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(2e) 100 150 200 250 300 350 400
100 3.5 52 7 8.7 10.7 12.5 14
125 4.3 6.5 8.7 11 13.3 15.6 17.5
150 52 7.8 10 13 16 18.7 21
175 6.1 9.1 12 15 18.7 21.8 24.5
200 7 10 14 17 21.4 24.9 28
225 7.8 12 16 20 24 28 31.5
250 8.7 13 17 22 26.7 31.1 35
275 9.6 14 19 24 29.3 34.3 38.5
300 10 16 21 26 32 37.4 42
325 11 17 23 28 34.7 40.5 455
350 12 18 24 30 37.4 43.6 49
375 13 20 26 33 40 46.7 52.5
400 14 21 28 35 42.7 49.8 56
425 15 22 30 37 45.4 52.9 59.5
450 16 24 32 39 48 56.1 63
475 17 25 33 41 50.7 59.2 66.5
500 17 26 35 44 53.4 62.3 70
550 19 29 38 48 58.7 68.5 77.1
600 21 31 42 52 64.1 74.7 84.1
650 23 34 45 57 69.4 81 91.1
700 24 37 49 61 74.7 87.2 98.1
750 26 39 52 65 80.1 93.4 105
800 28 42 56 70 85.4 100 112
850 30 44 59 74 90.8 106 119
900 31 a7 63 78 96.1 112 126
950 33 50 66 83 101 118 133
1000 35 52 70 87 107 125 140
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(22) 450 500 550 600 650 700 750 800 850
100 15.8 18.4 203 221 24 258 27.7 295 29.3
125 19.7 23 253 277 30 323 346 369 367
150 236 277 30.4 332 356 387 419 442 44.1
175 27.6 323 355 387 419 452 484 516 514
200 315 369 40.6 442 479 516 553 59 587

225 355 415 456 498 539 581 622 66.4 66.1
250 394 46.1 50.7 553 599 645 69.1 73.7 734

275 43.3 50.7 558 60.8 659 71 76.1 81.1 80.8

300 473 553 608 664 719 77.4 83 88.5 88.1

325 51.2 599 66 719 779 839 899 956 954

350 552 645 71 77.4 839 903 96.8 103.2 102.8
375 59.1 69.1 76 83 89.9 96.8 103.7 110.6 110.1
400 63 73.7 81.2 885 959 103.2 110.6 118 117.5
425 67 783 86.2 94 101.9 109.7 117.5 125.4 124.8
450 709 83 91.3 100 107.9 116.2 124.4 132.7 132.2
475 75 87.6 96.3 105 113.8 122.6 131.4 140.1 139.5
500 788 92.2 101 110.6 119.8 129.1 138.3 147.5 146.9
550 86.7 101.4 111.5 122 131.8 142 152.1 162.2 161.6
600 946 111 122 133 143.8 154.9 1659 177 1763
650 102.4 120 132 144 155.8 167.8 179.8 191.7 190.9
700 110.3 129.1 142 155 167.8 180.7 193.6 206.5 205.6
750 118.2 138 152.1 166 179.8 193.6 207.4 221.2 220.3
800 126 147.5 162.2 177 191.7 206.5 221.5 236 235

850 134 156.7 172.3 188 203.7 219.4 235.1 250.7 249.7
900 141.8 166 182.5 199 215.7 232.9 248.9 265.5 264.4
950 149.7 175 193 209 227.7 245.2 262.7 280.2 279

1000 157.6 185 203 219 239.7 258.1 276.5 295 293.8
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Average Annual Rainfall in Greater Amman
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Average annual rainfall for Greater Amman Municipality districts in mm?®

No Location Average Rainfall
I Ohod 170
2 Marka 168
3 Al Naser 238
4 Quwaismeh and Abu Alanda 283
5 Khreibet Al Xal:rcl]ajaawa and Abu 277
6 Marj Al Hamam 336
7 Um qusair, Mgabalain and Baniat 330
8 Ras Ein 312
9 Yarmouk 312
10 Basman 256
I Tareq 226
12 Shafa Badran 332
13 Abu Nusair 393
14 Al Jubeiha 332
I5 Al Abdalli 297
16 Al Madineh 341
17 Bader 404
18 Zaharan 437
19 Wadi Al Sair 391
20 Bader Al Jadedah 369
21 Tla’a Al Ali, Um Al Sumagq and 368

Khalda
22 Sweileh 400

3 Source : Ministry of Water and Irrigation / Water Demand
Management Directorate
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Optimum rainwater harvesting tank size in cubic meters for
different rooftop areas in locations with rainfall more than 400 mm?

