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INTRODUCTION

75% of the surface of our planet but only some 2.5% is fresh

reach (ref:1).

m3/capita/year based on a population of 4.3 million

inhabitants not including non-Lebanese residents. This value
for water availability is practically equal to the 1,000 :
m3/capita/year water scarcity threshold recognized by UNEP
Lebanon with the ultimate goal of
. preserving our national water resources
In other words and contrary to popular belief, Lebanon is
approaching the red zone as far as fresh water resources are
concerned. The mismanagement of the water sector :
exacerbates this dire situation which may get worse due to '
two main factors namely climate change and population
increase. The first one may lead to a potential 10-15%
decrease in precipitations and an increase of 4-20% in :

LEBANON
CANNOT

period (ref:4), ((not taking into consideration non Lebanese :

. e shown that Lebanon has already . PROSPER
experienced an 8% drop in precipitations in Beirut and Tripoli

WITHOUT A

areas (where rainfall records are available) during the last 30 :

'STEADY, SECURE
AND SAFE
SUPPLY OF

of its water resources, Lebanon is experiencing extreme water

FRESH WATER

shortages in many regions and is dangerously depleting its :

(ref:2).

evapotranspiration across Lebanon by 2040 (ref:3), while
population is estimated to increase by 30% over the same

residents)). Studies have shown that Lebanon has already
years when compared with earlier periods of the previous
century (ref:5).

Because of the relatively low availability and bad governance

- underground water reservoirs up to a
- point of no return. Consequently, water
- levels of underground reservoirs are
- dropping at continuous and alarming
rates in many regions of Lebanon and
Fresh water is a very precious and rare resource. Water covers :
- of the coastal aquifers.
water and less than 1% is readily accessible for human use,
the rest being locked as ice, in biomass or practically out of :
- not conducive to a
- development of the country.
Currently it is estimated that the available renewable
freshwater resources in Lebanon for an average rainy year '
amount to 4,100 MCM (fig.1) or practically 1000 :
national strategy, outlined in a document

sea water intrusion is observed in most

This situation does not bode well and is
sustainable

The National Guideline for Rainwater
Harvesting Systems in Lebanon is part of a

that was published in 2010 entitled the
“National Water Sector Strategy”, aiming
to improve water governance in

and using them in a way that is
conducive to sustainable economic
growth, to healthy social development
and flourishing biodiversity.
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¢ The present document offers detailed guidelines, technical

RA' NVVATER an'd commErciaI information on how toI sizz anf)l implement
i t t t tt
HARVESTING DOES e rsnetis s v s
NOT ONLY PROV'DE ?ppllfted t%resiillentialtgnits, schfools;hospitfls azd any other
A SOURCE OF acility where domestic uses of water are found.
Rainwater Harvesting ‘RWH' consists of collecting
WATER THAT . precipitations falling on roofs, terraces or any adequate
|NCR EASES WATER . surface that can catch water with a view of storing it for later
- use as prescribed in this document. It has many social, economic
UPPLY BUT AL |T - and environmental advantages;
CAN INVOLVE THE |
« Rainwater being soft water, pipes scaling and corrosion will be
PUBUC |N WATER drastically reduced, the same could be said for heating
MANAGEMENT, equipment like boilers, hot water tanks and solar water
MAKING WATER | festers
MANAG EMENT e Much less quantities of soap and detergents are needed

EVERYBO DY'S with soft water for washing hands and cleaning cloth thus

making economies and reducing the chemical loading of

BUS'NESS waste water being rejected to nature. Liquid detergent
- softeners are not required.

-« Blending treated rainwater with municipality water will reduce
|-|- G |VES . the hardness of the water without necessitating the use of

softeners thus sparing the cost of the softener and its operation.
CONSUMERS A

« Users that heavily rely on water trucks will find RWH a blessing,
SEN SE OF PR | DE it may simply eliminate the truckloads. Also in the eventual
AN D occurrence of water metering in Lebanon at the consumer
: premises, thus introducing the “pay as you consume
RESPONSlB”—lTY principle”, rainwater harvesting will definitely reduce the

water bill. Rainwater harvesting may easily cut by half the
municipality water requirements of a household.

« Rainfall being captured at the source instead of flowing, storm
water abatement reduces the possibility of soil erosion and
flood risks. This is of particular importance in built up areas
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where soil permeability has been practically reduced to nil
thus increasing storm water surface flows. Collecting the
rainwater will reduce the stress on the municipality storm
water network.

 Reduce the load on the water supply network during

which gravely impacts water tables levels.

This guideline is intended to be used by all categories of
people including those with no technical background. The
information is presented in an easily accessible and
straightforward way where hopefully the reader will enjoy :
a stimulating experience to devise and build a rainwater :
harvesting system that will provide some water supply

independence.

The contents are divided into three sections with supporting

annexes;
Section 1
as other water issues.

Section 2

scenarios possible for rainwater use.

Section 3

calculations presented in this section.

is a birds-eye view of the country with a focus on
characteristics that relate to its hydrology as well :

introduces the art and science of rainwater :
harvesting starting with a description of the
different components of the system as well asan
overall view about the different options and

offers detailed guidelines how to plan, size, price,
implement and maintain a rainwater harvesting '
system together with tips how to save water. The
annexes contain useful information as well as
necessary data to perform some of the |

RWH IS AN ACT
OF RESPONSIBLE

CITIZENSHIP

summer time when water use is at its peak and rainfall is :
practically nil. This is especially important knowing that :
Lebanon is increasingly reliant on ground water pumping

Rainwater harvesting has
been practiced in this region
for thousands of years; as the
archeological finds in Jbell
and Jericho have shown.
Nearer to us in space and
time is of course the

vernacular architecture of the
mountain, as well as that of
the urban environment where
rainwater harvesting was
one of its main features.
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Evapotranspiration
4,500 MCM

Average Total Rainfall
(Including Snowfalls)
On Lebanese Territory
8,600 MCM

Gross Renewable Water
Resources on National Territory
4,100 MCM

Unexploitable Unavoidable Surface and

Groundwater Groundwater Flows to
To sea springs . : Neighboring
400 MCM - ] Countries 1000 MCM
Average available Renewable Water
Resources on National Territory as
Groundwater 500 MCM and
Surface Streams 2,200 MCM

Fig.1 Water Budget of Lebanon in a Glimpse (ref:6)
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LEBANON,
A BRIEF
OVERVIEW

The main purpose of this section is to give a
brief summary of the characteristics of the
country directly related to Rainwater
Harvesting and water availability thus giving
the reader some background on and an
appreciation of the subject being dealt with.

LAND TOPOGRAPHY

CLIMATE AND PRECIPITATION

POPULATION

ADMINISTRATION

WATER DEMAND IN LEBANON

WATER REGULATIONS AND WATER QUALITY
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1 LAND TOPOGRAPHY

Lebanon is located on the Eastern shores of the Mediterranean
Sea, it has a nominal area of 10,452 km2. The country stretches
225 km lengthwise along a N-NE / S-SW axis with a width
tapering from 88 km in the North to 35 km in the South. Its
latitudinal span is 33.2 — 34.7 °N while its longitudinal one is
35.2-36.6 °E.

Its topography is made up West to East of a coastal plain and
two parallel mountain ranges that taper off at both ends,
respectively the Lebanon and the Anti-Lebanon separated by an
inland plateau, the Bekaa.

The narrow very fertile coastal plain squeezed between the
Mediterranean Sea and the Western foothills of the Lebanon
Range has a maximum width not exceeding 6.5 km in the North
interrupted in few places by the advances of promontories
plunging abruptly into the sea as at “Nahr el Kalb”".

The Lebanon Range with its highest peak towering above
3000 m in the North has a very abrupt and rugged topography
characterized by valleys and deep clefts running East-West
perpendicular to its dorsal therefore dividing the range into
steep sloped natural bastions that form drainage basins for
waterways and springs. The snow- capped ranges of Mount
Lebanon at altitudes above 1800 m constitute the open air
water reservoirs of the country that feed waterways and
underground aquifers long after the rain has stopped. However
till the present time, the exact contribution of the snow cover
to the water supply of the country has not been well studied and
investigated.

The Bekaa Plain, lying at the East of the Lebanon Range is a very
fertile High Land about 16 km wide and 129 km long gently
sloping from an altitude of 1100 to 900 m from North to South.
Itis crossed lengthwise along its lower stretch by the Litani river,
the most important waterway in Lebanon. The Hermel is the

THE SNOW- CAPPED
RANGES OF MOUNT
LEBANON AT ALTITUDES
ABOVE 1800 M
CONSTITUTE THE OPEN
AIR WATER RESERVOIRS
OF THE COUNTRY THAT
FEED WATERWAYS AND
UNDERGROUND
AQUIFERS LONG AFTER
THE RAIN HAS STOPPED.

northern stretch of the Bekaa plain, it is
itself crossed lengthwise by the Orontes
river, one of two rivers shared with
bordering countries, the other being the
Hasbani.

East of the Bekaa stands the Anti-
Lebanon Range which separates
between Lebanon and the Syrian inland,
its highest peak located southward,
Mount Hermon, rises to 2860 m. Unlike
the Lebanon Range, the Anti-Lebanon is
rather thinly populated and vegetated.
The Hasbani, a tributary of the Jordan
river, is the only perennial waterway in
Lebanon having its sources from the
Anti-Lebanon.
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2 CLIMATE AND PRECIPITATION

Lebanon exhibits diverse micro climates
with varying amounts of precipitations. It
has a rather long dry season extending
from April to October and a shorter wet
season from November to March
characterized by relatively short,

interspersed but heavy downpours. Overall, on an average rainy
year, Lebanon receives some 800 mm of rainfall.

Rainfall monthly percentage distribution is practically the same
all over Lebanon (Table 1) despite variations in quantities
depending on regions (Table 2).

Table 1. Average Percentage Distribution Of Rainfall On A Monthly Basis For Lebanon — (Ref:22)

SEP
0.7%

OCT
6.8%

NOV
11.8%

DEC

JAN
19.9% 22.4%

FEB
17.1%

MAR  APR
12.9% 6.4%

MAY
1.6%

JUN
0.3%

JUL
0.1%

AUG
0.1%

Source: Meteorological data of Lebanon

Practically speaking, around 85% of the
precipitations in Lebanon are concentrated
over 5 month from November to March.
This has profound implications on RWHS
and especially in what relates to storage.

The littoral and the Western Slopes of Mount
Lebanon  Range  (WSMLR)  have
predominantly a Mediterranean climate
where up to 500 m altitude, average yearly
precipitations vary between 800 and
1000mm while at higher altitudes up to
1800 m average yearly rainfall may reach
1400 mm (Dahr el-Baidar, Qartaba).
Generally, rainfall increases on the WSMLR
at the rate of 25mm for each 100m
elevation.

There are no precise precipitations data at
altitudes higher than 1800 m because the
available measuring equipment is not
adapted to snowy and cold weather
according to the meteorological service at

Beirut airport. However this is of no serious consequence for the
purpose of this document because there is hardly any permanent
human settlement in Lebanon above 1900 m altitude. Actually the
highest village in Lebanon, Bkaa Kafra in the North, lies between
1600 - 1800 m altitudes.

On average, the littoral and the WSMLR, experience between 60
and 80 rainy days a year and at altitudes above 1200 m, around half
that amount of snowy days.

The Eastern slopes of Mount Lebanon Range, the Bekaa plain and
the Anti-Lebanon Range have more of a continental climate being
less exposed to the dampening effect of the Mediterranean. The
average yearly rainfall in the Bekaa plain varies in increasing
intensity from North to South. It ranges from 450 mm (Haouch
Snaid) to 1000 mm (Khorbet Kanafar) while the Hermel area which
lies at the northern extremities of the Bekaa plain experiences a
rather arid climate with average yearly rainfalls not exceeding
250 mm. Baalbeck itself which is the southern gateway to the
Hermel receives an average of 450 mm.

There are no readings for the Anti-Lebanon which receives together
with the Hermel area the least amount of rain, however some
areas in the Wadi el Taym corridor which lies at the foothills of
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the Anti-Lebanon at the level of the southern Bekaa plain still
receive some 1000 mm of rainfall (Hasbaya, Kfair ez-zayt).

Table 2. Average Rainfalls For Selected Regions Of Lebanon — (Ref:22)

Region Rainfall (mm/year)

Beirut 710
Littoral North up to 500 m altitude 745
Littoral Center up to 500 m altitude 850
Littoral South up to 500 m altitude 655
WSMLR 500 - 1200 m 1200
WSMLR 1200 — 1800 m 1100
Bekaa North 450
Bekaa Center 690
Bekaa South 870
Litani basin 718
Orontes basin 450
Yammouneh 1000
Hermel 250
Wadi el Taym 917

Source: Meteorological data of Lebanon

Predominant winds in Lebanon blow in a West/South-West
direction for most of the year, Easterlies and Northern winds are of
lesser occurrence but of significant effect especially Easterlies that
bring sandstorms from the Syrian inland and Arabian peninsula
during spring and less frequently in summer and autumn.

The winds do have an impact on RWHS as far as rainfall water
quality is concerned as shown further below.

Precipitations in Lebanon could have drastic annual variability; in
some regions inter-annual variability may exceed 500% between
exceptionally rainy and dry years. The year 2014 is a good example
of adry year where average precipitations on the national soil were
nearly half the annual average knowing that this year is not the
worst that Lebanon has experienced or will probably experience in
the future.

On average, rainfall events in Lebanon rarely
exceed 10 days, the weighted average being
around 1.5 days. Moreover rainfall event
exceeding 4 days rarely occur more than
once a year. Basically, heavy rainfall events in
Lebanon are characterized by their brevity
and intensity which is typical of a
Mediterranean climate. Itis not uncommon
for daily rainfalls to reach 200 mm at mid
altitudes or 100 mm at the littoral.

On average, one rainy day out of 10 receives
more than 30 mm of rainfall in the coastal
region and 45 mm at mid altitudes, while
around half of the rainy days on the national
territory yield less than 5 mm. Overall heavy
rainy days that yield rainfalls in excess of
40 mm do not exceed 20% of rainy days
Over any one year.

Rainfall recording started in Lebanon some
137 years ago at the meteorological
observatory of the American University of
Beirut. Since then many stations were
added over the years to cover most areas of
Lebanon and some even in Syria. By 1975
some 146 stations were more or less
operational but this number quickly
diminished at the onset of instability during
that year. Practically only three stations kept
operating namely Beirutairport, Ksara in the
Bekaa and Tripoli. Thus only these stations
have complete recording series that extend
over relatively long periods of time.

Starting in the 1990s, some more existing
stations were recording again and new
stations were put into service, currently 39
stations are operational with more being
planned. The stations listing are as shown
in Annex B.
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3 POPULATION

With a current population of some
4,200,000 inhabitants yielding an
occupancy density of around 400p/km?2,
Lebanon is one of the ten most populated

countries in the world if small entities like the Vatican state and
Honk Kong are not taken into consideration. If non-national
residents are taken into account, it is one of the five most
populated countries in the world.

Table 3. Mohafazat Population Growth Over Year 2030 Horizon (Ref:4)

MOHAFAZAT

Beirut & Mount Lebanon
North Lebanon & Akkar
South Lebanon & Nabatyeh
Bekaa & Baalbeck-Hermel
TOTAL

2000 2030 % Growth
1,910,896 2,310,000 21.22
807,204 1,140,000 41.18
147477 1,040,000 37.93
539,448 740,000 38.90
4,005,025 5,230,000 30.79

Source: NPMPLT, 2005, chapter 2, Table 4

However, the age pyramid of Lebanon is
starting to thin out at the bottom a clear
indication of demographic maturity and
lower future population growth rates
(ref:7).

Residents in Lebanon are expected to top 5 million by 2030
(Table 3) with an expected average yearly growth rate of 1 %
(ref:4). The most economically developed areas of Lebanon
namely Beirut and Mount Lebanon are heavily urbanized while the
periphery which is sill to a certain extent rural is less so (Table 4).

Table 4. Population Distribution Over The Land Horizon 2030 (Ref:4)

YEAR 2000 YEAR 2030

MOHAFAZAT TOTAL

POPULATION POPULATION
IN URBAN TOTAL IN URBAN

POPULATION CENTERS POPULATION CENTERS

Beirut & Mount Lebanon 1,910,896
North Lebanon & Akkar 807,204
South Lebanon & Nabatyeh 747,477
Bekaa & Baalbeck-Hermel ~ 539,448
TOTAL 4,005,025

1,651,000 86% 2,310,000 1,990,000  86%
385,000 48% 1,140,000 620,000 54%
327,000 44% 1,040,000 490,000 48%
181,000 34% 740,000 300,000 40%
2,544,000 64% 5,230,000 3,400,000  65%

Source: NPMPLT, 2005, chapter 2, Table 6
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80% of the residents live on the coastal zone (0-400 m)
making out of it one of the most densely populated
areas in the world (1310 p/km?) as shown in (Table 5).

Table 5. Lebanon Population Density As Function Of Altitude (Ref:4)

ALTITUDE RANGE POPULATION DENSITY CLIMATE ZONE

(m) (P/Km2)

0-400 1,310 Coastal (Zone 1)

400-800 278 Coastal (Zone 1)

800—-1200 257 WMM (Zone 2) & In-land Plateau (Zone 3)
1200-1600 91 WMM (Zone 2) up to 1400 m

1600 — 2000 15 High Mountain (Zone 4)

>2000 1 High Mountain (Zone 4)

Source: NPMPLT, 2005, (column 3 added), WMM: Western Mid-Mountain

However with the huge influx of people to Lebanon

fleeing conflict areas in neighboring Syria most CURRENTLY, THE

gt s o s e ety AVERAGE HOUSEHOLD
SIZE IN LEBANON IS

It is estimated that the current resident population in EST'MATED AT 43

Lebanon is around 5.5 million and while this number

may increase in the near future depending on the PERSONS, LlVlNG |N
situation in the area, it might not drop down any time AROUN D ‘| M”_UON

soon thus putting increased pressure on water

demand. DWELUNG UNlTS

The effect on water demand caused by the alarming
increase in population is even further magnified by the
higher living standards sought out by the population as
a direct outcome of economic growth and social
awareness.

Currently, the average household size in Lebanon is
estimated at 4.3 persons, living in around 1 million
dwelling units.



4 ADMINISTRATION

Lebanon is divided into 6 governorates
(Mohafazat) namely, North Lebanon,
Bekaa, Mount Lebanon, Beirut, Nabatyeh
and South Lebanon, divided into a total of
25 districts (caza) themselves composed
of municipalities. Beirut has no districts
but has a municipality.

With the exception of Beirut, the
Mohafazats and their caza extend over
several climatic zones thus experiencing
different rainfall regimes. Hence, with
the exception of Beirut, any one
Mohafazat or even caza cannot be
characterized by one average rainfall
number for the purposes of this
guidebook if a minimum of accuracy in
the calculations is to be ensured.
Consequently rainfall data will be
presented at the town and village level.

