
 

 

CIBSE Ken Dale Travel Report  

March 2010 

Author: Ross French 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

General Disclaimer: The opinions expressed in this paper are the views of the author and not necessarily those of 
CIBSE. The copyright remains with the author.  



 

 Page 2 of 70 

Contents 

1 Introduction .............................................................................................................................................................. 4 

1.1 Ken Dale Travel Bursary .................................................................................................................................... 4 

1.2 Dissemination of Knowledge ............................................................................................................................ 4 

1.3 Itinerary ............................................................................................................................................................. 4 

2 Context ...................................................................................................................................................................... 5 

2.1 Global ................................................................................................................................................................ 5 

2.2 UK ...................................................................................................................................................................... 6 

2.3 Levantine ........................................................................................................................................................... 6 

2.4 Building Services Engineering ........................................................................................................................... 6 

3 Objectives .................................................................................................................................................................. 8 

4 Techniques ................................................................................................................................................................ 9 

4.1 Source ............................................................................................................................................................... 9 

4.1.1 Surface Water ........................................................................................................................................... 9 

4.1.2 Groundwater ........................................................................................................................................... 10 

4.1.3 Seawater ................................................................................................................................................. 11 

4.2 Treatment ....................................................................................................................................................... 13 

4.3 Distribution ..................................................................................................................................................... 14 

4.3.1 Aqueducts ............................................................................................................................................... 14 

4.3.2 Transportation ........................................................................................................................................ 19 

4.4 Storage ............................................................................................................................................................ 20 

4.5 Consumption ................................................................................................................................................... 21 

4.5.1 Appliances ............................................................................................................................................... 21 

4.5.2 Recreation ............................................................................................................................................... 22 

4.5.3 Irrigation .................................................................................................................................................. 22 

4.5.4 Behaviour ................................................................................................................................................ 23 

4.6 Reuse and Recycling ........................................................................................................................................ 24 

4.6.1 Greywater ............................................................................................................................................... 24 

4.6.2 Blackwater ............................................................................................................................................... 26 

5 Geography ............................................................................................................................................................... 27 

5.1 Statistics .......................................................................................................................................................... 27 

5.1.1 Pressure on Water Resources ................................................................................................................. 27 

5.1.2 Water Use ............................................................................................................................................... 28 

5.1.3 Water Price ............................................................................................................................................. 29 

5.2 Disputes........................................................................................................................................................... 31 

5.3 Countries ......................................................................................................................................................... 32 



 

 Page 3 of 70 

5.3.1 Turkey...................................................................................................................................................... 32 

5.3.2 Syria ......................................................................................................................................................... 34 

5.3.3 Jordan ...................................................................................................................................................... 36 

5.3.4 Israel ........................................................................................................................................................ 37 

5.3.5 Palestinian Territories ............................................................................................................................. 39 

5.3.6 Cyprus ..................................................................................................................................................... 40 

5.3.7 Greece ..................................................................................................................................................... 43 

6 Evaluation................................................................................................................................................................ 45 

6.1 Framework ...................................................................................................................................................... 45 

6.2 Source Elimination .......................................................................................................................................... 45 

6.3 Source Reduction ............................................................................................................................................ 46 

6.4 Direct Reuse and Outsourcing of External Water ........................................................................................... 47 

6.5 Regeneration Reuse ........................................................................................................................................ 48 

6.6 Freshwater ...................................................................................................................................................... 48 

6.7 Distribution ..................................................................................................................................................... 48 

7 Conclusion ............................................................................................................................................................... 50 

7.1 Levantine Perspective ..................................................................................................................................... 50 

7.2 UK Perspective ................................................................................................................................................ 50 

Appendices ...................................................................................................................................................................... 52 

Appendix 1 ς Itinerary ................................................................................................................................................. 53 

Appendix 2 ς Appointments and Site Visits ................................................................................................................ 55 

