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What is the story of this place?

What Is the story of its water?



Tucson, Arizona, USA
304 mm average annual rainfall

1904 2007
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Watershed acting as a sponge Watershed acting as a drain




Evidence of a hydrophobic society

- dehydration infrastructure

- dysentery Infrastructure



Floods that occurred every 100 years
begin to occur every 10 years -

after development paves the watershed and increases the rate

and volume of stormwater runninﬁ off site
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pollute our local waters
then import ever more
distant water

Distance is energy

The largest consumer of
electricity (and single
source producer of carbon)
In Arizona Is the pumping
of water




This landscape is irrigated
with imported water high
In salt.

This increases salt levels
In the soll and
decreases soil fertility.

Irrigating with on-site

R rainwater, which has

almost no salt reduces salt
levels In the soil and
increases soil fertility.




A degenerative ruin.
Is that the story of this place?
Is that Its purpose?
Its calling?



Water consumption in Amman
The average water consumption per person in Amman, Jordan is
130 liters per person per day

Free rain falling on Amman
Average annual rainfall (272 mm or 272,900,000 liters/ square
km) multiplied by surface area of Amman (1680 sq km)
divided by 365 (days of the year)
divided by population of Amman (2,919,000 people) equals
441 liters per person per day

A different story



Path to Scarcity

Drains local resources

30 to 70% of the potable drinking
water consumed by the average
single family household in the
western U.S. and Australia is used
for landscape irrigation

Path to Abundance

Harvests local resources

* Rainwater is primary water source
» Greywater is secondary water source

* Municipal/well water only a
supplementary source
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Rain garden - a living sponge
Here it is a level-bottomed,
mulched and vegetated
Infiltration basin
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2/19/00 21:12

Before sponge

of mulch and vegetation
placed within water-
harvesting earthworks
60 cm deep

After sponge

Is planted. It is irrigated
only with harvested
rainwater and household
wastewater - no drinking
water




Integrated water harvesting has 10
times the flood control capacity of a

[KEY

Permeable parking area

Water harvesting basins
within common landscape

s Raised sidewalk
'J_’ Direction of slope

O Trees

&5, Check dams




Harvest and utilize water [t _— R ———
as close as possible to . R P < -
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within the oasis zone -
within 10 m (30 ft) of
catchment surface




condensate harvest to courtyard Jeddah, Saudi Arabia

Air conditioning
condensate harvesting

DRY CLIMATE/SEASON:
a home air conditioner can generate
1 liter (0.25 gallons) of condensate per
day

a large commercial air conditioner can
generate 1,900 liters (500 gallons)
per day

HUMID CLIMATE/SEASON:

a home air conditioner can generate
68 liters (18 gallons) of condensate
per day

a large commercial air conditioner can
generate over

7,500 liters (2,000 gallons) per day



Air conditioning condensate waterfall, City Hall, Austin, Texas



Gravity-fed greywater harvesting into rain garden doubling as a
greywater garden

| Roof Runoff

:’V} Salt-free rainwater
stack '\

\ Y
/Clean out

Il Greywater
drain to

Fruit tree

Artichoke
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Pipe slope 1/4 inch/ 1 foot t
(2 cm/ 1 meter) minimum

- 10 foot (3 m) min.




Split or
distribute
the flow

From washer
'/ of flow

to little A Slope
tree \

Gravity-fed,
branched drain
greywater

-
Syste m of flow to
big tree

Be
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Multi-pipe laundry
greywater system

see Greywater chapter of
Rainwater Harvesting for Drylands
and Beyond, Volume 2

for more
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Landscape In Tucson Arlzona (304 mm anrﬂluéIL fa'lnfall)
irrigated only with passively harvested rainwater and greywater

- no drinking water used In landscape
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34,100 liters of water from (330 m? roof) equals:
- 5,625 toilet flushes (6 liters per flush)

- 750 loads of clothes washing (45 liters per load)
- 900 five-minute showers (37.9 liters per shower)



Australian
rainwater

= harvesting

tank (4,500

" Dconnected

to outdoor

| faucets,
washing
machine, and
toilet



Water truck pumping water up to
rooftop tanks
downtown Amman, Jordan

o 17% of the national energy
L :&ﬁ production in Jordan used for
. pumping water.
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Water is pumped 330 km
from Disi to Amman and an
elevation rise of 1,300 m
from Jordan Valley to Amman