This is possible because all the
meteorological stations in Lebanon are
located in or nearby towns and villages,
as for agglomerations that are far away,
geographical characteristics similar to
areas where the meteorological stations
are located will be used as proxy. Basically
the two parameters that govern such
similarity are altitude and topographical
locations. Thus for example two villages
relatively far apart but having nearly
similar altitudes and topographical
locations (located on the western side of
mount Lebanon range) will experience
roughly the same amount of rain fall.

Fig.2 The Administrative Organization of Lebanon
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5 WATER DEMAND IN LEBANON

Agriculture is the largest water consumer; it absorbs some
55% of the water supply. This share is expected to rise to
60% by 2030 (ref:14). The domestic water supply was
estimated at 505 MCM for 2010, it is roughly distributed
as follows over the different Mohafazat;

" Domestic ®Industrial ™ Tourism ®lrrigation

MCM B Domestic " Industrial ® Tourism ¥ Irrigation
2000
1600 100% -
1400 -
1200 - 80% 1
1000 - 60% -
800 -
600 - 40% -
400 - 20% -
200 -

0 - T T T T T 0% -

2010 2015 2020 2025 2030 2035 2010 2015 2020 2025 2030 2035
Fig.3 Water Demand (ref:14) Fig.4 Water Demand as a percentage (ref:14)

It is worthwhile noting that population density and a weak

regtulatory environn;fn;is re?(LjJILing in se_(rjiousdpoII]:Jtion tc; \WATER DEMAND IN
idden demand. Acually watr supplies that have been  LEDANON IS EXPECTED
polluted could be considered as used water even though TO |NCREASE BY 250
consumers, This st basc asumpton of thwarer  MOM OVER THE NEXT 20
footprint concept. YEARS WITH IRRIGATION
ABSORBING MOST OF

THIS INCREASE
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6 WATER REGULATIONS AND
WATER QUALITY

The regulatory framework regarding  There are no standards or regulations in Lebanon concerning
water is quite weak in Lebanon. Decree  rainwater harvesting and the use of rainwater. Consequently,
1039 of 2/8/1999 (ref:18) sets quality  the present guideline document has the objective to set clear
requirements regarding the physical,  requirements regarding the collection, storage, treatment and
chemical and bacteriological properties  use of harvested rainwater.

for tap water (potable/drinking water

not bottled water). These requirements  Most of Lebanon’s waterways are polluted because of
are shown in Annex C of this guideline.  uncontrolled sewage, industrial waste dumping and irrigation
(Decree 1039 needs updating...). water leaching. The most flagrant example is probably the Litani
River and Qaraoun Lake which exhibit alarming levels of all sorts
of pollution. Tables 6 & 7 give an idea of the extent of pollution
in some of the waterways (ref:14).

Table 6. Quality Parameters For Selected Rivers In The Dry Season (Ref:14)

Total

Coliform E. Coli

(c/100mL)  (c/100mL)
Kabir 14.4 3 270 20 900 20
Bared 28.2 2.8 225 28 610 17
Abou Ali 39.3 34 280 22 26,500 3,000
Ibrahim 62.8 1 150 8 3,500 200
Antelias 53.2 3 300 30 28,000 6,000
Damour 213 3 200 38 490 15
Awali 334 7 210 22 710 1
Qasmieh 225 5.5 250 21 80 0
Limit Value  Nil 50 600 250 500 100

Source: STLE, 2010, Table 3.11
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Table 7. Litani River Basin Water Quali

ty (Ref:14)

Drinking Water

Indicator BAMAS 2005 (Summer) LRBMS 2010 (summer) Standard

Min Mean Min Mean Max Libnor EPA
TDS (mg/) 88 290.96 706 187 502 1979 <500 <500
pH (pH units) 657  7.09 7.68 727 793 8.66 6585 6585
BOD (mg/l) 2 48.46 624 2.50 547 1530 NA NA
Nitrates 3 1346 62 010 123 490 45 <10
(mg/lasN)
Phosphat
(mzs/‘f) 0 s 19 0 858 72 NA NA
Fecal Coliform
(CFU/100ml) 0 223,487 1500,00 1 71.61 400 0 0
Cadmium (mg/l) NA  NA NA 0.005 0.7 0.079 <0.005
TDS (mg/l) 120 160 196 221 235 256 <500 <500
pH(pHunits) 65 7 75 8.2 8.27 8.32 6.5-8.5 6.5-8.5
BOD (mg/I) < 257 4 2.0 2.65 330 NA NA
Nitrat
moflashy 16 21 62 08 093 12 45 <10
Phosphat
(mcgs/ﬁ’) ares 001 0.3 035 0 009 024  NA NA
Fecal Colif
S o v w0 W a0 o
Cadmium (mg/l) NA  NA NA 0.0007  0.01 0.021 <0.005

Source: STLE, 2010, Table 3.14

Under a USAID-funded water awareness program, the Lebanon
Mountain Trail Association (LMTA) in 2013 analyzed 53 springs
located on the LMT, out of 72 springs on the trail. The samples
were tested at the North Lebanon WWE lab in Tripoli and the
Industrial Research Institute in Hadath. The results showed that
38% of the springs have no bacteriologically contamination, 30%
have low to moderate contamination, 15% have moderate to
high contamination, and 17% are highly contaminated. Some
of the highly contaminated springs are located at higher

elevations (e.g., Ain Bahr in Qehmez,
Mount Lebanon, 1604m), an indication
that the pollution is also occurring at higher
elevations most probably due to septic
tanks and discharge into open wells.

Furthermore, over pumping ground wells
in coastal areas has dangerously
increased their salinity level.



RAINWATER
HARVESTING
AS A VIABLE
ALTERNATIVE
OPTION FOR
WATER SUPPLY

Rainwater harvesting as scoped in this
document is the capture and storage of
rainwater for different purposes including
domestic use for drinking, bathing, cloth
washing, toilet flushing, housekeeping as well
as external uses like landscaping irrigation,
surface cleaning, hosing and car washing. This
guideline is concerned with applications
mainly focused on residential units, schools,
hospitals, hotels and other facilities where the
above mentioned purposes are practiced. It is
not meant to deal with large scale irrigation
schemes or industrial processes.

This guide book is addressed to all people
interested in implementing a RWH system for
the targeted applications described above.
Consequently, the information is presented in
a simple straightforward way that is easy to
grasp and implement. The guidebook could be
used for implementing rainwater harvesting
systems for new projects or as retro-fits for
existing projects.

The present section deals in some details with
the concepts behind RWH as proposed in this
guideline while the next one offers
methodologies how to size, price, implement,
operate and maintain a RHW system.

HOW BEST TO USE RAINWATER IN THE
LEBANESE CONTEXT

RAINWATER HARVESTING, SYSTEM
DESCRIPTION

RAINWATER HARVESTING
CATEGORIZATION

RAINWATER USAGE CATEGORIZATION

RAINWATER TREATMENT CATEGORIZATION

DIFFERENT OPTIONS FOR RAINWATER USE

THE MUNICIPALITY WATER STORAGE TANK

GREY WATER SYSTEM

STORAGE TANKS HYGIENE

THE CASE OF TWO0 OR MORE
CATCHMENT AREAS

PLUMBING CIRCUIT CONFIGURATION
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1 HOW BEST TO USE RAINWATER IN
THE LEBANESE CONTEXT

Harvesting rainwater for use during the rainy season is
not very advantageous for users connected to the
municipality water supply. Usually in winter,
municipality water is in abundant supply, it is in summer
that water is scarce and has the most economic value.
Therefore it is normal to store the rainwater for the lean
days. However for users not connected to the
municipality network, rainwater supply could be used
also during the rainy season which could reduce the
storage tank size but this option reduces the strategic
water storage during the dry period.

Consequently, this guideline not only recommends the
use of relatively large rainwater storage tanks to cater
for the dry season water requirements but also the use
of separate municipality water storage tanks but of
lesser storage capacity as will be shown in the section
that follows.

Municipality water should not normally feed the
rainwater storage tank, the two systems should be kept
separate. Itis very important to follow these guidelines
to make sure rainwater does not back feed into the
municipality water network. This situation may
represent a health hazard to all the community
connected to the municipality network.

FOR OPTIMUM WATER
RESOURCES USE AS
WELL AS FOR SAFETY
REASONS, T IS
IMPORTANT TO PROVIDE
A MUNICIPALITY WATER
STORAGE TANK. THIS
TANKWILLACT AS A
PHYSICAL SEPARATION
BETWEEN THE
MUNICIPALITY WATER
FEED NETWORK AND
THE RAINWATER
SYSTEM.
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2 RAINWATER HARVESTING,
SYSTEM DESCRIPTION

Understanding how the fundamental components of a e Storage Tank: Also called cistern where
rainwater system work is crucial when contemplating designing collected rainwater is stored for future usage.
orinstalling a RWH system. The tank could be located above ground or
underground. The tank could be of concrete,
plastic or fiberglass. If rainwater quality is an
issue for the intended purpose, additional

Catchment Surface components could be introduced, namely:

\ — Gutter/drain

Leader/downspout
- /downsp

First Flush tank: The purpose of this tank is to
get rid of the first rainwater for each rain fall
event to avoid channeling debris, mud,
contaminated particles and other pollution
Py y— e to the rainwater storage tank. As the name
Tank Water Tank [~ implies, the purpose of this tankiis to flush the
catchment surface before collecting water
Fig.5 General Configuration of a RWH System for storage. Its main advantage apart from
improving rainwater quality is to avoid the
hassle of manually diverting the collected
rainwater to the drain at least at the
beginning of the rainy season. However
« Catchment Surface: It is the collection surface from which because Lebanon climate is characterized by
rainfall runs off, it could be the roof of a building, a terrace, a rain events that are separated by a relatively
parking pergola roof, a driveway or any area suitable for long stretch of non-rainy days during which
rainwater collection. The location, construction and exposure the collection surfaces may be subjected to
of the catchment surface to polluting vectors have a decisive pollution vectors, flushing the first rainwater
influence on the quality of the rainwater being collected. ateachrain fall eventis a necessity for higher
Hence the less exposed a catchment surface is to atmospheric quality rainwater.
pollution, human access and use, the lower is the probability
of serious pollution being entrained by the rainwater run-off.
Thus a roof in a rural area that is not normally accessed will
most probably have fewer pollutants than a terrace near an
industrial zone or one that is continuously used.

First Flush

Rainwater harvesting systems comprise three basic components
namely:

Water Treatment: Its purpose is to improve

the quality of the rainwater to expand the

range of its use namely for domestic

purposes. Water treatment usually includes

media and micro-filters, carbon filters,

« Drain system: Run off water collectors (Drains / qutters) and sterilization and domestic water storage
conveying conduits from catchment area to the storage tank. tanks. The extent of the water treatment
They could be made of metal or plastic as will be explained in depends upon the end use of the collected
the next section. rainwater as shown further below.
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3 RAINWATER HARVESTING

CATEGORIZATION

Rainwater harvesting categorization helps expand as much as possible
the safe use of rainwater in the Lebanese context. This is so for three
main reasons;

1. There are no existing regulations in Lebanon regarding the safe
collection and use of rainwater.

2.The consumer has largely no control over rain fall quality.

3. Theintent of this document is to maximize the collection and use of
rainwater in a safe and rational way, thus to offer the most options
and scenarios for rainwater harvesting and the subsequent use of
the collected water.

Furthermore the categorization helps consumer acquire a heightened
awareness and a more informed approach concerning the safe
collection and use of rainwater.

For the purpose of this guideline, four Rainwater Harvesting CATegories
(RWHCAT) are defined ranging from highest quality RWHCAT1 to
lowest quality RWHCAT4;

1- RWHCAT1 complies with the following minimum requirements:

« Facility is above 500 m altitude if located in Mount Lebanon
Mohafaza.

« Facility is at least 3 km away from any industrial plant that has
smokestacks and 1,500 m away from a hospital that incinerates
its medical waste.

« Facility islocated in a village or an area that is sparsely populated.

« Lowest point of collection surface is at least 3 m above ground
level.

« Collection area is not accessible for continuous human
circulation, occupancy or use for solar water heating,
photovoltaic, ventilation fans, AC condensing units or any sort of
equipmentand planters.

« Collection area has no exhaust outlets like kitchen exhaust,
chimney outlet, boiler outlet, etc. that are at less than 2 m height
from collection surface.

« There are no overhanging trees above
Collection surface.

«Trees having a crown above the
collection surface should be at least
3 meters away.

¢ Collection surface and drainage
equipment are not made of asbestos,
copper, lead or zinc.

« Collection surface is not used for
plantations of any kind and has no
soil layer.

« Rainwater storage tank should have
food grade interior finish. For
plastic or fiberglass tanks, food
grade labeling should be specified
by the tank manufacturer, for built
on site concrete tanks, food grade
is determined by the type of
surface coating which should be
specified food grade by the coating
manufacturer.

« Rainwater harvesting system has a first
flush tank in good working order.

2- RWHCAT2 complies with the following

minimum requirements:

« Collection area is not accessible for
continuous  human  circulation,
occupancy or use however equipment
that is not filled with liquids (i.e: fans
and photovoltaics) or filled only with
water without additives (i.e: vacuum
tubes solar collectors without anti-
freeze) are tolerated.

« Collection surfaces and drainage
equipment are not made of asbestos.



Some RWHCATT1 requirements

A>3m

B>2m . In this sketch, the roof

RS is the only catchment
area that could
potentially meet
RWHCAT1

requirements

The terraces could
potentially comply
with RWHCAT3
requirements

This area has planters, it does not
comply with any of the four
categories, and it cannot be used
for the purpose of RWH.

This area could potentially comply with
RWHCAT2 if not readily accessible and in I ]

case any equipment installed contains only
water without additives or no water at all

This areais used as a . *
driveway; it could

potentially comply

with RWHCAT4 if it

has no soil cover or

planters

Fig.6 Raw Water Harvesting Categorization

e Collection surface is not used for

plantations of any kind and has no soil layer. RA' NWATER HARVEST' N G
+Ramwater anesting sytem s it CATEGORIZATION HELPS EXPAND
AS MUCH AS POSSIBLE THE SAFE
o (e folewns |SE OF RAINWATER IN THE
« Collection surface is not used as a driveway. LEB AN ES E CO NTEXT

e Collection surface is not used for
plantations of any kind and has no soil layer.

« Rainwater harvesting system has a first
flush tank in good working order.

In this guideline rainwater that drains from planted

4-RWHCAT4 complies with the following
minimum requirements:

e Collection surface is not used for

plantations of any kind and has no soil layer.

areas cannot be used in rainwater harvesting
applications.




National guideline
26 for rainwater
harvesting systems

4 RAINWATER USE
CATEGORIZATION

Rainwater use categorization is a function of rainwater quality ~ USECAT4. Of course the higher usage
and treatment process, there are four USE CATegories (USECAT)  category could be used for the lower
defining the scope of rainwater usage on the consumer application, but obviously this implies a
premises; They range from the highest USECATT to the lowest  misallocation of resources.

Table 8. Water Use Categorization

USE CATEGORY RECOMMENDED RAINWATER USE

USECATT Drinking, cooking (see note below)

USECAT2 Suitable for human contact except drinking and cooking
(i.e: bathing, hand wash, housekeeping, laundry, sprinkler
irrigation, car wash, hosing, surface cleaning)

USECAT3 Preferably no human contact,
(i.e: Toilet flushing, laundry, drip irrigation)

USECAT4 Not suitable for human contact
(i.e: Toilet flushing, sub-surface irrigation)

USECATT is not applicable to DEClDlNG ON THE USE OF THE
lhaizr;itfzf{listf:soglséahuzteelévavﬁcc::fr COLLECTED RAINWATER IS THE MOST
which is a pre-requisite to USECAT1 is lMPORTANT FACTOR |N PI—ANNlNG A
practically impossible for hospitals, RAINWATER HARVESTING SYSTEM

hotels and most other public or office

buildings while for schools and other

large facilities, it may not be ALL OTHER CONSIDERATIONS

guaranteed that water quality is being

constantly monitored as per USECAT1 |NCLUD|NG RWH SYSTEM
requirements. CONFIGURATION DEPEND ON IT

Therefore USECATT is limited to
residential applications.
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5 RAINWATER TREATMENT
CATEGORIZATION

The categorization of the rainwater
treatment is a function of RWHCAT and
USECAT as explained in the next section.

Two Water Treatment CATegories
(WTCAT) are proposed in this guideline,
namely WTCATT and WTCAT2.

WTCATT as (fig.7) below shows consists
of a pre-treatment, a first stage treatment
followed by a second stage treatment.

cp HCT

Media Filter

First Flush \/Iicro Filter
/ \

The pre-treatment stage consists of straining in the First flush
tank then settling in the storage tank. The first stage treatment
consists of Chlorination, media filtration then micro-filtration,
the carbon filter may follow the first treatment stage but is not
part of this stage. The product water is stored in a domestic water
tank. The second stage consists of micro filtration, followed by a
carbon filter if it was not installed downstream of the first stage
then UV sterilization. The product water is stored in a potable
water stainless steel storage tank. This water treatment
category implies also the monthly testing of the potable water
at the potable water tap for bacteriological contamination.

Carbon Filter (Alternative 1 Location)

Carbon Filter (Alternative 2 Location)

Micro Filter /

Potable
Water
Tank

Domestic

Water Tank

UV Polishing

|

v
—

| |

Pre Treatment Treatment 1

|

Treatment 2

To Use
Potable Water

To Use
Domestic Water

Fig.7 Water Treatment Category 1 Process Diagram - WTCAT1
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WTCAT2 as (fig.8) below, consists of a pre-treatment and a first
stage treatment. The pre-treatment stage consists of straining in BN AGEEACTGL ]

the First flush tank then settling in the storage tank. The firststage R4S ﬁ'?d out more about rainwater
treatment consists of Chlorination, media filtration then micro- quality.

filtration. The product water is stored in a domestic water tank. This
guideline does not recommend a carbon filter for this application
because for non-potable domestic water use, residual chlorine does
no harm in the event some is still present in the water at the tap.

CP HCT
Media Filter
First Flush \ Micro Filter
/ \

N Domestic To Use
Water Tank

)
\ Y \ Y

Pre Treatment Treatment 1

Fig.8 Water Treatment Category 2 Process Diagram - WTCAT2

WITHIN THE SCOPE OF THIS
GUIDELINE, WATER TREATMENT IS
NOT A LUXURY NOR IS IT AN
OPTIONAL ITEM THAT COULD BE
OVERLOOKED, IT IS ANECESSITY FOR
THE SAFE USE OF RAINWATER
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6 DIFFERENT OPTIONS FOR
RAINWATER USE

The schematic below shows seven
different schemes S1 to S7 that offer
preferred combinations between RWH
and RWT methods in view of a

-
1
1
1
RWHCAT1 V= WTCAT1

—: WTCAT2

contemplated water use. The schemes represent minimum
acceptable constructions to achieve water quality for a given
use; it is always advisable to devise rainwater schemes that are
more stringent than what is proposed below.

