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1 Introduction

1.1 Ken Dale Travel Bursary

TheKen Dale Travel Bursagyl &  dighédibyth Chartered Institution of Building Services Engine€iB$Fto
O2YYSY2NIiS YSy 51 fSQa O2yiNRodziAzy (G2 GKS LyaidAadid
members to travel and research areas of particular interest andhagpt G A 2y (2 (GKS OKI ff Sy 3
| was made aware of its existence through a CIBSE Young Members email circular and applied in tim@lfor the

March 2009deadline. Myproposalto study Water Management in the Middle Eastas shortlisted Following
interview | was notifiebn 18" May 2009%that my applicatiorhad beensuccessful.

Due to the political situation in Iran and Yemen, in agreement with CIBSE, | had to amend my itinerary, and the stu
tour was renamedVater Management in the ant. This is discussed further in Sectib8.

1.2 Dissemination oft Knowledge
The knowledge and experience | have acquired is being disseminated in several ways.

¢ | maintained ablogfor the duration of the study toyrwhich was adertised on theCIBSE Young Members
website It is currently hosted by Wordpress but will be transferred to the Mesh website once it is launched.

e This written reporisfor submissiorto CIBSE.

e Ilwasl a1 SR 2 UNARGS I &, 2dzy 3 e CIFENoUDS, NAinlaspublisyied hythe t A ¢
January2010edition. Otherpublication in the trade presmay follow.

e On 18" October20091 presened to the CIBSE Council. Other presentations may folfowexampleto
industry conferencesr educationalseninarsto fellow professionals

| also hopeto maintain contact withthe people | meton the tour and will circulate the final version of this report
amongst them

1.3 ltinerary

The provisional itinerary set out in my bursary application covered Turkey, Syikan, 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.

Irag was similarly offimits and independent travel in 8di Arabia is not permittedo, in agreement with CIBSE, the
emphasis was shifted to the eastern Mediterranean and Levant. Given that there is water stress in these areas al
that the Uhited Kingdormis (UK)climate in decades to come is expected to be simtib the current Mediterranean
climate, it was considered that the key aims of the research would not be compromised. Furthermore the revise
itinerary facilitated a visit to Israklan omission that was queried at the interview.

The final itinerary incided 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, b
train wherever possible, rathéhan by flying.

The actual itinerary followed eppended

! Some Arab countries deny entry to holders of passports with an Israeli stamp. It is possiblguéstithat the Israeli

Paged of 70



2 Context
2.1 Global

The management of fresfater resources is a major global issas Figure 1 shows

G5Aal LIISEFNARY I 3T+ OA SNE Zwatdr yinDBr- ilk gfeatly RoMsRrdzilK widis currghR &
freshwatershortage. Thdntergovernmental Panel on Climate Charif&Cestimates 3 billion or more additional
people will be at risk of water shortage due to climate change. The Stockholm Environment Institute estimate
0KIF{iXco 1t yEbE Ydpulafoh will live in countries dfsificant water stress by 2025(Greenpeace
International)

0By 2030, the number of people living under severe water stress, leaving aside possible impacts of climate change
expected to rise to 3.9 hillion, nearly half of the projected world populatf@ECD)

4 000
3500
No BLow
3000 —
2500 —
HMedium BSevare
2000 —
1 500
1000 -
- I
ﬁ -
2005 2030
QECD BRIC

Figurel - People living in areas of water stresgrojections, by stress levelr{ millions)’ (OECD)

> The OECD baseline used for the Environmental Outlook is policy neutral, i.e. it assumes no newagraligiesiects 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.

OECIL, Organisation for Economic @peration and Development (OECBRIGQ; Brazil, Rusia, India and China; RO§\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 Ic
rainfall. These parts of the country are expected to be most affected by climate chiiygee 2 shows the
LINPOIFoAfAGE 2F OKFy3dS Ay &dzYYSNI YSIY LINBOALMAGEGAZY

90% |
67%

10%

-20.
[

=

YA T V .