Annual Rainfall (mm)

Rooftop 450 500 550 600 650 700 750 800 850
100 15.8 184 203 221 24 25.8 27.7 29.5 293
125 19.7 23 253 27.7 30 323 346 369 36.7
150 23.6 27.7 304 33.2 356 38.7 419 442 441
175 276 323 355 387 419 452 484 516 514
200 315 369 406 442 479 516 553 59 58.7
225 355 415 456 498 539 581 622 664 66.1
250 39.4 46.1 50.7 553 599 645 69.1 73.7 734
275 433 50.7 558 60.8 659 71 76.1 81.1 80.8
300 473 553 60.8 66.4 719 774 83 88.5 88.1
325 51.2 59.9 66 719 779 839 899 956 954
350 55.2 645 71 77.4 839 903 096.8 103.2 102.8
375 59.1 69.1 76 83 89.9 96.8 103.7 110.6 110.1
400 63 73.7 81.2 885 959 103.2 110.6 118 117.5
425 67 78.3 86.2 94 101.9 109.7 117.5 125.4 124.8
450 70.9 83 91.3 100 107.9 116.2 124.4 132.7 132.2
475 75 87.6 96.3 105 113.8 122.6 131.4 140.1 139.5
500 78.8 92.2 101 110.6 119.8 129.1 138.3 147.5 146.9
550 86.7 101.4 111.5 122 131.8 142 152.1 162.2 161.6
600 946 111 122 133 143.8 154.9 165.9 177 176.3
650 102.4 120 132 144 155.8 167.8 179.8 191.7 190.9
700 110.3 129.1 142 155 167.8 180.7 193.6 206.5 205.6
750 118.2 138 152.1 166 179.8 193.6 207.4 221.2 220.3
800 126 147.5 162.2 177 191.7 206.5 221.5 236 235
850 134 156.7 172.3 188 203.7 219.4 235.1 250.7 249.7
900 141.8 166 182.5 199 215.7 232.9 248.9 265.5 264.4
950 149.7 175 193 209 227.7 245.2 262.7 280.2 279
1000 157.6 185 203 219 239.7 258.1 276.5 295 293.8

2 Source: jordan Uniform plumbing code
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Optimum rainwater harvesting tank size in cubic meters for
different rooftop areas in locations with rainfall less than 400 mm'

Annual Rainfall (mm)

Rooftop 100 150 200 250 300 350 400
100 35 52 7 8.7 10.7 125 14
125 43 6.5 8.7 11 13.3 156 175
150 52 7.8 10 13 16 18.7 21
175 6.1 9.1 12 15 18.7 21.8 245
200 7 10 14 17 214 249 28
225 7.8 12 16 20 24 28 31.5
250 8.7 13 17 22 26.7 31.1 35
275 9.6 14 19 24 293 343 385
300 10 16 21 26 32 37.4 42
325 11 17 23 28 34.7 40.5 455
350 12 18 24 30 374 43.6 49
375 13 20 26 33 40 46.7 525
400 14 21 28 35 427 49.8 56
425 15 22 30 37 454 529 595
450 16 24 32 39 48 56.1 63
475 17 25 33 41 50.7 59.2 66.5
500 17 26 35 44 534 623 70
550 19 29 38 48 58.7 685 77.1
600 21 31 42 52 64.1 74.7 84.1
650 23 34 45 57 694 81 91.1
700 24 37 49 61 74.7 87.2 98.1
750 26 39 52 65 80.1 93.4 105
800 28 42 56 70 854 100 112
850 30 44 59 74 90.8 106 119
900 31 47 63 78 96.1 112 126
950 33 50 66 83 101 118 133
1000 35 52 70 87 107 125 140

I Source: jordan Uniform plumbing code
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Rainwater Harvesting System Maintenance

The rainwater harvesting system must undergo regular maintenance
and cleaning and it is recommended that the tank/ cistern is emptied
at least once a year prior to the rainy season to dispose of sediments
and coarse material that are normally present in such a system.
Moreover, the system must be regularly checked for cracks or leaks
and the pipes must be cleaned regularly.