Sameeh Al-Nuimat of Care International
Village of Bayudah Al Shrquia, Jordan
Rainwater tea




Mercy Corps - funded
Roman era cistern
rehabilitation
northern Jordan




B efore - the planting of rainwater, stormwater, and trees - 1996
Lancaster household, Tucson, AZ, USA (304 mm annual rainfall)
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After - the planting of rainwater, stormwater, and trees - 2006
Lancaster household, Tucson AZ, USA (304 mm annual ralnfall)
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street receives
over 3 million
liters of
rainwater per
kilometer

That is enough rain
to passively
irrigate trees
spaced every 8
meters on both
sides of the

Pedestrian Street
platform

A 3-m wide paved street will drain 300,000 liters of rainfall per 1 km
« A 6-m wide paved street will drain 600,000 liters of rainfall per 1 km
A 9-m wide paved street will drain 900,000 liters of rainfall per 1 km
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- Growing
_ local food
- with local
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Spring created by a loose rock check dam
slowmg spreadlng and sinking flow of water
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What Is the story of this place?

What Is the story of its water?

What Is your role in this story?



Ramwater

www.HarvestingRainwater.com

Arabic Edition: Al Ahlia Publishing & Distribution
King Hussein Street, Amman, Jordan
Email: alahlia@nets.|o
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Tucson, Arizona USA in 1904
304 mm annual rainfall. Watershed working as a sponge



‘Tucsori,' Ariibha USA In 2007
304 mm annual rainfall.
Watershed working as a drain



Crew of
four builds
35/year.

In clay soll
excavation
takes 8
days,

In rock it
takes longer




rﬂ' - TamE  Ralinwalter 1s he DES, 1T asles
byt 1] ~ Dbetter, and it is the water that
comes from Allah.”

- Ali Flahmohammad Khtatabh,
Whadneh village Imam, Jordan

JOHUD funded revolving
community loans funded
cisterns, greywater, composting,
gardening, and small livestock.



Utilizing local waters,
Ten millimeters of rain...

o falling on a 100 m? catchment surface = 1,000 liters of water
o falling on a 1 hectare catchment surface = 100,000 liters of water

o falling on a 1 square kilometer surface = 100,000,000 liters of water

304 mm/year of rainfall on Tucson =228,934,000,000 liters
Water consumed annually by residents of Tucson = 181,321,000,000 liters
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PUb|IC urban water harvestmg, Vine Street, Seatt e WA
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Vent stack
mdc interior wall)

le— Exterior wall <«—— Vent stack

(inside interior wall)

le— Exterior wall

| Greywater stub-out
' connected to sink drain
/

Greywater stub- )
/ out plumbing Greywater pipe is

Stub-out — capped off until it is Three-way valve \ ,
access hatch \ extended to mulch basins Stub-out/ Qb Greywater plurrllbmg
in the landscape and tub-out/ extended to mulched

Clean out in the Iz pe ¢ three-way - Clean out basins in the landscs

stub out is connected to asins n the landscape
. ; valve access hatch
sink drain

=] “IL ToTandscape” ~ | E=1=)

Greywater

stub out
and 3-way
valve



Tucson, Arizona, USA

1904 2007
Watershed as a sponge Watershed as a drain




One-rock check dams
- more appropriate where
there Is no bedrock

free publication on Education and
Outreach/ publications page at:

www.QuiviraCoalition.org

MNew one-rock dam

New bed elevation
Water flow

%

Old bed elevat; Spread native grass and ‘E_-Ki, e
bed elevatio : e . . E .~
d bed elevation wildflower seeds Original one-rock check dam & Y . »
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Greywater compatible soaps
- no salt/sodium, no boron, no chlorine

Dr Murad Bino, Executive Director for
the Islamic Network on Water
Resources Development &
Management developed a sodium-free
soap in Jordan




Eight Principles of Successful Water Harvesting

1. Long and thoughtful observation




2.Start at the top of the watershed
and work your way down
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3. Start small and simple
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4. Slow spread and infiltrate

Source Source

Sink Sink




5. Always have an overflow
and use It as a resource




6. Maximize living and organic
groundcover - the sponge




/. Maximize beneficial relationships
and efficiency by “stacking
functions”
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8. The feedback loop: long
and thoughtful observation







