY. Pro" f",:uripr ,-bmtll. :ap~ oJ/a henJ..:p.r r)f cfP.fJr. 
W"'ntf!Q IVnfp.r (lIthe n""v R~5·,""'ion \\'nMr rrYmlment plant a t .\Iondi ;,:rnO'-; Pi~l Hp.tip., 

:mll, 

t4 \Viltcr St!\\'rt~e.rod Effluent Volume 14.\10 . '" Of!cemner [994 

r:1t'::~all~ ' since .':"i::":l 1!"}q4. ,md une can 
:-r'"!sonao!\' Jsk .vht! ther thL' Furcstr\, 
;:Uuncil should continue in ::. s prcscn'( 
,arm. 

"In the (-last :he council has 'ldvised 
\.h~ miOister d.ud coilecwd and distnb · 
ured le\'ies to oro mOte <.md research 
forestn,. . 

"The I tHT has :>Ince fallen ~)\' :he 
w3vside Jnd the F0restn' C0~nc d 
:iho'uld therefore reconsider j"ts future J.[ 

ils next meeling .. 
HI::: :iUggested [hac it :ould ~e re ' 

~!aced ',\lith a Forestry ~orum I.vhicn 
could meet twice J. ~'eac .l11d !Unction 
throu~hou[ the ~'ear ~ia sub<ommlHees 
- ',ach assi~ned specific fields of the 
wide rorestry speccrum, 

"Such a hod\' could not onl y reore­
sent ~wers and processors. Other sec, 
tors or" the broader community shouul 
have their voices heard. . 

.. ( believe iliat consumer groups. per, 
sons or bodies affected bv the forestrv 
industry such as lando"wners. loea', 
communities, water USers and parHcu , 
larlv those people affected bv iarge 
atforestation in their catchment areas. 
should be represented ," 

Such a forum. he added. could seek 
consensus. md give a much clearer pic· 
ture of Ibe problems. views and propos· 
als of all. 

Referring to the new water treatment 
plant at Piet Retief - a technology de­
veloped bv :vIondi and de Beers ,ub­
:iidiary Debex that has reduced the 
mill 's water consumption by -40% -
the minister said it was the first of its 
kind in the world and could'become an 
important earner of foreign currency, 

"Other pulp and paper mills in the 
world should take aote and start imple­
menting this technology to conserve the 
world's water resources." 

MondL he said. deserved congratula· 
tions for taking the bold step to imple­
ment this costlv svstem which would 
benefit the eavti-orunent and eventual Iv 
the country as a whoht. _ . 
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APPENDIX M 

Water-wise 
Species list 
Latin name common name height spread 

SlVIALL SHRUBS .. , 
'-\cmadenia hecerophylla :\emadenia 
.4gathosma ovata Kluitjieskraal" false buchu 1m 

Anchusa capensis Cape forget-me-not 30 em 

ArcCOtis stoechadifolia \Vitgoushlom, Bietou 15 em -Wem 

Asparagus densiflorus Cat's tail asparagus -15 em 60 em 
Cineraria saxifraga \Vild cineraria 15 ern -10 em 
C/ifforlia ferruginae Glastee 15 em -10 em 
Cliffortia odorata I,Vilde wingerd 75 em 1m 

Dymondia margaretae Silver carpet 5em 30 em 
Felicia aethiopica Bloumagl'iet 30 em 30 em 
Felicia echinata Bloublommetjie 30 em 30 em 
Felicia erigeroides Felicia 50 em 75 em 
Felicia filifolia Draaibossie, \-Vild aster 1m 1m 
Gazania rigens Trailing gazania 15 em -10 em 

var, uniflora 

Geranium incanum Bergtee, Vrouebossie 30 em 30 em 
Helichrysum c}mosum Goue tapyt. Everlasting 10 em 30 em 
Helichrysum argyrophyllum Yellow everlasting 10 em 30 em 
Hermannia saccifera Komynbossie 20 em 50 em 
Osteospermum iucundum Bergbietou 20 em 60 em 
Pe/argonium betulinum \-Iaagpynbossie 30 em -10 em 
Pe/argonium cucullatum Wildemalva 1m 1m 
Pelargonium peltatum [vy-Ieaved geranium 30 em 2m 
Pelargonium radens 1m 1m 
Pelargonium reniforme Rooirabas 15 em 30 em 
Pe/argonium tomentosum Peppe I'm jnt-seemed 30 em 60 em 

pelargonium 
Phy/ica ericoides Phyliea 50 em :50 em 
Plectranchus ciliatus Pleetranthus 50 em 1m 
Plectranthus eck/onii \[auve pleetranthus 1.3 m 1,3 In 

Plectranthus ti'uCicosus '\-[uishondblaar 1,25 m 50 em 
P/ectranthus Variegated pleetranthus 30 em 50 em 

madagascariensis 

Plectranchus neochilus Spur nower 30 em ti() ern 
Rumohr(] adianlit'ormis Seven weeks Fel'll 1m 1m 
Scabiosa africana Korin,gblommetjie GO em 60 em 
Scahiosa incisa Koringblom, \Vilrl scabious 30 em 30 em 
Stoebe p/umoSa Siangbossie 60 em -It) em 
Crsinia sericea Silver ursinia 30 em 30 em 

The following species 

are water-wise 

plants which require 

minimal water once 

established. 

position 

• sun 

• • • • 
t/. 
./t 

• 
./t 

• 
t/. 

• • • • 
• • • • • 
t/. 