Potential Uses for Rain Water Harvesting

According to the Uniform Plumbing Code, harvested rainwater should
be used, but not limited to, for the following purposes:

e Irrigation

e Cooling towers

o Fire fighting systems

e Household cleaning

e Cleaning of sanitary fixtures (toilets, urinals, etc.)

e Car washing

The optimum size of the rainwater harvesting tank is calculated based
on the following factors:

|.Average annual rainfall and its distribution

2. Rooftop area

3.Runoff coefficient (Value= 0.8 according to Jordan Uniform Plumbing
Code)

The following tables provide the minimum rainwater harvesting tanks
for rooftop of areas from 100 to 1000 m2 and for rainfall averages
ranging between 100 and 850 mm.
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4. Cisterns/Tanks

Rainwater harvesting storage are two types :

Above Ground (Tanks)

Below Ground (Cisterns)

The below table illustrates the main pros and cons of installing each
type of storage:

Tank (Above Ground) Cistern (Under Ground)

Pros: e Pros Easy inspection for | eRequires little or no space

leakage above ground
e Easy to purchase e Not exposed to direct
e Can be located near to sunllght which usually'
L contributes to the build up
end use which increases
) of algae
efficiency e Stable Water temperature in
general
Cons: eRequire space eUsually will require a pump
eEasily damaged to extract water
*Prone to weather e| eaks are more difficult to
conditions detect

e Contamination from near by
sources is possible

5.Filter System:This may simply consist of a filter at the bottom of the

vertical spout to trap sediments and coarse material from entering
the rainwater harvesting tank.
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Components of a Rainwater Harvesting from Rooftops

In general, a rainwater harvesting system consists of the following
basic components:

e Rooftop / catchment area
o Gutters and downspouts
e Gutter outlet

o First flush valve

e Downspout filters

e Cisterns storage tank

e Other systems may

e contain additional

e components such as

e pumps filters.

|. Rooftop/ catchment area: The surface which collects the rainfall
should be correctly sloped to direct rainwater towards the storage
tank.

2. Gutters and downspouts: The diameter of the pipes used to
transport rainwater from the catchment surface to storage tanks
should be carefully designed to discharge rainwater.
3. First flush valve: The rainwater collected from

the first rainfall event in the winter season is not
suitable for direct use since it is usually rich in
rooftop sediments and debris and organic waste
residuals. First flush water is usually diverted

to a secondary pipe via the first flush valve. The
below figure shows an illustration of the rainwater ﬂpfflac"fﬁ”
harvesting system including the first flush valve.

The most simple form of a first flush valve is a manual
valve usually installed on top of the rainwater tank
and is operated manually.

First Flush Val
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Factors Controlling the Construction of a Rainwater
Harvesting System

The following are the variables taken into consideration when
designing a rainwater harvesting tank:

e Average rainfall precipitation

e Availability of impermeable surfaces (concrete and tiled surfaces)
o Sufficiency of rooftop area and space availability

e Water consumption amounts and patterns

e Availability of additional water resources

o Availability of the required skills locally

e Availability of construction material

Whether the rooftop type is flat or pitched, the area to be considered
in the sizing of the rainwater harvesting tank will remain the same.

Flat Roof Catchment Area Pitched Roof Catchment Area
=LxW =LxW
—_—) —_—

//‘

Single Outlet Multiple Outlets
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General Requirements for the design and installation of
rainwater harvesting tanks

Below are some of the general requirements for the design and
installation of rainwater harvesting tanks:

I. All catchment areas, vertical spouts, gutters, fittings, valves, screens
and tanks must be installed to be in compliance with the Jordan
Uniform Plumbing Code.

2. In cases where a cistern is used, a maintenance vent should be
provided with a minimum clearance of 100 mm above ground, or to
be constructed in a manner that prevents flow of rainwater from the
surrounding into the water tank.

3. The rainwater tank must be constructed in a way that enables
emptying the tank for cleaning purposes.

4. An over flow pipe must be provided and must be designed to
be consistent with the size of the vertical spout (inlet pipe). The
overflow water must be discharged properly to be in compliance
with local regulations.

5. Catchment surface or the rooftop should be an impervious roof
made from smooth, clean non-toxic material.

6. Roof surface should always be kept clean and free from debris.
7. Rainwater collection tanks should be designed to protect the
harvested water from any potential pollutants such as leaves, dust,
insects and other pollutants.

8. Incoming water to the storage tank /cistern should be filtered or
screened and allowed to settle prior to its use.

9. Taps or draw-off pipes shall be elevated above the tank /floor
according to Jordan uniform plumbing code.

10. Collected rainwater inside tanks should not be exposed to
direct sunlight to prevent algae growth.
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The Jordan uniform pluming code clearly defines the concept of
rainwater harvesting and its components, the limitations on the use
of the harvested rainwater and the requirements for the construction
of the rainwater harvesting systems. Moreover, the Jordan Uniform
Pluming Code clearly determines the optimum sizes of rainwater
harvesting tanks based one the location and the rooftop area of the
building .

