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‘ inciples of
The Eight Princip :
Successful Rainwater Harvesting

1. Begin with long and thoughtful observation.

i ing, what is not?
Use all your senses to see where the water flows and how. What is working
se a : 2
Build on what works.

2. Start at the top (highpoint) of your watershed and work your way down,

Water travels downhill, so collect water at your high points for more immediate infiltration

and easy gravity-fed distribution. Start at the top where there is less volume and velocity
of water,

3. Start small and simple.

4. Spread and infiltrate the flow of water.

Rather than having

water erosively runoff the land's
‘walk" around, and

surface, encoyr.
infiltrate into the soil. Slow it s

Pread it, sink jt
5. Always plan an overflow route,

Source,
Always have an overflow route for the water in tj
Possible, use that overflow as a resource,

high and dry raised paths. aced t ildin
selected tq Provide food. = bl-ﬂfdmg ‘

8. Continually reassess your system: the
Observe how your work affe
Make any needed changes,

“feedbacic loop."

cts the sfte-—beginning 48ain with the first o
using the principles to Suide yoy e Bkt
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Foreword

By Gary Paul Nabhan

[though rainwater harvesting has been
accomplished by humans in virtually every
rought-vulnerable region of the world for

millennia, our society seems to have some collective
amnesia about the utility, efficiency, sustainability,
and beaury of these time-tried practices. Fortunately,
this book and Brad’s lifelong passion for practical,
ecological, and aesthetically pleasing solutions to our
water woes may cure us of that amnesia just when we

most desperately need to remember such solutions are

readily at hand. From where | write this in Northern
Arizona, nine out of every ten trees outside my win-
dow are dead, due to the worst drought in fourteen
hundred years, and the artificial reservoir known as
Lake Powell is projected to go dry within six more
years. And yet, those of my neighbors who harvest
water off their roofs, parking lots, or slopes (as we do)
have never had to haul in water during the last six
years of subnormal precipitation, and elderly Hopi
farmers have still produced crops every year in the
floodwater (ak-chin) fields. At a time when surface-
and ground-water is becoming increasingly privatized,
fought over, and transferred between watersheds and
aquifers as if it were but one more globalized com-

modity, Brad demonstrates a diversity of strategies that

can quench our thirst, sustain local food production,
and keep peace among neighboring cultures. Because
struggles for access to water are likely to be one of the

most frequent causes for warfare and social unrest over

Y

the next half century on every continent, Brad should
be nominarted for the Nobel Prize for Peace for offer-
ing the world so many elegant means of avoiding such
struggles through local harvesting of both water and
traditional ecological knowledge.

Like many arid land ecologists scattered around
the world, I was first inspired to consider the supreme
importance of water harvesting for desert cultures by
reading Michael Evenari's classic, The Negev—The
Challenge of a Desert, about Israeli Jewish attempts to
learn from their ancient neighbors, the Nabateans,
who drew upon diverse runoff catchments and storage
practices to make their prehistoric civilization ﬂfmrish
at Petra, the Negev, and Sinai. With the likes of arroyo-
of-consciousness journalist Chuck Bowden and straw-
bale movement founder Matts Myhrman, I sought out
older treatises and surviving practitioners of O'odham
(Papago) ak-chin farming in the Sonoran Desert. We
found that there was much to learn from our desert
neighbors about the harvesting of both water and
nutrients; Brad has continued and extended our carlier,
haphazard efforts of rescuing such knowledge from
Native American clders. But Brad has also gone two
steps further than many of us. He has essentially
accomplished a worldwide survey of water- harvesting
practices, humbling his predecessors by compiling a
dizzyingly diverse portfolio of strategies, techniques, and
technologies. He has then tried and fine-tuned every
one of these strategies, so that he now has firsthand




function, and at what cost. His

nowledee of how they .
knowledge of how they o SE

own desert abode is like a walk-th rou_gh S
water-harvesting techniques gleaned trom cultures anc
innovators from around the world. : .

There is both qmmtit;l[i\'r.-}_\'—inh'lrmcd precision
and beauty in what Brad has implemented, and
this cnmh.imrion is a rarity in our modern world.
Technological fixes have grown increasingly ugly,
bt a5 you can see From the drawings and photos in
this masterwork, Brad’s designs sing to us as they
solve our water shortages.

A half century ago, Thomas Merton prophesized
that “some day, they will even try to sell you the
rain,” warning us thar the privatization and corporate
control of our hydrological destiny could become
our doom. What Brad’s genius safeguards for us is
“water democracy,” and | predice that this concept
will become a keystone of environmental justice
throughout the desert regions of the world, if not

v Rﬂ|NWA] HA Q YLA B= L 1
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everywhere. We will N longer think of desery living
"IacI;illg." or “limited, !ml celebrate the df}{!!uf‘iih,t
before us. With tongue in chu':k, we may even off,
our sympathies to those who live in soggy, “drough;.
deficient” places, who may never b; able to share the
joy with us of harvesting our own fresh, delicioy.
water, just as horned lizards have done off their Very
own backs since they first emerged on this dry plane;
Blessings to you Brother Brad, the Patron Sain; of

Water Democracy.

Gary Paul Nabhan is the deserr rar autho, of
The Desert Smells Like Rain and C};mmg Home 1o
@n, and Director of the Center for Sustainable
Environments, Although he has 2 Ph.D. in arid
land resources, he has learned more from Brother
Brad than all his professors combined.




Introduction

Cateh rain where rain falls,

love the rain! 1 love to drink it, sing in it, dance

in it, bathe in it. Of course that’s only natural;

our bodies are more than 70% water. You and
I and everyone else—we're walkin’, talkin’, 7ain.

Rain is the embodiment of life. It infuses water
into our springs, rivers, and aquifers. It cools us,
greens the land, and nourishes the plants that feed
us. It cleans the air, washes salts from the soil, and
makes the animals sing.

Yet the world’s supply of fresh water is finite. Less
than one half of one percent of all the water on Earth
is fresh and available. The rest is seawater, or frozen.
Our supply is renewed only through precipitation, a
precious gift from the sky thar falls as droplets, hail,
or snowflakes, and then flows over the landscape as
runoff. In this book, I refer to the gift as “rainwater.”
And the gift is ripe for harvesting.

Rainwater harvesting captures precipitation and uses
it as close as possible to where it falls. The process mimics
intact and healthy ecosystems, which naturally infiltrate
rainwater into the soil and cycle it through myriad life
forms. Instead of sealing and dehydrating the landscape
with impervious pavement and conyex shapes that drain
the gift away, as most modern cities, suburbs, and home
landscapes do, harvesting accepts rain and allows it to
follow its natural path to productivity.

This book provides you wi th a simple series of
integrated strategies for creating water-harvesting
“nets” which allow rainwater to permeate and enhance

e

—FEast Indian proverb

our landscapes, gardens, yards, parks, farms, and
ranches. Small-scale strategies are the most effective
and the least expensive, so they are emphasized here.
They're also the safest and easiest to accomplish.
They can empower you to become water self-sufficient.
The benefits are many. By harvesting rainwarer
within the soil and vegetation—i» the land, or in
cisterns that will later irrigate the land, we can
decrease erosion, reduce flooding, minimize water
pollution, and prevent mosquito breeding (within
water standing on top of the soil for more than three
days). The process also generates an impressive array
of resources: It can provide drinking warer, generate
high quality irrigation water, support vegetation as
living air conditioners and filters, lower utility bills,
enhance soil fertility, grow food and beauty, increase
local water resources, reduce demand for groundwater,
boost wildlife habitat, and endow us and our commu-
nity with skills of self-reliance and cooperation!

MY RAINWATER-HARVESTING
EVOLUTION

In 1994, my brother Rodd and I began ha.r\'esting
water in our backyard by digging. then mulching a
basin around a single drought-stressed sour Orange
tree. We graded the soil around the basin so funoff
from the surrounding area, and the neighbor’s roof
would drain to the tree. The results amazed us. After
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around the house, lowering summer temperatures
enough for us to eliminate our evaporative cooler
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white, and passive ventilation also helped). We then
boosted the growth of these trees still further using
greywater recycled from the drains of our home’s
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within a 1,200 gallon tank, the soil, and vegetation
while using less than 20,000 gallons (75,600 liters
municipal groundwater for our domestic needs and
landscape irrigation in dry spells. Four-fifths of the
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from city supply.
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infrastructure. Our yards and public right-of-ways

would become a new tree-lined, water-harvesting
greenfrastructure, no longer requiring us to 5|1L-|u1
billions extracting and importing water from other
communities to supplement our drained and
dwindling supply.

The economics speak for themselves. By valuing
and harvesting the ignored resource of rain, ground-
water levels can stabilize and even rise again, failing
springs and creeks can come back to life, native plants
can recolonize wasteland, and ultimately the global
hydrologic cycle can benefir, while we simultaneously
reduce our cost of living! Real life examples of these
scenarios permeate this book, encouraging us to think
globally as we act locally.

How do we get there? We become aware, apply
our awareness, and throw down the welcome mat to
invite rainwater into our lives and landscape.

WHO THIS BOOK IS FOR

This book, along with volumes 2 and 3, is for
anyone who wants to harvest rainwater in a safe, pro-
ductive, sustainable way. You can be the expert and
steward of your land, whether you live on an urban or
rural site, big or small. This book explains whar water
harvesting is, how to do it, and how to apply it to the
unique conditions of your site. The aim is to realize
the maximum effectiveness for the least effort and cost.
You'll be guided in the design of new water-harvesting
landscapes or in the retrofit of ones that exist.

This book will also help you convey water-
harvesting ideas to the landscape designers and
maintenance workers who may be helping you at
your site. Planners and designers will discover how to
devise more efficient strategies and integrated environ-
ments appropriate for dryland communities as well as
those with abundant water. Landscapers and gardeners
will learn how to create and maintain water-harvesting
earthworks. Activists will learn how water-harvesting
projects can bring people together, create a sense of

place, and empower the community. _

Dryland-appropriate strategies are emphasized
throughout this book, because this is where the need
is the greatest (see box 1.1). Many are borrowed from,
or based on, traditions that have allowed people to

Box 1.1. D[yfgndiA_Deﬁnition

Drylands are typically defined as areas of the
world where potential average yearly moisture loss
(evapotranspiration) exceeds average yearly mois-
ture gain (precipitation). Euaputrar{spiration is the
c.ombmed measurement of water loss to evapora-
tion and transpiration,* Transpiration is the loss of
moisture from plants to the air via the stomata
within their leaves,

More than 61 billion hectares, 47.2% of the
Earth's land surface, is dryland. A fifth of the
world's population lives in dryland habitat.*
Normal dry seasons can last six months or more
Droughts can last for years.

survive and thrive in arid environments for thousands
of years (appendix 2). Yet the principles are universally
applicable; wet and dry climates are both susceprible
to drought and flooding. Rainwater harvesting reduces
the impacts of dry seasons, droughts, and floods. By
optimizing the capture of the rain we buffer our lands
from changing climates and climaric extremes, while
making our lands more resilient.

My goal is to enable you to appreciate the value
of rainwater and begin to use it as your primary warter
if not for the entire household, at least for

source
your landscape. You'll not only get the most from
rainfall. no matter how scarce, but from other water
sources as well. An integrated landscape harvests all
water and such resources as topsoil, organic matter,
and nutrients. It acts as a concave, life-giving sponge
rather than a convex, eroding burial mound, which
drains water and other resources away. (See figure I.1.)

HOW TO USE THIS BOOK AND
VOLUMES 2 AND 3

From the start, I've intended Rainwater Harvesting

for Drylands to be an all-in-one source on how to con-

) . Fla e ey e
ceprualize, design, and implement integrated an

tainable rainwarter-harvesting systems. .'\1.1d it h'as grown
and grown with ongoing rcsmrch: experience, insights,

and exposure to the great work of others. The result was
the resource Lve always wanted! But it took the form of a

massive single volume too intimidating in size to the

INTRODUCTION 3



Fig. L.1A. A landscape draining resources.
Arrows denote runoff flow.
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uninitiated and too large to casily carry while (,[-,_.‘-c,.\__i”g
a site, brainstorming design ideas, or implementing the
plan. So, I've divided the book up into three yser-
friendly, more portable volumes. I strongly recommend
everyone read volume 1, since it puts all three volumes
in context and lays down the foundation of how ro
conceptualize a truly efficient and productive integrated
system that can do far more than just harvest rainwarer.
Volumes 2 and 3 then expand on this by elaborating on
how to employ the specific techniques thart flesh oug
and realize the general strategies presented in volume 1.
Volume 2 focuses on earthworks passively harvesting
rainwater and greywater within the landscape. Volume
3 focuses on roof catchment and cistern systems.
Here’s a more detailed breakdown:

VOLUME 1

The Introduction makes the case for harvesting
rainwater and shifting to a paradigm of more sustain-
able water management.

The following chapters in this volume then lay
out the steps for creating an integrated water-harvest-
ing system:

Chaprer 1 is intended to help you conceprualize
the basic water-harvesting principles that will enable
you to create a system that maximizes safety, efficiency,
and productivity. This chapter is the core of the book
and the heart of successful water harvesting.

In chapter 2, you will walk your watershed and
assess your site’s water resources.

Chapters 3 and 4 are intended to be an overview
of the kinds of techniques you can use.

Chapter 3 is a discussion which will determine
which of the water-harvesting strategies (earthworks,
cisterns, or both) would be best for your site and
needs. It also provides an overview of and illustrations
of various earthworks techniques, and some illustra-
tions and discussion of tanks.

Chapter 4 will discuss integrating other on-site
resources into your system. Here you can plan how to
get more than rainwater for your harvesting efforts,
and 1 describe how my brother and I have done so on
our site.

There are several appendices. Appendix 1 shows
crosion patterns and earthwork techniques that may be

fm-d to remedy them, Appendix
15 abouy traditional N
techniques in the Sot
many water-h
vides a list of

\ 2, by Joel Glanzberg,
ative American water-harvesting
) ithwest. Appendix 3 gives you
arvesting calculations, Appcﬁdjx 4 pro-
example plants
ments, and while this list s
Arizona, other re

and their water require-
pecifically for Tucson,
: aders may find it usefyl. Appendix 5
provides sample worksheets for figuring on-site wau:-r
resources, water hudgc[a. ctc., and is intended as 2
S.lrLlL'll_lrL' to write down your observations and calcula-
tons for future reference. Appendix 6 compiles the
resources referenced throughout the book’s text. a
\:vcll as providing many other useful resources: Books.
films, and websites. There are additional resources
about organizations promoting rainwater hawcsting
and permaculture ar 2 community level.

There are also reference notes, a glossary, and
an index.

VOLUME 2: EARTHWORKS

In this volume, you will learn how to select, place,
and construct your chosen water-harvesting earth-
works. It presents detailed how-to information and
variations of all the earthworks, including chapters on
mulch, vegetation, and greywater recycling so you can
customize the techniques to the unique requirements
of your site.

VOLUME 3: ROOF CATCHMENT AND
CISTERN SYSTEMS

Here, you will learn to select, size, design, buil_d or
buy, and install your chosen roof catchment and cis-
tern systems. Pri nciples unique to cistern systems are
pl’t.’sel:ltf:d along with numerous tank options, and
design strategies that enable your tank to do more
than harvest water. Bty

Real life stories of people creating and living with
water-harvesting landscapes and systems frame all
three volumes. We have honed our skills th:ough'
countless hours of hands-on design, implementation,
maintenance, and living with our systems. The scale
and context of some of the systems presented may
seem too large, too small, t0o urt':an, or too rural to
apply to your site, but keep in mind that if you grasp

INTRODUCTION '_j
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THE VALUE OF RAI NWATER

Don't pray for vain, if yow cant
take care of what you get.