MWB

v

USECAT1 @
USECAT2 @

v

RWHCAT3

A MWB
1
¥ » | usecaTs @
MWB
|
1
RWHCAT2 Y, WTCAT2 > USECAT2
MWB  f------- !
v R
> |  USECAT3
MWB  [------ 0
= > [ USECAT3
MWB/GWB |------ .
1
v

RWHCAT4

v

USECAT4 @

Fig.9 Recommended Rainwater Use Decision Tree
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Even though not shown in the figure above, USECAT4 is
applicable to RWHCATT, 2 and 3 without any treatment, but it
is not a recommended application from a resources allocation
view point.

The reader will note that strategies S1 to S6 propose the
optional use of Municipal Water Blending (MWB) while S7
shows the option of using Municipal water or Grey Water
Blending (GWB), all with the aim of optimizing water
resources use.

In S1, S2, S4 and S5 blending is done in a blending tank
upstream of the treatment 1 stage while in S3 and S6 blending
is done in a blending tank before water use. Dotted arrows in
above combinations represent optional additions in the
process that are not necessary to reach the sought after water
quality using the proposed combination of RWH and RWT in
a given scenario (See Chapter 3 for more details).

Blending has major advantages as follows:

1. It requires the storage of municipal water during the rainy
season, (See next section)

2. Iltextends as much as possible the use of the rainwater stock

3.Itis a natural and economic way to soften municipal or well
water which is relatively hard in Lebanon. The TDS of
municipal water is above 650 ppm in most regions of
Lebanon and actually could be sensibly higher. Blending
50% rainwater 50% municipal water will cut the TDS
practically by two and thus drastically decrease the hardness
of the water without using a softener.

Actually in WTCATT and 2 softening is out of the question
because rainwater even in the storage tank is still a relatively
distilled water.

Detailed explanations on water treatment will be provided in
section 3 below where system design will be tackled.

THE READER WILL
NOTE THAT
STRATEGIES S1T0
S6 PROPOSE THE
OPTIONAL USE OF
MUNICIPAL WATER
BLENDING (MWB)
WHILE §7 SHOWS
THE OPTION OF
USING MUNICIPAL
WATER OR GREY
WATER BLENDING
(GWB), ALL WITH THE
AIM OF OPTIMIZING
WATER RESOURCES
USE.
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7 THE MUNICIPALITY WATER
STORAGE TANK

Large storage tanks for municipality water
are a common occurrence for all types of
buildings in Lebanon. One of the main
reasons for such practice is the fact that
utility water is not in continuous supply,
actually in some regions of the country itis
not uncommon for the municipality water
to be cut off for several days in a row or
even for weeks during the dry season
especially in low rain years.

If  blending is contemplated then
municipality water storage tanks are a
necessity. Because of water scarcity in
Lebanon, such a tank has a similar function
to the rainwater storage tank, but it
harvests municipality water instead of
rainwater. The idea is that from December
toJune municipality water is in good supply
in most regions of the country, therefore
the storage tank could be filled over few
weeks while at the same time catering for
the facility day to day use thus storing
water for the dry season.

During the dry season, blending water
could be drawn from the municipality
water tank on a daily basis in conjunction

with the rainwater use. As a rule of thumb, the municipality tank
volume should be between 30 — 50% of the rainwater storage
tank volume depending on the severity of municipal water cuts
during the dry season and the coverage period provided by the
rainwater storage capacity. More on this will be covered in
Chapter 3. Municipality water tanks offer strategic water storage
especially during the period from August to October when
municipality water or even truck water supply is at its lowest.

IMPORTANT

One major advantage of blending equally rainwater with
municipality water is the possibility to enjoy a supply of soft
domestic water for an extended period without the use of
softeners thus improving quality of life in the facility at
minimum cost in case rainwater is in limited quantities but
anyway is being contemplated as a source of water supply
for the building.

Another strong point is that blending saves on the water
storage volume in case of equal quantities blending because
the municipality water tank is usually replenished with water
though at a slow rate during the dry season.

The approach of this guideline is to completely disconnect
between the municipality water supply and the rainwater
system upstream of the blending tank. Thus it is not
recommended to provide the rainwater storage tank with
a municipality water supply line.

[T
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8 GREY WATER SYSTEM

Grey water is the effluent from lavatories, showers and bathtubs
only. WG, Laundry machines, Dish washers, kitchen sink and other
plumbing fixtures must not be part of the grey water network.

In a grey water system, these three types of fixtures are
connected to a separate grey water drainage network that feeds
into a grey water treatment scheme made up mainly of a
settling/skimming tank, an aeration tank with chlorination, a
200 —300 micron pressure filter and an effluent grey water tank
which acts also as a blending tank.

In this guideline, Grey water systems are allowed only for blending
with rainwater in USECAT4 applications. In this case rainwater
from the RWH storage tank (RWHT) is conveyed to the effluent
grey water tank (GWT) which acts also as a blending tank. The
effluent grey water tank should be located in the grey water
treatment plant. In no case it is allowed to pump the effluent grey
water to a blending tank in the mechanical room where water
treatment or water storage equipment is located. System should

From Catchment
Surface

From grey water ey
treatment plant

be designed to prevent backflow of GWT
into RWHT.

Effluent grey water blending is done in
order to improve the quality of the grey
water as far as hardness and alkalinity are
concerned. This will greatly help to prevent
clogging of the grey water supply pipes,
valves and irrigation devices orifices.

Treated Grey water should not be
conveyed to any part of the facility
other than the point of use. In the
case of blending, rainwater from the
RWH tank should be conveyed to the

effluent grey water tank. It is not
recommended to have a grey water
blending tank in the mechanical
room where water treatment
equipment is located.

TP: Transfer Pump
BP: Booster Pump

To USECAT4 network

Fig.10 Grey water blending schematic
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9 STORAGE TANKS HYGIENE

Rainwater or municipality water can be
stored for several months without
degradation in quality provided the
storage tank does not allow sun light and
the water is aerated. The issue of sun light
is relatively simple to address, a concrete
tank or plastic tank of opaque surfaces

will do the job. Aeration is another issue, it is most
recommended to equip tanks higher than 50 m?2 capacity or
tanks where water will be stored for more than 2 month, with a
recirculation line. This system uses the storage tank pump
which operates for a limited time daily to pump water and spray
it backin the tank. Of course the tank should be vented with an
outlet protected by an insect screen.

10 THE CASE OF TWO OR MORE
CATCHMENT AREAS

If the facility has two or more potential
catchment areas of different RWHCAT, it is
preferable to have a storage tank for each
area in order to avoid mixing higher quality
rainwater with lower quality one. Indeed, if
rainwater from a RWHCAT1 catchment
surface is mixed with rainwater from a

RWHCAT3 catchment surface the mix will be considered a
RWHCATS3, thus losing the advantages of the higher quality water.

However by judicious combinations, the two tanks could be
used for common applications, for example a RWHCAT1 tank
could feed in common with a RWHCAT2 tank the domestic
plumbing system.
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11 PLUMBING CIRCUIT
CONFIGURATION

Normally, all plumbing fixtures are fed from one

common circuit; however this does not need to be so if DED'CATED PLUMB' NG
flexibility is required in order to optimize ‘the use of NETWORKS FOR WC AND
water resources. Normally, all water that is used for LAUNDRY AI_I_OW BE-l—l—ER

domestic applications should be of potable quality

because such water comes in contact with our skin and OPT'M'ZAT'ON |N THE
we may even ingest some un-voluntarily when under a USE OF WATER
shower for example. RESOURCES FROM A

Studies in several countries have shown that water used in RA' NWATER

WC and laundry machines do not need to be of potable HARVEST|NG
quality with no effect on human health. This is so because PERSPECT'VE

to a certain extent, water used in laundry machines do not
come in contact with our skin and this is more so with
water for WC flushing.

Consequently, using separate plumbing circuits allows
feeding laundry machines and WC or at least WC with
lower quality water, (Table 9).

Four plumbing configurations are proposed, these offer
the maximum flexibility in rainwater use depending on
user requirements, site conditions, plumbing design
and other related factors.



PLUMBING

PLUMBING1:

PLUMBING2CL:

PLUMBING2C:

PLUMBING2L:

facility has one plumbing circuit that feeds
all plumbing fixtures (Lavatories, bidet,
shower, WG, laundry machine, kitchen sink,
dishwasher, housekeeping hose bibs)

facility has two plumbing circuits; one
feeds lavatories, bidet, shower, kitchen
sink, dishwasher, housekeeping hose bibs
and the other feeds the WC and laundry
machine.

facility has two plumbing circuits one
feeds lavatories, bidet, shower, laundry
machine, kitchen sink, dishwasher,
housekeeping hose bibs and the other
feeds the WC.

facility has two plumbing circuits one
feeds lavatories, bidet, shower, WC,
kitchen sink, dishwasher, housekeeping
hose bibs and the other feeds the laundry
machine.

NOTES

» USECAT1 is not considered because
it applies only to potable water for
cooking and drinking thus it has a
separate plumbing network in all
cases.

» PLUMBING 2C could be adopted
also in case grey water is to be used
for domestic purposes.

« The differentiation between
PLUMBING 2C1 and 2C2 is
necessary to indicate whether WC
are fed with USECAT3 or USECAT4
water.

IMPORTANT

o USECAT4 must be entered if
irrigation network is underground;
in this case the RWHCAT is
irrelevant.

Table 9. Plumbing Network Configurations With Respect To USECAT Options

USECAT option

USECAT2

USECAT3

USECAT4

PLUMBING option ~ Remarks

All fixtures are fed from the same plumbing network, it does

PLUMBING1

not make sense to have two plumbing circuits if one type of

water quality is used for all fixtures.

PLUMBING2CL
(best)

PLUMBING2CL is the preferred option, it allows the supply of
WC and laundry with lower grade but most suitable water. It

allows maximum use of rainwater for lower quality water.

PLUMBING2C1
(good)

PLUMBING 2C1 is the second best choice, it allows lesser
flexibility in water use management but still allows

considerable savings in water.

PLUMBING2L
(acceptable)

PLUMBING2C2

PLUMBING 2L is the least recommended because only limited
quantities of lower quality rainwater could be used, but still it
is a viable alternative.

PLUMBING 2C2 is compulsory if USECAT4 water is to be used

for domestic purposes.
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1 INTRODUCTION

This design guide deals only with rainwater harvesting
systems applicable to domestic use, external housekeeping
and landscaping requirements whether for residences,
schools, hospitals, governmental institutions or any other
facility where such uses are found.

Furthermore, the guide is intended for a large spectrum of people,
from those technically minded who need additional information
on the subject to those lay people that require a document that
presents a step by step procedure how to devise, size, price and
implement a rainwater harvesting system.

This section gives detailed procedures and calculations
methods for the different steps towards implementing a
RWHS while supporting data is found in the annexes.

It is worthwhile noting here that rainwater harvesting systems
are available in many configurations therefore it is not
practical for this guideline to cover all of these if the
document is to be kept at a manageable size. Many factors
influence component selection when designing or selecting
the right rainwater system for a specific end use application.
Available catchment areas, water conveyance, building
architectural and structural features, aesthetics, buried
utilities, soil types, slopes, site drainage, existing plumbing,
electricity, routing of overflows, local regulations and
neighbors are some of the many items that deserve attention
when considering the implementation of RWH systems.

This guideline will give the necessary information to tackle
effectively any configuration that is contemplated for a
specific project.

THIS SECTION GIVES
DETAILED PROCEDURES
AND CALCULATIONS
METHODS FOR THE
DIFFERENT STEPS
TOWARDS
IMPLEMENTING A
RWHS WHILE
SUPPORTING DATA IS
FOUND IN THE
ANNEXES.
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2 APPLICABLE CODES,
STANDARDS AND GUIDELINES

Local regulations related to rainwater harvesting systems are very
sparse and deal with generalities, the only text relevant to consult is
the potable water standard found in Annex C.

- Building law 646 dated 11/12/2004 (ref:15)

- Building law implementation decree 15873 (ref:16)

- Environment protection law 444 dated 29/7/2002 (ref:17)

- Potable water standard, decree 1039 dated 2/8/1999 (ref:18), (Annex C)

The following international codes and standards are of relevance for
those who may be interested to consult them;

- International plumbing code 2006 (ref:8)
- NSF Protocol P151, Health Effects from Rainwater Catchment
Systems Components (ref:23)

3 ADDITIONAL CONSIDERATIONS

These guidelines apply to buildings at the concept stage as well as
for existing buildings. However the latter category may narrow the
options offered in this document because the building structure
already exists as well as the plumbing works. However, if the
building is to be refurbished, then the guidelines could be used to
maximum advantage.

Practically, this document contains all the information required to size
a rainwater system without the need to have recourse to any other
source or document unless the user embarks in very complex systems
or wishes to consult other publications on this subject with the aim to
expand their knowledge in this field.
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4 DESIGN AND INSTALLATION

GUIDELINES

This section addresses the sizing of the
different components of the rainwater
system, the selection of materials as well
as installation tips. Reference will be
made to annexes that contain the
necessary data and information to
properly perform the calculations for
system sizing.

As previously indicated, a rainwater
harvesting system consists of the
following basic building blocks; a
catchment surface, a conveying network
and a storage component. These will be
discussed first before tackling the two
components that relate to improving the
quality of the harvested rainwater
namely the first flush tank and water
treatment.

4.1 Catchment Surface

A main component of rainwater
harvesting is the collection of rainwater
from a catchment surface. The
catchment surface could be a building
roof, balconies, terraces, a fully closed top
parking lot pergola or even a driveway.
Water quality from different roof
catchment surfaces is a function of the
type of catchment surface, roof material,
climatic conditions, and the surrounding
environment. These factors will be
tackled as we proceed below, however
first let us find out how to compute the
catchment area.

4.1.a Catchment surface area

The example of an individual building will be considered,
however the methodology explained could be used for any type

of building or catchment surface.

The house in (fig.11) is a typical construction with a gabled roof

(sloped roof) with :

length A =18.5 m and width B =23 m which represent the

building footprint on the ground.

When dealing with sloped roofs, one should assume that the
gables do not exist thus the building footprint dimensions are

what matters.

Hence for this particular construction the effective catchment

area,;

Area (m2) = Length (m) X Width (m) =23 x 18.5 =425 m?

fofiq Rw

wl,

iy
U ;

Fig. 11 Typical cube configuration (House 1)

Gabled

NOTE

For all practical
purposes do not
worry about
decimals, always
round to the
lower number.
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Let us consider a slightly more elaborate example, an L shaped
half gabled roof building as shown in (fig.12). Again even with
a flat topped gable the golden rule still applies

Half

T / Gabled
B Roof

g

Fig. 12 Typical L shape Configuration (House 2)

Based on the above the footprint of the building in (fig.12) is;

Building Footprint Area = Effective Catchment Area =
AxF+DxC=AxB+DxE

This formula was arrived at by dividing the L shaped building
into two parts, the long and short branches of the L shape. This
could be computed in two different ways depending on our
choice of the long and short-branches.

AssumingA=20m,B=26m,C=40m,D=16m,E=20m,
F=10m

Catchment area =20*10 4+ 16*40 =20*26 + 16*20 = 840 m?

GOLDEN BRULF

Regardless of the pitch, the shape, or the
complexity of any roof surface, it is the

overall footprint of the building that
determines the effective catchment
area.

Now that the catchment areas are known
for both buildings, it will be simple to
compute the potential rainwater that could
be harvested over one rainy season.
Remember from Chapter 1 that rainfall was
expressed in mm height. Thus for example
in Bhamdoun the average yearly rainfall is
around 1300 mm or 1.3 meters (See annex
A for precipitations corresponding to your
location, if your exact location is not shown
look for the nearest location available and
use its precipitation data).

Imagine now that we remove the gables
of houses 1and 2 and put instead an open
air reservoir, the water collected from the
rain will reach a level of 1.3 meters for one
average rainy season (assuming of course
no evaporation). What is then the volume
of water that could be collected?

Fig. 13 Typical House 1 Virtual RWH Roof Reservoir

Fig. 14 Typical House 2 Virtual RWH Roof Reservoir
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However in practice and as seen in the previous section, the

THEORET'CALLY, FOR water is not collected directly by roof reservoirs, the run-off
EVERY SOUARE M ETER flows on the catchment area, it is then collected by the gutters

or drains then routed to storage reservoirs at lower level. This

OF ROOF CATCHMENT process implies water losses due to the following;

y « Nearly 50% of rainwater events in Lebanon yield less

1 I_lTER OF RA'NFAI_I_ than 5 mm of water, in such cases, not much water
CAN BE CAPTURED PER reaches the storage reservoir because of evaporation on

the roof, absorption by the roof material, leakage losses

MlLLlMETER OF or loss in the first flush tank.
RAINFALL.

« In case of heavy rainfall, rain drops will cause splashing
thus unavoidable losses.

Volume (m3) = Area (m?2) x Height (m)

« Also wind gusts may result in water carry over thus
Based on the above formula the potential increasing the losses.
water that could be collected is:

« Gutters, drain pipes and water storage reservoirs may be leaky.
For house 1 volume of harvested

(collected) » Clogged drainage pipes, drains, gutters and downspouts
rainwater=425x 1.3 =552 m3 may cause overflows, thus loss of collectable water.

For house 2 volume of harvested

(collected) Based on the above, it is recommended to apply the de-rating
rainwater =840 x 1.3 =1092 m3 factors as shown in Table 10.

Table 10. De-Rating Factor For RWH Catchment Surfaces

Type of roof De-rating factor

Gabled catchment surfaces with concrete finish, terra cotta or glazed tiles. 0.75

Flat catchment areas with concrete finish, corrugated plastic sheet, tiled finish 0.75
or water proofing membrane finish.

Flat roof with gravel layer finish 0.7

Source: Author estimates *

Estimates *: Based on several efficiency factors.

- DIN 1989-1: 2001-10.Rainwater Harvesting systems-Part 1 :Planning, Installation, Operation and maintenance.
2002 “Fachvereinigung Betriebs-und Regenwassermutzung e.v.fbr.Darmstadt”

- Watershed Management Group, 2006, Calculating Runoff for Water Harvesting.



42

National guideline
for rainwater
harvesting systems

HINTS TO CONSIDER

« Roof materials should be preferably of smooth finish
to facilitate surface flow and avoid microbial nesting.

e Pitched catchment surfaces are preferred to flat
surfaces for RWH because of higher run off velocity
thus providing better surface wash.

« Provide a slope of 1% for flat catchment surfaces
towards drains to ensure good run off and avoid water
settling, which is a source of pollution.

* Roofs with lead components (for example, flashing or
solder), copper, zinc or asbestos should not be used in
any application with a potential for human ingestion
(i.e. drinking water, pool filling, vegetable gardens).

« Green roofs are not suitable for rainwater harvesting.

Do not mix whenever possible rainwater of different
qualities in a common storage tank.

Thus the effective rainwater harvested
for both examples are respectively:

Volume of effective harvested rainwater
forHouse 1= 425x13x0.75=414 m3
Volume of effective harvested rainwater
forHouse 2= 840x1.3x0.75=819 m3

A de-rating factor of 0.75 was used
because both houses have gabled roofs
with terra-cota tile finish.