Appendix 3 ς Notes from Meetings ............................................................................................................................ 56 

Dr Yaser, Faculty of Architecture, Aleppo University, Syria .................................................................................... 56 

Anne Marie Galmstrup, Henning Larsen Architects (project architect for the new Massar Children's Discovery 
Centre in Damascus), Syria ..................................................................................................................................... 56 

Safa Al-Jayoussi, Jordan Environment Society (JES) ................................................................................................ 56 

Dr Fadi Sharaiha, Executive Director, Royal Marine Conservation Society of Jordan (JREDS) ............................... 57 

Alice, Bustan Qaraaqa Community Permaculture Project, Palestinian Territories................................................. 58 

Dr Michael Ierides, Secretary General, Cyprus Marine Environment Protection Agency (CYMEPA) ..................... 59 

Dr Christos Georgiades, Owner, Hotel Natura, Latsi, Cyprus .................................................................................. 60 

Nakis Theocharides, Health Club Manager, Cyprus Hilton, Lefkosia, Cyprus ......................................................... 60 

Lois and Ismail Cemal, Delcraft, Büyükkonuk, Northern Cyprus............................................................................. 60 

Acknowledgements ......................................................................................................................................................... 62 

  



 

 Page 4 of 70 

1 Introduction  

1.1 Ken Dale Travel Bursary  

The Ken Dale Travel Bursary ǿŀǎ άŜǎǘŀōlished by the Chartered Institution of Building Services Engineers (CIBSE) to 
ŎƻƳƳŜƳƻǊŀǘŜ YŜƴ 5ŀƭŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ Lƴǎǘƛǘǳǘƛƻƴ ŀƴŘ ǘƘŜ ōǳƛƭŘƛƴƎ ǎŜǊǾƛŎŜ ǇǊƻŦŜǎǎƛƻƴΧώŀƴŘ ŀƭƭƻǿǎϐ /L.{9 
members to travel and research areas of particular interest and applƛŎŀǘƛƻƴ ǘƻ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŦŀŎƛƴƎ ǘƘŜ LƴǎǘƛǘǳǘƛƻƴΦέ 

I was made aware of its existence through a CIBSE Young Members email circular and applied in time for the 31st 
March 2009 deadline. My proposal to study Water Management in the Middle East was shortlisted. Following 
interview I was notified on 18th May 2009 that my application had been successful. 

Due to the political situation in Iran and Yemen, in agreement with CIBSE, I had to amend my itinerary, and the study 
tour was renamed Water Management in the Levant. This is discussed further in Section 1.3. 

1.2 Dissemination of Knowledge  

The knowledge and experience I have acquired is being disseminated in several ways. 

 I maintained a blog for the duration of the study tour, which was advertised on the CIBSE Young Members 
website. It is currently hosted by Wordpress but will be transferred to the Mesh  website once it is launched. 

 This written report is for submission to CIBSE. 

 I was ŀǎƪŜŘ ǘƻ ǿǊƛǘŜ ŀ ά¸ƻǳƴƎ 9ƴƎƛƴŜŜǊǎ hǇƛƴƛƻƴ tƛŜŎŜέ ŦƻǊ ǘƘe CIBSE Journal, which was published in the 
January 2010 edition. Other publication in the trade press may follow. 

 On 16th October 2009 I presented to the CIBSE Council. Other presentations may follow, for example to 
industry conferences or educational seminars to fellow professionals. 

I also hope to maintain contact with the people I met on the tour and will circulate the final version of this report 
amongst them. 

1.3 Itinerary  

The provisional itinerary set out in my bursary application covered Turkey, Syria, Jordan, Yemen, Oman, the United 
Arab Emirates (UAE) and Iran. However due to political developments in both countries the Foreign & 
Commonwealth Office advised against travelling to Yemen and Iran. 