• • • • 
t 

• 
t 
t 

• • 
t/. 

• • • • • 

colour 

blue 
white/orange 
white 
yellOlv 
foliage 
wh i te 
yellow 
blue 
mauve 
mauve 
mauve 
yellow 

mauve 
yellow 
yellow 
yellow 
mauve/purple 
mauve 
mauve 
varied 
mauve/purple 
mauve/pink 
white 

white 
white 
wh i te/pi nlJblue 
pink 
white 

mauve 
t'olia.ge 
mauve 
mauve 
foliage - grey 
vellow 

1/4 
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Larin nam'e common name 

OrnilllOga/um thyrsoidcs Chinkerinchee 

'(ritonia ssp. Viooltjie 

l.'lia spp. Lxia 
Spara\is spp. Harlequin flower 
Tulbaghia vio/acea Wild garlic 
Ie/theimia bracteata Sandui 
Wacsonia borbonica Suurkanol 

SUCCULENTS 
. ~loe arborescens 

.4/oe (eros 

-lptenia cordifo/ia 

CMy/edon orbicu/ata 

Carpobrotus edulis 

Crassu/a coccinea 

Crassu/a perfoliata 

Crassu/a multica~a 

Crassu/a ovata 

Drosanchemum speciosum 

De/osperma spp 

Lampranthus spp 

Po('tu/acaria afra 

ft,/ecodon panicu/atus 

DimorphoCheca p/uvialls 

Dimorphotheca sinuata 

Dorotheanthus bellidi{ormis 

He/iophi/a coronopifolia 

,'iemesia strumosa 

Senecio e/egans 

Crsinia cakilefolia 

Crsinia anthemoides 

~.~~-

CLIlVIBERS 
Jasminum angu/are 

Por/ranea ricaso/iana 

Rhoicissus digilata 

:;enecio tamoides 

Senecio macroglossus 

Thullbergia a/aca 

Krantz aloe 
Bitler aloe 
. .l..ptenia 
Pig'S ears 
Sour tig. Suurvy 
Klipblom 
Sickle erassula 
Fairyerassula 
Plakkies 
Be rgvygie 
Vygies 
Vygies 
Spekboom 
Botterboom 

daisy 
Orange NamaQualand 
daisy 

BOkbaaivygie 
Blue Oax 
Nemesia. Cape jewels 
Purple senecio 
Calvinia ursinia 
\Iagriet 

Port St. Johns creeper 
Baboon grape 
Canary creeper 
,'iatal i"Y 

Blaek.-eyed Susan 

heighr spread 

50 em 30 em 
35 Clll 20 em 
30 cm 10 em 

· 20 em 10 em 
. 40 em 25 em 

• 45 em -t3 em 
Um 0.3 m 

. 3 m 1m 
10 em 50 cm 
50 em 30 em 
15 em 1m 

• -to em 30 em 
30 em 30 em 

30 em 
1.5 m 
50 em 
30 em 
45 em 
3m 
70 em 

30 em 30 em 

10 em 25 em 
60 em 30 em 
30 em 30 em 
60 cm 60 em 
30 em 30 em 
30 em 30 em 

position 

• • • • • • • 

• . /. 
• • 

• 
• 
• • • • • • 

• . /. 
• • • 

colour 

\vhile 
varied 
varied 
varied 
mauve 
pink/yellow 
pink. 

orange 
pink 
orange 
yellow 
red 
red 
light pink. 
pink 
red 
varied 
varied 
pink 
red 

orange 

varied 
blue 
varied 
white/purple 
yellow 
yellow/orange 

pink 
yellow-green 
yellow 
yellow 
orange/yello\\' 

2/4 
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Latin name common name height spread position colour 

Sall'ia a{ricana-Iutea Bruinsalie 1m 1 m • brown 
SaMa africana-caerulea BluublomsJlie 1m 60 em • blue 
Strelitzia juncea Crane fl6wer 1.5 m 1.5 m • blue/orange 

Strelilzia reginae : Crane flower 1.5 m Urn ./t blue/orange 
Blrd-of-paradise flower 

Tecomaria capensis Cape honeysuckle 3m 3m • varied 

Thamnochortus insignis : Albertinia thatching reed 1.5 m 1.5 m • texture plant 

• ',' _.' .-:~; ~ • ' ,C' ~' .: .~<}';; '., , ~::-?: ; ""':: ~.;~: :?:i,"'7; '. 
_ -' - A..~_~I'.!"t....... _'--:, A~··, . ~-,--"j!..""".~. "~.L ~ -.",," .a. 

--!-. . ~ - _ . ' ......~. 

: Acacia karoo : Sweet thorn 8m 8m • yellow 

• Brachylaena discolor Coastal silver oak 7m 10 m • cream 

· Brabejum stellatifolium Wild almond over 5 m . over 5 m • cream 

• Cassine peragua Cape saffron over 3 m 3m • cream 

Celtis africana • White stinkwood 10 m 10 m • green 

: Cussonia paniculata \Iountain cabbage tree 3m 2m • green 

Dais colinifolia Pompon tree fim fim • pink 

Do~ya/is caffra Kei apple 5m 3m cream 

Dodonaea angusUfolia Sand olive 4m 3m • yellow 

Diospyros whyteana Bladder nut 5m 3m • cream 

Encephalartos altensteinii Eastern Cape cycad 1.5 m 1.5 m • 
Grewia occidentalis Cross-berry 5m 4m • mauve 