4.1.b Catchment Surface Materials

The designer of a RWHS has no control over
the rainwater quality falling from the sky
but he/she can influence the amount of
contaminants transferred from the roofing
materials to the flowing water once it runs
off the catchment surface. The selection of
roofing material is a design choice and can
have a significant effect on the quality of
harvested rainwater especially in what
relates to toxicity. Chemical reactions on
catchment surfaces are often rapid because
of the acidity of rainfall and sometimes
because of the relatively high temperatures
on many rooftops especially when it rains
after a sunny interlude. These reactions
make the choice of roofing material an
important consideration in designing a
rainwater harvesting system, particularly for
potable uses.

There are four types of materials that
should not be used for catchment
surfaces used to convey rainwater
destined for potable use namely;
asbestos, copper, lead and zinc. For other
applications, these restrictions could be
relaxed except for asbestos, thus only
asbestos is not recommended in all cases.



4.2 Drains, Gutters, Leaders and
Downspouts

Drains and Gutters collect the flow of
rainwater from catchment surfaces to be
routed by Leaders and Downspouts to the
storage reservoir. It is now high time to
clarify what the four terms (Drains, Gutters,
Leaders and Downspouts) are about.

Drains collect run off water, they are used
mainly for flat surfaces like a flat roof, a
terrace or a driveway. Drains could have flat
strainers (fig.15), domed strainers (fig.16)
or tower strainers (fig.17).

A strainer is the slotted surface where
water enters the drain, it is slotted to
prevent relatively big objects to enter the
drain and clog it. Flat strainer drains are
used for locations where there is little
possibility to have debris of relatively large
size that could block the drain strainer.

Flat strainer

Fig. 15 Floor Drain

Domed strainer

Fig. 16 Dome Type Roof Drain
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Thus flat drains are used usually indoors and also on balconies and
terraces which sometimes may be the source of great annoyance
due to flooding if the strainer is clogged by leaves.

Domed strainers are used on roofs and other surfaces where
there is high probability of encountering leaves, papers and
other large objects that may obstruct the drain inlet. Tower
drains are used mainly for tiled roofs where water could be
drained from the surface as well as below the tiles.

Flat strainer on
= top of extension

Slot strainer at
bottom of
extension

Leader

Fig. 17 Tower Type Roof Drain

Drains are connected to leaders or pipes that convey the water
to the storage tank. Thus to the term Drain, we associate the
term Leader to mean the drainage pipe.

Gutters are more commonly associated with gabled roofs, they are
more adapted than Drains to carry out this function. While Drains are
point collection devices Gutters are linear, they run along the
perimeter of the surface to be drained at its lowest level (fig.18).
Gutters usually have half circular, square or trapezoidal shapes.
Downspouts are connected to gutters to conduct the water to the
storage tank (fig.18).

Gutters do not usually have strainers; they are open channels
that could collect all sorts of debris that may clog the entrance
to the Downspout.

Gutter

Downspout
entrance could
be easily
clogged by
debris
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4.2.a Sizing Drains, Gutters, Leaders and Downspouts

Sizing of Drains, Gutters, Leaders and Downspouts is fairly easy
but should be properly done to maximize the quantity of
harvested rainwater and avoid spill overs, overflows and other
malfunctioning. Let us consider the two houses of the previous
section. Suppose the houses have flat roofs, therefore making
drains a more suitable proposition.

Drains are specified by their connection size, hence a 4 inch
(110 mm) drain connects to a4 inch pipe or Leader. As a rule of
thumb, every 200 m2 of projected roof area requiresa 110 mm
drain. Actually the present guidelines do not recommend roof
drains of smaller size even for roof areas less than 200 m2. Thus
if a roof has a projected area of 300 m? then allocate one
110 mm drain for each 150 m2. The roof slopes should be
worked out accordingly.

Thus for house 1 based on an area of 425 m2, 2x110 mm drains
will be most appropriate.

House 2 has a catchment area of 819 m2, thus 4x110 mm drains
should be provided.

We have now the size of the drains and vertical leaders. What
about if the Leaders should run horizontally to reach the
rainwater harvesting storage tank?

(Table 11) returns the size of horizontal
leaders for a given slope and catchment
area based on a maximum rainfall rate of
50 mm/hour. The slope is the amount of
inclination of a horizontally running pipe
expressed as vertical drop per meter of
horizontal run, thus 1% slope is a drop of
1 cm per 100 cm of pipe run.

In the case of house 1, if the 1710 mm
vertical leader is to be routed horizontally,
it is necessary to have a slope of 2% if it
has to serve the area of 425 m2. In
(Table 11) the maximum catchment
surface area served by a 110 mm
horizontal leader with 2% slope is 492 m2.
If it is impossible to run a 2% slope
because of obstructions and only a 1%
slope is possible then the leader size
should be increased to 125 mm.

Table 11. Sizing Of Horizontal Leaders - (Ref:8)

DIAMETER OF HORIZONTAL HORIZONTALLY PROJECTED ROOF AREA (m?)
PIPING (inches)/mm FOR A RAINFALL RATE OF 50 mm/hour

1% SLOPE 2 % SLOPE 3% SLOPE 4% SLOPE
(4)/110 349 492 595 699
(5)/125 621 877 1,059 1241
(6)/150 994 1,403 1,695 1,988
(8)/200 2,137 3,028 3,651 4273

Source: IPC 2006



Sizing Gutters follows the same
methodology but involves additional
considerations. (Table 12) is used to size
semi- circular gutters but any gutter
shape could be accommodated by using
the equivalent circular size which is the
circle that could fit inside the
contemplated shape.
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Thus if a rectangular gutter can accommodate a 110 mm circle,
then it has a 110 mm equivalent circular size. In other words it

is equivalent to a 110 mm semi-circular gutter.

Gutters are sized by sections because each section serves one
gable. Itis not recommended to have flow direction change in
a gutter. Thus if Gutters drain the gabled roof of house 1, one
straight run will drain each side of the gable, however the
downspouts at the extremities of two adjacent gutters could be

joined into one downspout (fig.20).

Table 12. Sizing Of Gutters - (Ref:8)

DIAMETER OF GUTTERS HORIZONTALLY PROJECTED ROOF AREA (m?)
(inches)/mm FOR A RAINFALL RATE OF 50 mm/hour

0.50%SLOPE  1%SLOPE 2% SLOPE

(3)/90 32 45 63 76
(4)/110 67 95 134 162
(5)/125 116 163 232 281
(6)/150 178 253 357 436
(7)/180 256 362 513 619
(8)/200 370 520 739 890
(10)/250 669 948 1338 1598

Moreover even though there may be four
gables, but in no case should the
allocated catchment area for any one
section of gutter serving one gable be
less than half the projected area of the
roof.

As a practical example, consider again
house 1, each gable face will be drained by
one gutter, the two adjacent gutters of faces
1 and 2 will be sloped towards each other
and their downspouts will be connected.
The same happens for faces 3 and 4.

Source: IPC 2006

IMPORTANT
10 REMEMBER

3% SLOPE

4% SLOPE
89

190

329

515

725

1040
1858

The de-rating factor used to compute the potential
rainwater quantity that could be harvested does not apply
when sizing drains, leaders, gutters and downspouts for

rainwater harvesting.
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HINTS TO CONSIDER

« Straight sections of gutters served by two downspouts should have
opposite slopes starting at their middle.

» The outside face of the gutter should be lower than the inside face
to encourage water flow away from the building wall.

» Half-round or trapezoidal gutters are preferred for rainwater
harvesting because of more efficient drainage. Square or
rectangular sections should be avoided; they are more difficult to
clean.

» Itis preferable to increase the slope of the gutter by 0.5% on the last
1/3 length of the gutter before the downspout.

» Downspouts shall serve no more than 20 m
of gutter length.

Any gutter of house 1 will be sized to drain a catchment area
425/2 m2 or 212 m2. Assuming a 1% slope is selected,
(Table 12) gives a diameter of 150 mm.

Downspouts sizing is rather straightforward, these should have
the same circular size as the gutters they drain. It is important
to note that downspouts may have rectangular shapes (Fig.19).
In such cases the rectangular downspout will be considered
equivalent to a circular pipe having a diameter equal to the
smallest side of the rectangular downspout. For the rectangular
downspout shown in the below photo itis 110 mm, thus the
downspout was considered equivalent to a 4 inch pipe.

Circular gutter
draining into
the
rectangular
gutter below

Rectangular
gutter

Rectangular
downspout

Fig. 19 View of a Rectangular Downspout

It is important to note that downspouts
cannot serve more than 20 meters of
gutters length, this is so because of flow
conditions and the probability of clogging
a downspout because of debris.

Going back to the example of house 1,
one side of the building has a length
higher than 20 meters, thus it is
important to have two downspouts per
section of gutter serving that side.

Each downspout is sized based on the
area served by the gutter, thus for the first
section serving an area of 215 m2, it will
have two downspouts of 110 mm each.
If a rectangular downspout is to be used,
then its smaller side should be no less
than 110 mm.

Moreover, It is possible to join two
stretches of qutters into a single
downspout as long as the gutters have
their individual downspouts outlets
(Fig.20) and the downspout is sized
accordingly taking into consideration the
total area of gables being drained.

Gutter and downspout made of
PVC, this type of material is not
recommended for locations with
high solar exposure

Fig. 20 Detail of a common Downspout



4.2.b Drains, Gutters, Leaders and
Downspouts materials

Drains for external surfaces come
mostly in three constructions for the
body and the strainer, namely PVC, PE
or cast Iron. It is recommended to use
cast iron drains with cast iron strainers
for exposed surfaces to the sun.

Gutters, Leaders and downspouts could
be PVC, galvanized sheet metal, epoxy
coated sheet metal, anodized sheet
metal, copper, seamless aluminum or
even stainless steel. It is recommended
not to use PVC for exposed components
as it structurally weakens if continuously
exposed to the sun'’s rays. Copper may

HINTS TO

« For domestic rainwater use
including potable water
applications (USECAT1 & 2), lead
cannot be used as gutter solder.
Rainwater acidity could dissolve
lead and thus induce lead
contamination. Certified solder
material should be selected.

» Where possible, locate the Leader
or downspout near the location of
the rainwater storage tank.
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oxidize thus it should be ruled out if the intent is to use rainwater
for domestic purposes. The choice in order of decreasing
preference is stainless steel, aluminum, epoxy coated sheet
metal and last galvanized sheet.

Gutters with built in wire mesh as cover is an excellent idea as
it will greatly reduce the probability of leaves and other solid
objects entering the waterways thus clogging the gutter.

Regardless of material, other necessary components in
addition to the horizontal gutters are the drop outlet, which
routes water from the gutters downward through the
downspout pipe. Additional components include support
brackets and straps which could be of similar material as for
gutters and downspouts. Use fasteners that do not rust to
avoid rust smearing on the fascia and walls.

4.3 First Flush Tank

This device shown in figures 22-23 below serves to divert to
waste the first rains of each rainfall event which are usually
laden with contaminants carried over from the catchment area
like dropping, dust, leaves, blooms, twigs, insect bodies,
pesticides and other airborne residues.

The tank is sized to flush the equivalent of around 1.5 mm
height of rainfall. It will then automatically rout the relatively
clean rainwater to the storage tank. This device has two main
advantages;

« |t saves the trouble of having to divert the first rains
manually, a practice that wastes rainwater. This is
especially so because rainfall events in Lebanon are
sometimes separated by a relatively lengthy dry period that
may extend for weeks, the catchment surface flushing
needs to be performed at the onset of nearly each
important rainfall event.

« [timproves rainwater quality that enters the storage tank,
thus enabling a greater flexibility in its use while saving on
water treatment.
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The method of operation of the first flush tank is extremely
simple and practically trouble free if the tank is cleaned at the
end of the rainy season. The inlet water is intercepted by a
strainer that retains all objects bigger than 2 mm. The water
then runs off the sloped plate below the strainer and into the
waste chamber through the 90 mm center hole.

The water exits the bottom of the tank at a very low flow rate
(thru the @32 mm drain pipe or by percolation) thus resulting
in an increase in water level which raises the 100 mm plastic
ball till it closes completely the center hole thus diverting the
water to the tank outlet and into the storage tank (fig.21).

i

Fig. 21 Detail of First Flush Tank Operation

The first flush tank could be installed below ground or above
ground depending on the system configuration. (fig.22A/22B)

For optimum water use, the waste water from the first flush tank
could be stored in a separate tank that could be used for
irrigation purposes. This tank needs to be cleaned yearly of
deposits.

For Construction details see Annex F.
4.3.a First flush tank sizing

The sizing is fairly straight-forward, the only dimension required
is X which is for one side because the tank has a square
configuration. X is given as a function of catchment area as
follows;

X =0.005*S where S is the projected surface of the catchment
area.
Thus for a 200 m2 catchment area, (5=200), X=0.005*200=1m

FOR OPTIMUM
WATER USE, THE
WASTE WATER
FROM THE FIRST
FLUSH TANK COULD
BE STORED IN A
SEPARATE TANK
THAT COULD BE
USED FOR
IRRIGATION
PURPOSES.

It is recommended not to exceed a
catchment area of 200 m? per tank. Thus
for a catchment area of 350 m2 of same
RHWCAT, itis recommended to have two
tanks operating in parallel. each sized for
half the projected area.

4.3.b First flush tank material

For underground installations, a masonry
or reinforced concrete body s
recommended while the trim (Tank
cover, strainer, run off plate, ball holding
plate, threaded rods) should be
preferably galvanized steel or epoxy
coated steel. The ball should be of good
quality plastic or alternatively brass.

For aboveground installations the body
may also be made of galvanized steel
especially if the first flush tank is installed
near ceiling level in mechanical room.



Removable 1.5mm Galvanized Steel
plate to give 5% slope towards center
supported by galvanized steel angle
strip bars on 4 sides

Inlet Pipe @110mm
from Catchment Area

Internal square Tank measurement

2mm Checkered
Plate Galvanized
Steel Cover

2x Outlet Pipes
@110mm each
Short radius elbow

To RWH Tank

X
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angles on 4 edges
@8mm Galvanized
steel threaded rods
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FF Tank 100mm
Reinforced Concrete
casing for underground
installation @32mm Drain line
at corner 150 mm from walls
Fig. 22 A Detail of Underground First Flush Tank
Removable 1.5mm Galvanized Steel
plate to give 5% slope towards center 2mm Checkered
supported by galvanized steel angle Plate Galvanized
strip bars on 4 sides Steel Cover
Inlet Pipe @110mm )
from Catchment Area 2xOutlet Pipes
@110mm each
Short radius elbow
Internal square Tank measurement To RWH Tank
100mm \ X / 150mm
-ﬂ\ i [ 30mm
/ Py S [ 50mm
: = = ’
Galvanized sleeve / 90mm !
/ f g7 L 150mm
Removable r
Plastic Mesh screen = H H | ) {— 150mm
(2x2mm) with i~ L
Aluminum frame 200mm
40x10mm.
Supported by 20x20 @ 400mm
galvanized steel ¥ ¥
angles on 4 edges
9 g/ 110mm 50mm |
@8mm Galvanized
steel threaded rods
) @32mm Drain line
@100mm Plastic Ball at corner 150 mm from side
FF Tank 1.5mm

Galvanized Steel plate
for above ground installation

Fig. 22B Detail of Above Ground First Flush Tank
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4.4 Storage Tanks

The storage tank or cistern generally is the most critical design
component of a rainwater harvesting system. In most cases it
is permanent and its placement should be carefully thought out.

Tanks can be placed either above or below ground. For both
options, water should be able to gravity feed to the tank.
Locating the tank near the building and the water use reduces
the amount of pipe and site work necessary as well as
pumping demands. Though no hard and fast rules govern the
decision of aboveground or belowground tanks, in general,
once the storage volume exceeds 10 m3 belowground
storage is often the most viable option. Beyond this, tank
location is dependent on aesthetics, climate and soil
conditions. However, placing tanks underground ads to the
installation costs and may be limited in areas where soil is
especially rocky or areas with a high water table. When tanks
are installed below ground, water is maintained at a cool
temperature and light is blocked, which reduces the chances
of bacterial growth.

Existing structures should be considered when installing a
RWH system. Water is normally conveyed from the
catchment area to storage tanks by gravity. Think carefully
about the location of drains, gutters and downspouts to
maximize the use of existing installations and to collect water
from a roof area that will support water demand. For above
ground installations, the tank foundation must be flat, and
capable of supporting the weight of maximum storage.
Locate tanks in areas that are not subject to erosion, flooding
or other factors that might undermine the integrity of the
foundation. Consider how electricity can be delivered to the
pump of the RWH system, and how rainwater supply lines can
be safely added to existing plumbing.

More than one storage tank may be considered if catchment
areas and site conditions dictate that decision or if
segregation of collected rainwater by quality is planned. It is
a waste to mix a RWHCAT1 source with a RWHCAT3. For
example the tank could have different compartments to
accommodate each rainwater category.

4.4.a Sizing storage tanks

While rainwater harvesting has a number
of environmental benefits, it must also be
economically viable to enter the
mainstream of building practices. Because
the tank is often the most expensive
component of a rainwater harvesting
system, decision-making on tank size can
have a strong impact on the economic
feasibility of rainwater harvesting.

The size of storage tanks is dictated by
several variables including:

« Rainfall in the area considered
* Projected daily water demand
« Length of dry season

« Catchment surface area

« Aesthetics, personal preference
* Budget.

No doubt the Length of the dry period is
one of the most important governing
factors in the design of a RWHS in
Lebanon which experiences a dry season
that extends over some 7 —8 month. This
is not the case for countries further west
like Europe where rain hardly stops
around the year. Consequently, rainwater
harvesting tanks in Lebanon should be of
relatively large size if one plans to use
rainwater as a source of water supply.

The sizing process starts by determining
what use will be made of the rainwater
and the quantity required. This guideline
proposes four use categories defined in
Chapter 2. The decision on the use
category should be made based on the
availability of corresponding catchment
areas. For example it does not make



economic sense to decide on a USECAT1
or even USECATE?Z if only a RWHCAT3 or
RWHCAT4 area is available.

Once this decision is made, the required
quantity of water could be determined
using the demand table in Annex D and the
time coverage. The table gives water
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demand data based on demand type detailed down to the type of
fixture used, use category, use type (Domestic, irrigation, car wash),
types of plants for irrigation, irigation type (sprinkler, drip, hose,
underground), use mode (water saving or normal) and application
(residential, school, hospital, etc.), based on these choices one can
read the required water demand. Column 8 (plumbing) is not
required for determining water demand but rather it shows the
type of plumbing installation necessary for certain applications.

As an example, consider that house 1 is
occupied by a family of 6 persons and has
a garden having 25 m2 of green lawn
(gazon) as well as 250 m? planted with
60 shrubbery and Trees. The owner
decides to have USECAT1 and USECAT2
for domestic purposes (including car
wash, external surface cleaning) and for
the lawn (sprinklers) and USECAT3 for
trees and shrubbery (drip). The rainwater
supply should be enough to cover
5 month of consumption (Tc =5 month)
which is the period when municipal
water supply is somewhat reduced and
owners do not want to take the risk of

Fig. 23 Storage Tanks

relying on private tankers. The owners did not install a
swimming pool, not because they lack the means but because
they believe it is a luxury the water supply condition of the
country cannot afford. The owner is very conscious about water
saving, therefore all plumbing fixtures are water saving type as
well as the dishwasher and laundry machine.