Iraq was similarly off-limits and independent travel in Saudi Arabia is not permitted so, in agreement with CIBSE, the 
emphasis was shifted to the eastern Mediterranean and Levant. Given that there is water stress in these areas and 
that the United Kingdom's (UK) climate in decades to come is expected to be similar to the current Mediterranean 
climate, it was considered that the key aims of the research would not be compromised. Furthermore the revised 
itinerary facilitated a visit to Israel1, an omission that was queried at the interview. 

The final itinerary included the following countries: Turkey, Syria, Jordan, Israel and the Palestinian Territories, 
Cyprus and Greece. 

To reduce my environmental impact both the proposed and actual itineraries were based on travelling overland, by 
train wherever possible, rather than by flying. 

The actual itinerary followed is appended. 

                                                           
1
 Some Arab countries deny entry to holders of passports with an Israeli stamp. It is possible to request that the Israeli 
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2 Context 

2.1 Global 

The management of freshwater resources is a major global issue, as Figure 1 shows. 

 ά5ƛǎŀǇǇŜŀǊƛƴƎ ƎƭŀŎƛŜǊǎΣ ƛƴŎǊŜŀǎƛƴƎ ŘǊƻǳƎƘǘǎ ŀƴŘ ǎŀƭǘ-water intrusion will greatly worsen our world's current 
freshwater shortage. The Intergovernmental Panel on Climate Change (IPCC) estimates 3 billion or more additional 
people will be at risk of water shortage due to climate change.  The Stockholm Environment Institute estimates 
ǘƘŀǘΧсо ǇŜǊŎŜƴǘ ƻŦ the global population will live in countries of significant water stress by 2025.έ (Greenpeace 
International) 

άBy 2030, the number of people living under severe water stress, leaving aside possible impacts of climate change, is 
expected to rise to 3.9 billion, nearly half of the projected world population.έ (OECD) 

 

 

Figure 1 - People living in areas of water stress: projections, by stress level (in millions)
2
 (OECD) 

                                                           
2
 The OECD baseline used for the Environmental Outlook is policy neutral, i.e. it assumes no new policies, and projects current 

policies into the future to show what the world will be like in 2030 if currently existing policies are maintained, and no new 
policies introduced to protect the environment. 

OECD ς Organisation for Economic Co-operation and Development (OECD); BRIC ς Brazil, Russia, India and China; ROW ς Rest of 
the World 
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2.2 UK  

Water resources in the south and east of England are already under pressure due to high population density and low 
rainfall. These parts of the country are expected to be most affected by climate change. Figure 2 shows the 
ǇǊƻōŀōƛƭƛǘȅ ƻŦ ŎƘŀƴƎŜ ƛƴ ǎǳƳƳŜǊ ƳŜŀƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƛƴ ǘƘŜ 9ŀǎǘ ƻŦ 9ƴƎƭŀƴŘ ǳƴŘŜǊ ŀ άƳŜŘƛǳƳ ŜƳƛǎǎƛƻƴǎ ǎŎŜƴŀǊƛƻέΦ  

 

Figure 2 ς Probability of change in summer mean precipitation in East of England (UK Climate Projections) 

It shows for example that, based upon a mid-range emissions scenario, there is a 50 % chance that summer rainfall 
in the region will fall by more than 20 % by the end of the century. 

2.3 Levantine  

For the purposes of the study tour the Levant3 refers to the countries visited, i.e. Turkey, Syria, Jordan, Israel and the 
Palestinian Territories4, Cyprus and Greece. 

Much of the region is water stressed and is predicted to become more so due to factors such as climate change and 
population growth. 

As a result of scarcity, water management in the area has always been progressive.  The innovative engineering of 
ancient and modern civilisations is often juxtaposed. A range of national and international initiatives is intended to 
ensure that water is managed in a sustainable way as the region continues to develop. 