Kigge/aria africana Wild peach 12 m 11 m • yellow 

Olea europaea subsp. african a Wild olive 8m 6m • green 

Podocarpus [a/catus Outeniqua yellowwood 15 m 12 m • 
Rhus pendu/ina Witkaree 8m 7m • green 

Strelitzia nicolai Natal wild banana 8m 4m • blue/cream 

Tarchonanthus camphoratus Wild camphor bush 5m 5m • white 

Ilirgi/ia d/varicata Keurboom 5m 3m • pink/mauve 

Widdringtonia nodiflora Bergsipres 5m 4m • 
~/ \ 

: .4.gapanthus praecox Agapanthus 1.5 m 0.7 m ./t blue/white 

: :~maryIliS belladonna \Iarch lily 50 cm 50 cm • pink 

• Aristea eck/onii Urn 1.5 m • olue 

• .1.ristea major Blousuurkanol Um 1m • blue 

• Babiana angustifolia Vleibobbejaantjie 30 cm 20 cm • blue 

Bu/bine frutescens Snake flower 30 cm 40 cm • orangelyellow 

Babiana Villosa Rooibobbejaantjie 20 em 10 cm • red 

Chasmanthe noribunda Suurkanol 1m 30 cm ./t orange/yellow 

Crocosmia panicu/ata Croeosmia 80 cm 30 em shade orange 

C/ivia miniata Boslelie. Clivia 80 em 80 cm shade orange 

Dietes granditlora Wild iriS 1m 1m ./t white 

Freesia a/ha Duine-aandblom. Freesia 20 cm 15 em • white 

• LachenaJia a/aides Geelviooltjie 25 em 10 cm • yellow 
var. aurea 

LachenaJia splendida Viooltjle 25 cm 10 em • purple 
.Verine sarniensis Guernsey lily -45 cm 30 em • red 

3/4 
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Latin name common name colour 

Agathosma glabrata Buchu 60 em 50 cm • mauve 

.4gathosma ovata 'Glentana' false buchu 1.5 m 1m • white 

,4nisodontea scabrosa Pienk kiesieblaar 1m 1m • pink 

.4thanasia crithmifolia Klaaslouwbossie I m 1m • yellow 

Barleria obtusa Bosviooltjie 1m 1m t purple/pink 

Bauhinia galpinii Pride-of-de-Kaap 3 m -im • orange 

Budd/eia auricu/ata Weeping sage 4m 4m • cream/yellow 

Buddleia salvii{olia Sagewood. Bergsalie 3m -im • mauve/purple 

Carissa macrocarpa Groot num-num 3m 2m .1' white 

Chrysantllemoides moni/i{era Bietou 2m 2m • yellow 

Chondropetalum tectorum Dakriet 1m 1m • texture plant 

Ga/eonema album Confetti bush 1m 1m .It white 

Coleonema pulchel/um Pink confetti bush 1 m 1m ./t pink 

Erica baccans Berry heath 1m 60 em • pink 

Erica bauera .-\lbertinia heath 1m 60 cm • pink/white 

Erica coccinea Vlakteheide 1m 60 em • orange/red 

Erica mammosa "Hne-pin heath 1m 1 m • red/pink 

Erica plukenetii Hangertjie. Tassel heath 1m 60 cm • red/pink 

Erica versicolor 2m 2m • red & green 
Erica verticil/ata I.5 . 1m • mauve/purple 

Eriocepha/us africanus Wild rosemary 1m 1m • white 

Euryops pectinatus Wolharpuisbos 1m 1m • yellow 
Euryops virgineus Rivierharpuisbos 1.5 m 1.5 m • yellow 

Helichrysum petiolare Kooigoed 1m Urn t/. white 

Helichrysum sp/endidum Yellow everlasting 1m 1 m • yellow 
Hemizygia obermeyerae Soutpansbergsalie 1 m 1m ./t pink 
Leonotis leonurus K11pdagga. Wild dagga 1.5 m 1 m • white/orange 
Leucadendron Safari Sunset' 2m Urn • foliage - red 
Leucadendron tinctum Bergroos 1.5 m 1.5 m • fOliage - yellow 
Leucadendron coni{erum Duinegeel bos 4m 2m • foliage - yellow 
Leucadendron sallgnum Geelbos 1 m 1 m • foliage - yellow 
Leucospermum cordi{olium Pincushion 1.5 m 2m • peach-orange 
Leucospermum [(reupelhout 3-5m 3m • yellow 

conocarpodendrum 

Leucospermum reflexum Rocket pincushion 3m 3m • yellow/red 
Leucospermum muirif Bloukool hout Urn Um • yellow 
,Hetalasia muricata Blombos 1.5 m 1 m • white 
Phylica pubescens featherhead 2m 1m • foliage - yellow 
Plumbago auriculata Plumbago 3m 3m • blue/white 
Podalyria sericea Silver podalyria 1m 1 m • mauve 
Po/ygala myrti{o/ia September bush 2m 2m • purple/mauve 
Pro tea aurea Geelsuikerkan 3m 3m • white/pink 
Protea rep ens Sugarbush 3m 3m • white/pink 
Pro tea neriifolia Blousuikerbos 3m 3m • pink-peach 
Pro tea obtusi{olia Bredasdorp sugarbush 2 - 4 m 1.5 m • pink/white 
Prolea compacta Botrivier protea 2 - 3 m 2m • pink 
Rhus crenata Dune crow-berry 3m 3m • cream 
Rhus glauca Kuni-bush I-3m 3 - 5 m • cream 
Rhus Iucida Blinktaaibos 2-5m 2 - 4 m • white 