R. E. Dixon (1937) Superintendent, Texas
-\griculuu';ﬂ Experiment Station, Spur, lexa

So. you want to harvest rainwater—right 0".! lj"[s
celebrate the value of rainwater and the many w.ltt'_l‘. :
ESOLLICES it SUppOrts, because how we \-’all.uc nur. fmll&f
resources directly relates to how we perceive, utilize,
and manage them. )
¥ Preci[‘fimtion (rain, hail, sleet, al.ld .snana]]) is
the primary source of fresh water Y.ﬂ.t]'llfl our
planet’s hydrologic cycle. This precipitation, or
‘rain,” supplies all secondary sources of water, includ-
ing groundwater and surface water in creeks, rivers,
and lakes. If consistently pumped or drained faster
than they are replenished, these secondary sources
eventually cease to exist.

Precipitation is naturally distilled through
evaporation prior to cloud formation (fig. 1.2),
and thus is one of our purest sources of water.'
Rainwater has abour 100 times less total dissolved
solids (TDS) than ground and surface water in my
hometown!*

Rain is considered soft due to the lack of
calcium carbonate o magnesium in solution, and is
excellent for cooking, washing, and saving energy.
Much of our ground and surface water s hard due o
the calcium and magnesium compounds that dissolve
as water runs through or over soijl. These compounds
deposit on or in cookware, Pipes, and water heaters
ﬁ)mling white “scale” that inhibits hear conduction and
?han‘cns pipe and appliance life. Using rainwarer
mnstead saves energy and maintenance costs, and can
prolong the life of water heaters and pipes.” Rainwater
U&_it a}su reduces dclergcm and S0ap requirements, and
eliminares 50ap scum, hardness deposits, and the
for a warer softener (some
systems),” besides being

need
tmes required with well water
a natural hair conditoner.
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Fig. I.2. Pure rainwater

Rainwater is a natural fertilizer. Acco rding t
cooperative extension agent John Begeman, rain
tains sulfur—important in the formation of pla
amino acids, and it contains beneficial microorgan
isms and mineral nutrients collecred from dust in the
air—important for plant growth. Rainwater also cor-
tains nirrogen. Wl‘lld’l Cr[ggcrs the g“.cni”g (’I-I‘:“U”"
D.“'i“?- storms, lighming strikes enable atmospheric
nitrogen to combine wich
Ammonium and nitrage,

into solution in atmosph
by plants.*

h}’dm?.cn or oxygen fo for
tWo forms of nitrogen that g0
eric moisture and can be uscd

for plants, Calcium,
sodium salts are ab

with }‘ugh salt ‘oncentratigns inhibit plant growth by
:i‘:d _“C“I‘R Vegetation's ability 1o take up water and cor
dEI:Zypt:?td(:'?mhms'“ Soils high iny sodiy, m have a
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PoOF Water infiltragigy, s0il crusting, which
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n Food From Dryland Giardens, “Salry soils occur
s ! ! - natu-
rally in arid areas where not enough rain falls ro wag)

= % “ll. fash

soluble salts down and out of the ¢ R
l'IlL oot zone. |I'f'lg.llllrll

[with surface or groundwater] makes the situation
worse, since surface water and groundwater contain
more sale than rainwater. Salt tends to build up in the
soil as water is continually added through irrigation. "
As long as the soil drains and enough l';\illll\\".iT.:I is .
applied, rainwater can dilute these salgs and flush
them ourt of the root zone, "
. Rainwater comes to us free of charge. It falls
from the sky and we don't pay to pump it nor do we
pay a utility company to deliver it (fig. 1.3).
Yet, current management of household and cor.
munity water resources does not reflect the true value
of rain. Rather than treating it as our primary renew-
able source of fresh water we typically treat rainwater
as a nuisance, diverting it to the storm drain, drainage
ditch, or pollutant-laden street. In its place we invest
vast resources acquiring lower-quality, secondary
sources of ground and surface water. Such con[;:mpu-
rary water management contrasts sharply with
rainwater-harvesting traditions.

RAINWATER HARVESTING THROUGH
LAND AND TIME

Around the globe, traditions and historic evidence
of rainwater harvesting illustrate its importance as a
primary water source. According to John Gould and
Erik Nissen-Petersen, authors of Rainwater Catchment
Systems for Domestic Supply, the origins of rainwater
collection may extend as far back in human history as
the use of fire as evidenced by the traditional practices
of the hunter-gatherer Kalahari Bushmen (the San
Peoples) collecting, storing, and burying rainwater in
ostrich eggs to be recovered months or years later.
Roof runoff was the main source of water for many
Phoenician and Carthaginian settlements from the
sixth century B.C. into Roman times, when harvested
rainwater became the primary water source for whole
cities. As far back as 2,000 years, rain-fed cisterns pro-
vided domestic warer throughout North Africa, the
Mediterranean, the Middle East, and Thailand. There
is a 4,000-year-old tradition of rainwater-collection sys-
tems for domestic supply and agriculture throughout

T

4;5RAIN Deliver
I Senvice & 4w
To: Yout ome

Fig. 1.3. Rain is always free,

rl}e Indian subcontinent, and water harvesting in
China may have extended back 6.000 years, f{(mﬁ.;p
cnﬂcctim.\ and storage of rainwater was the principal
source of water in Venice, Italy from 300 to 1600 A.D.
Aztec ground catchment systems were in use by 300
A.D. Native Americans in the Southwest desert used a
variety of techniques (see appendix 2.) Island cultures
still rely on rainwater in parts of Japan, the Caribbean,
and Polynesia. The tradition of harvesting rainwater in
cisterns at isolated homesteads and farms continues
today in the U.S., Canada, Australia, and New

Zealand.”

THE SHIFT AWAY FROM RAINWATER

We've moved away from these traditions over the
past 150 years as new technologies have cn.-\h.lcd us o
access, pump, and transport huge volumes of grm‘md—
water and surface warer: secondary warer sources in
the hydrologic cycle. These secondary supplies seemed
infinite so we kept taking more. In 1930 thm.*e‘ were
170 irrigation wells tapping the ()g:{]!ala aquifer that
stretches 1,300 kilometers from the Texas pgnh.md]c
to South Dakota; by 1959 there were over *'12.0(?0."
As Charles Bowden writes, “By the sixti::-s the High
Plains had 5,500,000 acres under irrigation and men
were working through the night to direct the flow
from the ceaseless pumps.™

Surface water and groundwate
sources in the hydrologic cycle—appea

r—secondary water
red to be more
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i landscape on the wasteful path o scarcity.
FlglRIa[?rf .r:n(::ﬂ’. ang topsoil are quickly drained off
the landscape to the street where the sediment-
laden water contributes to downstream flooding and
contamination. The landscape is dependent upon
municipal/well water irrigation and imported fertilizer.

convenient, profitable, and dependable than rajn
the primary source. Surface water and groundwater
became the “primary” water resources in our modern
Wwater management system. Waste became more com-
mon than conservation, We came to see rain as a
source of flooding that needed to be drained away,

This appeared to work for 4 while, but the reality
of this h)’dl‘o—iHi[Cl’aC}' has hi,

SCARCITY OR ABUNDANCE

While the hydrologic cycle continuously recycles
carths water to produce renewed fresh rain, the rage
at which fresh water js produced does nor meer our
ever-growing demand. In the face of this demand,
our planet’s fresh warer resources are finite, Current
consumption rates are lowering groundwager levels
and depleting surface water flows the world over.
According to the Blye Gold Report, global water
consumption is doubling every 20 years—more than
twice the rate of human population growth, If current
trends persise, by 2025 the demand for fresh water
will be 56% more than is currently available, ' The
Ogallala aquifer i being depleted cight times faster
than nature can replenish g,

B
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Fig. 1.4B. A landscape on the stewardship path ¢,
abundance. Rain, runoff, leaf drop, and topsoil ar
harvested and utilized within the landscape contributing
to flood control and enhanced water quality. The
system is self-irrigating with rain and self. fertilizing

with harvested organic matter.

We have reached a turning point in our water s

and management, As my friend Brock Dolman sz
“We can choose o

SCArCity, or we can choose w

Water use (see alsq figure L4). Read on and .;.\L' -_.\'Uur-

self: What pachy ap, I'on now? Wha, path do [ want
to take from, now gp?

DRAIN|N

WATER ERSUS INFILTRATING

LiVing the W&Steful
Wﬂ drain our " 5
rainwager away ﬁ.a;o mmum&“ by

_ diverting our
landscapes, wa m?:; d‘a-“ i_hﬁk'mdng it fnto our

Path to scarcity

nets of pervigys « s, a8 We replace living
asphalr, ¢co Saneenlandin L o ich & e

Pt concrere, and byjlg;. ¢ i oot with fnpervious
rush across the land mdd% i duqng Sitiwarer 1o

-




Box 1.2. The Sca
THE WASTEFUL PATH TO SCARCITY

* Water scarcity is the condition in which our

local water supply cannot continue to meet
demand because our “fresh water bank
is being drained.,

VALUES

» We don't value and appreciate water.

* We treat rainwater as a problem —a substance we
must get rid of.

» \We think of groundwater and surface water as
infinitely available —substances we can afford to
mismanage and waste.

* We think that we as humans are separate and
independent from nature.

rcity Path ve

account”

CHARACTERISTICS

e As individuals and communities, we do not take
responsibility for managing our own water accounts.

» We continually draw on groundwater savings.
» We don't make new water deposits.

RESULTS

* This extractive relationship with our natural
resources leads to their degradation and depletion.

e Path
THE STEWARDSH1p pAT

. W/
\;"\[a;d:;lr abundance js the condition in which we
:mlnl nml{ pdl"mms of water management and use

tourlocally available -
ultimately exceeds our ri{egc?:u PRl
VALUES ‘

. We value all water. reco
living biological system,
* We treat rainwater as the fo i
undation of the |ife-
sustaining hydrologic cycle. ik ‘
* We treat groundwater and surface wate
voirs that naturally accumulate and con
rainwater, and do not waste these.
* We understand and celebrate that we as humans {

are ;I:;art of the earth's natural system, which sustains
us all.

rsus the Abundanc iy

— N

H TO ABUNDANCE

Bnizing it as the basis of our ‘

r as reser- |
centrate

CHARACTERISTICS

* We as individuals and as communities thoughtfully
manage our own water accounts.

* We withdraw our groundwater savings only in times
of true need.

» We continually make water deposits

RESULTS

» The abundance path contributes to the regeneration
of water and other renewable natural resources. We
work to enhance the environment by providing the
natural “compound interest” of healthy soil, plant,
and animal communities that are the source of
water, food, shelter, air, and beauty.

Box |.3. Draining Facts

and organic matter. We place plants
on top of these mounds, and pump

an Rivers states that the rapid |

water to them through an irrigation
system, while rainwater drains away

from the vegetation. Care packages of

purchased fertilizer are applied to
replace the lost topsoil and fertility. It
is a system reminiscent of a hospital-
ized patient on an intravenous drip.

We direct roof runoff to streets
and storm drains via gutters, down-
spouts, and landscaped river cabl_alc
“stream beds” that eject water quickly
from yards. (See figure 1.5A.)

ic
» A recent report prepared by Ameri _ h -
expansion of paved-over and developed land in communities all across |

S is making the effects of drought worse. _Development in
ﬂ-‘tfagt:. Georgia §nd surrounding counties wnmﬁllj'tes tol Iim :iazlfyni:;is.
of rainwater infiltration ranging from 57 to 133 bi |o:§:| ety

ed on site, this rainwater—which could support an i
i ds of 1 5rto 3.6 million people—would filter throug ! e i
?:cehasrge a;quifers, and increase underground flows to replenis ;

d lakes."™"
e porated Tucson is covered
buildings.™ In
of the

d within incor
Twenty-five percent of the lan
i mpeniouscover sueh o sl L o
i as Los i ’
higher density cities suc

H b
land surface is covered with pavement.

L

q
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‘ig. 1.5 5 i draining its
Fig. 1.5A. A landscape on life support
NE'DIIFCCS away. Note the mounded planted areas.

Living the stewardship path
to abundance

We infiltrate rainwarer into our soils and vegeta-
tion as close as possible to where it falls.
impervious surfaces with water-|
and tanks, and with s
and Vegeration to int
surfaces,

We construct bowl-Jike |
shapes) 1o passively
accumulate mulch

We replace
1arvesting earthworks
pongy water-retaining mulch
creept and use runoff from sealed

andscapes (concaye

harvest rainwarer, build topsoil,
. and reduce or eliminate
for irrigation and tertilizer. This d
water soi ree—rain—withiy
reduces the

the need
eposits the primary
1our local soils, and

need to use secondary surface
groundwarer resources,

We hary

our |

water and

Ststormwater runoff from streets into
andscapes, Streers then become passive irrigators
of beautiful shade trees lining the streets and wallc-
ways. This inexpensiye greenfrastructure reduces the
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2 '--'Jl‘

: 2 -esting and
Fig. 1.5B. A sustainable landscape harvesting 1] il
: > 1 » sunken. mulched
recycling on-site resources. No_lt-' the ~‘““|§‘~“ R
planted areas and native vegetaton.

need for conventional, costly, concrete-clad storm

drains. (See figure I.5B,)

OVER-EXTRACTION VERSUS
CONSERVATION OF WATER

Living the Wastefy Path to Scarcity

We Over-extract oy local w

o W"I}I: i dlver[ing water from rivers and spring
as ik ;
aster ¢ aer‘ldramﬁlll SN naturg]|y replenish them.
er " o 1l

arkos €€ Naturg) stoundwarer recharge—part
“f .iy N areas wickh shallow groundwater r;‘llilt‘-“‘_'lﬂl_
i Rf:‘(:; Rl{rfaccs Causing rapid rainfall runof!

¢ dray i =
away, we sin? In s OF our finwater “deposits {
our a‘ncicnl g:ot:::zu Y Pump ang consume nl‘,r(l“:
’ Warep savi . result
rivers dry Ty :'Igs acgm;.nl, As a res
Inerease, riparian prae di Py Pumping costs %

e, ap Water quality decline

» pump
ater sources by p

ul

(See fi gure [.GA )
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Box |.4. Infiltration Tips and Stories

= Convert driveways to gardenwa
5. See volume
2, the chapter on reducing hard A e
meable paving B fardstape and per-

* Reduce impervious pavement i
‘ or make it pa
See the above-mentioned chapter in wlurzergus.

» Hydrate rather than dehydrate communities
Across India traditional rainwater strategies are
being revived to enhance local water resour‘ces
In the Alwar District people from 650 villages :
built or rejuvenated around 3,000 small ear?‘then
Fheck dams conserving rainwater and increasin
infiltration by 20%. Community-led forestry rf‘—
ects worked to reclaim cut and eroding Iana::li.J :
Sixteen years after the project's beginning :
groundwater levels have risen almost 20 f;aet (&)
rpeters}; forest cover increased by 33%; and five
rivers that previously dried up each year now
ﬂpw perennially. Increased agricultural produc-
tion has exceeded the cost of the original invest-
ment by 4 to 1.

. See chapter 1 of this volume for a story of how
infiltrated rainwater in Africa brought abundance
to a man and his family.

Living the stewardship path to abundance

: We conserve our fresh water resources by utilizing
rainwater, recycling all water, and by mulching, using
low-flow appliances, installing greywater systems, L
and practicing integrated design to reduce fresh
water needs.

We allow natural groundwater recharge to occur
by maintaining soil- and vegetation-covered land-
scapes and healthy watersheds and waterways.

We make deposits to our water account by
allowing water to recharge and accumulate in aquifers.
\?Ve use ancient groundwater supplies only during
times of drought and only to meet compelling needs.

Rainwater becomes our primary water source and
our groundwater “savings accounts” are enriched and
reserved for times of need.

Wi strive to live in sustainable balance witl
local water resources by living withi
our site’s rainwater resources/budget. (See

1 Our

figure 1.6B.)

n the constraints of

Fig. L.6B. Harvested rainwater conserving
municipa]f’wcll water

POLLUTING VERSUS CLEANING WATER

Living the wasteful path to scarcity

We pollute our finite fresh water sources.