2.4 Building Services Engineering  

Water is used for agricultural, industrial and domestic purposes. Although this report discusses all three sectors its 
emphasis is on water management techniques for domestic use. Some of these might traditionally be considered to 
fall within the realm of civil engineering rather than building services engineering. However they can all be deployed 
in individual buildings or at a wider scale. Furthermore, building services engineers are increasingly employed to 

                                                           
3
 ά¢ƘŜ [ŜǾŀƴǘ ŘŜǎŎǊƛōŜǎΣ ǘǊŀŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ 9ŀǎǘŜǊƴ aŜŘƛǘŜǊǊŀƴŜŀƴ ŀǘ ƭŀǊƎŜΣ ōǳǘ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀ ƎŜƻƎǊŀǇƘƛŎŀƭ ǘŜǊƳ ǘƘŀǘ ŘŜƴƻǘŜǎ a 

large area in Western Asia formed by the lands bordering the eastern shores of the Mediterranean, roughly bounded on the 
north by the Taurus Mountains, on the south by the Arabian Desert, and on the west by the Mediterranean Sea, while on the 
east it extends towards the Zagros Mountains. The Levant includes the countries of Lebanon, Israel, Syria, Palestine, Jordan and 
Iraq. 

Levant was originally applied to the "Mediterranean lands east of Italy", from the Middle French word levant meaning "the 
Orient". Historically, the "trade on the Levant" between Western Europe and the Ottoman Empire was of great economic 
importance. An imprecise term, Levant refers to an area of cultural habitation rather than to a specific geographic region, and its 
ƳŜŀƴƛƴƎ ǎƘƛŦǘǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ƘƛǎǘƻǊƛŎŀƭ ŀƴŘ ŎǳƭǘǳǊŀƭ ǊŜŦŜǊŜƴŎŜ ŀƴŘ ǇǊŜŦŜǊŜƴŎŜΦέ (Wikipedia) 

4
 ¢ƘŜǊŜ ŀǊŜ ŘƛŦŦŜǊŜƴŎŜǎ ƻŦ ƻǇƛƴƛƻƴ ŀǎ ǘƻ ǿƘŀǘ ǘƘŜ tŀƭŜǎǘƛƴƛŀƴ ǘŜǊǊƛǘƻǊƛŜǎ ǎƘƻǳƭŘ ōŜ ŎŀƭƭŜŘΦ ¢ƘŜ ǳǎŜ ƻŦ ǘƘŜ ǇƘǊŀǎŜ άtŀƭŜǎǘƛƴƛŀƴ 
¢ŜǊǊƛǘƻǊƛŜǎέ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ƛǎ ƛƴǘŜƴŘŜŘ ǘƻ ōŜ ǇƻƭƛǘƛŎŀƭƭȅ ƴŜǳǘǊŀƭΦ 

http://ukclimateprojections.defra.gov.uk/images/stories/Preprepared_maps/Graphs/EOE_SumPmean_Med_All_10_Gr.png
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advise on masterplanning, particularly in respect of sustainability, blurring the distinction between the two 
disciplines. 



 

 Page 8 of 70 

3 Objectives  

An evaluation of traditional approaches to water management in the Levant and their applicability to contemporary 
development 

The primary aim of this study is to consider whether traditional principles for water management in and around 
buildings could be applied to contemporary development in both the Levant and the UK. 

The key questions addressed are set out below. 

 Techniques 
o What are these traditional techniques? 
o How do they contrast with modern techniques? 

 Geography 
o Is there variation across the region and if so why? Climate, resource, materials, culture? 

 Evaluation 
o What are the benefits and are they quantifiable? 
o What are the limitations and constraints? 
o Do these techniques complement modern techniques? 
o Are they still used and, if not, why not? 
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4 Techniques  

In this section water management techniques encountered on the study tour are outlined. They are grouped by 
stages in the water management process: sourcing; treatment; distribution; storage; consumption; and reuse and 
recycling. Many are traditional but reference is also made to their evolution and to modern techniques. 

4.1 Source 

Figure 3 shows that, aside from icecaps and glaciers, there are three sources of water available on earth: surface 
water, groundwater and seawater.  