Summer Solstice
32° N Latitude

Late Afternoon

Early Morning

Winter Solstice

32° N Latitude Early Morning



Rainhead screen to screen

N //
out leaves, critters, and insects ™~ ~\ é‘\ ,/
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45° bend prevents direct

light entry into tank via -
downspout /

Light, critter and insect
proof vent

-
fSlN A\/]

Cistern cover or access hatch
is lockable or screwed shut

- to prevent accidental entry

Tank inlet is on opposite side
of tank from distribution
pipe/faucet so more of the
micro debris can settle into
sludge layer rather than exit
via the faucet

—— o e,

— Light proof tank Leaf Eater Advanced

rain head from
Distribution pipe/faucet . .
inlet above sludge layer Ra| N H arvesti ng com

Critter, insect, and light proof
backwater valve on overflow pipe
-outletting above mulch

—_——
——

Rock stabilizing
sides of basin
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Fig. 130. Plan of 1
microcatchment plots; t
largest are 1000 m?

smallest 15.6 m? in area.




Urban drool harvesting, Los Angeles

Tujunga Wash Flood Control Channel between Vanowen Street and Oxnard
Avenue, Los Angeles, CA
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Rainwater irrigated greenhouse
Paul Cross, Charybda Farms,







Watergy - The Water / Energy
Connection

42% of the energy consumed by the
City of Tucson Is used to pump and
distribute water

(does not include additional energy consumed to get water from

Colorado River to Tucson through CAP canal)
- Tucson City Energy Office 8-21-2009.

How to Estimate the Energy Embedded in Your Water Supp
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Roman era cisterns of
10,500-gallon (40-m?3)
capacity
northern Jordan




AVERAGE HIGH & LOW TEMPERATUURES: | 1976 - 2005 | Source:

JAN FEB MAR  APR  MAY  JUN JUL AUG SEP ocT NOV DEC  ANNUAL
12.2 11.5 170 227 276 305 321 121 30.5 26.5 19.7 142 232 lcHcH
= 3.9 4.5 b.h 10.2 14.2 17.5 19.7 19.4 1746 14.5 9.3 55 119 | Low
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0.14 . . . . 1.89 INCHES
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mm INCHES Source: meljometeo.govfo (note £2) mm INCHES

LONGEST PERIOD W/ NO MEASURABLE PRECIPITATION:[L ] surce:

AREA:F}CW,? popuLaTiON:[_ 2,818,000 | RAINFALL INCOME: fncd
Wikipedia 549 S0 MILES Source/Year:  Wikipedia 7 2070 114 ChCD
Percentage of Jordan's total electricity consumption used to pump water in 2001 A, MLNICIPAL LSE: fncd
Daily shortage in liters of city of Amman's water supply - GRCD
of avg Jordanian citizens whose kWh usage would be needed to desalinate that water SowurceSYear: see nole #3
LaTITUDE: [[BBNN| WINTER-SOLSTICE SHADOW RATIO: ONMARZE ONJUNZI ONSEP21  ON DEC 21

Source: Coogle Earth _ * DEGREES M or 5 of DUE E THE SUN RISES:

ELEVATICIN: m "DEGREES N oor % of DUE W THE SLN SETS:
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Moles: 1. Site accessed 27 fab 2008 per Wikipedia & 2. Sibe accessed 2 Aprll 2009 4 3. Indbvidual share of water supply in Amman Govermorate, per dos.gov o, Date not
aiven, Sie accessed 2 May 20010 4. Electne Energy Access i fovdan, Lebanon and Syria, Sami Karaki (American Univ of Belrut) et ali & 5. www jordanembassyus. ongnesw-
fibfactshests/environmentshimiSwater & 6. Per Energy Recovery Inc (wwwoenerpyrecoveny comitools/power_model phed) reverse osmosis desalination consurmes 2_33 KwWh

per cuble metar of water treated); per Karakl et all, annwal per capita kWh usage in jordan in 2002 was 1585 KWh: 90,000x2 335365=76,540,4949, divided by 1383=48,241
A, Rairwater Harvestang for Dinclands & Beyond, Vil 1, of wwawesrl noas govipmdigradisolcale & B, BWHDE Vol T, o Mar 27 =00-latitude, Jun 21 =90-la-23 44, Sep 21 =901, Dec 31 =%0-{lat+2 3,44

Awailable online at weanw harestingrainwatencomfwatergy-climatesaterconservalion and-climate-oversaew -datasheets’
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