We are disconnected from our source of water and
cts on its quality. We see water flowing from

our effe
istribution systems,

taps, delivered by m
but we aren’t confrontec

assive central d
| with the path water took 1o

get to our tap.
Rain falls through the
the land surface, and infile

1 of our air, land surface,
environment with

atmosphere, runs across
rates through our soils, 50

contaminatior and soil con-

faminates our water. We pollutc our
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Box L.5. Over-Extraction Facts

i dwater pumping has dried up
or dégr::ril;gn;(ﬁr%lf";nce-perznnial streams, rvers,
0 & M
h Irr:pg:ﬁf‘:)rﬁ:'lstactzntrai Valley, overuse of ground
water has collapsed the aquifer soil structure, caus-
ing a permanent Joss of natural water storage ]
capacity amounting to more than 40% of the com
bined storage capacity of all huma_.rj—made dams
and surface reservoirs in the state.™
In 1972, water diversion from China’s once
mighty Yellow River prevented it from reaching the
sea for the first time in history. That year the flow
did not reach the ocean on 15 days. In 1997, it
failed to reach the sea on 226 days.™

sewage, pesticides, herbicides, burning of fossil fuels,
chemicals dumped down drains, dripping automobile
fluids, and countless other sources. (See figure 1.7A.)

Living the stewardship path to abundance

.W’c clean our polluted water to make it usable
again,

We are in a day-to-day contact w
| our fresh water because we sce it being harvested, we
maintain the surfaces it flows over, anz we activei r

work to preserve good warer quality. }

ith the source of

Box |.6. Conservation Facts and Tips
'H——-—____-____— e ——— . -

The average American household could redy,
water demands by 33 to 50% each year™ Adgiti,
water-conserving technologies and methods cq 4
cut agricultural water demands by close to 50,
and industrial water demands by 50 to 90% withoyt
sacrificing economic output or quality of life.»

Conserving water saves energy, and conseryin,
energy saves water. “Power plants that use coa| (;|_
natural gas, or uranium also need water for steap,
and cooling, and they take 131 billion gallons a
day—more than five times as much water as pegp|e
use in their homes."

Every kilowatt-hour (kWh) of coal-generated
electricity uses about 1 pound of coal, produces 2
pounds of CO,, and uses just under 0.5 gallons of
water.!

Plant within your water budget. Create 2 land-
scape or garden that thrives within the constraints of
your on-site rainwater and greywater resources. Sez
chapter 2 for more.

Emphasize native plantings within your land-
scape. These plants have naturally adapted to survive
on local rainfall patterns. They will thrive planted
within water-harvesting earthworks or where given
supplemental rainwater from a cistern! See volume 2

the chapter on vegetation.

P | —_— = =
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WASHING MACHINES

Replacing a standard washing machine that uses
30 to 50 gallons (114190 liters) per load of wash
with a new Energy Star™ certified washer that uses 10
gallons (38 liters) per load of wash can reduce water
consumption by 30-60% and reduce energy con-
sumption by 50% per load.™* For an average
American household that's a savings of nearly 7,000
gallons (26,600 liters) a year.” Install a greywater sys-
tem for your washer to recycle the wash water within
your landscape.

PLUMBING LEAKS

Ten percent of a home's water consumption can
be due to leaks. Older irrigation systems are prone to
leaks, wasting over 50% to 75% of the water con-
sumed.” So, regularly inspect for leaks and repair
them promptly. Many municipal water companies
have a free program to test for leaks.

EVAPORATIVE COOLERS, AIR CONDITIONERS,
AND CONSUMPTION OF ENERGY

An evaporative cooler in Phoenix, Arizona, con-
sumes an average 65 gallons (247 liters) per day.” Air
conditioners don't use water on-site, but the water
used to power these and other electrical appliances
can be substantial if the power comes from a thermo-
electric power plant (nuclear, coal, oil, natural gas, or
geothermal). Passive cooling strategies found in chap-
ter 4 can greatly reduce the need for such mechanical
cooling and associated energy consumption.

Box 1.8. Po

Runoff from numerous widely dispersed
surface-water pollution in the United States.
sions, sediments and nitrogen from yards,
of paints, plastics, etc.

One billion pounds of w )
National Geographic," much of which ends up in

Nearly 40% of U.S. rivers and streams are too po

Potable water is what fills and flushes nearly all Am
away every day.”

Ninety percent of the
streams.'"

are ap

eed and bug poison
the co

vdeveloping" world's wastew

Box I.7. Additional Water Conseryati
See the Water Saver House website www.h2ouse o f A
see also volume 3, the chapiergo:;:gv

sources or nonpoint-source p
2 Nonpoint-source pol
farms and rangelands, an

plied throughout the United St

lluted for fishing,

n Strategies in the Home

ater conservati
ey on strategies arou :
ter_mlr_u!\g your tank size. nd the home;

OUTDOOR MISTING SYSTEMS
Outdoor misting syste
gallons (8,208 liters) per

ms use as much as 2,160
i 2 St month to cool 1,000 squan
e (90 m) of patio. That's equal to over three—qtlilm:s
: .Ta\.rf-.-mgc— summer water use for a homeowner |
II'i ~ - 5

md;n;rin. AIFIZGI"I;I, yet a study has found that misters
u_“ c€ temperatures by only 7 degrees.” Low-water- |
S. Lt :\atwe shacle trees use less water than misting

ystems while cooling temperatures up to 20°F™ |

POOLS |

Multiply the surface area of a swimmin | by

the local evaporation rate to de il
_ etermine how much

water will evaporate each year. In Tucson a 400-
square-foot (36-m?) pool will lose 16,000 gallons
(60,800 liters) of water per year to evaporation
almost the full volume of the pool.*” Pool coverls can
reduce pool water use by nearly 30%." If you don't
use such covers in the 5wimmuhg season—at least use
them in the off season. Using a community pool
rather than constructing and maintaining your own
can save all the water, time, money, and chemicals it
takes to keep a home pool functional.

HUMAN HABITS

Consciously reduce your personal water use to
reduce household water demand. For example, do
not run water while brushing teeth or scrubbing
hands, do not spray down driveways, patios, or yards
with water. and do not run water over frozen foods to
hasten thawing. While setting the example by con-
serving at home, push for additional conservation
measures in the commercial, industrial, government,
and agricultural sectors.

—

|lution Facts

ollution accounts for about 60% of all
t feces, automobile emis-

[ution consists of pe
eral use

d residual compounds from the gen

ates every year, reports

ural water systems. _
swimming, or drinking
ith 6.8 billion gallons

untry's nat

il ;
erican toilets, W being flushe

ater is still discharged untreated into local rivers and

e —————
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Box 1.9. Cleaning Tips and Storie

water. Defecating in
* Keep the C‘“P;:: t?,i::;picany fills our ﬂushftorl—-
& past?sb:fs\:illions of dollars, and b:ll:or:rse othga
vl iy o b
e S i tab.Ie water use in a
UG et a_ll mc[o?f % hing from older,

i sidence.” Switching )
zgflcfrif&.ﬁpuve toilets to more waterr‘ etfﬂaent
1.0-1.6 gallon per flush tolfet:i can cult tha B
indoor water use by15-25%."" Waterless co .
posting toilets use no water_a_nd turn the users
wastes into high-quality fertilizer. '
And then there's the annual “Pee Outside Day'
in Sigmota, Sweden, when 50% of the u:;ater
normally used in toilet flushing is saved.

* Water harvesting is being used to clean up Los
Angeles, California. A program encouraging rain-
water and greywater harvesting at residential,
business, industrial, and public sites in Los
Angeles is striving to clean up pollution and
reduce the city's dependence on imported water
by up to 50%! Water-harvesting yards, commer-
cial landscapes irrigated by Sreywater, and
sunken ball fields are acting as flood controlling

for expensive, i ngle-
structure

\‘{/'L- understand thag the best Way to have clean
WAL IS t0 20t polfye water in the fiys Place.

- We must pollute, we ke
absolute minimy
right where we exampl
patible S0aps appropriate fir local
and irs discussion of greywa ter) en
clean wash Water or greywarer op.
and plancs withiy, our landscapes,

e invest the Community re

Sources needed
our polluted wager and return it oJe

P contamination ¢q 4y,

M and we reqge and clean ¢k

 we ar water
pollute it. For

€ using biocom.-
soils (see volume 2

ables us o reuse and

site using the soils

o
an ro rhe

purify

14 RAINWATER HARVESTING FOR DRYLANDS - VOLUME 1

B

Box 1.10. Hoarding Facts

More than half of all accessible fre
now diverted for hum.an.usle. )

Only 2% of America's rivers and streams
remain free-flowing and undeveloped

In 1996, the residents of the high desert City of
Albuquerque, New Mexico had to dec:r_p_dg,;- theis
water use by 30%, while Intel Corporatio, Was
allowed to increase its use by the same amouny
Intel pays four times less than the City's resident.
for water.” :

The U.S. Global Water Corporation signed
an agreement with Sitka, Alaska, to export 15
lion gallons per year of glacier water to China
where it will be bottled in one of that country's
“free trade" zones to exploit cheap labor. The corn.
pany brochure tempts investors “to harvest the
accelerating opportunity . . . as traditional Sources
of water around the world become progressively
depleted and degraded ."*

=S

hydrologic cycle w
(See figure L.7B.)

sh Water 1,

HOARDING VERSUS CYCLING WATER

e and po]luting OUT [ocal water soUICES
wb‘ ead of Changmg our policies, [ifestyles, and
|l:.s 10 redyce Our needs i
People,
N Indjy;
Supply d*:’:clin:ei l::,dua] leve], We warch our local water
_ €D as we |y
o uy bortles
Pring warer. We SUPPOrt macc =
€cts thag dive Water f, e
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Diversi
: ons ap T
tributing ¢, its mmmpmuon o
social Fesource -
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i
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Fig. 1.8A. Water hoarding. Large dams often hoard
water from those downstream, and even other
watersheds, when canal or piping systems divert
water to the dams from other regions.

Living the path to abundance

We cycle our water as a community by increasing
the productivity and potential of our limited fresh
water by cycling it—using it again and again. The
more life forms, uses, and resources through which
fresh water cleanly cycles, the more life forms, uses,
and resources the water can generate and support.

We stop draining, over-extracting, and polluting
our local water sources by changing our policies,
lifestyles, and habits to reduce water needs.

We take personal responsibility for how we treat
and consume water, recognizing the negative impacts
of buying imported bottled water and supporting
massive water diversion schemes, and choosing instead
10 avoid these hoarding behaviors.

We work to prevent and reverse commodification
of water by assisting people locally, nationally, 'dl:l(.l
internationally to harvest rainwater, make use of grey-
water, and reduce demand for secondary water sources.
Water scarcity attracts market forces; water abundance
does not. Water is part of the Commons (box 1.12), to
which we are all entitled. (See figure 1.8B.)

For more information on how to protect the right
to clean water for all citizens of the earth (including
wildlife) see the resources in appendix 6, section B.

D ——TTTTTT

Fig. 1.8B. Water cycling

MY COMMUNITY'S PATH

Most of Tucson’s 12 inches (304 mm) of average
annual rainfall pours off roofs, .\'”d'“ Iw;]rl'\\_ and F;;_ri;.
ing lots creating torrents of street runoff that flow to
storm drains fﬁg. 1.9). We rely primarily on ancient
groundwater pumped from natura

aquifers beneath
the city and surrounding valleys to serve municipal.
agricultural, and industrial uses. In the past 100 years,
overpumping has lowered this groundwater tble by

more than 200 feer (60 m) in some areas, and it

[ . Z
1.9. First Street becomes “Runoff River Street
in a summer storm.

Fig
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Box 111, Cycling Tips

i (454 liters)
sume just 100 gallons .
Ie\‘:ihcr?u;ﬁ five usis. rather than ;OQZL:‘:I{:%
;yoi:l gallons (2,273 liters) of watﬁr inest R
five different uses. And, we can any s
gallons of water from roof runoff. For

o Bath water. Harvest rainwater from roofs tJ S(t)?) ra
tank and bathe with it in an indoor or ou_th
shower. (See chapter 4 for an example, Wi

much more in volume 3.)

| o Irrigation, Direct that shower greywatetr) to shicsie

| trees and 100 gallons of shower water becom
100 gallons of irrigation water. (See chapter 4,

[ and volume 2, the chapter on greywater.)

I Cooling. Place those shade trees on the east and

| west sides of a building to cool air both outside

| and inside. This can reduce mechanical cooling

| thatwould otherwise consume 100 gallons of
water in an evaporative cooler, or 100 gallons in

| electricity generation for an air conditioner »56%?

| (See chapter 4 in this volume for much more on
using trees in integrated design.)

* Food. Select food-bearing shade trees and each
100 gallons of harvested rainwater offsets the
need to use 100 gallons of water to grow food in
a distant orchard, (See the plant list in appendix
4 as well as volume 2, the vegetation chapter,)

® Fertilizer. Collect fruit and leaves that drop to the
| ground around the base of the trees to create
rich, Water-conserving mulch, reducing the need
to Pump 100 additional gallons per week for irri-
&ation. (See volume 2, the chapter on mulching.)

L R
Box 1.13. Water as a Human Right

Water is @ limited natural resource 4y ,
good ﬁmdmwnmi’far life and health, 7y,
right to water 1s fm.t"fj;n:u.wf;!r_/m- leading 4 e

human dignity. It is a prevequisie f,, s
realization of other human righy,

Pies

Hima,

—Unired Nations, 2

Box 112, Water as Commons

| use the term “commons"
Vandana Shiva in e e by

nd equitable allocatio
‘ n depen
Cooperation among community memberf"‘“ &

—_—

_‘_‘_'___'—_—‘———————-—-—-—-—-_._.___.
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continues to drop an additional 3 to 4 feer (9 _
m) more each year.“*' Once-perennial reaches .
Santa Cruz River and numerous springs ha
up.® Water quality has declined, and pumping
have increased, as groundwater levels drop lower |
is subsiding due to the excessive groundwater pum
ing.” Cottonwood, willow, and mesquite “bosque

or forests that used to line our waterways ha
(See figure 110, with its “before” and “after phot
Pollutants from local landfills, businesses. and
industry have migrated down to our aquifer, creating
several Environmental Protection Agency (EPA
Superfund sites.® As we have polluted and depleted
our local water supply, we've bought thousands of
acres of farmland in surroundingg\-;lllc'\-s to obtain

Irlhcn' groundwarer Pumping rights for our use. We
ave spent over 4 billion dollars to construct, and

60 to 80 million dollars 3 ve.

Ar - year to operate, the Centrd

Zon; i : > . .
G l( i ngecr (CAP), which diverts water from the
-olorado Riyer

olors and Pumps it 1,000 feer (304 m

phill in an Y3PORAtion-prone canal over 300 miles

(482 krfﬂ through the desert to reach ‘
Projected Population growth

use 1s predicted ro outs

supplies by 2025 o ]

our city."

and increased watef
"i? Tuesons “renewable” watds
America’s Most Euclmc (-Olor‘?du Ri“‘r‘_d‘-'-"'é-\”‘”"d
Problems wi, radio‘chmd River due to mounting
in the water__p 4CUve, humap, and toxic waste

S bee

that the southerpp, n D\rer-ilﬂﬂcatcd to the point
1081 eaches of the river el
or are severcl)

diminished, cpiv .
: » Chpplin i
o e nug -
[)L'[;u; "CUS}'stcm = g l.th OF d'lt: LUIOF;‘ldU R“'Cf

. <Co I
uPstream frop, Arizong o 1OmY." If the states
 Mexico below, e I:hcn e Cﬂlomdu River, and

WALEr oran e “ o
granted they, there wills 48 0f Colorado River
o

€ €nough water



Fig, I.10A. The Santa Cruz River in Tucson, Arizona lookin
1904. Note the braided runnin&g water, densely vegetated w
mesquite trees growing in the

g northeast from the base of A-Mountain in
atershed, and cottonwood (white), willow, and
oodplain. Credit: Arizona Historical Society/Tucson, AHS Photo # 24868

. iverbed, and how much
e ol he dry, channelized riverbe i
i Cruz River in 2004. Note t ) h. The cottonwood, willows,
Fig, 1.10B. The same stretch of thizl S‘:::::‘ paving, buildings, or bare, com[)?ﬁ[-CdTel::triwr s b
ahiche waterihied hes been‘ rr:phaccl disappeared with the depleted water :1.1_ til’l’i SRl
i most of the mesqul:(:)sﬂ_ f;r:hc riverbed and is dependent upon a drip 1Tiga
most ru
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Fig. L1IA. A property losing 75% of its ann:vafous
raim‘i‘m‘r by directing the runoft frorF lhj :12}5:“;;,);)
75% section of its surface area (roof an
e to the street.

left to meer Arizona’s needs and fill the CAP canal in
drought years.”” In the meantime, we are importing
about 2,000 pounds of salt with every acre-foot of
CAP water we pump into the Tucson area.” That salt
is an additional challenge and can become a contami-
nant for the already salt-prone alkaline soils of our
desert environment.