 

Figure 3 - Distribution of the Earth's Water (United States Geological Survey) 

4.1.1 Surface Water  

Surface water refers to water collecting on the ground or in a stream, river, lake, wetland, or ocean. Surface water 
stores are naturally replenished by precipitation and recharge from the groundwater store by effluent streams 
(typically perennial). Surface water is naturally lost to the atmosphere through evaporation, and to the groundwater 
store through sub-surface seepage and influent streams. 

Surface water has traditionally been collected for human use by rainwater harvesting, the gathering, or accumulating 
and storing, of rainwater5. Rain may be harvested from roofs, or from the ground, typically from surrounding slopes 
by gravity feed. Commonly used systems are constructed of three principal components; namely, the catchment 
area, the collection device, and the conveyance system. 

Rainwater harvesting traces its history back to biblical times. Extensive rainwater harvesting apparatus existed 4,000 
years ago in Palestine and Greece. Later in ancient Rome residences were built with individual cisterns and paved 
courtyards to capture rainwater to augment supplies from the city's aqueducts6.  

Rainwater harvesting is carried out today at a range of scales, from rainwater butts connected to individual houses 
to large-scale urban projects tackling water scarcity. Berlin has seen a number of such schemes since the 1990s, 
including Potsdamer Platz where rainwater from the roofs of 19 buildings with a catchment area of 32,000 m² is 
collected, stored in a 3,500 m³ basement tank and used for toilet flushing, landscape irrigation and the 
replenishment of an artificial pond7. Figure 4 shows a typical example. 

                                                           
5
 (HarvestH2o.com) 

6
 (Government of Tamil Nadu) 

7
 (UN Environment Programme) 

http://upload.wikimedia.org/wikipedia/commons/7/74/Earth's_water_distribution.gif
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Figure 4 ς Modern rainwater harvesting system schematic (The Gulf Islands Rainwater Connection Limited) 

Collecting rainwater rather than discharging it also alleviates pressure on drainage systems and, provided capacity is 
adequate, can therefore be part of a Sustainable Drainage System (SuDS). 

Rainwater harvesting is not limited to areas with high levels of precipitation; in Jordan there is some use of small 
dams and trenches to gather and make optimal use of rainfall and storm run-off. It is thought that, if consistently 
applied, this traditional technique used to establish livelihoods in the desert, could add 30-50 million m³/yr (around  
5 %) to WƻǊŘŀƴΩǎ water supply8.  

4.1.2 Groundwater  

4.1.2.1 Aquifers 

An aquifer is an underground layer of water-bearing permeable rock or unconsolidated materials (gravel, sand, silt, 
and/or clay). Groundwater can be extracted from aquifers, typically via a well. Wells may be dug, driven, bored, or 
drilled, to create an opening through which water can be withdrawn by pump or by hand.  

If the natural pressure in the aquifer is high and the water table is above the level of the well head, water will rise 
naturally from an aquifer. This type of well is known as an Artesian well, after the former province of Artois in 
France, where many wells of this type were drilled (refer to Figure 5).  

Aquifers continue to be an important source of water for human habitation and agriculture. Water drawn from them 
has traditionally been of high quality, not suffering from contamination in the same way as surface water supplies. 
However some have become polluted by pesticides, herbicides and fertilisers, and there is also concern regarding 
the growing practice of recharging depleted aquifers with treated wastewater.  

                                                           
8
 (International Research Development Centre) 
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Figure 5 - Diagram of Artesian Well (Dunn) 

4.1.2.2 Springs 

άSurface springs occur where groundwater emerges at the surface because an impervious layer of ground prevents 
further seepage downwardsέ (WaterAid) 

Settlement patterns frequently reveal villages located around springs, or along the spring line such as on the 
northern scarp of the South Downs in the UK. Spring water is typically regarded as good quality and may have a high 
mineral content, for which it is often bottled and sold as άmineralέ water. In Europe spa towns developed around 
mineral springs, as a place to which ǇŜƻǇƭŜ ŎŀƳŜ ǘƻ άǘŀƪŜ ǘƘŜ ǿŀǘŜǊǎέ ŦƻǊ ǇǳǊǇƻǊǘŜŘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘǎΦ  

Spring water continues to be an important source of water, although it is uncommon in many arid areas. 