Source: Copied from pp.21-24: National Botanical Institute & DWAF -SA, (1998) 
Water- wise Gardening for winter- rainfall regions. CTP Book Printers, Caxton 

4/4 
Street, Parow. 
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APPENDIX N 
Benefit -Cost Analysis: Discounting & Interest Rate 
Relationship Equations 

One of the major challenges to conduct CBA is how to resolve the problem of comparing benefits and costs 
occurring in different years. There is a need to take into account changes in the value of money and interest 
because these two variables do change in time and this can escalate the original value, or investment costs. 
And thus change the net benefits. How then can we compare a one-time investment with, say 20 years of 
benefits? In benefit -cost analysis, economists use discounting techniques to evaluate benefits and costs that 
occur in different years. (Chapman, 1999). Without going into the intricacies of discoWlting methods used 
by economists, the most direct methods and formulae are summarised below. 

Assume each amount At is paid in at the indicated year. PV means present value at the end of "Period 0," 
which is also the beginning of Year 1. F n means a future value at the end of Year n. 

1) Future Value of a Current Value, at Compound Interest: fn :: (1 + r)nCo 
n 

2) Future Value of a Variable Income Stream: Fn :: 2:(1 + r)n-,(, 

(I + r)n - I 
3) Future Value of a Constant Annual Income Stream: F = * C 

n r 

V 
Fn 

4) Present Value of a Future Amount: P = ---n 
(I + r) 

n ( 

5) Present Value of a Variable Income Stream: PVa = 2:--'­
t= 1(1 + r)' 

1 - (I + r)-n 
6) Present Value of Constant Income Stream: PYa = * C 

r 

r(l + nn 
7) LeveJized Annual Cost of Present Value: LAC = n" PV 

(I + r) - I 

8) Levelized Annual Amount of Future Amount: LAA = r * F 
(I + r)" - I n 

You may wish to note that rhe 'factors' are always derived from the part of the equation on the right side of 
the equal sign. For example, the levelised cost factor Equation 7 is r (1 +r)nl [ (1 +rt -I]. 

Source: Chapman, D., (1999). Environmental Economics. Cornell University, Addison-Wasley. 
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APPENDIX 0 

Procedure for economic appraisal of capital investments 

There are a number of steps commonly agreed to in the literature to be followed in conducting an economic 
appraisal for any capital investment. 

1. Defme objectives and scope of the project. 

In the case of the CMA - A WOP, the objective is to reduce the costs of water supply and the need for immediate 
(near future) augmentation (CMA - A WOP, 1999) 

1. Identify options 

Efficiency of water use, and reducing the demand on water use have a range of potential options. The possible 
means to implement these options and to deliver these savings as discussed in Chapters VI and IX are: Retrofitting, 
water conservation campaign, pricing (tariff) allocation mechanisms, economic incentives, and retail campaign). 
One often ignored option is of course the "do nothing" option, and this needs to be identified and considered with 
others. 

2. Identify quantifiable costs 

Quantifiable costs include the following costs: capital costs - i.e. costs for buying water-efficient equipment; 
expenses for planning, administration, management, advertising and evaluation costs) for the water authority; and 
cost of revenue loss for the water authority where customers improve their efficiency of water-use. 

3. Identify quantifiable beneiits 

A number of avoided costs are considered as benefits to the water authority . They include avoided costs for 
pumping and treatment, for constructing new storage, service reservoirs or pipelines. They will also include 
additional revenues from sales of equipment or services or interest on loans (White, 1994). 
To the participating customers benefits will include reduced water and energy from improved efficiency of water 
use and lost water use respectively. 

4. Calculate net benefits 

The quantifiable costs and benefits over the planning period (usually about 20 years) are expressed in net present 
value terms. The costs and benefits are first valued in real terms; that is, expressed in constant money value 
(Rands); then discounted by a predetermined real discount rate (range 4% - 10%). Net Benefits to the Water 
Authority = Reduced Operating Costs + Savings from Deffered Capital Expenses - Program Costs. 

5. Identify, quantify factors and summarise environmental and social costs and benefits. 
6. Identify un-quantifiable aspects . 
Some aspects such as public relations, distribution of costs and benefits of a community cannot be quantified, but 
they can be appraised without quantification. 
7.Summarise Results. 

Source: White, 1994; CMA - AWOP, 1999; Parkin et ai, 2000. 
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APPENDIX P 

Procedure for estimating water flows 

Past local and international experience suggest that although during the audit, descriptions of water uses are readily 
attainable, in most areas volumes of water used are not measured. If a flow estimate is needed, published values or 
field measurements may be acceptable. 
Tabulated values from published information are available for most conventional water uses to estimate flow use by 
specific operations. 
These may be augmented by estimates regarding the number of users per day or duration of use. 

Estimation of flows might be based on field measurements, which may be more appropriate for some water use 
operations. Methods of field measurement include: 

• Flow meters on either the water distribution system or the water-using equipment (e.g., cooling water pipe) 
• Bucket and stopwatch measurement of water extracted for a specific operation 
• Volume/frequency measurement of water used for a specific operation 

Indirect methods of flow measurement (such as logging the operation of water pumps, and displacement tests on 
water storage tanks) are likely to produce lower quality data. 

It is important to measure flows over the same general time period, because the productivity and seasonality of 
flows may affect the water balance equation. Part of the margin error at a pilot site may be due to unknown flows 
for irrigation and lawn watering. If outdoor use is suspected, the water audit should be carried out during the rainy 
(winter) season. 