We can make a shift. A 1/4-acre (0.1-ha) lot in
Tueson receives about 67,000 gallons (253,621 liters)
of salt-free rain in an average year. The average single-
family residence in Tucson (assuming three people)
uses about 120,000 gallons (454,248 liters)
year, and roughly half of that
suggests that most

of water a
is for outdoor use. This
residential outdoor water needs

cially if low water-use native plantin

into the landscape design.” Reducing Ticson's con-
sumption of groundwater and imported surface

water is the key to shifting our city toward sustainable
balance with our local water FESOUrces,

Tucson’s average rainfall aceyg]|
Fent municipal water use (see b
this rainfall s drained away or lost o CVaporation
Harvcsting more of thar rainwarer, coupled wigh r’norc
conservation, brings Us to our alternagjye path,

85 are integrated

¥ exceeds our ¢y
% 1.14), by most of
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Fig. I.11B. The same property hary t-sling._ and url;, %
575%\ more of its annual rainwater by dlrlcu,u;!;_» the
runoff from the impervious roof and driveys, i
the permeable, sunken, and vegetated quarter of th,
site. Note: Sites with less permeable yard space
and more impermeable harc:iscupc will likel;
require a rainwater tank in addition to
vegetated basins to handle the runoff.

OUR PATH TO ABUNDANCE

By cycling the water we infiltrate, conserve, an
clean within our lives and landscapes, we empower
ourselves to do far more with far less, So, more i
available for everyone, creating abundance. We
enhance our own water resources and those of other
especially those downstream and downslope. Rath
than commodifying fresh water or turning it into

ited-access commodity to be bought, sold, and

hoarded, we ommunify it by workin g together 1

en.hance our local wager resources and manage theif

fair use and equal accessibiliy, As we enhance our
ural resources (our “commons” (box I.12)) within
own lives and throughoyy our neighborhoods, the

co ity wat |
MMunity watershed” and the communiry
resources are enhanced m

his mus; oceur in ¢
gOvernment, ¢o

SCCLors pg well

any times over! _
he more water consumpt

mercig|, agriculture, and industn

3 at home, by, at home is where it

begins bec
b o S
8 ause every SOVernment official. reacher.

studen busin
. aent, ESSperson i i
lives in 4 home, If : &fmﬂ"'s e

arvesting g homcwchmahze the Potential of water
; Where jp
realize Ritis

: ¢ - we ¢
it clsewhcn:. becayse We‘-‘ﬂsltst e




Fig. 1.12. Rain as our landscape’s primary water source

direct experience, we will be motivated by our success,
and we will be living the example we are trying 1o set.

The main goal of the abundance path is to use less
water than nature renewably provides while consis-
tently improving water quality, flow, and dependabil-
ity and as a result, decreasing groundwater pumping
and eliminating the need to import water. The first
step is to strive to harvest more rainfall in our land-
scapes than we use from municipal water sources or
private wells. This leads to a more sustainable hierar-
chy in the household and community management
of our water resources in which:

* Rain is our primary water source (fig. 1.12);

* Greywater is our secondary source;

* Municipal water or groundwarer from private
wells is strictly a supplemental source used only
in times of need.

Think about how rainwater can be your primary
water source, not just for your landscape, but for
domestic needs as well. The following chapters and
volumes show you how to do both.

So read on, harvest some rain, and grow abt n-
dance. Yer be warned: Once you start putting this
information to work, every rainstorm could pump

Box |14 Rain, Raj N
’ » hain, Everyw
Can We Stop To Tgnkr;‘ere

A('mrrlmg 10 sustain
ant David Confer

—_—

able development consult-

* Dividing the IVErage
3 average “Cipi i
Srthe sy ].r annual precipitation faling |
aréa of Tueson, Arizona by its l
lon of Governments
'ding again by 365 days
G 4 - er
year, wc. find there i5 approximately 235 g:{rliopns
pgr PErson (capita) Per day (gpcd) (893 liters
ped) of fainwater compared to 2 1998 total yse
of Approximately 165 &pcd (6271 ped) deliverad

!)y municipal water companies for municipal and
Industrial uses,™

* As population densities increase, available rainfall
gped will decrease, This would eventually become
a problem if rain was the source of potable water,
but it is not a problem for meeting the water
needs of landscapes, because as population den-
sity increases, hardscape density also increases. In
densely developed areas of Tucson, as much as
3/4 of the land is hardscape consisting of roofs,
roads, parking lots, driveways, and sidewalks. If
the rainwater that falls on hardscape was directed
to and infiltrated within the remaining areas still
available for vegetation, the 12 inches (304 mm)
annual rainfall is concentrated fourfold, to almost
50 inches (1,270 mm) per year. This approximates
the annual rainfall in Jacksonville, Florida (51
inches or 1,295 mm). This does not mean we can
or should now plant the vegetation of Florida in
Tucson—our rainfall patterns are more erratic, and
our evapotranspiration rates are higher than
Florida's. Rather, this illustrates the large volume
of local rainwater we currently ignore or expel.
The bulk of Tucson's rainfall is currently lost to
runoff and evaporation. Nobody really knows the
figure, but estimates of up to a 90% loss seem |
reasonable.™ (See figure 111.) |

r . . s ven I|
vou with so much excitement and wonder that ever
is 3 A.M. when the clouds break you'll be rm{mmg

3= i ¥ o - i o ‘- -‘ ‘{.
outside in vour underwear to watch your landscag

soaki rater!
soaking up the wa el
Good luck, and may your warter-harvesting

endeavors be all wet!
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D ANSWERS ABOUT RAINWATER HARVESTIN,

estions | am often asked:

QUESTION_S AN

Some short answers to qu
't harvesting rainwater deplete the water resources of those downstrean>

Doesn _
bicctive of most water harvesting is to create a “forested hillside™ effect in your |,

ti ; e NG
IbsToDjes not stops, the flow of water. T'his is because a forested hillside hy, quickl,

3?3;1?2111[:“':};[‘:‘:][;‘::& consistently releases i'r from its spongy hu'illlb -{THI a peri l : liof Wecle o, |
vears, is much healthier for the stream below it than a dcnud'cd hillsic .r: that rapidly sheds Water, crey.
sudden, sediment-laden flows downstream that dry up after just h()EJI"-S or da ys. :

These water-harvesting strategies can reduce the amount of surface runoff traveling
they usually enhance the flow of wells, springs, streams, and rivers, because you are abso INg and eyl
water in the landscape rather than quickly shedding it. Ycling

This book, and especially volumes 1 and 2, presents examples of rainwater-harvesting Strategies th
wrned sporadic flow of streams and rivers into dependable year-round flow, of well o
creation of ephemeral springs. Water resources were enhanced for those downstream as well as for

il!'\.: ;{F;. and

d( WSt Ie

4IT, by

doing the harvesting.

Doesn't rainwater harvesting mean you'll have standi i ; _
Ing water
can breed? / g water in which mosquitoes

1 l 0] pl I (] tor = (JSG[ 1oe (& W, 10I¢ [!IJ 1 T.!”\.\. M
E!IQSIJIW]{ 1n a cou €0 hOUl‘Sﬂ.ﬁ I' 4 Sto. m M
L1 5

If you are harvesti :
esting raj inael
no access. Techniques if rhi;1 ‘:;[IEL:H 4 Sst&_flﬂ rather than the soil, you simply ensure thar mosquitoes ha:
ST € and sull more £ s § [oes navwe
(which enc , : re In volume :
eourages algae and bacteria growth), insecys and crir¢3 {Gsterns) show how to keep sunligh
S ers out,

D !
0 | need a tank Or cistern to harvest rainwater?

N y o Bl & - . -
ot I]CLCSSEII ll.'!'l }’Ou can Oﬁel'l C‘a.SIIy and e”e(-.‘tl\"el,‘ ha.] ves| T

Presented throy h
. ghou ume 2 : > e :
15 almost always Jess expensive ¢ ((}:,hapter 3 in this volyme Provides an .[hc soil with simple carthwork
has a far greater storage capac o farvest the rain in the goq) than Dvimew of some of thesc). In fact. i
! - ECIty‘_ na tan . as [h eyila y
e soil is already there, and

Does it cost a lot to harvest rainwater?

IFYUH h: o
MAVESE rainwager : ;
er in the g
OHET0 create 3 rainyate I ¢ soil and yoy are doing the
L harvesting Iﬂﬂdscapc for you, i sh }:’IOrk yourself, it can pbe free. If you hire som¢
» it shoy e. It you hire sone

tional |ands
cpe. No addig
: : onal marerjals are ror s not cog
INg a cistern the ¢ - A€ required; you mainly jyge t Much more than for a conven-
ost wil depend on the gj need g move more dirt
. AN (o use the water T :
; Sen ater. . u ry
See volume 3 for more cistern ter. Tanks fange in price from ;e of the tank, how Yol
eSources append; ( 29 fora 35-gallon rain
Ix (section I)i i :
in this volume:




A cost-effective approach is 1o dev —— —

t'lnrr a water |y 7
: . e udget. Fiog

o 1estran . . Ir . - -
and sustained on site, then dete rmine what meang l,flrmrm;l::, : how much wa
; 1g best meets
S you

Iore,) Pas:‘si\'c water-harvesting carthworlks (see volume 2) . -
san hUl.d far.m.orc water. They can be used 1hroll[-;ﬁnu| ;1"~.i11r':‘ It.FP(Ii(:;f“'v o0 times cheaper than cisterns and
harvesting dirtier stormwater runoff, such as from srrcc;sl;mdl \d':lli “64p6, and are excellent for passively
bad? tP YOUr passive system in drought. Only harvest a sites r ways. Use active Systems (cisterns) to
(typically from rooftops) in cisterns. so V”“‘“’gct ot C canest ;m(‘1 most easily hary

overflow to Wil[f.'l'-h:ll'vcst'ing carthworks. ur tank investmenc. And

—
—

tter can reliably be obined
r needs, (See chaprer 2 for

st for Ve ested water
- direct cistern

Can | find a competent person to create My own water-harvesting landscape or system?

'Ramwatcr' harvcstfng is starting to become more commonplace, and w
designers and installation crews, many are lacking in such Iesources,

This book is meant to help more people become knowledgeal
guide a landscape architect if you hire one, or a crew doing the work on the ground. You will most likely need
to do more supervising, but hey, you'll get a better job thar way. Be careful whom \'(;11 hire, check :; ] L}} ‘"t"» ‘
quality of their work, show them this book, and see how Wi”i[;g they are to work v : e

Think about doing things yourself or with the help of friends. You'll lear

As you learn by doing, you gain the skills that enable you to help others,

hile some areas have skilled

le and skilled at water h;m*csring. Useitto |

with you and new ideas.
n a lot more and save money. ‘

Are there rainwater-harvesting building codes?

Surface water laws vary around the country, so it’s wise to check in with local authorities. In my area
folks can harvest all the water thar falls directly on their site, but there are restrictions on harvesting runoff
within established waterways that pass through their site. Some arid counties have draconian laws prohibiting
the harvest of rainwater runoff generated on site. In such instances, harvest th::_rain before it ‘bc‘co.:m'*.s runoff.

The International Building Code recommends avoiding the infiltration of water iflt{‘l sgals within L
10 feet of a building’s foundation. If you have a basement, you may want 5 avoid infiltrating water within
20 feet of the foundation. Other than this, check with your local building inspector. _

The International Residence Code (IRC) states no permit is needed for “Warer.tan]\:.s‘h Sl’llzipmi(li‘ dr::::lr‘
upon grade if the capacity does not exceed 5,000 gallons (18,927 liters) and the ratio of height to dia
or width does not exceed 2 to 1.” Otherwise tanks need a permit. o

The State of Ohio Department of Health and the State of Virginia Bureau of ¢

. : . unicipaliti
Services regulate rainwater cistern systems, though in most counties .jmd muni [gs S
is “CYB”—“Cover Your Butt.” That's exactly what the water-harvesting princip 8

{ i ine. or drowning problems.
strive to do for you. Follow them all and you wont have any mosquito, flooding, or gp

wage and Water
es the unwritten code

ing?
How can | learn more about water harvesting:

Do it! There is no better way than hands-on experience.

I I . ry . - - £ :
Ral]l Al r.comm IO[ a ch Of (he Orga“l[.atl(“ls lha[ 0“(’.' COLTSES n [‘u[“"l[el

n I\‘l Ily oth(.-l p b catio S a.“d v dc(JS arc &180 IIS ‘d.
1
a u l 101, e

S »f my website
also the resource page of mj ‘
o harvesting and
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The Man Who
and the Rainwater-

Guidelines

his chapter is the core of the book and
the heart of successful water harvesting, It
describes eight guiding principles and three
overriding ethics that are the foundation of how to
conceptualize, design, and build integrated water-
harvesting systems that generate multiple benefits.
Use the principles and ethics as an integrated system,
while thinking of them as a supportive mantra you
can chant or a guiding song you can hum as you play
in the rain and experiment with water harvesting.
Used together, these principles and ethics will
greatly increase your chance of success, dramatically
reduce mistakes, empower you to adapt various strate-
gies to meet your site’s specific needs, and allow you
to expand the benefits of your work well beyond your
site. Learn from doing, but don't go into it blind.
I begin with a story of the man whose life
embodies the power of water harvesting, and who
made it all click for me. ...

THE MAN WHO
FARMS RAINWATER

While traveling through southern Africa in the
summer of 1995, 1 heard of a man who was farming
water. I set out to find him and soon was packed into
colorful old bus roaring through the countryside of
southern Zimbabwe. The scencry was beautiful, wi th
rolling hills of yellow grass on red earth an'd small
thickets of twisting, umbrella-like trees. Nine hours

Farms Water
Hal'Vesting

later we arrived in Zimbabwe's driest region. We
crested a pass of low-lying semi-desert vegetation.
B.f'—‘}UW us spread a vast veldt prairie of undulating

hills covered with dry grass and capped with ba tren
outcroppings of granite. Trees were sparse, All was cov-
ered by a wonderful expanse of clear blue sky, remind-
ing me of the open grasslands of southeastern Arizona.
The bus crept down and stopped in Zvishavane, the
small rural town where the water farmer lived.

In the morning, I hitched a ride with the local
director of CARE International. She took me to a
row of single-story houses. One of these was the simple
office of the Zvishavane Water Resources Project. There
on the porch sat the water farmer, reading a Bible.

As my ride came to a stop he sprung up with a
huge smile and warm grectings. Here at Jast was 4\_.-1 r.
Zephaniah Phiri Maseko. When he learned how far 1
had traveled, he burst into a wonderful laugh. He told
visitors from all over the globe seemed

me that lately ‘
k. Nonetheless, for him

to be dropping in once a wee

: el ;
each was an unexpected surprise. M. Phiri jumped
into the vehicle and we drove oft over worn, eroded

~em. An endless stream of

dirt roads toward his :
poetic analogics, laughter, and stories began to pour

from his mouth. The best story of all was his own.

In 1964, he was fired from his job on the fa:!\\.'ay
for being politically active against the whiw—mmsr;:y-
led Rhodesian government. The government told him
chat he would never work again. Having to supportd
family of eight, Mr. Phiri turned to the only two
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and eroding 7.4-acre
nd the Bible. Hr..‘
rdening manual and it insFured
esis he saw that everything

is provided by the Garden
te my

d—an overgrazed
Jandholding, a

things he ha
(3-hecrare) family
used the Bible as a ga
his future. Reading Gen
Adam and Eve needed wi

" thought Mr. Phiri, “| must crea
also realized that Adam

ates Rivers in their
phemeral creek.

of Eden. “So,’
own Garden of Eden.” Yet he
and Eve had the Tigris and Euphr
region, while he didn’t have even an ¢ CIEo:
“So,” he thought, “I must also create my OWI [IVETS.
He and his family have done both.