GAM Building Permits

A building permit is required for any new = =
construction within the GAM. These permits d-‘l;-Ol
require the new buildings to have an installed CJ‘-O-C

rainwater harvesting system. LS}IS"

Required Documents

To submit for a building permit the following documents will have to
be provided:

o Five engineering drawings , three out of which should be stamped
by the Jordan Engineers Association, Civil Defense and the Jordan
Building Council. Two copies to be stamped on the cover by the Jordan
Engineers Association (Designed in accordance with the Jordanian
Code)

o File

o Site drawings/ plans effective for one year (original copy)

e Original and recent Registration document

e A document containing the following stamps (VWater Authority of
Jordan, General Antiquities Department, Public Transport Cooperation
and Civil Defense)
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Purpose

This booklet provides the general requirements for the design and
construction of rainwater harvesting systems as per the Jordan
uniform plumbing code. This document can be utilized by Greater
Amman Municipality (GAM) employees to inform the persons
requesting building permits about rainwater harvesting and its
requirements.

Regulatory Framework
Jordan Plumbing Code

In 2008 the Ministry of Public Works and
Housing via the Jordan Building Council in
collaboration with the Royal Scientific Society
signed an agreement to develop and update the
existing water and sanitation code. It was later
recommended to adopt the uniform plumbing

code which is an international code that is being
updated regularly every 3 years.

As a result, the new draft of the pluming code was completed in
March 2010 and in May 2010 the modified water and sanitation
pluming code was approved by the Jordan National Building Council’s
(JNBC) technical committee and was released for public review and
comments.

The new code incorporated the concept of water use efficiency and
the corresponding standards and technical regulations were modified
to meet international water efficiency benchmarks. Moreover, the
upgrade of the code involved the inclusion of rainwater harvesting
for the first time.
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Background
Current Water Situation

Jordan has one of the lowest levels of per capita
water resources availability in the world. In
addition to water scarcity and over-extraction,
non-revenue water (NRW) in Jordan’s water
utilities is estimated to exceed %50. The influx
of refugees from regional conflicts and increasing /
energy prices have complicated sector challenges

and placed additional burden on the currently
stressed water and wastewater

infrastructure. The World Health Organization projects Jordan
will enter a state of “extreme water poverty” by 2025 if no major
advancements are made. Extreme water poverty will affect living
conditions, increase resource management challenges and can lead
to social unrest.The Government of Jordan is committed to improve
efficiency of water use which was recently established through the
official request sent from the Ministry of Water and Irrigation to
the Prime Ministry to address all Government institutions to adopt
water efficiency measures by installing water saving technologies
and adopting rainwater harvesting practices. Due to the scarcity of
available groundwater and surface water, rainwater is a promising
available option for Jordan as it is technically feasible, easy to operate
and affordable even among poor communities.

About Rainwater Harvesting

Rain water harvesting is the onsite collection and storage of rainwater
to be used for specific purposes. It is considered to be one of the
simplest and oldest methods of self-supply. Rainwater harvesting can
be practiced on small scale such as household rooftop collection or
larger scale such as the collection of rainwater in the desert in the
form of small water dams.
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Definitions

Is the technique through which water captured
Rainwater Harvesting: | from the impermeable catchments and stored
in tanks.

Is the set of required equipment used for
the collection of harvested rainwater which
constitute collection reservoir, pipes, fittings
and may also include other equipment such
as pumps and sprinklers .

Rainwater harvesting
system:

Is the untreated water being collected
Harvested rainwater: | from the rainwater harvesting system to be
used for specific purposes.

The tank (under or above ground) being

Collection tank: . .
utilized to collect the harvested rainfall.

The rainwater collected from the first

First Flush: .
rainfall event of the season.

A filter used to divert the first flush water

First Flush Valve: .
from the collection tank.
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Forward

Water scarcity in Jordan is a main constraint to economic development.
The water insufficient situation was amplified by the population
increase, which doubled during the past two decades due to the
natural population growth, and forced migrations from neighboring
countries. Furthermore, climate change adversely affected the water
supply in the Kingdom.

Utilizing rainwater in arid to semi-arid regions such as Jordan is of
high significance compared to regions of higher rainfall. This benefits
Jordan as its rainfall occurs during a few months in the year.

The use of rainwater harvesting is not new to Jordan as it has been
practiced and was used for different purposes including drinking
water. Rainwater harvesting is the key to better utilize rainfall due
being a feasible option to improve living conditions with low-cost.

With Jordan’s recent urbanization and improvements in the different
services, the number of households that utilize rainwater harvesting
as a water source has decreased over the past few years. However, the
existing water supply challenges require the provision of additional
water sources to support the existing supply system, part of which is
the responsibility of the citizens.

| would like to thank those who participated in the preparation of
this booklet, which will contribute to better management of water
demand by emphasizing the role of the public as main participants in
the integrated water resource management. | am confident that this
effort will result in achieving the anticipated benefits.






His Majesty the Hashemite
King Abdullah Il Bin Al Hussein
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