Flow Meters 

An essential element of any water audit is the measurement of the main flow entering the facility. Additional flow 
measurement into sub-areas is occasionally warranted when significant portions of the total flow need to be 
ascertained. 
Flows can be measured by either permanent flow meters, which give the most reliable results both during the 
investigation and after the water audit is finished, or temporary recorders, typically situated at a specific location for 
the short audit period. Temporary flow meters, ifnot installed correctly, may give corrupt results. 
Permanent flow meters are costly and have to be fitted into the pipe run. However, they will give highly accurate 
daily, weekly, monthly, seasonal, and unusual-event data during the water audit, and then continue to give long­
term results and trends. 

There are two basic types of temporary flow meters, namely, external clamp-on-devices and insertion flow 
recorders. 

External clamp-on meters send ultrasonic signal through the pipe wall and across the water flow. They are useful 
where only an indication of the flow range is required and they need no pipe work modifications. However, they 
require a straight section of pipe at least 30 diameters in length for installation. 
The insertion flow meter requires a point of entry into the main via a small (5 cm diameter) tapping. An 
electromagnetic head, or a small turbine, measures the velocity of flow at one point in the pipe. The pipe has to be 
traversed to obtain a flow profile, from which the relationship between measured point velocity and total flow can 
be calculated. 
Varying flow profiles and internal pipe corrosion can cause distortions. Results from insertion meters are likely to 
be more accurate than those from clamp-on meters. 
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Bucket and Stopwatch Estimation 
If flow is constant and free flowing, as in some cooling waters, a bucket and stop watch approach can be used to 
estimate flow. The time it takes a bucket of a known volume to be filled by the free-flowing source is measured and 
a flow can be calculated. 

VolumelFreguency Estimation 
If the is not free flowing but fills a known volume, the frequency with which the volume (tank) is emptied or 
replaced can be used to estimate flow. 

Occasionally, logging the operation of a domestic cold water pump is the last resort to obtain a set of (indirect) flow 
measurement. The method produces lower quality of data but gives an understanding of the water-using pattern at a 
facility and provides information on the operation and control of the pumped system. 

Source: White, 1994b; Massachusetts Water Resources Authority, 1995; 
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APPENDIX Q 
Estimations of Devices Water Consumption 

1. Boiler (open system): 
Boiler make-up water is often metered. If this is the case, use this figure directly. 
Otherwise, estimate consumption as in the following two steps: 

1.1 Estimate boiler energy in one of two ways. If the boiler's rated capacity is known, and 
the annual operating times and approximate load factor is known: 

Boiler Boiler Annual Operating Load 
Energy(kJ/y) = Capacfty x Time (sly) x Factor x {(100 - Percent 

Iineloss)/1 ~O} 
If the annual fuel consumption of the boiler is known: 

Boiler Fuel Boiler 
Energy (kJ/y) = 

Iineloss)/1 ~O} 
Value (kW) x Efficiency x {(100 - Percent 

1.2 Estimate evaporation as follows, including an allowance for blowdown water. This is 
the stream purged from the boiler to keep suspended solids at or below 
approximately 3500 mg/1. You will need to knoW the approximate suspended solids of 
your supply. This will be available from your municipal treatment plant. 

2.0 Chiller: 
Cooling water flows should be measured directly, or estimated based on 

manufacturers 
data. This is then multiplied by the duty cycle (hours per day and days per year) to 

give a 
flow estimate. 

3.0 Cooling Tower: 
Cooling tower usage is often metered directly for control purposes, and thus 

consumption . 
can often be determined directly. However, if this information is unavailable, a heat 
balance can be conducted to estimate usage. 

3.1 Estimate heat energy dissipation in one of two ways. If flow rate and temperatures in 
and out of the tower are known: 

Heat Temperature Recirculation Annual 
Operating 

Energy (kJ/y) = DifferenceoC x Rate (Us) x 4.2kJ/LoC x Time (sly) 

If the rated capacity and annual operating time, and load factor can be estimated: 

Heat Rated Annual Operating Load 
Energy(kJ/y) = Capacfty (kJ/h) x Time (h/y) x Factor 

3.2 Estimated evaporation as follows: 

Volume of Water Evaporation (L) = Heat Energy Supplied (kJ) 
2466kJ/L 

3.3 Estimated drift (loss of air-entrained droplets): 

Drift (Uy) = Recirculation 
Rate (Us) x 

Annual Operating 
0.0001 x Time (sly) 
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3.4 Calculated total water demand (evaporation + drift + 20-30% blowdown loss): 

Water [ Heat Energy (kJ/y) ~ 
Demand(Uy) = 2,466kJ/L + Drift(UY)J x 1.25 

(for blowdown loss 
of 20 - 30%) 

4.0 Dishwasher, home: 
15-30 Uload depending on model, cycle and efficiency. Savings by 

changing to a high efficiency model are estimated at 19 Uload, however, this reference 
gives no base consumption for a conventional model, only a typical family of four 

usage of 
1200 Umonth. 

5.0 Dishwasher, commercial, conveyor-type: 
15-32 Umin depending on model and efficiency. 

Dishwasher, commercial, stationary rack: 25-35 Umin depending on model and 
efficiency. 