4.1.3 Seawater  

While seawater is abundant, its salinity makes it unsuitable in its natural form for most human uses, and techniques 
to purify it for human consumption are relatively modern. 

Desalinisation refers to any of several processes that remove excess salt, and other minerals, from water. These 
processes include distillation, ion exchange, and membrane processes. The first recorded application of 
desalinisation appears to be during the early part of the 17th Century by Japanese sailors who used earthenware pots 
to boil seawater and bamboo tubes to collect the condensate9.  

In 1791 the United States looked at a simple distillation process to provide freshwater to the American Navy. 
Desalination techniques were further developed to provide fresh boiler water for steam ships, and early 
desalinisation machines were adaptations of steam generators and steam engines. 

Advances in technology have prescribed the preferred technology, with distillation techniques being superseded by 
membrane technologies such as reverse osmosis in the 1960s and Ψ70s. These have lower, though still significant, 
energy demand and are more efficient than distillation, where the water heating process usually incurs significant 
losses.  

As an expensive and resource-intensive process desalination is currently mainly limited to coastal areas with water 
scarcity. In 2004 there were estimated to be more than 7,500 desalination plants operating worldwide, with two-
thirds of them in the Middle East10.  

                                                           
9
 (Halcrow) 

10
 (innovations-report, 2004) 
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There are a number of detrimental environmental effects associated with desalination, including: the impact on 
marine life of water intake; disposal of the concentrated brine waste product; and emissions from associated power 
plants. To mitigate the latter, renewable energy sources have been considered for some new plants. For example in 
Australia the Perth plant is partially powered by wind energy, and a large wind farm (67 turbines) will offset the 
energy demand of a new facility under construction in Sydney11.  

There is also evidence of health risks from drinking demineralised or low-mineral water. Desalination demineralises 
water and, though the desalinated water is usually re-mineralised, mainly with calcium (lime) and other carbonates, 
the process is primarily intended to decrease the corrosive effects of demineralised water12.  

 

Figure 6 - Jebel Ali Power and Desalination Station L Phase II (Lahmeyer International) 

The largest desalination plant in the world is currently the Jebel Ali Desalination Plant (Phase 2) in the UAE (refer to 
Figure 6), which is capable of producing 300 million m³ of desalinated water per year which, to put it into 
perspective, is ƳƻǊŜ ǘƘŀƴ ŜƴƻǳƎƘ ǘƻ ƳŜŜǘ ŀƭƭ ƻŦ WƻǊŘŀƴΩǎ ŘŜƳŀƴŘ ŦƻǊ ŘƻƳŜǎǘƛŎ ǳǎŜǎΦ 

 

Figure 7 - Diagram of the Seawater Greenhouse (Seawater Greenhouse) 

                                                           
11

 (Sydney Water) 

12
 (World Health Organization) 
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An innovative, alternative approach to desalination for irrigation use, relying almost exclusively on solar energy13, is 
the Seawater Greenhouse, which: 

ά...uses seawater to cool and humidify the air that ventilates the greenhouse and sunlight to distil freshwater from 
seawater. This enables the year round cultivation of high value crops that would otherwise be difficult or impossible 
ǘƻ ƎǊƻǿ ƛƴ ƘƻǘΣ ŀǊƛŘ ǊŜƎƛƻƴǎΦέ (Seawater Greenhouse) 

The principle is illustrated in Figure 7. 