The family farm is on the north-northeast-facing
slope of a hill providing good winter sun to the site
since it is in the Southern Hemisphere. The top of
the hill is a large exposed granite dome from which
stormwater runoff once freely and erosively flowed.
The average annual rainfall is just over 22 inches
(570 mm). However, as Mr. Phiri points out, this
average is based on extremes. Many years are drought
years when tl_w land is lucky to receive 12 inches
(304 mm) of rain. When Mr. Phiri began, it was
very difficul € t0 grow crops successfully, let alone
}’:;Zk;; 511-.;]::;—[{(':::3 :’ei::cl;rqlmm dmflghts and he
equipment Ill..:L'di.‘d tbr[;rrioa:i‘lrumps‘ gy

gating with groundwater.

Fig. 1.1. More Walter,
OW across the Jang i

2
a4 MINWﬂ ER HARVES ING FOR DRI‘U\NDS VOLUM
™ E

soil 3 sQuds :

dlir. . =
owed (I::nm I:fe rg:&ﬁl;g.wh

s sl

Along with everyone else in the area, M

was dependent on the rains for water. Stopp,
bﬂ)llgh[ him ()ul.\idt‘ o nll_\(-;-\.-L- F’.r W Water ”!I.I.“....I
his land. He noticed that soil moisture w4 s
longer in small depressions and upslope of r,.
plants, than in areas where sheet flow wen, Unche,
(fig. 1.1). He realized he could mimic and e}y,
of his land where this was occurring, and he did o
then spent ample time watching the effects of j; ' :
Thus began his self-education and work in i, o
harvesting—his “water farming.” Over the ney, 3
he created a sustainable system that now proy 0
water needs from rainfall alone (fig. 1.2),

“You start catchment upstream and heal (},
young, before the old deep gullies downstrean :
Mr. Phiri. Beginning at the top of the wartershed
built unmortared stone walls at random incerval. ..
contour (along lines of equal elevation). These “d
dam walls” slow or “check” the flow of storm rur
and disperse the water as it moves throueh windin
paths between the stones. Runoff is then MOTre e
managed because it never gets a chance to build up:

mo :

runreﬂfilcffsrrucnve volumes and velocities. Controlled
off fr : :

it oln ‘he_ granite dome is then directed to
ned reservoirs just below:

' on °:etl:tﬁlr

Ontoyy)

N



These reservoirs were buile with nothing more than
hand tools and the sweat of Mr. Phiri and his family. All
work on the land was—and is—done on the hllll'l;l‘ll
scale, so that it can be maintained on the human scale,

The larger of the two reservoirs Mr. Phiri calls
his “immigration center.” “It is here that I welcome the
water to my farm and then direct it to where it will live
in the soil,” he laughs. The water is directed into the
soil as quickly as possible. The reservoirs are located ar
the highest point in the landscape where soil begins to

cover the granite bedrock. (See figure 1.3.)

Above the reservoirs the slope is steep with

little soil. At and below the reservoir, the slope is

gentle and soil has accumulated. “The soil,” Mr. Phiri

explains, “is like a tin. The tin should hold all water.

Gullies and erosion are like holes in the dn that allow

water and organic matter to escape. These must

be plugged.”

. Mr._ Phiri's “immigration center” is also a water
L.'\"“P,\:. tor he knows thar if it fills chree times in a sea-
.Fm. enough rain will have infiltrated the mi-l uf.hihﬁ
;;m {0 support the bulk of his vegetarion for rwnlvcarsA

¢ I'L'.‘i(_‘l‘\.'llll't. t.IL(;'ISil)HLI.”I\' fill with sand carried in the
runott water. The sand is then use
or for rcinfun'n]g the mass of the
lll'ing.\ this resource to Mr,

Overflow from the sm

d for mixing concrete,
reservoir wall. Gravity
Phiri free ufch:ll’gc. :
. \ aller reservoir is directed

via a short pipe 1o an aboveground ferrocement
{.stu-.:l—t'cinli_n'ccd concrete) cistern that feeds the
family’s courtyard garden in dry spells. The family

}}:l.\ another cistern, shaded and cooled by a lush
I[md—prndm'ing passion vine (fig. 1.4). This CISTE
collects water from the roof of the house for potable
use inside. Aside from these two cisterns, all water-
harvesting structures on the farm directly infiltrate

water into the soil where the water-harvesting potential

oy & _1‘

S R b P

"As Mr. Phiri explains, ‘I am digging fruition
pits and swales to plant the water so that it can
germinate elsewhere.™

1. Granite dome
25 Unmortared stone walls
3. Reservoir
4. Fence with unmortared stone wall
5. Contour berm/terrace
6. Qutdoor wash basin
7. Chickens and turkeys run freely in courtyard
8. Traditional round houses with thatched roofs
9 Main house with vine-covered cistern and ramada
10. Open ferro-cement cistern
11. Kraal—cattle and goats
12. Courtyard garden
13. Contour berm
14. Dirt road
15. Thatch grass and thick vegetation
16. Fruition pit in large diversion swale
17. Crops
18. Dense grasses
19. Well and hand pump
20. Donkey pump
21. Open hand-dug well
22. Reeds and sugar cane
23; Dense banana grove
(ilustration by, Sitvia Rayces fom A drawing by Brad Lancasteq)

Fig. 1.2. Layout of M. Phiri’s farm
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Fig. 1.4. The family house, courtyard,

cistern, and passion vine

Fig. 1.5. A loose-rock check dam tht h
caled a once-erosiye gully =
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is the greatest. All greywater (used wagf, ,, ey
an outdoor washbasin is drained 1, , Covery,

: 1
unmortared, stone-lined, shallow, y,,

1[-{::[“'
where the water is tll”tkf.\' percolated into
made available to the roots of surroundip,

Across the farm’s entire watershed fr,,

lng
|'“._

n !u[. i

tom, NUMErous w.'ltcr~]a:1r\'cxung: SLIUCTUres 50,
1 - ~ . e
that collect the flow of surface runof and quicky, .

trate the water into the soil before it capy SET
include check dams (small unmortared StONE v .
within drainages perpendicular to the e, flowe
figure 1.5), vegetation planted on contoyr tetrace
'n basins (dug out basins and earthen o vegetared b
laid out on contour), and infiltration basins ( it
out berms). All these catch water that was o los:s
government-built drainage system.

Many years before, the government had
drainage swales throughout the region. Unlike
water-harvesting swales or berm ' basine these
ditches were not placed across the slopes on conto
(o retain water), but instead were built so thevd ¢
water off the land. Vast amounts of unhindered
soon runoff were caught by the drainage swale, ¢
away to a central drainage, and shor our to the dis

oodplain. The erosion problem was decreased. b

drought intensified because this area was being robt

of its sole source of water.

Mr. Phiri
of large “fryig;
to 6 feer wide

P’ifs il :":ﬁf swales on hig land. Now whcﬂ.il ;,zé:.;:
one p; Water and the overflow successively :'.'-i'
- Pltafter ang e, across his property. Long afi
Ing into thtw: r;r r<mains in the fruition pits per o
00 pi gL €. giggled M. Phiri,
PIts takeg th:?e very fruicful,” The fruit of the frl{:[ll.
timbey 2o of tharch grasses, fruit trees, 4
s B Planted in and around the s.
i ﬁ"’;%etat'mn Provides bUElding materials, &%
U warepey . -o3ion SORIO], shade. arnd windbred
) smCﬂb =D » L i
mblcu'ldergm ¥ Y rain and the rising gmund“-_!
88 fruigig,y “t;ld As Mr. Phiy; explains, “1 am 4
S N and “Wales ¢q ‘Plc'lﬂl" the water $0
Tnate gjg - O | :
: | ere.” (See figure 1.6. ’
uni‘:rem my system,” L'(‘”.“"I_
- tStand and my Jangua®

turned things around by digging a
On pits™ (basins about 12 feet long b’
by 4 t0 6 feet deep) in the borroms o'*

f



Fig. 1.6. Sketch of Mr. Phiri standing i
fruition pit full of thatch grai;:b i

I put them here and tell them, ‘Look, the water is
there. Now, go and get it.™ A basin for holding water
may be constructed around or beside the trees, bur
such earthworks are also placed further out from the
trees so their roots are encouraged to stretch out and
find still more water.

A diverse mix of open-pollinated crops such as
basketry reeds, squash, corn, peppers, eggplant,
tomatoes, lettuce, spinach, peas, garlic, onion, beans,
passion fruit, mango, guava, and paw paws, along
with such indigenous crops and trees as matobve,
muchakara, munyii, and mutamba, are planted
between the swales and contour berms. This diversity
gives his family food security; if some crops fail due
to droughe, disease, or pests, others will survive.
Rather than using hybrid and genetically modified
(GMO) seed, Mr. Phiri uses open-pollinated varieties
1o create superior seed stock as he collects, selects,
and plants seed grown in his garden from one year
to the next. By propagating seed from plants that
haye prospered off the sporadic rainfall and unique
growing conditions of /is site, each season his seed
becomes better suited to his land and climate. This
sced saving is another form of water conservation,
!Jﬂcause Mr. Phiri adapts his seed to live off less water,
instead of adapting his farm management to import
more water.

Living fertilizer factories pepper the farm in the
form of nitrogen-fixing plants. One example, the

CHAPTER 1 The Man

Fig. 1.7. Mr. Phiri’s tree nursery
under the shelter of 2 mature tree

edible, leguminous pigeon pea, is also used for animal
fodder and mulch. Mr. Phiri has found thar soils
amended with local organic matter and nitrogen-fixing
plants infiltrate and hold water much better than those
amended with synthetic fertilizers. As he says, “You
apply fertilizer one year but nort the next, and the
plants die. Apply manure once and plant nitrogen-
fixing plants, and the plants continue to do well year
after year. Syntherically fertilized soil is bitter.”

The abundant food and fruit Mr. Phiri produces
is anything but bitter. He's been generous with his
abundance, giving away a diverse array of trees to
anyone who wants them. Unfortunately, as Mr. Phiri
points out, the majority of the trees he gives away die
when people don't implement rainwater-harvesting
techniques before planting. “The land must harvest
water to give to the trees, so before you plant trees you
must plant water.” Mr. Phiri propagates his trees in
old rice and grain bags near one of three hand-dug
wells near the bottom of his property (fig. 1.7).

il is Mr. Phiri’s catchment tank, and it 1s vast.
In times of drought, his distant neighbors’ wells go dry.
even those that are deeper than Mr. Phiri’s. Yet as Mr.
Phiri says, “My wells always have water into which 1

The so
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Fig. 1.8. Mr. Phiri .
would power the pump I

demonstrates how a donkey

n his lower fields.

» This is due both to the Particy
14

' fingers. ; <l
can dip my 15 ditions of his site and becay,

¢ ic con

ic/geologic s =
h)"?mloiiﬂ;fr}r more water into the soil than b, takes,
he 1s pi : f oy

Except for on¢ well, “"hi"_lf "'];““d ”“fj has 5 hagg
pump for houschold Wat{ﬁr‘lll‘.“‘ : : .._,I‘]I-{--“,p.m And lingg
with unmortared stone. These wells,” explaing
Phiri, “are those of an Emsclhsl.:. ma?l.i. I he Water o,
and goes as It p]ca.sc& for you ‘“L"-" 2y ]Jm! It i
everywhere.” During severe du;ug]n. M. Phiri yge.,
donkey-driven pump to draw {mm II;IL“.L' wells o
water annual crops in nearby fields (fig. 1.8).

A lush wetland lies below the wells at the Joy,
point of Mr. Phiri’ property. Hr':rc, lhI‘L‘L‘I aquaculnyy
reservoirs are surrounded by a vibrant soil-stabilizipe
grove of bananas (fig. 1.9), sugarcane, reeds, and
grasses. The fish are harvested for food and their
manure enriches the water used to irrigate the veger..
tion. The taller vegetation creates a windbreak around
the ponds, reducing water loss to evaporation. The
dense, lower-growing grasses filter incoming runoff
water, as well as feed his cows when in calf (See
figure 1.10 of the largest reservoir.)

Mr. Phiri has created his Garden of Eden. The
rain infiltrates his soil: the reservoirs and vegetation
are where it “surfaces.” This harvested rain creates the
“rivers” of infiltrated moisture his Garden needed
succeed. After 30 years of work his farm continues
to grow, and his methods are now starting to be
appreciated.

For years Mr. Phiri was the object of scorn since ¢
found himself i Opposition to international aid and
ﬁ?:::;?ii;gﬁ:’%gns that Pl:lshed gl‘nund\\':lter X l{f ac
local food Pl‘oductif:; OVt;r (T.lmf\me.r h;ln-’eslllls ;m:“
M. Phiy; e Zan lS[I‘IbHEIOII. Asa w,‘\_pl.w

; vishavane Water Resources
% tfccl:‘:?;'ﬂl:nenmi Orgill1i?ﬂfit;1ll _thar Is .
L1). Teis hin e dil;f well l{cyond h.lS site (see bo?

atic effect. He influenced

[ntcr 1 . ! :
nal:tc'mal in his region to the point that it
m giving away imported

Of plancing ghe . *PI€ implement M, Phiri's method

Rn angd . ) :
1 g‘_"“"ﬂg their own food.
100k him ¢, ;SCI:QS L. Phiri aboyg the three dccadtf-‘ i
today h 3y ‘lla.nd and his vision to where it 15
S

oy e L vered, “Te's 5 slow rocess, but that’s bfe
Plemen these projectz and as \:lou begin 10



r Box 1.1. Zvishavane Water T T ———
Resources Project B
If you'd like : __The Rainwater-a s
you'd like to support the great work of this Eas A er-Harvesting Principles
grassroots project write to: Mr. Zephaniah Phiri - Begin with long and th
Maseko, ZWRP, P.O. Box 118, Zvishavane Observatiorl. WEEA
Zimbabwe. ' 2. Start at the to i
To rgad more on Mr. Phiri see The Water Watershed andp-_or Wighpoinit—ot your
Harvest.er-—é'p:s_odes from the Inspired Life of 3. Start work your way down.
Zephaniah Phiri by Mary Witoshynsky. Weaver " small and simple.
Press, 2000. ISBN: 0-7974-2123-8. - Spread and infiltrate the flow of wat
L 5. Always plan fo e
i} r an overflow rout
‘ — manage that overflow water as ae' o
rthyme with nature, soon other lives will start to rhyme 6. Maximize living and organi e
with yours.” ' 7. Maximize beneficial lg:' i
i rela i
We rhr,jn walked back up toward the house and efficiency by “stacking fu:"locr:?:rll’;s"and
stopped m'ld\\-‘a)’. M. Phiri’s eyes were full of excite- 8. Continually reassess your syste = h
ment and joy as he pointed across the fence. His *feedback loop." G
neighbor was in the government’s diversion swale Principles 2, 4, 5
~8 2 : swale, d . 5, and 6 are based on those
digging fruition pits on the adjoining property. Pevefqped and promoted by PELUM—the
Look, crfed M. Phiri, “he is starting to rhyme!” ajsr;::cf;ﬂ?;ﬁw osialiedLs Dol
My visit with Mr. Phiri made clear to me that we 3, 7 and 8 Zfr:?):ss;i;o;;hzm et
; - ; 2 Wi ex
all have the .cho:ce and power to be either the problem insights gained from Mr. ‘?*‘-‘P*‘7'3"”'6’?}?"8’:2rj ;:;;f;i Ia}:;f
or the solution. He told me of a local school where the other water harvesters.

teachers were striking and threatening to leave due to

lack of water and harsh conditions in dusty, hot, wind-

o e Thy v o
T iisrencd - tj.w ¢ Icnor? _1.1 come _u:uc. T'hey had movc-q on to ;chools
: . Mr. com- in new settlements in lush lands, but within a few
plaints 01_‘- the teachers then asked them not to run years they had so misused and degraded the land that
from their problems. He rold the teachers, “to look conditions became as bad as those from which they

had run. M. Phiri responded by repeating his original
offer. The teachers could go back to the schools in
the new settlements and heal the scars.