2010-2039 2020-2049 2030-2059 2040-2069 2050-2079 2060-2089 2070-2099

Figure2 ¢ Probability of change in summer mean precipitation in East of Englédi Climate Projections)

It shows for example that, based upon a mighge 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 Levaniine

For the purposes of thetsdy tour the Levantrefers to the countries visited, i.e. Turkey, Syria, Jordan, Israel and the
Palestinian Territori€s Cyprus and Greece.

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

As a result of scarcityvater management in thareahasalwaysbeen progressive. The innovative engineering of
ancient and maodern civilisations is often juxtaposed. A range of ndtemaé international initiatives is intended to
enaire 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 rd{gersss all three sectorsts
emphasigss on water maagement technique$or domestic useSome of thesemight traditionally be considered to
fall within the realm of civil engineering rather thanilding services engineeringoweverthey can all be deployed

in individual buildings or at a wider scale. Fartmore, building services engineers are increasingly employed to

’6¢KS [SOFyli RS&EONROSAZ G(NIFRAGAZYyIffezr GKS 91aGSNY aS%RAGSE
large area in Western Asia formed by the lands bordering the eastern shorége dfiéditerranean, 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 th
east it extends towards the Zagros Mountains. The Levant includes the countries of Lelssaein Syria, Palestine, Jordan and
Iraqg.

Levant was originally applied to the "Mediterranean lands east of Italy", from the Middle Frenchlev@mt meaning "the
Orient". Historically, the "trade on the Levant" between Western Europe and the OttomanrdEmvps of great economic
importance. An imprecise term, Levant refers to an area of cultural habitation rather than to a specific geographic negien, a
YSIFEYyAy3a aKATGA FOO2NRAY 3 (2 KAA&(GEWMbBeOR)E | yR OdzZ GdzNF £ NBFS

"¢ KSNB I NB RATTFSNBYOS&E 2F 2LAYyA2Y Fa (2 6KIG GKS tltSady
CSNNAG2NASEE Ay (GKAA NBLER2NI Aa AYGSYyRSR G2 0S8 LRtAGAONTE .
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advise on masterplanning, particularly in respect of sustainabibtyrring the distinction between the two
disciplines.

~
~

]

CIBSE
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3 Objectives

An evaluation of traditional approaches to water managgnt in theLevantand their applicability to contemporary
development

The primary aim ofhis study is to consider whether traditional principles for water management in and around
buildings could be applied to contemporary developmerbath the Levantandthe UK.

The ley questions addressette set out below.

e Techniques

0 What are these traditional techniques?

0 How do they contrast with modern techniques?
e Geography

o Is there variatioracross the region and if so why? Climate, resource, materials, culture?
e Bvaluation

o What are thebenefits and are they quantifiable?

0 What are the limitations and constraints?

o Do these techniques complememtodern techniques?

0 Are they still used and, if not, why not?

Page8 of 70



4 Techniques

In this section water management techniquescounered on the study tour are outlined. They are grouped by
stages in the water management process: sourcing; treatment; distribution; storage; consumptiorgusedand
recyclingMany are traditional but reference is also made to their evolution and toenodechniques.

4.1 Source

Figure3 shows that, aside from icecaps and glaciers, there are three soufogater available on earthsurface
water, groundwater and seawater

Fresh-
water 3% X Other 0.9% surface ) Rivers 2%
_ water
Ground 0.3%,
water
30.1%
Saline
(oceans)
97%
Earth’s water Freshwater Fresh
surface water
(liguid)

Figure3 - Distribution of the Earth's WateUnited 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 wate
stores are naturally replenisheby precipitation and recharge from the groundwater store by effluent streams
(typically perennial). Surface water is naturally losthte atmosphere through evaporation, and to the groundwater
store through suksurface seepage and influent streams.