RWHCAT1 catchment surface will be used to supply USECATT,
USECAT2 and USECAT3 because the roof of the house complies
with all requirements for RWHCAT1. No other surface is
available for harvesting other than the driveway and owner does
not wish to use it as catchment area.

RWHCAT1 supply is calculated as per Tables 13/14/15 below
using data from Annex D.

Table 13. House 1 Domestic Water Consumption

RWHCAT1 supply

USECATT1 (Drinking, Cooking) 3

USECAT2 (Domestic saving mode) 85

Demand (I/p/d) Persons Period (days)  Total m3
6 150 2.7
6 150 76




I 52

National guideline
for rainwater
harvesting systems

Table 14. House 1 Irrigation Water Consumption Sprinklers

Demand (I/m?/d)

RWHCATT1 supply

Area m?

Period (days) Total m3

USECAT?2 (Sprinkler for greenlawn) 7

25

150 26

Table 15. House 1 Irrigation Water Consumption Shrubberies/Trees

RWHCAT1 supply

Demand (I/shr/d)

Sh

rubspcs  Period (days)  Total m3

USECAT3 (Shrubbery and trees) 1.5

The total water demand of the house is 116 m3 which is the
rainwater storage quantity required assuming municipality
water is not used during the coverage period. The rainwater
quantity required is well within the potential 414 m3 that could
be collected on an average rainy year. Actually rainwater could
cover house 1 needs even in the dry years when rainfall could
reach 40% of the yearly average.

It is worthwhile noting that the 25 m2 of green lawn consume
twice as much as the 250 m?2 of shrubbery and 1/3 of the overall
domestic consumption. Green lawns could be a nice thing but
they are practically an environmental disaster from a water
consumption viewpoint in the Lebanese context.

Thus for house 1a 150 m3 nominal volume underground RWH
storage tank is required, nominal volume being the physical
volume of the tank and not the effective water holding capacity.
As a rule of thumb physical volume should be 20% larger than
effective holding capacity, mainly to allow for the sedimentation
zone at the bottom (approximately 10% of tank volume) and
the overflow clearance at the top section of the tank.

Because the roof catchment capacity is larger than reservoir
capacity, the reservoir will overflow once filled up and the
surplus water will be directed to the storm drainage network.
Or alternatively, the owner could decide to extend the period of
use to seven month and build a 200 m? storage tank.

60

150 13.5

In all cases, the tank should overflow at
least once a year so that floating debris
are drained away from the water
surface.

There is a point of diminishing returns
beyond which increasing the tank size
provides only a marginal benefit, in the
case of House 1, the optimum size is
actually 200 m3.

Use of blending with municipality water

If blending is contemplated thus
extending the period of use of soft water
in case rainwater is in limited supply or
the RWH tank needs to be downsized,
municipality water is equally blended
with rainwater thus cutting by half the
RWH tank capacity. Sizing of the
municipality water storage tank will be
done as follows.

Check the Municipality Water Availability
(MWA) in your area according to the
classification shown in Table 16 below;



MWA

HIGH

MEDIUM

LOW

VERY LOW

NONE
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Table 16. Classification Of Municipality Water Availability

DESCRIPTION

Municipality water is available:
« All year round at least once every two days for at least 5 hours

Municipality water is available:
» November — May: at least once every three days for at least 5 hours
« June — October: at least once every four days for at least 5 hours

Municipality water is available:

« November — May: at least once every three days for at least 5 hours
« June — August: at least once every four days for at least 5 hours

« September — October: once every week for at least 5 hours

Municipality water is available:

» November — May: at least once every three days for at least 5 hours

* June — August: at least once every four days for at least 5 hours

« September — October: Municipality water is Ooccasional or completely cut off

Facility is not connected to the municipality network or municipality water is occasional

Based on the MWA classification
obtained from Table 16 above, on the
overall daily water demand of the
facility (Dw) and on the coverage
period required (Tc), the municipality
water storage tank effective volume
(Vm) could be computed according to
below;

1. Case 1: If MWA = High,

Vm =20 m?3if the facility water demand for 20 days is less than 20 m?3,

Otherwise,
Vm =20*Dw

2. Case 2: If MWA = Medium
Vm =30*Dw if Tc >4 month,
Otherwise,

Vm = 20*Dw

3. Case 3: If MWA = Low

Vm =50*Dw if Tc > 6 month,
Otherwise,

Vm =30*Dw

4. Case 4: If MWA = Very Low
Vm = 70*Dw if Tc > 6 month,
Otherwise,

Vm =50*Dw
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The volume of the tank is obtained by multiplying the effective
volume computed above by 1.2

Going back to house 1, suppose the occupants are interested in
blending for cost reduction considerations given that
municipality water is fairly available. The occupants consider
that the MWA could be rated as low however to be on the safe
side they opt for a very low MWA.

Based on a Tc =5 month, Dw = 116/(5*30) = 0.77 m3/day
This is case 4 with Tc <6 month, accordingly Vm = 50*0.77 ~
40 m3 for rounding purposes.

Thus the savings in storage volume is = 1.2%(116/2 - 40) =22 m3

Note: the factor 1.2 is used to compute actual tank volume given
the effective water volume to be used.

Municipality
water and
rainwater tanks
transfer pumps
are interlocked
and are equally
sized hence
delivering
equal amounts
of water to the
blending tank

Blending tank

Feed line from
RWH tank

Feed line from
Municipality
Water tank

Fig. 24 Typical blending tank configuration

Use of grey water

Suppose the occupants of a facility wish to use grey water
blending in a USECAT4 application, the purpose being to
enhance the quality of the effluent grey water from the grey
water treatment plant. The first step should be the evaluation

of USECAT4 demand which could
consist only of irrigation water or water
for WCs or alternatively a combination
of irrigation water and water for WCs.

The Table in Annex D can be used to
determine USECAT4 demand of the
facility based on the choices made by
the occupants.

The Effluent grey water and rainwater
quantity required for blending should be
computed based on an equal
percentage blending.

Back to house 1, suppose the occupants
would like to use the grey water for
irrigation and WC. Typically, grey water
from lavatories and showers amount
between 35% to 40% of domestic water
consumption, while WC consumption is
equivalent to some 30% of domestic
water consumption. From Tables 13, 14
and 15 above, irrigation amounts to 52%
or domestic water consumption,
consequently grey water even if
blended cannot meet the irrigation and
WC consumption requirements.

Consequently, blending should be done
with a higher rainwater contribution.
The  reduction in rainwater
requirements is around 76*0.35 = 27
m3. (See table 12 above)

GWT size should not be higher than the
daily USECAT4 consumption, in our case
it should be sized as (26 + 13.5 +
76*0.4)/150 ~ 0.5 m3 (as nominal
volume). Whatever inflow exceeds the
holding capacity of the GWT will overflow
to the sewer system of the facility.



From Catchment
Surface
*RWHCAT4

From grey water —p [REERH0.
treatmentplant ~ |[EEN.

» Overflow line to sewer

To USECAT4 network

BP

Fig.25 Grey water blending schematic example

The transfer pump TP should be timed to
deliver 15% of GWT capacity every hour
between 8 amand 10 pm, hence in our case
if the pump flow is rated 1.5 m3/hr, then
pump should operate for 0.15*0.5/1.5 =
0.05 hour or 3 minutes/hour. However
timing could be modulated according to the
facility schedule and occupancy the
objective being to approach as much as
possible the targeted blending ratio
between the rainwater and grey water. Of
course the GWT should be equipped with a
low level pump actuation in order to operate
TPif tankis empty.

Level control in storage tanks

Storage tanks should be equipped with
high/low level alarm float switches for
pump protection and provide warning of
malfunctions. For monitoring purposes
tanks should be equipped with level
indication systems consisting of a level
sensor located in the tank and a level display
device located in an easily accessible
location. The display device could have lead
lights that indicate tank level status.

HINTS TO CONSIDER

» Aboveground tanks should be opaque to prevent algae
growth, UV resistant to prevent tank failure, and piping
should be protected against freezing.

« Belowground tanks must be appropriately load-rated for
the site (i.e. under a pedestrian area or a parking lot).

e Tanks should be installed according to manufacturers’
instructions.

« Only watertight tanks designed for storage should be used
« Tank should not have been used to store any other material.

« Tank should be sized according to the planned RWHCAT
and the demand for corresponding USECAT.

« Tank should have an access opening minimum 450mm to
facilitate installation, inspection and maintenance of
components within the tank.

« For cases where venting by means of conveyance drainage
piping and overflow drainage piping is considered
insufficient, a vent shall be installed, with a min height of
150mm above grade and no less than 75mm in size
equipped with a gooseneck bend and
Insect screen.
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RAINWATER
STORAGE TANK
SIZING PROCEDURE

CASE 1: Rainwateris used only during the dry season (from May onward)

- If facility water demand for the planned period during the dry season is
higher than the possible RWH volume, then tank effective volume
should not exceed the corresponding effective surface catchment
capacity for an average year.

- If facility water demand for the planned period during the dry season is
lower than the possible RWH volume, then tank effective volume should
be equal to the facility water demand for the planned period.

-The storage tank nominal volume should be 20% larger than the
effective rainwater volume required. Tank physical dimensions are
based on the nominal volume.

- If blending with municipality water is contemplated, then RWH tank
volume could be cut by half compared to the case of no blending but
on the other side a municipality water storage tank needs to be provided H | N T S T O
and sized according to the procedure shown above.

- If grey water is to be used, then the RWH tank volume could be reduced
by the volume of grey water used for irrigation and/or WC flushing.

e Tank should be provided with a

CASE 2: Rainwater is used during the rainy as well as dry season (From calming inlet located at the bottom, it
December onward) is used to direct the entering water
- If facility water demand for the planned period during the wet and dry upwards to prevent disturbing the

season is higher than the possible RWH volume, then tank effective fine particulate matter on the bottom

volume should not exceed 60% of the corresponding effective surface
catchment capacity for an average year.

- If facility water demand for the planned period during the wet and
dry season is lower than the possible RWH volume, then tank
effective volume should be equal to the facility water demand for

of the tank. Calming inlets also
introduces oxygen into the bottom of
the tank.

« Underground tanks should have a

the planned period. sump for drainage

- The storage tank nominal volume should be 20% larger than the o Tanks should have an overflow of at
effective rainwater volume required. Tank physical dimensions are TR Tl e p ey
based on the nominal volume. pipe. Overflow should be routed to

- If blending with municipality water is contemplated, then RWH tank the storm network and not the
volume could be cut by half compared to the case of no blending but sewer network. Overflow should be
on the other side a municipality water storage tank needs to be provided trapped if tank is for USECATT or
and sized according to the procedure shown above. USECAT applications.

- If grey water is to be used, then the RWH tank volume could be reduced
by the volume of grey water used for irrigation and/or WC flushing




4.4.b Storage Tank Material

Rainwater storage tanks construction could
be of different material, such as concrete,
masonry, epoxy coated steel, stainless steel,
galvanized sheet metal, Polyethylene or
fiberglass. The characteristics of the
installation such as above or underground
configuration, indoors or outdoors, size as
well as end use of the stored rainwater do
influence the choice of material and type
of construction.

Concrete tanks are sturdy, provide
extreme flexibility in shape, size,
configuration and internal design. They
could be either cast in situ or
prefabricated for above or underground
installation. Cast-in-place tanks can be
integrated into new construction under
a patio or a basement, they will thus
form an integral part of the building
structure. For existing buildings, adding
a concrete tank requires the expertise of
a structural engineer to determine the
size and spacing of reinforcing steel to
match the structural loads. Concrete
tanks may be prone to cracking and
leaking, especially if built on weak
foundations like clay soils. One other
advantage of concrete tanks is that they
also neutralize the acidity of harvested
rainwater and by doing so impart a
desirable taste to the water thanks to the
dissolved carbonated compounds. For
USECATT1 systems, it is essential that the
interior of the tank be finished with food
grade plaster and paint.

Polyethylene: A wide range of selection
is available with multiple sizes. They can
be used above and below ground

571

RAINWATER STORAGE
TANKS CONSTRUCTION
COULD BE OF
DIFFERENT MATERIAL

according to specifications. They exist in single, double and
triple layers, with vertical and horizontal models. Fittings on
tanks are easily installed. Some models are food grade approved,
good for potable water storage.

Fig. 26 Polyethylene Tanks

Stainless Steel type 316 is an excellent choice for USECAT1
applications but pricey, good for above ground applications
especially if indoors, however sizes above 8 m3 may be
problematic as far as construction is concerned. The grade of
the stainless steel should be carefully selected, many tank
manufacturers in Lebanon make claims they do not meet as far
as stainless steel tanks are concerned. A bad selection of
stainless steel grade or bad workmanship will result in the
unpleasant surprise of a corroded tank 6 month after
installation.
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(Fig.27 shows 3x4 m?3 316 stainless steel tanks as well as 1x500  with valves) connections are clearly seen.
liter potable water tank (lower rightmost) The pipes above the drain lines are the
The overflow (top most pipes) and drainage (lower most pipes  pump feed lines.

Second stage

water treatment
(see section
3.4.5 below)
Overflow
pipes Drainage pipes

Water

Supp|y p|pe Potable water
booster system

Drainage

pipe

Fig. 27 Stainless Steel Tank

Galvanized Steel is cheaper but suffers the same limitationsas  if not properly constructed it will suffer
stainless steel as far as sizes limitations are concerned, moreover  severe corrosion at the seams.

Table 17. Tank Materials Evaluation

Tank Material Advantages Disadvantages
Poured in place Durable Potential to crack
I8 Prefabricated Lasts very long or leak
S Suitable for Above or Belowground installations Immovable
S Neutralizes acidic rainwater
Imparts desirable water taste
Polyethylene Commercially available UV degradable
Affordable Must be painted or
Available in variety of sizes tinted
2 Easy to install Above or Belowground
ke Little maintenance
Triple layer, Insulated, UV resistant & food grade,
no coloring inside, maintains pureness of water inside.
Underground modules/ unlimited capacity.
Alterable & movable
Stainless Steel 316 Commercially available Expensive
Little maintenance Size limitations
I Alterable & movable
<)
=8 Galvanized Steel Commercially available Possible corrosion and
Alterable & movable rust, that can lead to

leaching of metal
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Tank should be provided with a calming inlet (fig.28) routed to
the tank bottom, it is used to direct the entering water upwards
to prevent disturbing the fine particulate matter settled at the
bottom of the tank. Calming inlets also introduces oxygen into
the bottom layers of the tank.

All'tanks should be provided with overflows (fig.29) connected to
facility drainage network through a water trap or a positive air
break to avoid contamination.

It is preferable that drain inlets be funneled to ease the water
flow. Funnel diameter to be three times the overflow pipe
diameter.

- Calming Inlet

Side View Front View

Fig. 28 Calming Inlet

1 Inlet funnel

L

e
| a
I

I Water trap

i Fig. 29 Tank Overflow

sie]

4.5 Water Treatment

The general public is often leery about
consuming and utilizing rainwater for
potable and/or non-potable use, but proper
system design with strict implementation
and monitoring makes harvested rainwater
a safe water source. Crossing the
psychological barrier is a real challenge.

The environment, the catchment surface,
the conveying network and the storage tanks
can affect the quality of harvested rainwater.
Unnecessary degradation of collected
rainwater can be minimized through good
housekeeping but this is not enough if
rainwater is to be used for domestic
purposes (USECAT1/USECAT2) even if
RWHCAT1 catchment surfaces are used.

Water treatment is a complex discipline,
however for the purposes of this guideline
and the applications involved we can narrow
water treatment to few basic components
namely straining, sedimentation, filtration,
chlorine sterilization, carbon adsorption
and UV polishing. These will be discussed
here below.

Straining and sedimentation effectively
belong to pre-treatment stages. Straining
occurs at the first flush tank where relatively
large size objects and bulk pollution is
removed before reaching the storage tank.

Sedimentation occurs in the storage tank
where particles settle to the bottom due to
gravity, For sedimentation to be effective, the
water body should not be agitated, this is the
reason why inlet calmers are devised to
minimize water agitation when fresh
rainwater enters the tank. Several days are
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required for suspended particles to settle down to the tank

botto.m. Ssdimekntation can remove up to 80% of the particles THE STO RAGE TAN K
entering the fank SHOULD BE CLEANED

Consequently the storage tank should be cleaned at leastonceevery AT | FAST ONCE

three years f a first flush tank is used and once every year if a flush tank EVERY TH R EE YEARS

is not used.

Pressure filters
The first water treatment stage is filtration; filters could be of different
types, for our purpose, only media type pressure filters are used

followed by micro filters. Media filters are filled with sand or any other o .
Micro filter woven fabric

small grain media that retains suspended particles in the water that core, itis placed inside
did not settle in the storage tank like pollen, coarse dust particles, the micro filter.

human hair, etc. Media filters remove particles 5 micron and larger, The core is replaceable
this is practically 95% by weight of all suspended particles and by once it gets clogged with

. : . ) Micro filter  small particles it
doing so these filters remove a lot of biological pollutants because body removes from the water

these usually adhere to solid particles.

UV sterilizer

Media Pressure filters could be elongated cylinders or spherical in
shape (fig.30).

Micro Filters

Micro filters or cartridge filters are installed downstream of
media filters, their task is to remove the fine particles down to
0.5 micron size range that media filters cannot remove. They
are made of tightly interwoven natural or synthetic threads that
stop very fine dust and other pollutants particles like insecticide
dust. For the sake of comparison, the thickness of a human hair
is around 100 microns.

Fig. 30 Pressure Filters Fig. 31 Micro Filters



Chlorine Sterilization

Filters remove solid particles and in the
process  they  remove  some
bacteriological pollution adhering to
these particles, but filters are not
designed to remove effectively
bacteriological pollution like viruses. This
is the job of chlorine sterilization. Usually
a solution of sodium hypochlorite is
injected in the pipe work upstream of the
media filter. For that purpose, a
hypochlorite tank (Fig.32, right picture)
and a dosing pump (Fig.32, left picture)
are used.

The injection pump draws the solution
from the tank and injects it in the
pipework upstream of the blending tank
if one is installed. The injected chlorine
will sterilize the media filter as well as the
micron filter. Chlorine should never be
added in the RWH storage tank.
Keeping a 0.1 mg/l concentration of
chlorine in the system is recommended
at this stage as the water may spend
few days in the treated tank or even in
the rooftop reservoir if there is one.

The dosing pump should be interlocked
with the RWH storage tank transfer pump
as well as with the municipality tank
transfer pump if blending is carried out.