Mr. Phiri turned to me with a huge smile and
said. “Remember, children are our flowers; give them
and they will grow and bloom.”

LpeR wherever they found themselves as home, to set
Ihﬂr_ roots into the ground, and to work to nourish
and improve their lives together.” Mr. Phiri then made
them an offer: If they would stay he would teach them
a“d_thcir students how to turn things around by har-
vesting the rainfall to grow food, shelter, and beauty. rain
P_ie also warned that if the teachers ran from the situa-
zo;i ﬂlc)'%(:uld take their problems with them. Half THE EIGHT RAINWATER-
id leave. The other half stayed, st their roots, and PLES
worked with Mr. Phiri and Zhe students. Together they HARVESTI NGIERINCI :
wrned the bleak school grounds into lush gardens
where lunches are grown on-site and vegetation pas-

M. Phiri’s story is a wonderful example of a suc-

water-harvesting system (se¢

cessful, integrated rair :
Je—that of my brother

sively cools buildings and blocks the wind. Thereisno  chapter4 foran urE.)an examp { b
longer reason 1o strike or leave, but reason to celebrate. and myself). Keep n mind fhar the specific tec wl};‘u.q.‘ .
used on his site arc not applicable everywhere. There 1s

Years later some of the teachers who left returned. applcavie g
With tears in their eyes t}fcyc:han;:ed M. Phiri for no one standardized design for RINWALET harvesting.
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RAI NWATER-HARVESTI NG
PRINCIPLE ONE

Begin with Long and Thoughtful Observation

Mr. Phiri was not taught by experts or at schoolf.
He learned from long and thoughtful observation of
his land (fig. 1.11)—something everyone can do.
When he began, his land was dry; eroded, and unpro-
ductive, but he was attentive to, and mimicked, the
aspects of his land that were working—including
rocks and plants found in informal “rows” perpendi-
cular to the slope where they slowed the rainwater and
infiltrated it into the soil. Mr. Phiri mimicked this by
tucking his water-harvesting structures perpendicular
o the slope around existing vegetation, placed at loca-
5 o e e
f his work. As M Ph'[? ) flmi Watlc hlng fhe ?F&:C[S
:racer. Really, you lrclnm::n\:iys’ ! Sy hqucm“g
Moo » when the rains fall and [ see
: & Lam running! Sometimes il f
me being very wer” you will find
To ()bsenr Y o
the rain, s:hrm‘fgyl’:J :lli i::‘s:;l)n thg 'dust and fiance in
and rurp yourself ingg 4 Spon: “f- it dowr}, Sit quietly,
ge. Listen with all your

) _h h(_.‘-“-jn{'_ [aste, an l
, iohe, smell, touch, 5 S Your
senses—S15
feelings-
Observe a

cas where moisture . _ \
ter and soil drain away? [ e

Il that is happening, Are there Jyg}, o,

. SN0
natu I‘&l“}f collects? Do YOu see
ar _
bare spots where wa oil |
running water? Is it polluted? If so, by what? 1, .,

grow straight, or are they l:)l.’l]l:.}“:("rl'l;lph by strong
orevailing el [_,z r]1“._. soil underfoort \x-;lsln-(.i—um_ and
hard-packed, or soft with ;IICFLH‘II!.I!J[L"{; Organic maper:
Can you hear the songs of birds ;a.n'd insects? Some.
such as house finches and dragonflies are never fy
from water. Where is the life? The resources? The
erosion? Where is water coming from? Where is j;
going? How much water is here?

Relax and be aware. After you've taken plenty of
time to observe, contemplate why things are as the,
are. Why is there erosion? Why does this plant grow
here? Why is there more moisture there?

Try o understand the site as a whole, not as
separate pieces. Imagine what would happen if you
changed something. How would thar alter the
dynamics of the site’s water flow, wildlife paths,
prevailing winds, and solar exposure? How would
thil‘lg:% improve? How would they get worse?

If you listen, the land will tell you things you need
to kno_w, and whar you need to investigate more deeply
Devoung time to observation and posing and answer-
INg questions are a good ways to get to know PLACE

ane you connect to a place, it begins to show
)Tu its resources and challcnges and helps guide your
trees T e Ose:tlllg eal‘l‘j‘{\\’o['[-;s 31“1d Plam frut ,
ieich runofFFi)s lac[;in[Td—erCd- area ’f’;ll' f@;ﬂﬁﬂnu
abounds, Wi, bet[:g_an trunr—eam?g Wlfdhft’l I{
locate thes, Water-har :site_undrerstarudlng. you \\‘t’!.U ¢
where ample runefy; :;:sinngrt*arth \\"orks ;md. rrtf&mi
Prevailing win s an‘d aC ter from aftcrnuqn sun a -

' greywater-producing hom¢
far more productive trees conve
casy picking by people and less
dlife. The outcome is determined !
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doing anything on the land. Keep Imagining different
scenarios until you settle on the one yo consider best

RAINWATER-HARVESTING
PRINCIPLE TWO

Start at the Top—or Highpoint— of Your
Watershed and Work Your Way Down

When you're feeling ready to create water-harvest
ing structures on your land, starc ar the “top’—or
highest elevation—of your on-site watershed (fig.
1.12). You could also state this rule as “start at che
beginning”—the beginning of the water’s flow over
your buildings and land.

Cn begin with, form a mental image of your
watershed. A watershed, or catchment area as it is
sometimes called, is the total area of a landscape
draining or contributing water to a particular site or
drainage. The watershed for an erosive rill cut on a
bare slope might be no more than 20 square feet. The
watershed for a river may be millions of acres coverin g
mountains, hills, valleys, mesas, and drainages. Such
large watersheds are made up of many small “subwa-
tersheds.” These subwatersheds are a patchwork quilt
of small areas of land and buildings, often on the scale
of a residential lot, a small parking lot, a commercial
site, or a field. You will most likely be focused on the
subwatersheds that comprise your home and work-
place. These subwatersheds directly affect the larger
community watershed, and if they are well managed
have the potential to enhance the community water-
shed! Once you've identified the subwatershed of your
site, you can begin to practice the art of waterspread,
cmphasizing the gentle harvesting, spreading, and
infiltrating of water th roughout a watershed racher
than the rapid shedding or draining of water out

of it.

Next, consider runoff, When more rain falls than
surfaces can absorb, water pools and then begins to
flow over roofs, roads, and soils on its way downslope.
This surface flow of water is called runoff: water run-
ning off the land, Generally, the further you are

nslope the greater the runoff volume will have
Accumulated. The steeper the slope the greater the
Speed of water you'll have to deal with. Our goal is

———

Box 1.3, Understanding Erosion

__and W_a_t_er_f-'low Patterns
”~= E;:;;rl?fr! pzlijnerlgs, the presence of vegetation
ol t. tf € Size of deposited sediment, the

s [a::ro' r;;cks, and other patterns give clues

et ainfall runoff flows through otherwise
1 oW much water. flows there, where it

pPools and where jt moves :
: A i
this more deeply. Ppendix1 delves into |

Box 1.4. Additional Resources
for Learning About Your Land

* Begin measuring and recording rainfall and other |
site-specific conditions.

* Talk to neighbors about their observations
through the years,

* Seek out photos and writings at local historical
societies.

* Obtain aerial photos from government mapping
departments and private companies, or hire a
small plane to fly you over your site and take
photos. This gives you different perspectives of
your site and surrounding areas, and documents
land changes over time.
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Fig. 1.12. Start at the top.
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If you begin to
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casier in the long run
i with at

a T o [
: - ou will be dealir :
The v . of runoff you will B . i
e will be less than if you started ](ML:‘

I et out 0
he watershed, and will be less likely to E_,LII o,
= W - " g ¥ i : ;
& nd become destructive. As a result, you
construct a water-harvesting
er will infilerate

any one time

control a
manage it better and n
svslcn: in which most of the wat
hefore it runs off the land.

use many modest-sized water-harvesting

You can ‘ el
sructures, each retaining an easily managed volume
of water. Vegetation in modest-sized water-harvest-
ing structures will get watered without getting

flooded.

The rain will infiltrate more evenly into the soil
throughout the landscape, not just at the bottom.

Water you harvest high in the watershed can be
moved around the site more easily than water har-
vested low in the watershed. Gravity is a free and

ever-present energy source that does not break
down; use it to your advantage,

RAINWATER-HARVEST]
PRINCIPLE THREE.

Start Small and Simple

Sn.mll is beautiful, and perhaps more
thn It comes to water harvestin L
casier, and more effectiye o
and his Farni]y built eye
nothing On materials, 5
themselyes, They could
was done on 4 l;uman
mechanically simple ¢
nance, and enable gf,
(See figure 1.13)

Small-scale trial
show you Wwhat we

- importam]y
1L1s less expensive
th:.m starting big, ME 1?18111:,
rytlulng by hand, Spent almos

nd did al| the Maintenan t
do this because .
scale, and kepr ¢
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0 reduce the need for mail):t:l d
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M 1o do thae maintcn:mce

s of Varioys e, hii ;
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Fig. 1.13. Start small and simplc._pcrhaps by F’I?ﬂllinga
[ow-water-use native shade tree in a wa_:f.—r-har\-w,',]_kr
basin to shade the east or west side of your home,

unique site. You'll avoid large-scale mistakes. If 4
small-scale mistake is made, it will teach you, nor
break you. Starting small lets you and your friends do
the work at your own pace, though of course you an
hire folks to help with the work. Either way, don’
start by creating an expensive and elaborate system
that might not be right for your landscape, lifestyle,
and means. Keep in mind that dozens, hundreds, or
even thousands of tiny water harvesting “sponges” are
usually far easier to create and far more effective than
one big dam, because they capture more water and
spread it more evenly throughout the land.

RAINWATER-HARVESTING
PRINCIPLE FOUR

Spread and Infiltrate the Flow of Water

Spread out the flow

? of water so it can slow dow
and mfiltrate

through into the soil. Make water stroll, not o
ou is i ~ .
i gh the landscape. This is the act of “waterspread
within the watershed.
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AXimym potential P g

hag infiltrageq @ infiltrate sn¢0 his land. Once i
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Fig. 1.14. Culvert acting as an erosive shotgun barrel
Note the undercut bed of the dr;:inugu“.;n.
on the downstream side. '

not destructively over it. As he says, “I plant water as |
plant crops. So this farm is not just a grain plantation.
It is really a water plantation.”

In contrast, channelization can be compared to a
shotgun barrel for water; it typically straightens and
constricts water How by sealing and smoothing the
banks and sometimes the bed of a waterway, often
with concrete. It’s like the hardening of arteries in the
body, and it's bad for the health of the system.
Channelization increases the velocity of water flow
through and downstream of the channelized area.
reducing infiltration of water into the soil and some-
times deepening the channel.

A culvert (large pipe) placed in a drainage typically
forces water flow through a smaller diameter orifice
than the full width and depth of the natural drainage.
In a large rain event, water backs up on the upstream
side of the culverr, builds up pressure, and speeds
through the culvert like it was the barrel of a shotgun.
Resulting erosion can often be seen just downstream of
the culverts. (See figure 1.14.) Yet, we can reduce ero-
sion and enrich the landscape if we slow down the flow
of water, spread it out, and allow it to infiltrate. In the
second volume of Rainwater Harvesting, the chapter on
check dams provides examples in drainages.

Figures 1.15A and 1.15B illustrate how a land-
S€ape can act as either a drain or a net, respectively.
Water flows from the highest point or source of a
Watershed, to the bottom of the watershed or sink
where the water and other resources leave the land
for good (see figure 1.16 for Source/Sink).

The “drain” example of figure 1.15A shows
water, soil, and organic matter quickly draining
outof the system causing erosion and downstream
ﬂ°°ding. Upstream areas are left dry while down-
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Box 15 Small Dams Yield More Water
; L 'an Large Dams
A study by the Ce "
COI]SEI’thIUﬂ Rese
Dehra Dun, India,
adam's catchmen

nitral Soil and Water
arch and Training Institute in
found that increasing the size of
t from 2.47 acres (1 ha) to about
by as much as 2fjrggrrzt:lw§er gt bl
Science and the Em.f'irt:mm-(;ntS 2 Cf::‘ltre o
prone area whe states, *In a drought-
. Er€ water is scarce, 10 tin d
with a catchme A
atehment of 1 ha each will collect much
more water than one larger dam with a catch
of 10 ha."* The tin dams don' il
distribution syste et o e oty te
located thro yfhrms either, as they are already
disnlaca tx f'—‘é out a watershed. Also, small dams
ar fewer people and cause less environ-
mental damage than large dams.

In another example, tiny “dams" yield even
more water than small dams. While studying 4,000
year old water—harvesiing strategies in the Negev
Desert, which enabled ancient people to provide
food and water with a scant 4 inches (105 mm) of
annual rainfall, Israeli scientist Michael Evenari
found that small watersheds harvest far more water
than large watersheds.

Summarizing Evenari’s findings, the book
Making Water Everybody's Business states, “While a
1 hectare watershed in the Negev yielded as much
as 95 cubic meters of water per hectare per year, a
345 ha watershed yielded only 24 cubic meters of
water/ha/year. In other words, as much as 75% of
the water that could be collected [in the larger
watershed] was lost [to evaporation and the soil]."
The loss was even higher during a drought year
According to Evenari “...during drought years with
less than 2 inches (50 mm) of rainfall, watersheds
larger than 123.5 acres (50 ha) \:m'rl not produce
any appreciable water yield, while small natural
watersheds will yield 4,400-8,800 gallons (2040
cubic meters) per hectare, and microcatchments
smaller than 0.24 of an acre (0.1 hectare) [will
yield] as much as 17,597-21,997 gallons (80-100

cubic meters) per hectare.™

expensive SLOrMWater manage-
coenerates—or breaks down—

(fig. 1.15B) shows the same

The “net” example
ered to caprure, slow; and
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Source

Source

Sink

15 2 top;
’s Source is at the
i ater’s Sour
acting as a drain. Thc_w
- : J n.
Reght e |and5‘f:f Eink is at a lower elevatio
Ak :

Fig. 1.15B. The same landsca

€ with “nets” of
earthworks sl‘:)wing and infil

vegetation and water-harvesting
trating the water.
spread the flow of

water, soil, and OTganic matter, gyer
and through the engire landscape, Thic reduces erosion,
flooding, drought, and

: ,I'i{_’_\
! ; " c 3 create a S¢
The goal in water harvcsung IS 1o crea

of “ners” aACross o
| : s of storm drain
infrastructure while Dproving soil fe

1. wWe
ur watershed. Like Mr. Pl?u I :m
ili should direcy runoft ino the soil by spreading :
: ‘ Uiy, water infil sinking i
tration, vegetatjve Production, and CCosystem stabl. kmg oy Alishe
ity—by growing shade, food, shelte,
and erosion contrg),

< 50
e willialways be srm;n: §
i J oo that
£ wildlife haly big that more Water will flow across the site t
' » Wildlife habjry, the land of
This system starts 1o fegenerate_ iy
care of jrself, )

tain, leading us to the
NEXE principle,

or build and take
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Source f

Sink

Fig. 1.16A. Source and Sink. A fairly quick and linear
downward flow drains the landscape.

RAINWATER-HARVESTING
PRINCIPLE FIVE

Always Plan for an Overflow Route, and
Manage That Overflow Water as Resource’

Overflow should not be treated as a problem or
a waste. Instead, design the overflow route so that
surplus water becomes a resource (fig. 1.17). Mr. Phiri
converted the government-built drainage swales cut
across his land into a water-harvesting project by dig-
ging “fruition pits’—or stepped infiltration basins—
within the bottom of the large swales. Any excess
water overflows from one fruition pit to the next and
ultimately drains away down the big swales. All of
M. Phiri’s water-harvesting structures have planned
overflow routes. In huge storms extra runoff is directed
from one harvesting structure to the next until it
reaches the bottom of his site where it is released
onto the narural floodplain below.