Surface water has traditionally been collected for human use by rainwater harvestiegathering, or accumulating
and storing, of rainwatér Rain may be harvestedadin roofs, or from the groundtypically from surounding slopes

by gravity feed Commonly usd 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 4,0
years ago in Palestine and Greece. Later in ancient Rome residences were built with individual cisterns and pav
courtyards to capture rainwater to augment supplies from the city's aqueflucts

Rainwater harvesting is carried out today at a range of scéle® rainwater butts connected to individual houses

to largescale urban projects tackling water scarcity. Berlin has seen a nhumber of such schemes since the 199(
including Potsdamer Platz where rainwater from the roofs of 19 buildings with a catchemeatof 32,000 m?2 is
collected, stored in a 3,500 m3 basement tank and used for toilet flushing, landscape irrigation and the
replenishment of an artificial poridFigure4 shows a typical example.

® (HarvestH2aom)
® (Government of Tamil Nadu)

" (UN Environment Programme)
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RAINWATER HARVESTING SYSTEM SCHEMATIC
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Figure4 ¢ Modern rainwater harvestingsystem ghematic(The Gulf Islands Rainwater Connection Limited)

Collecting rainwater rather than discharging it also alleviates pressure on drainage systems and, provided capacity
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 sme
dams and trenches to gather and make optimal use of rainfall and storroffult is thought that if consistently

applied, this traditional technique used to establish livelihoods in the desert, coul@@88 million m3/yr (around
5 %) b W2 NRwatgrQupply’.

4.1.2 Groundwater
4.1.2.1 Aquifers

An aquifer is an underground layer of t@abearing 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, ¢
drilled, to create an opening through which water can be withdrdy 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 i
France, where many wells of this type were dril{ggfer to Figureb).

Aquiferscontinue to bean important source of water for human habitation and agriculture. Water drawn from them
has traditionally beerof high quality, nb suffering from contamination in the same way as surface water supplies.
However some have become polluted by pesticides, herbicidedeatitisers, and there is also concern regarding
the growing practice of recharging depleted aquifers with treatedtesaater.

8 (International Research Development Centre)
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Pervious Strata
Impervious Strata

. Saturation
\\_ - Hx\ Level
\‘-. \..-"\.

Artesian Well

Figure5 - Diagram of Artesian WellDunn)
4.1.2.2 Springs

dSurface springs occur where groundwater emerges at the surface because an impervious layer of ground preve
further seepage downwardgWaterAid)

Settlement patterns frequently reveal villages located around springs, or along the spring line such as on th
northern scarpof the South Downs in the URpring water is tyjgally regarded as good qualiywd may lave a high
mineral content, for which it is often bottled and sold @sinerak water. In Europe spaawns developed around
mineral springsas a placetowhichJS2 LJX S Ol YS (G2 aidl 1S G4KS 461 GSNEE F2NJ

Spring water continues to benamportant source of water, although it is uncommon in many arid areas.
4.1.3 Seawater

While seavater isabundant its salinity makes it unsuitable in its natural form for most human uaed techniques
to purify it for human consumption are relatively modern

Desalinisation refers to any of several processes that remove exceésargalother mineralsfrom water. These
processes includedistillation, ion exchangeand membrane processesThe first recorded application of
desalinisation appears to be duringetlearly part of the 17 Century by Japanese sailors who used earthenware pots
to boil seawater and bamboo tubes to collect the conden¥ate

In 1791 the United States looked at a simple distillation process to prdwéddwaterto the American Navy.
Desdination 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, withatistil techniques being supseded by
membrane technologies such as reverse osmivsthe 1960s and?0s. Thesehave lower though still significant,
energydemandand are more efficient than distillation, where the water heating process usually inogmgisant
losses

As an expensive and resourdetensiveprocess desalination isurrently mainlylimited to coastalareaswith water
scarcity In 2004 there were estimated to be more than 7,500 desalination plants operating worldwide, with two
thirds ofthem in the Midde East’.