At this stage the treated water is fit for
domestic use but not for cooking or
drinking. The treatment above is
satisfactory for USECAT2 if RWHCAT1 or
RWHCAT2 is available. The treated water
could be stored in a treated water tank
preferably made of stainless steel or PE.
The treatment discussed above is called
first stage treatment in this guideline.
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Fig. 32 Chlorination dosing pump & Hypochlorite Tank

Carbon filters

As a polishing stage, carbon filters are installed to remove any
traces of hydrocarbon pollution like pesticides, sub- micron
level particles as well as the remaining chlorine in the water.
Carbon filters look exactly like media filters. They may or may
not be installed downstream of the first stage treatment.

If some of the product water is to be used for cooking or
drinking then a second stage treatment is required. Some of
the water is pumped from the treated water tank into another
micro filter (on the left of the picture (Fig.34) then passed
through an Ultra Violet sterilizer (center of picture with
bypass for maintenance purposes) then the water is stored in
a potable water tank (The top of the stainless steel potable
water tank could be seen at the bottom of the picture) The
product water is fit for drinking or cooking purposes. It is now
USECAT1. The carbon filter if not installed directly after the
first stage treatment could be installed downstream of the
micro filter in the second stage. The second option may allow
a smaller size carbon filter.

Fig.33 below shows a general view of a first stage treatment
with a downstream carbon filter for a RWHCAT2 catchment
area destined for a USECAT?2.

Raw water from the blending tank enters the first stage water
treatment from the right of the picture.
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Hypochlorite
dosing pump

Pressure filter
automatic
backwash valve
Carbon filter
automatic
backwash valve Media pressure

filter

Carbon filter

This filter could
be placed in the
second stage

treatment after Micro filter

the domestic

tank .
Hypochlorite
tank

Fig. 33 1t Stage Water Treatment Configuration with Down Stream Carbon Filter

Rightmost is the media filter followed by the smaller size micro
filter then the carbon filter on the left of the picture. The
hypochlorite tank is seen below the micro filter while the
hypochlorite dosing pump is fixed to the wall above the media
filter. The plastic tubing connecting the hypochlorite dosing pump
to the hypochlorite tank is the suction line, while the injection line

Bypass line Ultra violet
used when UV sterilizer
sterilizer is controller
serviced

Ultra violet
Micro filter sterilizer
Note:
The carbon Outlet line
filter shown in to potable
figure 33 could water tank
have been
placed

downstream of
the micro filte

Fig. 34 2" Stage Water Treatment Configuration without Carbon Filter

USECAT1 does not involve only a
RWHCAT1 coupled to a WTCAT1

but also a monthly bacteriological
testing of a water sample taken
from the potable water tap.

could be partly seen at the top right of the
picture. It injects chlorine upstream of the
media filter in the blending tank (not
appearing in the picture).

The product water is routed to the
domestic water 316 stainless steel tank.

Fig.34 shows a second stage treatment but
without carbon polishing which was
inserted in the first stage. Water from the
domestic tank at the left of the picture
enters the micro filter then the UV sterilizer
before entering the potable water tank
which top is seen in the picture.

« The first and second stages of water
treatment described above form WTCATT.

» WTCAT2 is equivalent to a first stage
treatment.

« Carbon filters may be installed after the
first stage treatment or they may form
part of the second stage treatment
depending on preferences. Carbon
filters are recommended only if
USECATT is contemplated.

« WTCAT3 consists basically of the first
flush tank and the settling in the
storage tank. Consequently WTCAT3 is
effectively a pretreatment without
filtration or sterilization.



HINTS
10 CONSIDER

Filtration will assist in the
prevention of discoloration of
plumbing fixtures and is a
safeguard against small debris or
sediment entering the toilet valves,
thus maintaining proper function.

Filtration removes turbidity
(cloudiness) which interferes with
disinfection.

4.5.a Water treatment equipment sizing

In order to size a water treatment
installation  for RWH, the major
parameter to consider is water flow. For
optimum efficiency, it is advised not to
oversize equipment, this will notimprove
water quality but may rather give
negative results.

Filters selection and sizing

Filters are sized based on water flow, as
an example let us consider House 1
again. The first task consists of sizing the
filters of the primary treatment. We have
already seen that USECAT1 & USECAT?2
for domestic use as well as USECAT2 for
irrigation amount to 105 m3 for 5 month
equivalent to 150 days. Consequently the
average daily consumption is 0.7 m3/day.
For all purposes a media filter of 1 m3/day
will be selected or the nearest available
size. The same applies to the cartridge
micron filter.

It is recommended to order the media filter with automatic
backwash for self-cleaning. Indeed, media filters need to
get rid of all the pollutants that accumulate inside the
media, this is done by reversing the flow through the media
thus the term backwash. The automatic backwash
mechanism avoids the hassle of manual backwash every
other day. The backwash line should be routed to the drain.

Micron filters are not backwashed, the fabric cartridge
inside the filter is simply replaced every six month or
depending on clogging. It is therefore recommended to
have pressure gages across filters to monitor their state of

clogging.

Dosing pumps and chlorination tanks

The hypochlorite tank is filled with water then liquid sodium
hypochlorite solution (15% by weight) is added to reach a
concentration of no more than 3% chlorine (by weight) in
the hypochlorite tank. In order to reach that concentration,
fill a 100 liter hypochlorite tank with 80 liters of water and
20 liters of sodium hypochlorite solution. Hypochlorite tank
size should be such that one fill should not last for more
than 15 days because chlorine gas goes out of solution.
Always use soft water from the RWH tank to fill the
hypochlorite tank.

As a rule of thumb, every 1 m3 of treated domestic water
requires 1 liter of hypochlorite solution at a concentration
of 3% which is the concentration in the hypochlorite tank.
Thus if a house consumes 30 m3 of treated domestic water
per month, a 50 liter solution tank is ideal.

Dosing pumps are also selected based on water flow as
shown above, these devices come in standard sizes, one
size fits a wide range of water flows. Basically dosing pump
flow s 1 liter/day for every 1 m3/day of treated water always
based on a 3% solution tank concentration.

UV sterilizers

These also are sized based on flow, UV-C radiation dose
should be no less than 40 mj/cm? according to class A
requirements of the ANSI/NSF standard 55 (ref:23).
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4.5.b Water treatment equipment materials

Always use first quality equipment from renowned
manufacturers in what relates to water treatment. In order to
assure that filters do not leach undesirable contaminants into
the water, use filtration systems that have been certified to meet
ANSI/NSF Standard 61 requirements (ref:23).

Use sodium hypochlorite compounds that are certified in
accordance with ANSI/NSF Standard 60 requirements (ref:23).

Avoid products that contain fragrances
and UV stabilizers. Most specifically do
not use chlorine compounds designed
for use in swimming pools as these
products often contain cyanide based UV
stabilizers. This quideline does not
recommend the wuse of calcium
hypochlorite compounds because it is
less stable and may result in maintenance
and storage problems.

Table 18.Treatment Techniques

Location
SCREENING Drains, gutters and downspouts Prevent leaves and other
Leaf screens and debris from entering tank
strainers
SETTLING Within Tank Settles out particulate
Sedimentation matter

=% FILTERING Before tank Reduces suspended

= First Flush diverters After pump material

E Sand filter After chlorination Sieves sediment

=8 Carbon Removes chlorine, odors,

E Filter/Activated hydrocarbons,

%‘: charcoal improves taste
DISINFECTING Within Tank or at pump Kills microorganisms
Chemical (liquid or granule), before activated
treatment/ charcoal filter
Chlorine
Ultraviolet light After activated charcoal and carbon Kills microorganisms

filters, before storage/tap



4.6 Pumps

Pumps are used to move fluids and
impart to them the necessary pressure
required in any given process. They are of
different types and models, In RWHS
pumps are vital, therefore a good
understanding of the different kinds
involved, their functioning and how to
select them is very important. Basically a
pump for the purpose of this guideline is
made of two parts, the pump itself that
imparts movement to the fluid and the
electric motor that drives the pump.

A pump is characterized by two major
operating parameters namely the flow
and the head. The flow as the name
implies is the quantity of water handled
by the pump per unit time, it is
expressed usually as liters/sec or m3/hr.
The head represents the pressure that
could be developed by the pump, it is
expressed as Bars or height in meters of
water. 1 bar is equivalent to the
pressure at the bottom of a column of
water 10 meters high. Therefore 1 bar
is equivalent to 10 meters head.

Submersible pumps

As the name implies, these pumps are
immersed in the water usually when the
storage tank is underground making it
difficult to have a side intake. Two kinds
of submersible pumps are encountered,
the submersible well pump and the
submersible pit pump.

Below, is a picture of a submersible well
pump showing its main components. As
the name implies this type of pump is
usually installed in wells which are of
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small diameter therefore the water passes along the motor and
cools it before entering the pump intake. In case a well pump is
to be used in a RWH storage reservoir, then it has to be installed
horizontally at the bottom of the tank otherwise much of the
storage reservoir volume cannot be pumped and second it
needs to have a sleeve around the motor, open only on the
motor end to force the water to enter the sleeve and cool the
motor. Actually the sleeve replaces the well. It is preferable to
connect the open end of the sleeve to a floating suction intake
to prevent the suction of dirt from the tank bottom.

Pump discharge
Pump discharge

Electric
Motor

Electric
s —<— Motor

Fig. 35 Submersible Pumps

The other type of submersible pump is the submersible pit
pump, as the name impliesitis installed in a pit. It does not need
a sleeve as it is designed to operate in a tank however its only
drawback is that it can generate much less pressure than a
submersible well pump and the suction could draw dirt from
the tank bottom as it is practically impossible to fit the pump
with a floating suction intake. However this issue may be
overcome if the pump is installed on a slightly elevated pad.

Both configurations need careful design and to devise practical
ways to pull them out of the tank in case repair or maintenance
is required while the tank may be full. A definite advantage of
submersibles is that they are noiseless.
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Float switch for

submersible Booster set:

pump operation It is an assembly made of one
(simplex), two (duplex) or three

Ssubmersible (triplex) booster pumps equipped

pump with a pressure tank and pressure

switch to actuate the pumps upon of
fall in pressure in the pipework.

High level alarm Booster sets usually supply water to

float switch end users so that supply pressure
remains fairly constant. This may avoid
the unpleasant experience of reduced
flow under a shower if other toilets are
Fig. 36 Duplex Submersible Pit Pumps being used when the network has un-
sufficient pressure.
Booster Pumps
These are installed external to the tank usually in a mechanical room (Fig.38) shows a duplex booster set
or an enclosure pit to protect them from the weather and dampen complete with a skid rail (below the
the noise. As fig 36 below shows, booster pumps consist of an electric pumps), the pumps, the stainless steel
motor and a pump body. These pumps are also called end suction suction manifold that feed the pumps
pumps because they draw water from one end of the pump. with water, the pressure actuated
variable speed drivers (black boxes
Booster pumps have a wide range of operating characteristics as above the pumps) and the discharge
far as flow and pressure, they are simple to install and service manifold to which the pressure switch
but the drawback is the possible noisy operation if installed (grey) and pressure tank (red) are
nearby living quarters. connected.
Checkvalve Pressure tank
Electric motor
Pump body
Pressure
Pump Suction switch
suction manifold
Discharge
manifold
Variable
Pump speed
discharge Booster ~ controllers
Pumps —

Fig. 37 Horizontal Booster Pump Fig. 38 Duplex Booster set



Pressure tanks and switches

Pressure switches activate the controls
that activate the pump to meet the
demand. The size of the pressure tank
determines whether your system
operates efficiently and effectively. The
rule of thumb for sizing a pressure tank is
three times the liters/minute of the
pump equals the liter size of the pressure
tank. Thus if a pump delivers
60 liters/minute the pressure tank size
will be 180 liters.

Pump protection

Should your rainwater cistern become
low on water, it will be essential that the
pump is protected from running while
there is not sufficient water for the pump
to function. If the pump continues to run
without sufficient water, the pump will be
damaged. A simple float switch in the
rainwater cistern will protect the pump
from running when the water level
declines. A float switch automatically
resets when the tank refills.

A check valve should be installed at the
pump discharge to avoid water backflow
which may also damage the pump and
empty the discharge line.

In order to protect the pump from erosion
and possible jams resulting from fairly big
solid particles entrained in the water like
rust flakes, small wood pieces, plastics,
small pieces of cloth, etc. a strainer should
be installed at the pump suction intake.

Flexible connectors should be installed at
suction and discharge connections of pump
to minimize vibration and noise transmission
through piping especially if it is steel.

PUMPS ARE USED TO
MOVE FLUIDS AND
IMPART TO THEM THE
NECESSARY PRESSURE
REQUIRED IN ANY
GIVEN PROCESS

Floating suction intake strainer
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To aspirate the water from the tank, a floating intake strainer is
located at the end of the pump’s suction hose. Sediment,
bacteria and other pollutants generally settle to the bottom of
the tank, with concentrations of pollutants higher at the bottom
than at the surface of the water. Studies have also shown that
bacteria levels can be higher at the surface of the cistern water
than elsewhere in the tank (ref:23). To avoid these two areas of
concern, the floating filter takes water from the tank a few
centimeters below the water surface. Floating suction intake
strainers seldom clog, they should be made of high-quality

stainless steel.

Flexible
connector
atdischarge
side

Dismantling
union

Fig. 39 Booster pump connection details

Strainer

Flexible
connector
at suction
side
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4.6.a Pump sizing

o PUMPSARESIZED
umps are sized using two main parameters, flow an

Head. Flow depends on water demand while Head USlNG |WO MAlN
depends on the characteristics of the project like building PARAMETERS' FLOW

elevation, distance between storage tank and point of use, AND HEAD
type of water treatment equipment, etc. :

A rainwater harvesting system network may involve more
than one type of pump, therefore each pumping function

will be discussed here below. FI-OW DEPEN DS ON
o - ~ WATER DEMAND WHILE
Starting with the most basic function, namely pumping HEAD DEPEN DS ON THE

water from the underground storage tank to a roof tank.

Taking House1 as example, we have seen previously that CHARACTER'ST'CS OF

the daily water demand is around 0.75 m3/day. Thus the THE PROJECT
pump needs to raise daily that amount to the roof. But in

practice the roof tank may be around 2 m? to allow spare
reserve for two days in case of a malfunction. If we assume
that the pump needs to fill the roof tank in one hour time
then the flow will be Q =2 m3/hr, which is a fairly small
pump. Having determined the flow, it is now time to
compute the head.

(Fig. 40) Below gives a good representation of a widely
used installation for lifting water to a higher level from an
underground reservoir. The pump is located above the tank
and is equipped with a suction line terminated with a foot
valve. That valve could be of the floating type.

pump centerline and the pipework
discharge into the elevated tank
expressed in meters.

- The friction between the water in the
pipe and the pipe walls which the pump
needs to overcome. This friction
resistance is also expressed in meters
and can be computed once the pipe
size, pipe length, pipe type and flow are

The head of the pump is the summation of several factors:

- The vertical distance between the pump centerline and
the underground tank water surface, the pump needs to

“lift" the water over that distance. Usually it is assumed given. It is expressed as Hf.
the pump operates in worst case conditions (i.e: an empty
tank) thus it is practically distance A expressed in meters. - The head required to operate any end of
line device like an automatic valve, a ball
- The vertical distance the pump needs to push the water, valve, etc. in our case we have none. Itis

which in worst case conditions is height E between the expressed as Ha.
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Fig. 40 Underground Reservoir pipework to roof tank in suction lift configuration

Float Strainer Flexible Hose

Pipe  External Pump
Adjacent to
Tank

/s

Fig. 40A Reservoir with float strainer in submerged suction configuration

Float Motor
. Cooling
Strainer Jacket
Pipe
Flexible | Pump
Hose
I 20cm

Fig. 40C Reservoir with float strainer in submersible well pump configuration

Flexible Hose  External Pump

Float Strainer

Pipe

Elbow

Fig. 40B Reservoir with float strainer in suction lift configuration

Pipe Motor

Pump

Pump
/ Intake
—15em

Concrete Pad

Fig. 40D Reservoir with float strainer in submersible pit pump configuration
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The Total Discharge Head (TDH) of the pump his expressed as:
TD.H=A+E+Hf+Ha.

AandE are fairly easy to determine, they can be measured from
drawings or site. It is important to note that A could be positive
or negative depending on the type of configuration. In
configurations 40A, 40C and 40D A is negative while in
configurations 40 and 40B A is positive. Note that in
configurations 40 and 40B, A should never exceed 3 meters as
the pump may lose its prime and get damaged.

Hf is the product of the pipe friction factor hf determined from
Annex E and the overall pipe length. In our case the overall pipe
lengthL=A+B+C+E+D.

Thus Hf = hf*L
Hainour case=0
Assume A = 2.5 meters, B =2 meters, C =4 meters, E =18

meters, D = 3.5 meters.

Then, L =30 meters.
To find hf follow the steps below

- If pipe is exposed or buried, opt for a galvanized steel type. If
pipe is protected in a shaft then PPR or PEX is acceptable.
Suppose in our case pipe is exposed thus requiring the
selection of a Galvanized Steel Pipe (GSP).

- Using the Table in Annex E select pipe size using the hourly
flow determined above (Q = 2 m3/hr and type of pipe
determined in the previous step (GSP). The friction factor hf
can also be determined. In our case pipe diameter is ¥2 inch
and hf=10.038871

we specify the pipe as GSP, sched 40, @ = 3/4 inch
Q=2m3/hr

hfis found to be =0.1913 then Hf =30*0.1913 = 5.7 meters.

Note that hf takes into consideration
fittings losses

Therefore TDH=2.5+18+5.7=26.2m
to be rounded to 27 m

Our pump can now be specified as a
booster pump having a flow Q=2 m3/hr
ataTDH=27m.

Exactly the same calculations would
apply for all pumps configurations except
that one needs to pay attention to the
sign of “A”

Suppose now that the circuit above goes
through a filtration unit consisting of a
media filter and a micro filter. The pressure
drop through the media filter is 0.5 bars
when clogged and that of the micro filter is
0.6 bars. Both of them will have an Ha =
11 meters. The pipework length increases
from 30 to 45 m because it has to be routed
to the mechanical room.

Therefore

Hf=45%0.1913=8.6m

TDH=25+18+86+11=40.1mto
be rounded to 41 m

Our pump can now be specified as a
booster pump having a flow Q=2 m3/hr
ata TDH=41m.

Another application to consider is when
a booster set feeds water to the building
as shown in (fig.41) below. The pump
feeds the domestic water network
however the Jacuzzi which is two floors
below requires 2 bar (the equivalent of
20 m water column) for its operation.



In this case the pump is not lifting water but
rather delivering water to lower floors. In this
case the TDH could be written as

TDH=-8+Hf+Ha

Where Ha =2 bars or 20 m head. (-8 is the
negative head between the pump and the
fixture for which the pressure calculations
are required). Whenever the load is below
the pump, the lift is negative.

The pump flow requirement is 0.7 m3/day
or 0.2 m3/hr. To convert from average daily
flow to hourly peak flow divide daily flow by
4 in order for the pump to meet peak
demand.

Pipe length L =8 m, considering PPR pipe @
20 mm, hf =0.04 for Q = 0.2 m3/hr as per
AnnexE.