No matter how well you design your system
always plan for overflow in very large storm events.
Overflow spillways should be stabilized using heavy
t"shdy packed rock, or well-rooted vegetation so they
hold up 1o large flows. Overflow from ranks and
Cisterns must be safely routed out of the rank :md.
away from the rank’s foundation, Overflow should

CHAPTER

B

1 The Man Who Farms Wate

| Sink

p e e

Fig. !.IIGB: Source and Sink. The zig-zag increases
the time of How, distance traveled, and
ground infiltration from Source 1o Sink.

be directed to a useful location such as a vegetated
infiltration basin that passively irrigates a n-.:ri\'c shade
tree that in turn shades the tank, provides food, and
creates wildlife habitat. The need to manage overflow
applies to all cisterns and water-harvesting earthworks.
As the Boy Scouts say, “Be Prepared.” Make sure that
when your system overflows, it overflows where you
want it to, and in a controlled manner.

Be sure your site has a final overflow outler at the
bottom of ‘\-"(mr watershed. Ideally this would direct

water into a natural vegetated wash or creek, but in

i d to,

i s tern overflow water directe .

IF l" X Z;ldCl:}:Z; overflowing one carthwork
i to hill another and another
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Fig. 1.18. Planting vegetative gfuunc.!c((])\:.:.hc] ,
spreading organic mulch, and lansmgla.lw ‘ I
permeate, protect, and build sml_wn | roots,
leafy cover, mulch, and accumulating leaf drop

the urban environment you may have to settle for a
street or storm drain.

RAINWATER-HARVESTING
PRINCIPLE SIX

Maximize Living and Organic Groundcover*

Rather than infiltrating, water often flows off flat
or mounded bare dirt surfaces, or pools for days inside
bowl-shaped surfaces and eva ’

quito breeding. This js because bare d

e N
| AR 00 e

Fig. 1.19. A water-harvesting system providing
multiple functions of water, passive cooling with
sha(ﬁ:, stormwater control within earthworks.
wildlife habitat, and food production.

roots. The vegetation literally brings harvested warer

to “fruition,” transforming it into fruits, vegetables,
and grains for people, livestock, and wildlife: shade
and shelter for home and fields: a dense mar of roors
and leaves to stabilize spillways and control erosion:
lumber and thatch for building; fiber for clothes;
medicinal herbs; windbreaks that reduce evaporation
and &vapotranspiration; and Imfdrnp that breaks
down and fertilizes the soil.

Natipe vegetation—indigenous plants found within
25 miles (8 km) of your site and within an elevation
fange of 500 feet (152 m) above or below your site—
1S generally best ada
growing conditions,
groundcovers,

LR : ]
pted to local rainfall patterns and
and these plants often make great

RAINWATER-HARY
PRINCIPLE SEvEN g

Magimize Beneficia] Relationships and
clency by "Stacking Functions”
Mz, Phiri looks

and strives (o |

Bpect of ji, H

well beyond water infiltration
Mprove his whole Site, not just one
¢ does this by designing and placing



his mter—harvcsting strucrures in n-!.-uinnxlﬁp 1o the
overall landscape so they pgrli;rm multiple beneficial
functions—he is “stacking functions.” By stacking
functions, Mr. Phiri gets far more cllicichcy and :
producli"ir)' for the same amount of effort, The
yegetation selected to harvest rainwater also produces
food, medicine, fiber, shelter, wildlife habitat, and
windbreaks. These windbreaks reduce eva poration of
water from fields and ponds. Fish raised in these ponds
feed the family and fertilize the water used in the
fields. Contour berms create raised footpaths. Check
dams stabilize path and road crossings over drainages.
(See figure 1.19.) ‘

Often, existing strategies designed to perform
one primary function can be adapted to perform
addidional functions. For example, the government’s
drainage swales were originally designed only to
reduce erosion and flooding, which they did, but
they also drained away the areas sole source of
water—an irreplaceable resource. Mr. Phiri added
fruition pits to harvest water within the swales and
lined his fruition pits with multi-use plants, creating
windbreaks, stabilizing the pits, and generating
selfseeding crops that flourish on passively
harvested water.

Elach site has its own unique potential for stacking
ﬁ}nalons. For example, when designing rainwater
cisterns into a site, they can double as privacy walls,
pillars supporting porches, property fences, retaining
W, s,.afternocn sunscreens, and more. Get the
Dt?mmo Theory working for you. You know you're
doing well when you devise a strategy to solve one
problem that simultaneously solves many other
problems and creates more resources.

RAINWATER-HARVESTING
PRINCIPLE EIGHT

f;ontjnUally Reassess Your System:
he “Feedback Loop”

_Cnntinual reassessment is the key to long-term
Maintenance of 5 water-harvesting system (fig. 1 .20).
. M. Phiri had a great idea: Grow water-harvesting
sructures by placing plants on contour. He “stacked

Ctiong” bY Sﬂck_[ng out p]a_n[ SPCCiCS that p[‘Od llCt‘.‘d

CHAPTER

1 The Man Who Farms Water

S
A\ ‘\\ Al h\"v‘v‘n‘
SANWEES

Fig. 1.20..lnng and thoughtful observation again.
How is the land responding to your work?
What still needs to be addressed?

crops as they harvested water and reduced erosion.
He quickly sertled on hardy sisal plants (Agave spp.)
that use little water, require almost no maintenance,
produce large amounts of biomass to hold back warer
and soil, and produced fiber to use on site or sell.
Mr. Phiri thought long and hard about this strat-
egy. He began high in his watershed where the sisal
contour berms helped spread runoff and infiltrace it
into the soil. He built rock-stabilized spillways for over-
flow. His system quickly maximized groundcover, har-
or. stabilized soil, and produced sisal fibers.
The only thing he forgot to do was to start small. :
Sisal plants covered his land and .sluw?d runofk.
winter arrived in a drought
plants appeared yellow and
al stood

vested wate

Everything was great until
yea r.[(?ms:; Was Sparse, and )
dead in their dormancy; but tl\f evergreen sisal st
out verdant and lush: Mr I’lun:f livestock went right
for ir. The long, strong fibers of the plants bound up
in the intestines of the animals, k:]‘hng them. Mr
Phiri was devastared. He had not foreseen these conse-
are always consequences thar we can-

uences. There 56 .
20[ or do not predict. Mr. Phiri subsequently spent
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Fie. 1.21. Mr. Phiri beside his remaining
= stand of sisal planted on contour

many hard days removing all but one small stand of
sisal. He left this stand as a reminder and teacher
and keeps the livestock away from it (fig. 1.21).
Following a// the principles together can decrease
your mistakes and increase your chances of success.
No matter how good a plan or design is, maintenance
and adaptation will be required over time. When the
design is well thought out in the first place, these
changes are likely to be minor. Mr. Phiri finds himself
reinforcinlg spillways, maintaining berms and swales,
and pruning v?getation for livestock forage and
mulch. Sometimes, as with the sisal, he needs 1o
change or alter some of his strategies. After the sisal

mistake, Mr. Phiri did not abandon his idea of plan

Ing vegeration as water—harvesting strucrures——hpe wt-
Just more careful about plant selection. Now he g 2
with smaller plantings to see their effects bef G
expands to larger areas, i

As wi'th Mr. Phiry’s site,

Balanced

ced be feare
» 11180 Opportunity ¢, learn anil to(;ln(:;rleg-
Ve,

3 RAIN
WATER HARUESTING'FOR DRYLANDS
3 - VOLUME 1

WATER-HARVESTING ETHICS

Mr. Phiri’s site and life Pm,v-idv a \\: nderfy] St
ple of embodying Wat’u:f"harvc.m ing lpl I.Illf iples “..”hm
an integrated system. [hey also em vody an ethicy
:}'wis that further increases the benefits 1,1 his work
']:he three ethics of permaculture’ dch ribed beloy g
realized in Mr. Phiri’s work, and are important uide
to me in making decisions about “"-”L""}NI'\‘L"\[in; w
integrated-system design.

1. The CARE OF THE EARTH" ethic reminds s,
care for all things living and nonliving, including
soil, water, air, plants, animals, and entire ecosys-
rems. As Bill Mollison states in An Introduction 1y
Permaculture, “It implies harmless and rehabilitive
activities, active conservation, ethical and frugal u
of resources, and ‘right livelihood” (working for use.
ful and beneficial systems).”"

2. CARE OF PEOPLE® directs us to strive to meet
our basic needs for air, water, food, shelter, educz
tion, fulfilling employment, and amiable humas
contact in ways that do not hamper or prevent
others from doing the same. We do not exploit o
disregard others for our own gain. Nor do we
destroy the environment that supports us all.
Instead, we sustain a basic quality of life that

Improves our environment while enabling
others to do the same.

- REINVESTMENT OF SURPLUS TIME.
MONEY, AND ENERGY" to achieve the aims
?aﬂh and people care encourages us to extend g
influence and surplus cncrgiesLm help others aral’
the ethics in their own life and work. This helps
all because it sre
in which we a1 |

L

ngthens the greater communt™
“

1ve,

ks IMZ.] Phiri embodies these ethics: He improve*
and, the earth, and his community by worki®

with | ) e
s _oca] resources so his land and community <7
usralnably regen

Synthetic fercp, €rate more resources. He c‘SChZ“‘"
Ort-term ey el clear-cutting that prov Li in
thelog gains bug pollute and weaken the land -;c'
& fun. He practices infusion rather than &



i

cion. He gives his land more than ht’hl;\I\‘.cs——in the
form of water. He gives h‘n. community more than he
gakes—in the form of information, trees, and water.
He empowers othel"s to do the sa me. l.hu t‘.’.\'isllﬁ]\’;il'lc
Water Project was formed by Mr. Phiri to contribuge

rpIUS rime, energy, and money to spread these ideas.
su » ol

He teaches people how to harvest rain, improve soil,

w food, and build community. And he learned it
all from living it. ’ -

By following these eight pl'lllfipl;i}; and the |
“care’ ethics above, you can thoughtfully and effec-
gively practice water h;}wc“u‘nng and create r.hc h.cs[
techniques and strategies h:)r your unique situation,
Use the principles and C[th::i as a Chl.:CkllS[ of guide-
lines while you assess your site, imagine what water-
harvesting strategies would work best and where,

e e

and as yoy implement y
guidelines are met you
You now h

our ideas, As long as all the

Il be on the path to abundance.
: ave the tools to conceptualize and plan
;1‘n mntegraced r-.linwau-r—il:u'\-us.{inu system. Read on 1o
find out how much rain you have to harvest.

b Box 1.6.
Additional Permaculture Resources

l'invite you to look into permaculture as a tool
to improve your rainwater harvesting efforts, and to
integrate sustainable strategies inta your life. While
| offer a set of principles geared specifically to water
harvesting, permaculture literature provides princi-
ples that apply to all aspects of our surroundings. |
| encourage you to pursue this exciting and
empowering material. See appendix 6, section E.
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CHAPTER

Assessing Yoy Site’s
Water Resources

But especially as I drink the last of my water, I belieype
too proud to write ourselves into textbhooks al,
When [ walk cross-country, I am nothing b,

ts important to begin harvesting water knowing

how your site fits into larger water flows and know-

ing how much water there is to harvest.

This chapter builds on the principle of long and
thoughtful observation by beginning with a description
of the hydrologic cycle. This will help you understand
your sites water flow in the context of global hydrologic
patterns and interconnections. Next the chapter moves
0 local watersheds and subwatersheds, where small-
scale portions of the hydrologic cycle occur. You will
learn how to determine the boundaries of your site’s
fﬂbwatcrshed, where to concentrate your water-harvest-
ing efforts, how to calculate rainfall and runoff volumes
‘1_‘3[ affect your site, and how greywater can add to your
sites harvestable water resources. The chapter ends with
thef“’}')’ of an Arizona couple striving to live within

CIF SItE's rainwater budget. Appendix 3 “Calculations”
a‘m,i appendix 5 “Worksheets” are intended to be
uncts to this chapter.

THE HYDROLOGIC CYCLE—OUR
EARTH'S CIRCULATORY SYSTEM

ﬁomThe following is primarily drawn with permission
D "_Vatel"ha.rvesmr Ben Haggard's great liccle book.
"Ylands Watershed Restoration:

@f_3$€:WQdd‘s total water, a small percentage I3
1 Water. The majority of that is tied up as

that we are subjects of the
ong with clouds, rivers. an

i ke SR
the beast car 1ying water

planet’ hydrologic process,
d morning dew,

10 ils next s top.

—Craig Childs, 7he Secrer Knowledge of Water

ice in polar ice caps and glaciers. The remain-
der is continually recycled in order to support
the world’s living systems. This recycling is
known as the hydrologic cycle.

Water is evaporated from the oceans
and precipitated as rain or snow over the
continents. This water is absorbed by plants
and evapotranspired back into the air. This
pumping of water back into the air by plants
accounts for much of our atmospheric water.
This water forms clouds and rains again ...
Forests play an important role in maintaining
[and retaining] rain in the landscape.

Raindrops form arou nd ice crystals in ‘
These ice crystals require a nucleus for
ation. Dust, tiny bits of leaf, and
bacteria are among the particles that initiate
rain. A number of natu ral systems !‘such as
forests] encourage rain by giving or% IT-.UJU{HI‘IS
of tiny particles that seed the clouds causing

drops to form.’

clouds.
their form

are soaked up by the living sponges of

! >S¢ EIOH
]" SUS !.ll’-lirit“i. .’lnd dl.’iit.‘.l'l (hOI'I']S(.FUb. Ih{. i, Igi
orests, pre - = _.‘_[1.“.
Witjl [l'l(.‘il ﬂ.SS()Cid[Cd ]t."‘d{ dﬂ)p. tof lb()ll‘l 'l]‘ld : C.C._l:' ties
[‘Cd l!}’ burrowing ‘.minmls. I‘ICIP ho d onto [ha
cred

water and slowly release 1t

Raindrops

41



Each of us depends on and is a part of the hyds
¢ cycle. As water moves through the globy| o, Je
s through the watersheds of our COmmy,

¢ rain seeders and

and othe . :
' the landscape logi

“forests, srasslands, :
i : a landscape,

.moved from
sponges are f¢ moved a0
n can become

begins to dry. Rai G

vcg;cmriun has trouble reestablishing.

streams become dry: :
Ben Haggard continues:

Jess common and
Rivers and

Rivers and streams generally flow r.h rt.:uglim‘lr[
in spite of the fact that rain is a local-

the year; ‘ '
} arid settings.

ized and fairly infrequent event in '
Even in rainy climates, rain occurs a relatively
small percentage of the time. Rivers llil-\-'c 2 Sus-
wined flow because most of the water 15 actu-
ally stored in the soil where it slowly releases
into the drainage. In disturbed watersheds, this
slow and sustained release is disrupted. Water
runs rapidly off the ground’s surface rather

than soaking into the ground. This process cre-
ates floods followed by drought. To repair such
a watershed, infiltration of the water into the
ground must be increased.

Living systems create com plex interactions
wi.th water. Water falls as rain, Trees interccpt
this water, directing it into the ground where 2
layer of organic material deposited by the trees
absorbs and holds it. Some of the water ﬂowe.
slowly through the ground where it support ‘
ll‘u: grov{th of forests and the susrainedpglnws f
:]\lf:.: Rivers act a5 transportation networks f

IWINgG nutrients from the forec 2
d0_wnstrcarn and ﬁshU:;:l}:tlfzr:::i:g ‘INaSh

. als to

> 'Mporting phosphate ang

" Hageard, com:
Stuly of(.bmm;mitjﬁ ik

50 It Mmove Staeads :
s the subwatersheds of our individual site, and
1]

ries

our own bodies, which are over 70% water, We ¢,
slow, cycle, and enhance that f]r:'w as we Improve gy,
lives and community by harvesting rainwarer, iy,
we need to identify and thoughtfully observe o,

watersheds.