o (Halcrow)

10 (innovationsreport, 2004)
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There are a number of detrimental environmental effects associated with desalination, including: the impact or
marine life of water intakeglisposalof the concentrated brine waste product; aedhissiors from associated power
plants. To mitigate the latterrenewable energy sourcdgve been considered for some new plants. For exarnmple

Australiathe Perth plant is partially powered by wind energy, antarge wind farm (67 turbines) will offset the
energy demand of a nefacility under construction in Sydn¥y

There is also evidence of health risks frdrinkingdemineralised or lownineral water. Desalination demineralises
water and, though the desalinated water is usuallymimeralised, mainly with calcium (lime) and othertmanates,
the process is primarily intended to decrease the corrosive effects of demineralisedivater

. ._-u-.tn.:;.“‘ :
SR ST

Figure6 - Jebel Ali Power and Desalination Station L Phagédhmeyer International)

The largst desalination plant in the world is currently the Jebel Ali Desalination Plant (Phase 2) isEfrefer to
Figure 6), which is capable of producing 300 millior? mf desalinated water per year which, to put it into
perspectve, isSY 2 NE (G KIy Sy2dAK (G2 YSSOG tf 2F W2NRIyQa RSYl!

- g T —

; _' ﬁoﬂgﬁgwn conied shade 1ol é
DOV VY LT Y/ Vb
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Sna Waber hn
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1 _= ) o ‘Surlace sea
e ——— —— e et
T T :| A
" — e 5
Y Cooled humidified air e i

p——qqq-:l_

LY

1 Surface sea water Inckles down the 2 Sunlight is selectively filtered by the 3 Air passes through a second
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‘Saa walar evaporator and is condansar which is cooled using cold
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speay. pollan and insects are rapped and  This helps 10 keep the Gresnhouse cosl  paint condanses and iS5 piped to slorage
filtered out leaving the air pura, humidified  whilst allowing the crops 1o grow in high

andcool light conditicns: 5 Fans draw the air through

the Greenhouse and into the
ghadehouseargs |

Figure7 - Diagram of the Seawater Greenhou¢8eawater Greenhouse)

1 (Sydney Water)
12 (World Health Organization)
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An innovative, alternative approach to desalination foigiation use, relying aimost exclusively on solar en€rdgy
the Seawater Greenhouse, which

a..uses seawater to cool and humidify the air that ventilates the greenhouse and sunlight to distil freshwater fron
seawater. This enables the year round cation of high value crops that would otherwise be difficult or impossible
G2 IANRG AY KSéawater Gidehousdd I A 2y a ¢

The principle is illustrated iRigure?.
4.2 Treatment

Water treatment desdbes those processes used to remove contaminants in the water, or to reduce the
concentration of such contaminants so the water becomes fit for its desiredusad(e.g. drinking, medical,
industrial processes or returning to the natural environment ateman 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 BCAt 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 abou
microorganisms or chemical comtgnants (which would remain unseen in water until the seventeenth century), the
motive for treating water was to make it smell and taste better.

Reservolr
- Aty

Flocculation Tank

?03©

Sludge Collector

Sludge Thickener

Figure8 - Example of modern water treatmen{SA Water)

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

13 @The overall process is extremely energy efficienkWL of electricity expended on pumping will remove030N of heat.
Water can be producedia f 26 Sy SNHeé O2ada o6f o 12KkYwoé
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In 1854 the British scieist 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 publishéd®%8 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 rangeof processeds 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 ggsaebsas filtration and
sedimentation, biological processesuch as slow sand filtration or activated sludge, chemical presssgh as
flocculation and chlorination, and the use of electromagnetic radiation such as ultravioletHighte8 shows an
example of a treatment train.

Mains water infrastructure has generally been developed on a sipigie 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%" of mains water is treated to a higher standard than necessary.