4.2  Treatment  

Water treatment describes those processes used to remove contaminants in the water, or to reduce the 
concentration of such contaminants so the water becomes fit for its desired end-use (e.g. drinking, medical, 
industrial processes or returning to the natural environment after human use). Contaminants include suspended 
particles, parasites, bacteria, algae, viruses, fungi, and dissolved and particulate material. 

The first documented attempts to treat drinking water are recorded in ancient Greek and Sanskrit writings that date 
from 2000 BC. At this time people were already aware that boiling water helped to purify it and that filtration and 
straining methods helped to reduce visible particles and turbidity in water. Because nothing was known about 
microorganisms or chemical contaminants (which would remain unseen in water until the seventeenth century), the 
motive for treating water was to make it smell and taste better. 

 

Figure 8 - Example of modern water treatment (SA Water) 

Water-treatment concepts underlying those used today were developed in Europe during the 1700s. In 1804 the first 
large municipal water treatment plant was installed in Scotland in order to provide treated water to every resident. 

                                                           
13 άThe overall process is extremely energy efficient. 1 kW of electricity expended on pumping will remove 500 kW of heat. 

Water can be produced aǘ ƭƻǿ ŜƴŜǊƎȅ Ŏƻǎǘǎ όғ о ƪ²ƘκƳшύέ 
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In 1854 the British scientist John Snow found that the cholera disease was spread through contaminated water, a 
discovery that would greatly impact the future of water treatment and disinfection. 

The first edition of the International Standards for Drinking Water was published in 1958 by the World Health 
Organization (WHO). In the UK numerical standards for drinking water quality were not introduced until 1990, to 
implement a European Directive and to provide a measurable framework for the newly privatised water companies. 

A range of processes is used in modern day water treatment. Typically, individual processes are arranged in a 
"treatment train" (a series of processes applied in sequence). These include physical processes such as filtration and 
sedimentation, biological processes such as slow sand filtration or activated sludge, chemical processes such as 
flocculation and chlorination, and the use of electromagnetic radiation such as ultraviolet light. Figure 8 shows an 
example of a treatment train. 

Mains water infrastructure has generally been developed on a single-pipe model, where the water quality is dictated 
by the requirements of the most onerous end use, i.e. human consumption. Although this is cost effective for the 
distribution network ~ 97 %14 of mains water is treated to a higher standard than necessary. 

This approach ƛǎ ƴƻǿ ōŜƛƴƎ ŎƘŀƭƭŜƴƎŜŘΦ ά!ƭǘŜǊƴŀǘƛǾŜ ǿŀǘŜǊ ǎȅǎǘŜƳǎ ŘƛŦŦŜǊ ŦǊƻƳ ǇǊŜǾŀƛƭƛƴƎ ƻƴŜǎ ƛƴ ŀǘ ƭŜŀǎǘ ƻƴŜ ƻŦ ǘǿƻ 
dimensions: i) they reclaim and reuse water for a variety of uses; ii) they can be based on decentralized 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎΣ ǇǊƻŘǳŎƛƴƎ ǿŀǘŜǊ ǿƘŜǊŜ ƛǘ ƛǎ ŎƻƴǎǳƳŜŘΦέ (OECD)  

The redevelopment of the Elephant and Castle in London incorporates separate potable and non-potable water 
services which, upon completion, will be fed by a local borehole and greywater respectively. 

4.3 Distribution  

4.3.1 Aqueducts  

An aqueduct is a channel or pipe constructed to convey water. It is derived from the Latin words aqua ("water") and 
ŘǳŎŜǊŜ όϦǘƻ ƭŜŀŘέύΦ Lƴ ƳƻŘŜǊƴ ŜƴƎƛƴŜŜǊƛƴƎΣ ǘƘŜ ǘŜǊƳ is used for any system of pipes, ditches, canals, tunnels, and 
other structures used for this purpose. More narrowly, the word is used, perhaps erroneously, to refer to any bridge 
or viaduct that transports water across a hollow or valley15.  