Consequently
TDH=-8+8*0.04+20~12m

Therefore a duplex booster set with pump
characteristics Q=0.2 m3/hrand TDH=12
m is to be ordered. The booster set should
have an expansion tank of 12 liters.

Pressure
— Tank

—O- Booster System
|_@.

8m

[Jacuzzi] "
2 BAR Requirement

Fig. 41 Booster Set feeding the building network
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HINTS TO CONSIDER

« Pump systems should be designed to meet the expected peak
demand

 Pumps drawing water from the underwater storage tank
should have their intake just below the water surface using a
floating intake strainer

 Pumps should not have a suction lift exceeding 3 meters

« Pumps should always have low level cut off to protect them
from dry running

« Never oversize pumps, pumps should always operate at their
best duty pump

» Always choose pumps from well-known manufacturers

« Pumps should be preferably all stainless
steel 316 construction

4.6.b Pump Material

Apart from the electric motor, pumps consist mainly of two
components, the pump casing and the impeller. The material
of construction of the casing and impeller greatly affect the
durability and proper operation of the pump. Pump casings
could be made of cast iron or 316 stainless steel sheets
stampings while the impeller could be bronze, stainless steel
stampings or Noryl.

For submersible and booster pumps, it is recommended to
choose an all 316 stainless steel construction for all pumps
applications related to rainwater. Whenever possible chose a
low speed pump 1500 rpm instead of a high speed 3000 rpm,
however the pump flow and head may dictate a 3000 rpm
pump. Always purchase pumps from well-known
manufacturers.

Pumps should always be protected against dry running with
low level cut off float switches.
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5 MAINTENANCE

Careful preventive maintenance by the
owner or operator is the best way to
assure long trouble free life for the
equipment and the highest level of water
quality. Common sense and sound
installation practices should prevail.

The following maintenance practices are
recommended;

« Every 3 years or less

- Clean all tanks, disinfect and flush.

- Check inner surfaces plaster lining of
concrete tanks. If necessary repair
lining if cracked or peeling and paint
again using appropriate paint.

- Check submersible pumps in tanks for
apparent damage, rust, inlet cogging
or damaged electrical cable.

- Change water treatment filter media
if recommended by supplier.

- Change UV lamp as per manufacturer
recommendation.

CAREFUL PREVENTIVE
MAINTENANC IS THE
BEST WAY TO ASSURE
LONG TROUBLE FREE
LIFE FOR THE
EQUIPMENT

« Every year before rainy season check the following

- Gutters and drains are not obstructed.

- No polluting objects on catchment surfaces (dead birds or
rodents, organic waste, etc.).

- First flush tank is clear of debris and cleaned.

- Strainer of first flush tank is not damaged, if torn or cracked
replace.

- Tree branches and any vegetation that interferes with the
gutters or overhangs RWHCAT1 roofs should be pruned.

e After first rain event that lasts more than 30 minutes

- Clean strainer of first flush tank.
- Clean sump of first flush tank, make sure drain pipe is not
clogged.

e After each torrential rain event

- Clean strainer of first flush tank.
- Clean sump of first flush tank, make sure drain pipe is not
clogged.

e On a 6 month basis

- Check cartridge filter of micro filter and replace if clogged.
- Clean inner part of micro filter housing.

- Check UV lamp operation as per manufacturer instructions,
replace if necessary.

- Check high/low level alarm float switches operation by
operating manually.

- Check validity of hypochlorite chemicals that are in stock.
Hypochlorite chemicals should not be kept in store for more
than one year.

- Check validity of fire extinguishers.
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» On aregular basis check the following Efficient water use practices
- Close water taps when not used

-Pumps  for abnormal noises or - Dripping taps should be repaired
vibrations.

-Any leakage from pipes or above
ground tanks.

- Control panels for burned out lamps.

- Liquid level in hypochlorite tanks.

- Clogging of filters.

- Pressure tank gas charge.

- Booster system operation, if booster
system is hunting this may mean that
pressure tank diaphragm is damaged

- Use water efficient faucets, plumbing fixtures and washing
machines

- Use plants and shrubberies adapted to the local weather, it
is strongly advised not to plant gazon

- It is strongly advised not to have a swimming pool or a
water pond in single family residences

- Do not rinse floors with water, use mops
- Adopt dual plumbing circuits for grey water use

or pressure tank lost its gas charge. Safety and Health
- Water quality. USECAT1 water should - Always wear goggles, gloves and dust masks when filling
be tested at the tap on a fortnight hypochlorite tanks

basis or at most monthly basis.

- Hypochlorite chemicals are not
exposed to the sun.

- Technical rooms are clean and well
lighted.

- Replace burned light bulbs. - Keep a first aid kit in a prominent location in or nearby the

technical room

- Wash with abundant water any part of the body that came
in contact with hypochlorite

- Always shut off power on equipment being serviced
- Keep an operating fire extinguisher in the technical room

- Quickly wash with abundant water

any spill of hypochlorite on your skin. - Post in a prominent place the contact numbers of the
- Exit lights are properly functioning. neatest medical care center, the red- cross and civil
-As a general rule, the cleaner the water defense

going into the cistern, the higher the - Make sure technical room floors are always dry and not

water quality and the better the system'’s slippery and objects are not lying on the floor

overall performance wil be. - Make sure technical rooms are well lighted
- Maintenance of the UV light involves - Always use the proper tools for the job

cleaning of the quartz sleeve and the
bulb itself. Some UV lights are
designed with an integral wiper unit.
Again, follow the manufacturer’s
instructions and recommendations.

- Use gloves, goggles and ear plugs when using grinder
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CALMING INLET

CATCHMENT
SURFACE AREA

CODE

DEBRIS EXCLUDER

DISINFECTION
(STERELIZATION)

DOMESTIC WATER

DRAIN

DRY RUNNING

PROTECTION

FILTRATION

FIRST FLUSH TANK

FLAT

FRESH WATER
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A device located at the bottom of a storage tank that permits water to enter a
storage tank with minimal disturbance to particles that may have settled to the
bottom of the tank.

Area from which rainwater is collected to be used in a rainwater harvesting system
(e.g.roof area).

Refers to the International Plumbing Code.

Ascreen or other device installed to prevent the accumulation of leaves, needles,
or other debris in the system.

Reduction of viable microorganisms to a level that is deemed suitable for the
intended applications. Typical units of measure are Colony Forming Units per
100ml liter (cfu/100ml).

Water for household and commercial areas of use that does not have to have the
quality of drinking water.

Collect run off water, they are used mainly for flat surfaces like a flat roof, a terrace
or driveway.

System for protecting the water pump against running when no water is present.

Physical removal of liquid-born contaminants by means of separation from the
output flow. Particulate filtration removes suspended particles, measured in units
of total suspended solids (TSS), while other forms of filtration, such as
carbon/absorption filtration, removes dissolved compounds measured in units
of total dissolved solids (TDS).

A device or method for removal of debris from collection surface by diverting
initial rainfall from entry into the cistern / tank.

Having a slope no greater than 1in 50.

Naturally occurring water on the Earth's surface; in ice sheets, ice caps, glaciers,
icebergs, bogs, ponds, lakes, rivers and streams, and underground as groundwater
in aquifers and underground streams. Fresh water is generally characterized by
having low concentrations of dissolved salts and other total dissolved solids.
Water that infiltrates into the ground and no longer flows across the surface.
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GREY WATER

GROUND WATER

GUTTER

HARVESTED WATER

INFILTRATION FIELD

LEADER / DOWNSPOUT

MINIMUM WATER
VOLUME

OVERFLOW LEVEL

OVERFLOW LINE

PIPING SYSTEM

PRECIPITATION
CHARACTERISTICS

RAINWATER

RAINWATER

HARVESTING SYSTEM

RAINWATER YIELD

RETURN ELBOW

The effluent from lavatories, showers and bathtubs only. WC, washing machines,
dish washers, kitchen sink and other plumbing fixtures must not be part of the
grey water network.

Water that infiltrates into the ground and no longer flows across the surface.

A channel at the eaves or a collector on the sloped roof of a building, for carrying
off rainwater.

Rainwater that is collected in the cistern / tank.

Element in the ground that is filled with gravel, ballast or special non-permeable
plastic elements and that stores rainwater that is fed into it on an intermediate
basis before the water evaporates into the atmosphere or seeps into the

surrounding soil.

Drains are connected to leaders or pipes that convey the water to the storage
tank.

Residual water volume that is constrained by the process in which neither
sediment nor scum can be sucked in for the protection of the pump.

The highest level that water in a cistern can rise before flowing out of the tank.
Line for leading excess rainwater away when the cistern is full.
Pipes that convey the harvested rainwater and distribute it to various fixtures.

Characteristics of a precipitation event (e.g. intensity, duration).

Water collected from runoff of roofs or other structures after a rain event.
Water system for utilizing rainwater, consisting of a cistern/tank, pipe, fittings,
pumps and/or other plumbing appurtenances, required for and/or used to
harvest and distribute rainwater.

Useful water volume (water inflow) determined over a certain period of time.

A section of pipe with a 180-degree bend.



ROOF DRAINAGE
SYSTEM

SCREEN

SEDIMENTATION
STRAINER

SYSTEM PRESSURE

SLOPED / GABLED ROOF
SUB-SURFACE
IRRIGATION

SURFACE IRRIGATION

SURFACE WATER

SYSTEM PRESSURE

TANK / CISTERN

TRANSPIRATION FIELD

QUANTITY OF
PRECIPITATION

USEFUL VOLUME
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A system, comprised of roof drains, overflow drains, scuppers, gutters and down
spouts, used to convey the rainwater from the roof surface to the tank/cistern.

A filtration device, constructed of corrosion resistant wire or other mesh, having
openings in determined areas.

Separation of solids from the water via gravity.
It is the slotted surface where water enters the drain.

Pressure needed to deliver water to the designated fixtures.

Having a slope greater than 1in 50.

A method of providing water to plants by raising the water table to the root zone
of the crop or by carrying moisture to the root zone by perforated underground
pipe. Also known as subirrigation.

Application of water to the soil by means of pipes or furrows along the surface.

Any rainwater that touches the ground and flows across the surface of the ground
(roadway, parking surface, gully, creeks, streams, etc.).

Pressure needed to deliver water to the designated fixtures.

The central water storage component of the rainwater harvesting system.
Protection and maintenance of the tank is essential for the health of the system.

Element in the ground that is filled with gravel, ballast or special permeable plastic
elements and that stores rainwater that is fed into it on an intermediate basis
before the water seeps into the surrounding soil.

Amount of rain, expressed as the water height in millimeters over a horizontal
area for a span of time under consideration.

Volume that can be completely used during operation (typically 80 — 90% of
storage volume).
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ANNEX B

LIST OF METEOROLOGICAL STATIONS

Station Name
BEYROUTH-GOLF

HOUCH-EI-OUMARA_ZAHLE

DAHR EL BAIDAR

AL ARZ-LES CEDRES
RAYAK- AMARA

EL ABDE

SOUR

ZAHRANI

EL QLAIAAT-AKKAR

EL QOUBAYAT
QARTABA

EL QOUSSAIBAH-Ksaibe
BAYSSOUR

JEZZIN

FAQRA

EL HERMEL
DEIR-EL-AHMAR

EL QARAOUN-BARRAGE
MARJAYOUN

TRIPOLI- BOUEE
ZAHRANI- BOUEE
BEYROUTH- BOUEE
BALAMAND
SYR-ED-DENNIYE
KAFAR CHAKHNA
KASLIK JOUNIEH
DEIR-EL-KAMAR
BAROUK FRAIDIS
SAIDA

LEBAA

EL QUASMIYE

EL_QAA

KAFAR QOUQ / RACHAYA
TANNOURINE

KAFAR DOUNINE

EL MESHREF

Beirut International Airport
TRIPOLI_IPC

HEMLAYA

DOURIS

Altitude

14
926
1516
1891
852
37

4

10

5
497
1222
584
940
1070
1655
605
943
843
827

359
926
260
41
794
1114
14
331

513
1205
1838
560
395
12.3

805
1009

Mouhafaza
Beirut

Bekaa

Bekaa

North

Bekaa

North

South

South

North

North

Mount Lebanon
Mount Lebanon
Mount Lebanon
South

Mount Lebanon
Bekaa

Bekaa

Bekaa

Nabatiye

North

South

Beirut

North

North

North

Mount Lebanon
Mount Lebanon
Mount Lebanon
South

South

South

Bekaa

Bekaa

North

Nabatiye
Mount Lebanon
Mount Lebanon
North

Mount Lebanon
Bekaa

Caza
Beirut
Zahle
Zahle
Bcharre
Zahle
Akkar
Sour
Saida
Akkar
Akkar
Jbeil
Baabda
Aley
Jezzine
Kesrouan
Hermel
Baalbek
West Bekaa
Marjayoun
Tripoli
Saida
Beirut
Koura
Minieh-Dinnieh
Zgharta
Kesrouan
Chouf
Chouf
Saida
Jezzine
Sour
Hermel
Rachaya
Batroun
Bent Jbeil
Chouf
Baabda
Tripoli
Metn
Baalbek
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POTABLE WATER STANDARDS DECREE 1039/1999:161

1. Chemical & Physical properties for Potable (drinking water) - Max concentration

Chemical name - Chemical symbol Max allowed concentration (mg/L)
Chlorine (CLy) 0.3
pH value 56-58
Total dissolved solids (TDS) 500
Copper - cu 1

Iron - Fe 0.3
Magnesium - Mg 50
Manganese - Mn 0.05
Sulfates - SO4 250
Zinc-Zn 5
Calcium as CaCO3 200
Chlorides - CL 200
Total Hardness as CaCO3 250
Phenolic compounds as Phenol except natural 0.001
Phenols that do not react with Chlore

Mineral oils None
Chloroform extract on coal (carbon) 5.0
Effective surface factors none
(Kipritonat Alkyl-Benzene)

Ammonia none
Phosphate - P205 1
Organic material 5.0
Nitrite - NO2 0.05
Hydrogen Sulfide H2S 0.05
Nitrate - NO3 5
Sodium - Na 150
Potassium - K 12
Aluminum - Al 0.2
Arsenic - As 0.05
Cadmium - Cd 0.005
Cyanide-Cn 0.05
Mercury - Hg 0.001
Selenium - Se 0.01
Lead-Pb 0.01
Hexavalent chromium - Cr 0.05
Barium - Ba 0.5
Silver - Ag 0.01

Nickel - Ni 0.02



Aromatic Hydrocarbons:

Fluoranthene

3.4 Benzflorantin

11.12 Benzflorantin

3.4 Benzopyrene

1.12 Benzipirilin

Alandino (1, 2.3, ¢, d) pyrene
Fluoride between 8 & 12 deg C
25&30degC

Halogenated organic compounds
Chloroform

Dieldrin

Lindane

Methoxy Chlor

Toxaphene

2.4 binary acid summarize Klorvinnox
2 (2,4.5) tri Klorvinnox

2. Microbial properties in drinking water

0.0002

0.0002 & 0.0002
0.0001 combined
0.0001

0.0002

0.0002

1.5

0.7

0.06

0.1

0.00002

0.0002

0.02

0.003

0.03

0.009

Characteristics Max allowed

Total Coliforms

Streptococcus faecalis

Anaerobies sporules — Sporulaed sulphite /
reducing anaerobes

Feacal colifrm

Esherichia coli

Pseudomonas aeruginosa

The total number of microorganisms at
temperatures 22 degree for 72 hours

37 degree for 24 hours

0in 100 mm
0in 250 mm
0in50 mm

0in 250 mm
0in250 mm
0in 250 mm
100in Tmm

20in T mm
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ANNEX E
PIPE SIZES AND FRICTION FACTORS

PPR SCHED 20 PEX SCHED 20 GSP SCHED 40
20

0.1 20 0.0075 0.0042 1/2 0.0022
0.2 20 0.0306 20 0.0201 1/2 0.0129
0.3 20 0.0625 20 0.0409 1/2 0.0266
0.4 20 0.1045 20 0.0683 1/2 0.0448
0.5 20 0.1565 20 0.1020 1/2 0.0675
0.6 20 0.2183 20 0.1420 1/2 0.0945
0.7 20 0.2897 20 0.1882 1/2 0.1259
0.8 20 0.3708 20 0.2404 1/2 0.1617
0.9 20 0.4614 20 0.2988 1/2 0.2018
1 20 0.5615 20 0.3632 1/2 0.2462
1.1 20 0.6711 20 0.4337 1/2 0.2949
1.2 20 0.7902 25 0.1676 1/2 0.3480
1.3 25 0.2907 25 0.1942 1/2 0.4054
14 25 0.3337 25 0.2228 1/2 0.4670
1.5 25 0.3795 25 0.2532 3/4 0.1331
1.6 25 0.4281 25 0.2854 3/4 0.1503
1.7 25 0.4796 25 0.3196 3/4 0.1686
1.8 32 0.1572 25 0.3556 3/4 0.1879
1.9 32 0.1737 25 0.3934 3/4 0.2082
2 32 0.1911 25 0.4331 3/4 0.1913
2.1 32 0.2092 25 0.4747 3/4 0.2519
2.2 32 0.2281 32 0.1456 3/4 0.2753
2.3 32 0.2478 32 0.1581 3/4 0.2997
24 32 0.2683 32 0.1711 3/4 0.3251
25 32 0.2896 32 0.1846 3/4 0.3515
2.6 32 0.3117 32 0.1986 3/4 0.3790
2.7 32 0.3345 32 0.2130 3/4 0.4075
2.8 32 0.3582 32 0.2280 3/4 0.4370
29 32 0.3826 32 0.2435 3/4 0.4675
3 32 0.4078 32 0.2594 3/4 0.4991
3.1 32 0.4338 32 0.2758 1 0.1469
3.2 32 0.4605 32 0.2928 1 0.1561
33 32 0.4881 32 0.3102 1 0.1655
34 40 0.1655 32 0.3281 1 0.1752
35 40 0.1747 32 0.3465 1 0.1851
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PIPE SIZES AND FRICTION FACTORS (CONT'D)
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40
40
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40
40
40
40
40
40
40
40
40
40
40
40
40
40
50
50
50
50
50
50
50
50
50

PPR SCHED 20

0.1841
0.1938
0.2037
0.2138
0.2242
0.2349
0.2457
0.2568
0.2682
0.2797
0.2916
0.3036
0.3159
0.3284
0.3412
0.3542
0.3674
0.3809
0.3946
0.4086
0.4228
0.4372
0.4519
0.4668
0.4819
0.4973
0.1633
0.1682
0.1733
0.1784
0.1836
0.1889
0.1942
0.1996
0.2051

32
32
32
32
32
32
32
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

PEX SCHED 20

0.3653
0.3847
0.4045
0.4249
0.4457
0.4670
0.4888
0.1667
0.1740
0.1815
0.1891
0.1969
0.2048
0.2129
0.2211
0.2295
0.2380
0.2467
0.2556
0.2646
0.2737
0.2830
0.2924
0.3020
03118
0.3216
0.3317
0.3419
0.3522
0.3627
0.3734
0.3842
0.3951
0.4062
04174