6.0 Drinking Fountain, continuous flowing: 
4-5 Umin. 

7.0 Faucet, Lavatory/Kitchen: 
Flows range from 2 to 10 Uminute. Usage is estimated at 5-10 Uuse. 

8.0 Convention faucets: 
average 13.5 Uminute. Low-flow aerators can reduce this by 50% or 
more. Satisfactory flow rates are estimated at 6-9 Umin for kitchens and 2 Uminute for 
bathrooms. 

9.0 Fire Hose - 38 mm, 13 mm nozzle, 20 m head: 40-160 Umin 

10.0 Fountain, Ornamental: 
If metering or other flow estimation data is not available for outdoor fountains, net 
evaporative losses can be estimated from pan evaporation data and rainfall data. If 
other significant outflows or air entertainment is occurring, it may be necessary to 
meter the make-up water. 

Evaporative 
Loss (Uy) = 

Net 
Evaporation(mrn/y) x 

10.0 Garden Hose, 16 mm, 8 m head: 10-12 Umin. 

11.0 Garden Hose, 19mm, 8 m head: 16-20 Llmin. 

12.0 Humidifier: 

Surface Area 
of pond (m2

) 

Should be estimated form manufacturers data or measured directly, and 
multiplied by operational year (e.g. 7 months). 

13.0 Ice Machine, Water Cooled: 
Meter or consult manufacturer. 

14.0 Laundry Machine, home: 

Today water-saving models are available in the market. These include some models which 
use rinse water as wash-water for the next load. Front loading machines use approximately 
40% less water than top-loading washers. 
15.0 Laundry Machine, Continuous: 

7-12 Ukg depending on cycle used, laundry is added in 50 kg lots. 
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16.0 Lavatory, Usage: 
Usage is estimated at 3 washroom visits per employee per 8 hour shift. Duration may 

be 
estimated at 10-30 seconds. 

17.0 Lawns/gardens: 
Water consumption for landscaping can vary widely, depending on watering 
practices, frequency, losses to runoff and watering of paved areas, soil type, and 
rainfall. Therefore, if irrigation is a significant use at your facility, consider estimating 
flows from meter readings, or from estimated frequency and duration of watering as 
well as measured flows (bucket and stopwatch). Having said this, a theoretiCal first 
cut at lawn consumption (Uyear) can be made to determine whether it should be 
investigated further: 

Irrigation Requirements 
For lawns (Uy) 

0.4 
= m/season 

Lawn sprinklers consume 6-8 Umin. 

Lawn 
= Area (m2

) x 1,000 

Providing 25 mm/wk to a 280 m"2 lawn will consume 6000-7500 Uwk. A typical 
suburban lawn (350 m"2) can consume up to 200 000 L during a single season. 

18.0 Pressure reducing valves: 
These can be used to reduce water pressure at the point of consumption to 

approximately 
40 psi (275 kPa). Higher pressures (up t080 psi) are common, and allow increased 

flows 
and waste at sinkS and showers. 

19.0 Pressure Washer (Aladdin 3000): 
Large commercial power washers use 12-20 Uminute. 

20.0 Product Consumption: 

water 

Moisture content of products is often known before and after drying units. This 
information can be used in combination with annual production rate to calculate both 

lost in drying, and water sold with the product. (e.g. pasta, paper). For liquid products, 
water sold with the product may approach 100% of the annual production (e.g. 
beverages ). 

21.0 Refrigeration: Walk-in refrigerators, freezers, and other water cooled refrigeration 
devices. 

22.0 Shower Head: Conserving versions use 8 Uminute, or less. Low flow showerheads 
are 

available in the range of 6-10 Uminute. Older versions can use 22-45 Umin. 

23.0 Shower Usage: Shower duration is estimated at an average of 10 minutes. 
Residents are estimated to use the shower 4 times per week, and the bath 2 times per 
week. . 

24.0 Toilet, Usage: Usage by employees is estimated at 3 per employee per shift for 

women, and once by men if urinals are available. Residents are estimated to make 5 
visits per day. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

25.0 Toilet, Valve-type: Older versions use up to 19 Uflush, while water conserving 
models use 4 to 6 L /flush. 

26.0 Toilet, Tank-type: Older versions use 15-25 Uuse while high-efficiency models, 
which 

may use the water supply pressure to compress air, which is used in turn to increase 
flushing velocities, use 6 Uflush. Some toilets use a separate 
electric air compressor, as little as 1 Uflush. In North America, the plumbing codes 
typically specify 6 Uflush for tank toilets. 

27.0 Leaking ball cocks and flapper valves: They are estimated to waste 91 L per 
day 

per toilet on average. 

28.0 Urinals, Usage: Usage by male employees is based on an average of 3 washroom 
visits per shift, once to the toilet and 2 to a urinal. 

29.0 Urinal, Flushometer: Older versions use 6 Uflush, water conserving models use 
3.8 

Uflush. 

30.0 Urinal, Waterless: As the name suggests, these use no water. 

32.0 Water softeners: Residential water softeners typically use 350 L per regeneration 
cycle, typically 3 times per week. 

Source: American Water Works Association Manual M36; Van der Merwe et ai, 
1999; SADC-IEMP, 2000. 
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APPENDIX R 

Principles for Tariff Policy in the CMA 

It is recommended that the following principles with respect to tariff policy for water and sanitation should be 
adopted: 

1. Affordability 

Water is essential for the maintenance of life and is therefore a basic necessity. Adequate sanitation is also a 
necessary (though not sufficient) condition for the maintenance of health in (especially urban) communities. All 
South Africans therefore have a right to reasonable access to a set minimum amount of safe water and a safe 
(from a health point of view) sanitation service. Tariff policies should take into account the fact that all people 
may not be able to afford the cost of these minimum levels of service. 