Thisapproacth & y2¢ 0SAy3 OKIfftSyaSRd a! f SNYFLGABS 41 G§SNI 3
dimensions: i) they reclaim and reuse water for a variety of uses; ii) theybeabased on decentralized
AYFNI &iNHzOG dzNBE &> LINRE RdzZOPFCD) ¢ G4SN 6KSNE AdG Aa O2yadzy

The redevelopment othe Elephant and Castlan London incorporates separate potable and fmotable water
serviceswhich, upon complabn, will be fed by a local borehole and greywater respectively.

4.3 Distribution
4.3.1 Aqueducts

An agueduct is a channel or pipe constructed to convey water. It is derived from the Latin words aqua ("water") an
RdzOSNBE o6bii2 fSIFREUVD LyissedRds ally syseyh DRApip&s Sdidhes, Tanald) tkirels|iaBN.
other structures used for this purpose. More narrowtlye word is used, perhaps erroneously, to refer to any bridge

or viaduct that transports water acrosshallow or valley’.

A pipe is a caduit made fromhollow tubesconnected eneto-end for longdistance transportation of fluids such as
water and oil. As an enclosed, potentially impermeable vegggtélines are often preferable to open channels that
suffer from water contamination and eparation, and are more prone to blockages.

G¢KS aAYLX Saidz Y2ald LINAYAGAGS F2NX 2F F1jdzSRdzOG 41 &
than an open canal dug between the river and the city. Water from the river flowed into yhbycthe force of
gravity.

Gaz2NBE O2YLX AOIFGSR I 1jdzSRdz00a ¢ SiaBran). Calles HandksStaey toddistedRof A
tunnels that began in the foothills of mountains and wound gradually downhill to bring water to population centers.
The ganats were handug, so vertical shafts had to be placed every 20 to 30 meters along the length of the ganat ir
order to remove excavated material, as well as to provide ventilation and access for repairs. The excavated soil v
used to build up moundaround the shaft openings, which prevented surface runoff from entering the ganat and
contaminating the water with silt and other material. When the soil in which the ganat was dug was loose,
reinforcing rings made of burnt clay were installed to prevenedns. To this day, ganats are still used in Iran, and
0KSe O2yildAydzS G2 0SS Ovagaltii Ay YdzOK (GKS &l YS g1l & o¢

Figure9illustrates the construction process.

“EU averag€UN Environment Programme)

15 (Encyclopedia Britannica)
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Figure9 ¢ Construction of a ganafVigeant)

The Romans are possibly the most famous aqueduct builders of the ancient era. Like ganats, the Roman aquedu
relied mainly upon gravity for their operation. They were built at ground levelarderground where possible (to
minimise contamination and evaporative losses), with a very gradual slope of 1/200 or less. When large valleys h
to be crossed, they constructed arcades, or arched bridges, to maintain the desired height for the watef.tm
interesting features of Roman aqueducts was the occasional use of inverted siphons to cross loywapa@htsvn in
Figurelo.

HT¢ Header Tank

H ¢ Height

VB- Venter Bridge

HG¢ Hydraulic Gradient
RTq Receiving Tank
G¢ Geniculus (bend)

Figure10¢ Roman aqueduct sipho(Schram, 2004)

Waterwheels were anotheii SOK Yy A Ij dzS ¥ 2 NJ dza A yHama h\&yri@is tadoudif@ ieYids wWaterQ &
wheels), which are up to 20 m in diameter and, being made entirely of timber (including the bearing), make ¢
strange, unremittng, groaning noise.

There have been norias in Hama since at least the 4th century AD. The present wheels date from at least the 1:
century and 17 of around 30 survive. In each case the Orontes River is contained by a small dam and the natural fl
forced through a narrev channel which turns the wheel. Originally this raised the water to high level aqueducts;
though the wheels continue to turithey are no longer functionakigurell shows theFour Norias of Bechriyyat
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