A pipe is a conduit made from hollow tubes connected end-to-end for long-distance transportation of fluids such as 
water and oil. As an enclosed, potentially impermeable vessel, pipelines are often preferable to open channels that 
suffer from water contamination and evaporation, and are more prone to blockages.  

ά¢ƘŜ ǎƛƳǇƭŜǎǘΣ Ƴƻǎǘ ǇǊƛƳƛǘƛǾŜ ŦƻǊƳ ƻŦ ŀǉǳŜŘǳŎǘ ǿŀǎ ǳǎŜŘ ƛƴ 9ƎȅǇǘΣ !ǎǎȅǊƛŀΣ ŀƴŘ .ŀōȅƭƻƴΦ Lǘ ŎƻƴǎƛǎǘŜŘ ƻŦ ƴƻǘƘƛƴƎ ƳƻǊŜ 
than an open canal dug between the river and the city. Water from the river flowed into the city by the force of 
gravity. 

άaƻǊŜ ŎƻƳǇƭƛŎŀǘŜŘ ŀǉǳŜŘǳŎǘǎ ǿŜǊŜ ƭŀǘŜǊ ŘŜǾŜƭƻǇŜŘ ƛƴ tŜǊǎƛŀ όƳƻŘŜǊƴ-day Iran). Called qanats, they consisted of 
tunnels that began in the foothills of mountains and wound gradually downhill to bring water to population centers. 
The qanats were hand-dug, so vertical shafts had to be placed every 20 to 30 meters along the length of the qanat in 
order to remove excavated material, as well as to provide ventilation and access for repairs. The excavated soil was 
used to build up mounds around the shaft openings, which prevented surface runoff from entering the qanat and 
contaminating the water with silt and other material. When the soil in which the qanat was dug was loose, 
reinforcing rings made of burnt clay were installed to prevent cave-ins. To this day, qanats are still used in Iran, and 
ǘƘŜȅ ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ōǳƛƭǘ ƛƴ ƳǳŎƘ ǘƘŜ ǎŀƳŜ ǿŀȅΦέ (Vigeant) 

Figure 9 illustrates the construction process. 

                                                           
14

 EU average (UN Environment Programme) 

15
 (Encyclopedia Britannica) 
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Figure 9 ς Construction of a qanat (Vigeant) 

The Romans are possibly the most famous aqueduct builders of the ancient era. Like qanats, the Roman aqueducts 
relied mainly upon gravity for their operation. They were built at ground level and underground where possible (to 
minimise contamination and evaporative losses), with a very gradual slope of 1/200 or less. When large valleys had 
to be crossed, they constructed arcades, or arched bridges, to maintain the desired height for the water. One of the 
interesting features of Roman aqueducts was the occasional use of inverted siphons to cross low points, as shown in 
Figure 10. 

 

Figure 10 ς Roman aqueduct siphon (Schram, 2004) 

Waterwheels were another ǘŜŎƘƴƛǉǳŜ ŦƻǊ ǳǎƛƴƎ ƎǊŀǾƛǘȅ ǘƻ ΨƭƛŦǘΩ ǿŀǘŜǊΦ Hama in Syria is famous for its norias (water 
wheels), which are up to 20 m in diameter and, being made entirely of timber (including the bearing), make a 
strange, unremitting, groaning noise. 

There have been norias in Hama since at least the 4th century AD. The present wheels date from at least the 13th 
century and 17 of around 30 survive. In each case the Orontes River is contained by a small dam and the natural flow 
forced through a narrow channel which turns the wheel. Originally this raised the water to high level aqueducts; 
though the wheels continue to turn, they are no longer functional. Figure 11 shows the Four Norias of Bechriyyat. 

HT ς Header Tank 

H ς Height 

VB - Venter Bridge 

HG ς Hydraulic Gradient 

RT ς Receiving Tank 

G ς Geniculus (bend) 
































































