2. Fairness 

Tariff policies should be fair. Individuals or groups of individuals should not be discriminated against and all 
people be treated equally. 

3. Sustainability 

Adequate water supply and sanitation services are not necessary now, but also in the future. Tariff policies that 
are reliant on unsustainable subsidies will mean that essential maintenance of infrastructure is not carried out 
and there will be inadequate services in the future. 

4. The efficient allocation of resources 

Water is a scarce resource in South Africa and should therefore be used with care. Tariff policies should aim at 
reducing wastage and inefficient water usage. 

5. Economic development 

Tariffs applied to mining, industrial and commercial enterprises should take into account their impact on 
economic development. Negative impacts could affect employment, lowering overall levels of affordability and 
increase pressure on the sustainability of water supplies. Economic development must also be balanced against 
the conservation and sustainability of the physical environment. 

6. Transparent subsidies 

Any subsidies which exist must be transparent (visible and understood by all those affected - both givers and 
recipients), and sustainable (see sustainability above). 

7. Accountability 

Supply agencies should be accountable to the people within their areas of supply (both the served and 
unserved). 
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8.Price stability 
Significant fluctuations in prices should be avoided where possible 

9. Simplicity and acceptability 

Tariff policies and how they work in practice should be able to be easily explained and understood by all 
households/ parties affected by the policy. The tariff policy should also be acceptable to consumers. 
These principles are largely in agreement with those proposed by the SCOWSAS Institutional Sub-Committee 
(SCOWSAS, 1993) and with leading international expert opinion. 
Tariffs should be designed in such a way as to meet, as far as is possible, all of the above goals, with a 
minimum of trade-off between goals. 

Source: Eberhard, 1995; Mirilees et ai, 1995; DWAF, 1999a. 

2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

APPENDIX S 
II South Africans undervalue water" Article in the Water 
Sewage & Effluent 1994 vol.14 No.4. 
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APPENDIX T· 
Water services laws & ordinances for water-use 
regulation as applied in the South Peninsular 
Municipality 

SOurn PENINSUfA 
Mf;J'NICIPAID"( 

AR.CU.S 

2./- 12. -'94 

NOTICE TO ALL WATER CONSUMERS: 
, Notice is hereby given intemJS of Section 11(6) of the Water Services Act 108 of 1997 

read with Section 184 of the Municipal Ordinance No 20 of 1974 that. with effect from 
the dare of publication hereof and until further notice. the following water restrictions. 
subject to the exemptions provided for in paragraph 3 hereof. shaU apply within certain 
listed areas of the South Peninsula municipal area. 

1. The use of sprinklers. including automatic sprinkling systems. connected directly or 
indirectly to Council warer mains for the purpose of watering gardens and lawns. 
is prohibited. 

2. The use of hosepipes connected directly or indirecay to Council water mains for the 
purpose of irrigation. washing vehicles. paths. pavements and paved areas. regardless 
of the narure of the material used for paving such areas. is prohibited. 

3. The restrictions ref~rred to in paragraphs I and 2 shall noc apply: 

(i) for the puIpOS6 of watenng of plants in nurseries which are conducted for gain. 
plants in n~es owned by the CoWlCil or the State. plants in collections 
majntained for research purposes. dwte rehabilitation projects. cricket pitches. 
bowling greens, golf greens. croquet lawns. arrificial turf fields and 
major spans stadia; 

(ii) for the washing of paved areas in premises used for the processing of food 
(including restaurants) and to car valet services; 

(iii) where special exemptions have been granted in writing by the 
Ollef Executive Officer 

Any ~n who contravenes the provisions of this notice shall commit an offence and 
could be liable to prosecution in terms of the Ordinance. 

These restrictions are applicable in the foUowing areas: 

KOMMEfJIE. LLANDUDNO. SCARBOROUGH. HOOT BAY. NOORDHOEI\. 
SUN VALLEY. SIMON'S TOWN. CLOVELLY and FISH HOEK. 

17 December 1999 

JAN KOEKEMOER 
Chief Executive Officer 

South Penimula Municipality 
911l'1Q1011 
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APPENDIX U 
Provision of water for all in the CMA is a necessity & 
priority, but ... 

- ~ "''' " , --',' -.. -'" .. er5~ ' " ~-;2:~ " ~. ""'O~~-~. ~ o.rr: 'tf!'1\Jtq' , './ - /1A2::::: <--:;r:....,., ......... ~ ~ .. /ur;;;..,Ju.,/ C_-ry./-C::' "//V-( " '._'~ ,~:-::-:- ."':;j.; ~! : , 

F iee wate:rriofye~~~l~~,,?< 
pipeline for city's poor 
BUNTY WEST and MONICA HILTON-BARBER 

CAPE TmVN will not follow Durban's lead and 
provide a free six kilolitre water lifeline for the 
poor as part of a multi·step tariff - at least not 
until after the unidty becomes a reality, 

Durban is leading the way for local councils 
around the country in terms of its innovative 
water tariffs strucn.ue which offers free water for 
the poor. 

The government proposed this month to ' 
follow Durban's lead and provide free water for 
basic needs - while charging for'~luxury" use. 
The new system is set to be presented to the 
national cabinet next month, , 
. Cape Town, with its sLx muniCipalities and 
differing tariff stru~s, will have towait until · 
a common tariff can be charged across the 
whole metro before supplying free water to the 
poor. . . 