GSP SCHED 40
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11/4
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11/4
11/4
11/4
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11/4
11/4
11/4
11/4
11/4
11/4
11/4
11/4

0.1954
0.2059
0.2166
0.2277
0.2390
0.2506
0.2624
0.2746
0.2870
0.2996
0.3126
0.3258
0.3393
0.3530
0.3670
0.3813
0.3959
0.4107
0.1129
0.1169
0.1210
0.1252
0.1294
0.1337
0.1381
0.1425
0.1470
0.1516
0.1562
0.1609
0.1657
0.1706
0.1755
0.1805
0.1855
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ANNEX F
FIRST FLUSH TANK DETAILS

X+(2+2)=Cover mm
Galvanized Steel Tank
X+(10+10)=Cover mm
Concrete Tank

Screen Plate

Cover Bottom

X+(2+2) X X




FIRST FLUSH TANK DETAIL (CONT'D)
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ANNEX G
PRICING ESTIMATES OF SYSTEM COMPONENTS

AS PER DATE; July 2014

Table 1. Storage Tank Material Pricing (July 2014)

Material Size /[ Liters Price $

Concrete 18000 4000
40000 6500

PE Under Ground

Tanks 6000 1296
10000 2145

Modular 19000 6600

Stainless Steel 200 750

Assumptions; Consumption: 2m?/p/d
Concrete price: Tm?=250%

RWH System: PE Tank with several chambers within, to include water treatment, of a certain size.
(NOT INCLUDED WITHIN THIS STUDY)

Table 2. Drains Pricing (July 2014)

Roof Drains Specifications Price $
- PP

Roof drain - Outlet types: side/bottom

(Dome Type) - Dome cover — prevent large debris 70

- Linked to normal piping
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PRICING ESTIMATES OF SYSTEM COMPONENTS (CONT'D)

Table 3. Gutters/Downspouts Pricing (July 2014)

Piping WEIE] Price $/m

Gutters PVC rain gutters — 174mm diam. 8.5
Additional Components 85

Down Risers PVC—4" pipe with 4.3mm thickness 6

Table 4. Piping Pricing (July 2014)

I —— o

4m long pipe Turkish 33 43 8.0 12.0 18.0
4m long pipe German 6.5 10.0 16.0 26.0 40.0

6m long pipe Turkish 14.0 19.0 30.0 37.0 44.0 60.0

Table 5. Pumps Pricing (July 2014)

Pumps Type Price $ Picture
Horizontal
multistage pump 0.5m*/h @ ~30m W.G 370
lift pump or booster pump 1m3/h@~30mW.G 370
2m*/h @ ~30 mW.G 400
3mi*/h@~30mW.G 400
5m*/h @ ~30 mW.G 680
Vertical
multistage pump 2m*/h @ ~45 mW.G 1107
lift pump or booster pump 3mih@~45mW.G 1290
Used when a high pressure is 5m?/h @ ~45mW.G 1290
required
Submersible
lifting pump to be installed inside 1 m*/h @ ~30 m W.G 1537 ;
tank (horizontal setup) 2mih@~30mW.G 1600

3m¥}h@~30mW.G 1600 ﬂ
5mi/h @ ~30 mW.G 1720 '
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PRICING ESTIMATES OF SYSTEM COMPONENTS (CONT'D)

Table 6. Carbon & Sedimentation Cartridge Pricing (July 2014)

Carbon Cartridge Sedimentation Cartridge

Source
US/EUR  Chinese  US/EUR US/EUR  Chinese US/EUR
10in 44 17 70 26 13 30 66
20in 74 35 135 40 20 37 108

Table 7. Ultraviolet Light Pricing (July 2014)

Flow Rate 19 L/min (5gpm) 30 L/min (8gpm) 45 L/min (12gpm) - High flow
Device 600 750 950
Light Lamp 100 130 160

Table 8. Chlorination Dosing System Pricing (July 2014)

Size Source Price $
2-40 m3 / day Spanish 300 US 500

Table 9. Sand / Carbon Filter Pricing (July 2014)

Sizing according to flow rate Sand Filter Carbon Filter

10 gpm / sq ft 1100 1250
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THE CHEMICAL AND BACTERIOLOGICAL CHARACTERISTICS

OF RAINWATER

Rainwater is the product of a distillation
process which is inherent to the natural
cycle of the water. Water evaporates from
the ground, from water bodies, from
plants, etc. and rises in the atmosphere as
water vapor to form clouds which are the
source of precipitations as rainfall and
SNOW.

In theory rain should be pure water
devoid of any chemicals or pollution
before reaching the ground, but in
practice this is not the case because
rainwater collects on its way to the
ground all kinds of chemicals and
particles like dust, pollen, soot etc.
present in the atmosphere.

Two major offending gases present in the
atmosphere as a result of human and
natural activities are the oxides of
Nitrogen and Sulfur (respectively NOx
and SOx). Of course there are many
others but these two gases greatly
influence the acidity of the rainwater, a
major chemical property that det water
quality. Upon their dissolution in
rainwater, nitrogen oxides gases form
nitric acid and sulfur oxides gases form
sulfuric acid. These are the culprits
behind acid rains that wreck-havoc with
forests around the world.

ﬂ Atmosphere

Wind e
.
Sun »
-
Evaporation Precipitation
" [l LI
L
Evaporation
Lover Ocean Abstraction
L]

! Unsaturated
Zone

oot o0
Scream \é‘f‘- \‘({\\"\‘

g
Flow I

Groundwater

Groundwater
Flow

Courtesy Google images

The Water Cycle

In Lebanon Sulfur dioxides result mainly from burning diesel and
heavy fuelin industry, electricity power plants, transportation and
the construction sector. Oxides of Nitrogen result mainly from the
transport sector and to a lesser extent from the electricity
production sector.



National guideline
1 2 2fnr rainwater
harvesting systems

Dust, soot and other particles generated by human activities like
industry, construction, traffic, etc. are also found in relatively
high concentration in the atmosphere above urban and
industrial centers. However a dusty atmosphere can result also
from the easterly winds blowing from the Arabian Peninsula and
across the Syrian inland. Many of us experienced the unpleasant
sight of a recently washed car that was all muddied by first rains
that carried the dust from the atmosphere and deposited it on
our cars. Another major factor is the influence of the maritime
environment; studies have shown that rain fall along coastal
regions of the Mediterranean show a marked increase in
chlorides, potassium, calcium, magnesium and Sodium.

Therefore we can safely say that there is a direct relation
between air quality and rainwater quality. Consequently
rainwater that falls over Beirut or the coastal region where the
bulk of the economic activity is concentrated is surely of lesser
quality than rainwater that falls at 800 meters altitude. This said,
predominant winds could carry pollution far away, thus the low
and mid altitudes of the western side of mount Lebanon range
could suffer from pollutants generated on the coast and
entrained by the dominant winds that blow West-South West.

However itisimportant to put things into perspective, rainwater
that has not touched the ground even in Beirut has still way less
chemicals than the purest spring water in Lebanon. Moreover,
one study carried between October 2005 and April 2006 over
28 sites covering the Lebanese territory showed that the
rainwater acidity varied between 6.6 and 7.7 which is an
indication that acid rain is not an issue for Lebanon at least
during the sampling period.

However once rainwater touches collection surfaces, then it
is entirely a different ball game. Probabilities of
bacteriological contamination are very high due to the
presence of droppings, insects, rodents, etc. moreover
chemical pollution may take a more serious turn if traces of
heavy metals deposits are present on collection surfaces in
industrial or heavily congested urban areas.

Therefore location specific collected rainwater quality is more
related to collection surfaces which are to a far extent directly
dependent on air quality and the exposure of such surfaces to

RAINWATER
QUALITY IS LARGELY
DEPENDENT ON
AMBIENT AIR
QUALITY AND
GEOGRAPHICAL
LOCATION.

biological pollution. Thus to give an
example, areas of Beirut were pigeon
communities are flourishing  will
invariantly have rainwater collection
surfaces  with  high  biological
contamination, indeed probably much
higher than any area in the mountain
were wild life is more flourishing. This will
be also be aggravated by probable
deposits of traces of heavy metals due to
combustion exhaust, aerosols, tires
erosion, etc. The same could be said of all
areas near heavily polluting industries
(cement, carton, chemicals, etc.).

Further contamination and chemical
loading may occur during the storage
phase depending on the type of storage
reservoirs and their cleanliness.



CASE
STUDIES

Though rainwater harvesting existed
historically, it is not a commonly used
system in Lebanon nowadays. Some
individuals and institutions within the
country have adopted rainwater
harvesting practices for a variety of
reasons, mainly due to weather
changes, lack of rain and water scarcity.
The following will cover examples of
actual rainwater harvesting systems
located in Lebanon, including why
rainwater harvesting was chosen, design
challenges and the benefits of utilizing
rainwater harvesting on the site.

These cases do not reflect the best
practices for RWH, treatment and use,
but surely show the possible positive
impact that rainwater collection would
have on water supply & demand, water
quality and the environment.

A PUBLIC SCHOOL

A MULTI-DISCIPLINARY CENTER

A PRIVATE SCHOOL

RESIDENTIAL BUILDING

SOS VILLAGE
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CASE STUDY # 1
A PUBLIC SCHOOL

Sponsor:

HSBC (MENA
competition for 4 public
schools as part of an
awareness campaign.)

Client:
arcenciel

Designer:

Sustainable
Environmental Solutions
- SES

PROJECT: ISKANDAR RIZK PUBLIC SCHOOL

LOCATION: ACHKOUT — KASERWAN (CAZA) — MOUNT LEBANON (MOUHAFAZA)
ALTITUDE: 1000 m

APPLICATION: STUDENTS TOILETS FLUSHING, TEACHERS TOILETS FAUCETS AND

FLUSHING, CLEANING

SYSTEM: 2 ABOVEGROUND PE TANKS 22,000 X 2 = 44,000L TO CONTAIN THE
RAINWATER, TREATMENT PLANT FOR DOMESTIC USE, 1 PE TANK = 22,000L
TO CONTAIN THE TREATED WATER

CATCHMENT AREA:  EXTERNAL PLAYGROUND RARELY USED BY CHILDREN, CONCRETE FLOOR

AREA OF 690 m?

COST: 15,000% (Tanks /Piping/ Pumps/ Treatment, civil work not included)
Note: Cost was affected in a positive way due to the system'’s being part of the
whole project.

DATE: NOV. 2013 — MARCH 2014

The system was part of a complete water conservation and management plan for
the school that serves 410 students with 40 teachers and staff members. The
project includes waste water treatment plant and rainwater harvesting system.
Water saving and rainwater use are the two main goals of the school to cover for
the shortage in municipal water supply. The school, on the average, was always
short of 50% of its need from municipal water. The rainwater harvesting covers the
shortage and replaces the need to buy 3,000-4,000 liters / Week. 2 polyethylene
tanks 22,000 liter each, were placed to store 44,000 liters of collected rainwater
(22,000 x 2) that will be treated after collection to become good for domestic use
and will be stored in a 22,000 liter PE tank. The collected water is used for toilet
flushing, teachers’ toilet wash basins and for cleaning the school.

On site, there was no problem in placing the RWH tanks. It had the perfect location
area as to the whole project, for the waste treatment plant and for the rainwater
harvesting system that was a dead unused space. This made the cost related to
placement and connection as minimal. A reinforced concrete platform was
constructed to insure well placement of tanks after excavations and leveling.
Overflows of rainwater tanks were directed towards the forest nearby.

The system showed its success due to the amount of rainwater that was collected
and used. The tanks are still full in the summer season, so the school will have no
water shortage when school year starts in September especially that municipal
water supply was cut in mid-summer season.



12518

CASE STUDY # 2
A MULTI-DISCIPLINARY CENTER

PROJECT: ARCENCIEL TAANAYEL CENTER - Nursery / Workshop / Restaurant
LOCATION: TAANAYEL — ZAHLE (CAZA) — BEKAA (MOUHAFAZA)

ALTITUDE: 830m

APPLICATION: TOILETS FLUSHING, FAUCETS AND CLEANING

SYSTEM: 2 ABOVEGROUND PE TANKS 22,000 X 2 = 44,000 L TO CONTAIN THE

RAINWATER, TREATMENT PLANT FOR DOMESTIC USE, PUSH BUTTON
FAUCETS IN TOILETS

CATCHMENT AREA: CONCRETE ROOF, AREA OF 300 m?
COST: 25,000 $ (Tanks/Piping/Pumps/Treatment/included civil work of roof)

Note: Cost was affected negatively due to being one of the first projects
implemented by the company, thus it was time consuming and had higher
engineering cost.

DATE: 2013

In response to the drought and as part of an ongoing effort towards a more
sustainable location, the center built a rainwater collection system for domestic
use and toilet flushing. With the growing shortage in municipal water supply
and the continuous need to pump from the center’s water well, the rainwater
system was a need to the center that serves 300 persons. 2 polyethylene tanks
22,000 liter each, were placed to store 44,000 liters of collected rainwater
(22,000 x 2), that would be treated after collection to become good for
domestic use, after which water will be mixed with municipal water in the
center’s already existing tanks.

In winter, the rainy season, water well pumps and treatment plant would be
turned off so to retain water volume in the well and help replenishing the water
table to its normal natural levels. In summer season, when no more municipal
water supply and water well level is low or no good (smelly), then, water
treatment plant would be turned on. Nevertheless, the RWH system will be fully
operational in the winter season to cover the shortage from the municipal
water. This will result in lengthening the lifespan of the underground water,
instead of using the underwater during the whole year they will use it only

Sponsor:

Coca Cola Fund / UNDP during summer season, thus resulting in better water quality with lower
Client: pollution concentration.

arcenciel

Designer: g .

Sustainable The system showed its success due to the amount of rainwater that was collected

Environmental Solutions 314 ysed., The tanks are still half full in the summer season, end August.
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CASE STUDY # 3
A PRIVATE SCHOOL

Sponsor:
Coca Cola Fund / UNDP

Client:
arcenciel

Designer:

Sustainable
Environmental Solutions
—SES

PROJECT:

LOCATION:

ALTITUDE:

APPLICATION:

SYSTEM:

CATCHMENT AREA:

COST:

DATE:

AVE MARIA SCHOOL

ASIA —BATROUN (CAZA) - NORTH LEBANON (MOUHAFAZA)
800 m

TOILETS FLUSHING AND CLEANING

3 ABOVEGROUND PE TANKS 10,000 X 3 = 30,000 L TO CONTAIN
THE RAINWATER

TILED ROOF, AREA OF 400 m?
10,000 $ (Tanks/Piping/Pumps)

Note: Cost was affected negatively due to being the first project to be
Implemented.

NOV 2013 — MARCH 2014

Encouraged to take some action as a response to draught, the school wanted
supplemental water to use for toilet flushing and cleaning. The school that serves
200 students with 30 teachers and staff members, already had an underground
existing concrete tank of 70,000 liter supplied with municipal water. The
30,000 liters of harvested rainwater will only be screened from debris and leaves
before being collected and mixed with municipal water. At the end of the project
implementation, the school had a total volume of water storage equal to

100,000 liters.

Water is currently flowing over, so no water problem.
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CASE STUDY #4
RESIDENTIAL BUILDING

PROJECT: SARKIS BUILDING

LOCATION: KENNABET BROUMANA —METN (CAZA) — MOUNT LEBANON (MUHAFAZA)
ALTITUDE: 450 m

APPLICATION: ALL DOMESTIC USE AND [RRIGATION

SYSTEM: REINFORCED CONCRETE TANK 40 m?

CATCHMENT AREA:  BRICK TILED SLOPED ROOF, 2 SURFACES 100 m? x 2 =200 m?
COST: MINIMAL - None

DATE: 1994

The building’s design was a reflection of the owners' belief and awareness of
environmental issues, water in particular. The rainwater harvesting system was
part of the design of the building from its early stages. The building was not linked
to municipal water due to multiple reasons one of which was the condition of
municipal conveyance system. A 40 m? concrete tank was built on the basement
level to store rainwater collected from 2 brick tiled sloped roofs as catchment
surfaces of 200 m?area. This collected water is used by 4 families of around
20 people for all their domestic daily use and irrigation. No extra charge was
needed due to the fact that it was the same charge accounted for the water
conveyance system to be used. No special water treatment was implemented;
only the addition of chlorine on regular basis is done, as disinfection.

Up until this year, water crisis year, the collected rainwater was being used from
September till June of every year without any problem; about 9 to 10 months.
Owners have future vision of exploiting an unused area of 140 m? flat roof with
water treatment to be accounted for as well. They also have a belief in the
importance of legislation and incentives in relation to the system’s public
spreading.

Sponsor:
Private

Client:
Sarkis Family

Designer:
R.Sarkis Consultant
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CASE STUDY #5

SOS VILLAGE

Sponsor:
HSBC

Client:
SOS Villages

Designer:

Sustainable
Environmental Solutions
- SES

PROJECT: KFARHAY SOS VILLAGE

LOCATION: KFARHAY — BATROUN (CAZA) - NORTH LEBANON (MOUHAFAZA)
ALTITUDE: 400 m

APPLICATION: IRRIGATION, TOILETS FLUSHING AND CLEANING

SYSTEM: REHABILITATION (PIPING, PUMPS, SHOWER HEADS AND FAUCETS)
CATCHMENT AREA:  -----

COST: 3,500 $ (Piping/Pumps)

DATE: 2014

The village design that was done by a German architect in mid-90's, which already
incorporates rainwater harvesting tanks under all 10 houses from their roofs as
catchment areas. Pumps pull water from house tanks to the main concrete tower
which in itself is divided into 4 compartments for different water usage.

To keep the system working efficiently, rehabilitation was done to conveyance
system and all leaking pipes and pumps were changed. This was part of a bigger
projectincluding a waste treatment plant and drop irrigation system. The collected
rainwater will be added to the treated waste water and used for irrigation, toilet
flushing and cleaning.

All shower heads, toilet faucets and kitchen faucets were changed as part of a
complete water conservation and management plan.






74

@

=

D] P

Empowered lives.
Resilient nations.
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UNDP is the UN's global development network, advocating for change and connecting countries
to knowledge, experience and resources to help people build a better life. We are on the
ground in nearly 170 countries, working with them on their own solutions to global and
national development challenges. As they develop local capacity, they draw on the people
of UNDP and our wide range of partners.

For More Information:

United Nations Development Programme
Arab African International Bank Bldg

Banks Street

Nejmeh, Beirut 2011 5211

Lebanon

E-mail: registry@undp.org.lb

Website: Ib.undp.org

Facebook: www.facebook.com/UNDPLebanon
Twitter: twitter.com/undp_lebanon
Instagram: instagram.com/undp_lebanon
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LEBANESE REPUBLIC

MINISTRY OF ENERGY
AND WATER

Ministry of Energy and Water
Ground Floor, Corniche du Fleuve
Beirut, Lebanon.

Website: www.energyandwater.gov.lb
Telephone: 01-565100