Theunidty commission. has recommended 
there be a lifeline tariff for the first 6kl of water 
used. In the next few moriths the commission 
will i!i.vestigate ways in which all tariffs in the 
metrOpOlitan area can: be made uiJif,9nn. 
. i\tpresent the diff~rentmunidpallties pro­

. vide water at varying rates per,kilolitre, but they 
buy water in bulk from the Cape' Metro Cound! 
at the set price of 103,5Sc perkilolitre . 

. • In Blaauwberg,consumers pay just 87c 
per kilolitre for the first five kilolitres. Between 
6kl and ISkl the rate is Rl,37, from 16kl to 40kl 
Rl,93, and for over 41kl the rate is RZ,46. 

• In T:rgerberg there is a five-step tariff in 
place. Up to 6kl the rate is Rl,18, 7kl to 30kl 
Rl,5S, 31kl to SOkl RZ, Slkl to 80kl R2,SS and 
over80kl the rate is R3,10, ' . 

• At the South Peninsula Municipality the 
domestic rate is Rl, 13 for up to 10k!, 11k! to 
SOkl RZ,40, and over SOkl costs R3,94, 

.In Helderberg the first 10k! will cost Rl,67 
per kilolitre and afterwards the cost is R3,28. 

• In Oostenberg the rate is RI,46 for the first 
Skl and from 6kl upwards it is RZ,27. 

• Cape Town City Council bills consumers 
on a five step tariff basis charging just 50c a kilo­
litre for the the first five kilolitres. Between 6kl 

and lSkl the cosUs Rl,60, 16k! to 30kl RZ,70, 
31kl to SOkl R3,80 and over SOkl the price is RS. 

Two years ago Durban Metro Council i 
dropped the cost of water for the poor, making I 
lhe first 6kl of water a month cheap, but costing ' 
more between 6kl and 30kl per month. People I 
who used in excess of 30k! each month were 
further penalised i4~a:ri effort to discour~ge> 
wastage. <' ,::,""C" . .•.• , .. : .• ,.' .. 

The cound! fourtd that costs exceeded the ' 
income from poor homeS bffause'it was c6sting~ 
more than the value of the water used to run an . 
account and bill those householders who used 
less than 6kl per month::.. ' .. ' >:;: ~ ; , ...;\';; , 

Tariffs were restrl,l~. lastJuly and people 
using less than 6k1 received ·free. water~th ·. 
prices starting at 6kl:plusmd t:Scalating acCOro-~' 

. ing to the amount Used ~i:6ri ./"~·1;:: ';< '-:': 
j: Director of thEU)tlrbaiJ. Metro Water Services 
Neil McLeod felt rp.e'criiu).dldealt adequately 
with d0f!lestic userswh.9'~~taff~~to pay 
as council provided dotililetlie amount of water 
recommended as a_ basicnefess#by the RDP 
for free.; f:7'.j-if&.~~W~;S:·;~;,\·:::: 
'. However McLeod' Said(liwas'riot a model 
~tho~t probl~;~l~~'6?t,fo~~v~iY 
cound! area. Before cori.Slde~g'such a scheme, . 
e'aCh local authodtYh'icHo ensUi'e"thiit ithad 
suffident industrY ana enough high-water users 
to subsidise the nero.s~ot.~epOO!: C(),!Dparative 

. figures showed that theaverage:Durban user' 
did not pay muctl-moie1)t1esS thanother major 
centres for water. PriceSfor lXiw.;:dQiri6tic.and ; 
industrial use in DLiroanw'er~~ligp;tly'inore 
expensive than in Cape Town. . . .. ' 

Speaking at the Union of African Water Sup­
plies conference last week, Water Affairs and 
Forestry Minister Ronnie Kasrils said people 
were happy to pay for the water they used. He 
said his research showed that most people were 
willing to buy into the system. , 

U [f YOU want to use 1 900kl a month, as do 
some wealthy households in leafy suburbs, 
then you can afford to pay for it," said KasrtJs. 

The Department of Water Affairs has set 
itself the target of prOviding water according to 
RDP standards - 25 litres a day Erom a tap with­
in 200m - to 12 million people. 
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APPENDIX V 

"Government Approves R850m Skuifraam Dam" 

Government approves R850m Skuifraam Dam 
sa..-h...r11' I M LA"» .23 .2. 00-0 . 

WILLEM STEENKAMP for the dam to come on stream. but until the dam was operational. The 
even when completed its reserves details of the restrictions will be 

A new dam is to be uuilt ncar I'ran- may not be~nough to meet the rising worked out with local authorities. 
schhoek at it cost of K850-111 ill ion. demand. The Skuifraam Dam will be one of 

The Min istry of Water Affairs and 
Forostry has ~i\'~11 the go-allend for 
the huge Skuifraam Dam 011 the Ber!( 
River 

It will take at least five to six yea I, 

This week Minister of Water the biggest water schemes of its kind 
Affairs and Forestry Ronnie Kasrils iil the province. At its highest point 
said.vater restrictions would have to the wall will be 60m (20 storeys) high. 
be put in place within six weeks and It will be lkm long. 
thereafler appliefi 011 a regular basis The catchment area will cover II 

huge 77km' The dam wll! he bUilt III 

the La Motte state forest. about Skill 
west ofFranschhoek_ 

Arthur Clayton. a Cape Metropoli· 
tan Council executive. said the 
department would not be paying for 
the COllstruction of the dam through 
its blldget and it wOllld have to be 
funded from other sources. 