WATERSHEDS AND SUBWATERSHEDS-
DETERMINING YOUR PIECE OF THE
HYDROLOGIC CYCLE

A watershed is the total area of land from which
water, sediments, and dissolved materials flow by gray.
ity to a particular end point. At the largest scale thic

&

endpoint might be a river, lake, or ocean. A wartershed
is a geographic entity clearly defined by high points o
ridgelines that split the flow of warer, creating the
boundaries of each watershed. Watersheds are made
up of many smaller subwatersheds, each defined by
lower elevation ridgelines that further split the flow of
water and direct portions to particular endpoints.
1 bcsc subwatersheds are made up of a collection of
still smaller subwatersheds. If you trace the boundanc
?f:ﬂ[ these subwatersheds, the pattern you'll see looks
i ieces nf.i 3 o4 By

;e F]‘_C“ of jigsaw puzzle forming an interconnected
wh T < [ a3 ¢ WS

to.c- P'he terms “watershed” and “subwatershed” ¢
relative g s . r g

TR that can refer to a variety of scales of

water drainage area;

On : ik : :
part F . Iarg‘_ scale, your land will almost surely !“_

of a regional watere : ;

Squar ']Lgl(]""1l watershed that drains thousands ¢!
¢ miles of . - My
Tirce n_f land, creating streams and rivers. M)
cson home IS a y > ~ : sarer
Shad e Sa part of the Santa Cruz River W
Shed, which covers appres ' > miles
Liso e ho; PProximately 8,600 square ! :
: St A 4 ’ e i
regional f120na and northern Mexico. Within !
arers ey , :
slope $hed, water drains toward me from Uf
Pe areas, away fro sndl
ultimage] fl M me to downslope areas, 4
Y Hows 1o the S e 0 The Santd
“TUZ River vy, santa Cruz River, The 5ant ke
. 4y 1
ershed is in turn 4 subwatershed of !

larger G
113 Rj\'cr i
Watershed o . a subws
tcrsht?d of the gil] [y » which is in turn

ger Colorado River watershed:
¢ ]mcl:fl:;:m Df_a city ﬂowing roward one g™
b

the City, broker, ? c:f smaller subwatersheds th rousi:_}
PAnto many smaller ncighbﬂfho‘ 4

kﬂn R e P



qm A Watershed as a Bounded
Hydrological System and Community B

Silic's Waterahed

Nineteenth-century explorer, scientist, and
geographer John Wesley Powell described a water.
shed as “that area of land, a bounded hydrologijcal
~ system, within which all living things are inextrica-
bly linked by their common water course and _‘
where, as humans settled, simple logic demanded Fig, 2.
that they become part of a community."*

1A. The top of the watershed

L =T
Box 2.2. Watershed Resources

Topographic contour maps, sometimes
called “topo maps" can be very helpful in
determining watershed boundaries since they
illustrate the changing elevation of a landscape. In
the U.S. these are available from the United States
Geological Survey (USGS) mapping.usgs.gov. For
urban environments you can often obtain detailed
topo maps, or aerial photos with superimposed
contour lines, from government agencies. The
departments of transportation, mapping, or
flood control are usually a good place to start.

The Environmental Protection Agency

Fig. 2.1B. Ridge of hill defining watersheds

(EPA) has a web site devoted to watersheds. draining off the hill away from your site (fig. 2.1A). If
"Surf.You:' Watershed" can be found at your site is at the bottom of the hill, your site’s warer-
-'-'fpUb1-Ep&g0\f/surf/[ocate/map2_cfm, Here shed will be that part of the hill’s slope that drains or

you can locate the regional watershed of which

your town or site | TR o sheds water toward your property. Most likely; the
Wn o site is a part, and get informa

=t e her side of the hill will drain ro a dif-
about ; : water on the ot | vill dra
bout that watershed, though it lacks the detail to ferent endpoint, so it will be part of a different water-

sh : . L : -
SNOW you the boundaries of smaller watersheds <o (6 1B}, Bl iE ranoft Bomuthe R

E— the hill does eventually drain toward your site—per-

haps via an arroyo or wash cu‘r\'ing around the ]-u.lll—
then it too is part of your sites watershed. In addition
is local hill, there may be other areas of |;1‘nd‘ that
e watershed affecting

sized subwatersheds, made up of property-sized subwa-

tersheds, made up of still smaller subwatersheds consist- 0 Fh = Tfeo.th

Ing of residents’ roofs, yards, patios, and driveways. drain LOwrR d -‘.’“"[“ S: [: (fie ﬂ,l Q.
small urban-scale subwatershed directs flowing your site 15 CVen JAIEe A5 <

Water toward a different urban endpoint. Urban l:.il‘ld' OUR SITE'S WATERSHED
i ldings and paking os ac s te dividing LDNESJ gggRVE TS WATER FLOW

iy ! /
dt::m between these tiny watersheds. Pitched roofs th 0¥
dwvide the flow of water between front and back yards. To assess your site’s water resources, first define the

arkiﬂg lots act as gradually sloped fields. Roads act as . ; sperty and the watershed
i : S YBOpC R boundaries of your propert i
:::r: :igges 1 .l'alsed, or as drainageways if built as 2 directly affecting y' ?url Slr; ‘v:u:o\{v’:rge:'as{;c:;s “rnge‘
me-n.t llf'l the la.ﬂdscape- o at give you a gfnt'l"dj }d&l or ) d e el
yoursite is at the very top of a hill it is also2 lines’—the tops of slopes that dete

the 1o

P of a watershed, because all runoff water will

o
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flowing toward or away from your location
2.2). You can walk your land in the rain to
Way water runs to help understand fand slo

extent of the watershed draining to your site. Erosion

patterns can clue you in tq floy patterns when j’s d
(see appendix 1), If runoff

(see box
see which

flows across yo
ention to whag direction
from, its volume, and the surfaces it flows over,
Potential contaminants—gf, 3s ol from stre

ards and fields—

it comes

CREATE A SITE Ly A
YOUR OBSERVATINe 0 MAP

Creating 4 sige plan he|
. Ps you see ang
SIte resources :mc! 8eS; integrage youTake use of
Vesting system with the resy of your sjje (m‘::ter_har'

anc A boundary

Site B boundary

Site A's waterched

Site B's watershed

Area of site B
shared wit

and place and size watel‘-ha.i'\’CSti"g earthworks,
vegetation, and ranks appropriately.

You can use your ow
ate your own wate
worksheets and

Leave w
Paper, and
inside

n paper (perhaps you L‘-l’“ e
r-harvesting journal) or use fh*;
grid Paper provided in ;1}-‘{-""”41;
ide margins around the outsl_dt’ “I “i;!c'
draw your property’s boundaries 8 inch
these margins. If you choose a scale of 1/¢ 5
001, 2 measyred distance of 1 foot on your SII-LJ:'
will be Tawn on your plan as 1/8 inch. Use the W
Margins o map the locations w

> TUnoff from v, neighbor’s

alt_mgsidc your site, Draw build
EXisting Vegetation, natural war,
and ahgye

them ang

here rcsnurtf“'"”‘*.lf:”
yard—flow on. ol‘.f‘lim
ings, driveways: P4 ¢
erways, undcfgl‘f:u,n
8round urility Jines (to avoid damagmi y
. yourself) o4 other imporgant eleme? i;.‘i
Your site “scale on the Plan. Make multiple mh. [‘T
of your basic site plan on which to draw a "umbt‘:
ofy?m- Observations and ideas. (Figure 2.3 1

Map,)
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— e amm = _\_%
To calculate the volume of rainfall in cubi
g cubic feet that falls i
SUCh as )”OUT Yafd: m?lghborhood or other Sub at falls in an aver " —_—
- watershed (see box 2 4 oo On 4 specific ¢
x 2.4 for roofs): ¢ catchment area,

3 - e
ox 2.3, Calcula‘ﬂnﬁ_Ra_iEfall Volumes

CATCHMENT AREA (i
(i feet) & uaiEsAth(m square feet) multiplied by the AVERAG
quals the TOTAL RAINWATER FALLING ON THAT CATEL e !
IN AN AVERAGE YEAR (in cubic feet) T CATCHMENT

(or)

CATCHMENT AREA (ft*) X AVG RAINFALL (ft) = TOTAL RAINWATER (ft)

If you normally measure annual rainfall in i m
all in inches, si ivide i 0 0g
. i ) : i ply divide inch f rai
in feet. For example, folks in Phoenix, Arizona get about 7 inches of am:jal r;ﬁ:&:zl'yslzt;ey \e: ar;gl:ja'} (Smfa“
F ould divide

7 by 12 to get 0.58 foot of annual rain.
Once you get your answer in cubic feet
Onc of annual average rainf [
i ‘ ge rainfall, convert cubic f
tiplying your cubic foot figure by 7.48 gallons per cubic foot. The whole calcul;tioieltott?kfii‘:(?:h?

CATCHMENT AREA (ft5) X RAINFALL (ft) X 7.48 gal/ft’ = TOTAL RAINWATER (gal)

e how much rainwater in gallons falls on your 55 foot by 80 foot (4,400

For example, if you want to calculat
inches the calculation would look like this:

squ i :
quare feet) lot in an normal year where annual rainfall averages 12

ent area X 1 foot of average annual rainfall x 7.48 gallons

4,400 square foot catchm
g on the site in an average year

per cubic foot = 32,912 gallons of rain fallin

To calculate the volume of rainfall falling on a specific catchment area in liters:

CATCHMENT AREA (in square meters) * AVERAGE ANNUAL RAINFALL
CATCHMENT

(in millimeters) = TOTAL RAINWATER FALLING ON A
AREA IN AN AVERAGE YEAR (in liters)
ven rain event:

To calculate the volume of rainfall on a specific catchment for a gi

amount of

bove, but enter the :
annual rainfall.”

Use the calculations a
place of “average

“rainfall from a given rain” in
.I.' e - - t'

~ Note: Appendix 3 “Calculations" provides more detailed information o conversions, constants, and calculations
Jor water haryesti
x S .an.'es_-tmg'
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Low Point P
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Fig. 2.2. An urban home watershed with arrows depicting runoff flow

CALCULATE YOUR SITE'S
RAINFALL VOLUME

Once you've defined and m;
of your site, use the caleulatio
mine average volume of rain
year. This is the “income” i

(Again see figure 2.3))

apped the boundaries
ns in box 2.3 to deter-
falling on your sie each
de of your “wager budger.”

MAP YOUR SITE'S CATCHMENT
SURFACES AND CALCULATE-
RUNOFF VOLUME: HATETHEIR

ES
Roofs, paved surfaces gy driveways
patios, and compacted earely sugé;myrgihs;

6 RANWATER Ay FORORAANDS . vy e 3

arvest
. ‘hich to harves
are useful catchment surfaces from which

¢ surface
rainfall. Indicate on your plan any catchmen

A
s ., a drivewd)
that drain waer off your site (for example,
sloping toward the

i
street) and subtract this lost :111“0!
volume from your sice’s calculated average an ﬂ:{;
rainwater resources. (You can devise straregies
fecapture that lost runoff later.) s

Indicate on your plan any catchment surk o
ining water gz, your site from off-site [tﬂri[,'s int
Ple, runoff from, your neighbor’s yard that dra

) t!} \ro -
your yard), Add this bonus runoff (or «"‘”aﬂ.inwaif'
UMe to your gire’s calculated average annual r:
resources, See

aring
e O 2.4 for instructions on mlfui::c
g LS Sec igure 2.4 for che examp 8
Map with rypefy volumes and runoff coefficier

r




Alley

. 55 "~ 3
Y ““l“ =
8 feet Ll D ? —_—
Shed el L
16 feet TG| ! Neighbor's
2 % % Shed
‘l' e
L] w
é E 4 30 feet ;
£ y x
iy \
ey \
80 feet ¢ 9 feet ,
Jl
|
[
House ;!
/!
//
28 feet 7
l < __.‘.].
| 33 feet
W
A
T
E

A |
Bl | L[ e

Street

foot property In an average

d/plan view) of a 4,400 square
Jdlons of rainfall “income.”

ation the site receives 32,9 12 g:

Fig. 2.3. Site map (overhea
year of 12 inches of precipit
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PR

P
ng R_unoff Volumes o _

Itiplying the volume of 1 -

sloped surface by mu € of rain

off volume fram.e p of rainwater that runs off that t;;,il

pallpark astimate of runOt ML 6 average percentage
nt t_mnt ofgo.95 estimates that 95% of the rain falling on tha

ey
’_'_'_'_'_,_7‘—'—"_/_-_‘_'_ .
2.4, Calculati

You can get a :
that falls on that surface by its
of surface. For example, 4 roofto

' ff. h,
mOfTVT::I rr: :o(f]f coefficient for any given surche dgpendg Ontl’\:ehﬁti t::r :
also affects the coefficient: the higher the rainfall intensity : ﬁows'
of various runoff coefficients | US€ in the southwest L.S. are as 10 :

i i ing: 95
« A roof or impervious paving: 0.80-0. _
‘ « Sonoran Desert uplands (healthy indigenous {andscape): range 0.20-0.70, average 0.30-0.50
» Bare earth: range 0.20-0,75, average 0.35-0.55

o Grass/lawn: range 0.05-0.35, average 010-0.25

el use the coefficient of the ground below the gravel. : _
fficient for earthen surfaces is greatly influenced by soil type and vegetation density. Large-

grained porous sandy soils tend to have lower runoff coefficients while fine-grained clayey soils allow less water
to infiltrate and therefore have higher runoff coefficients. Whatever your soil type, the more vegetation the
better, since plants enable more water to infiltrate the soil.

rface is composed of Rainfall intensity
e runoff coefficient. Ranges and average

s For grav
The runoff coe

CALCULATING ROOF RUNOFF: AN EXAMPLE
Detf,-rmine ti_!e <ize of a roof catchment by measuring only the outside dimensions—or “footprint” —of
;hetrc(_)f; eldge (if fur hr;u?e has a roof with overhangs the roof's footprint will be larger than the building’s
ootprint). Ignore the roof slope; no more rain falls on k i 5
i S a peaked roof than falls on a flat roof with the same
To calculate the runoff in gallons from a metal ; 5 i
in a climate averaging 12 inches of rain a year: SRS SR e e

924
square fieé ?’I&;f X% I‘ll foot of average annual rainfall % 7.48 gallons per cubic foot
911 gallons of rain falling on the roof in an average year.

924 ft’ '
ft x 1 ft X 7.48 gal/ft’ = 6,911 gallons/average year

Multipl
o gallon[; yxtié..e%b:vg ;igur_e by the roof surface’s runoff coefficient 0.95*:
1965 gallons of rain running off the roof in an a\.rerage year.

~ Note*: 5t0 20% of runoff from i i

e rom impervious catchm

components inclugz:t : EhT:(:QT'”Ur infiltration into thinstusr?aria;c?ti sll;Ch S e

st runoff coefficients specific to roof t(; .eln T

; Let's say we ::t%:ﬂgﬁ i 3

oot by 12 foot bare setﬁ' recgiving .
s ion of his : ¥ i

ing its rt;:rc!;:;eert\}t“zra vailable rainwa};aerrdrt:?-\‘ti: r_a'"S onto our exa\:;iepfgar‘ and the neighbor has about @ i

answer to gallons): €a (300 square feet) by thioff that section of the nej p:;ty.'The soil is clayey and compa_ﬂfd
i dverage annual rainfal| ingfeeto (}%ﬁid onto our land by multipl¥

5) by 7.48 (to convert the

300 % 15 x = TOTAL RA
on that section f?‘48 = 3,366 gallons of 1 =

3 L) the I L ai o
Multiply that f neighbor's yard in an n falling
33 Sul'e_by the a"'erage year
1366 % 0,60 = 20 : soil surface's RiFate ¥
T L) E o c

. 19 gall .
yard into oure. 5 2 NNy !
i sl

18 inches of rain i

oefficient of 0.60;

€ neighbor's compacted

48 L

—
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OHR AT — — RO mem

@ K pain
Law point ﬁn# : 5 Fie

High poimt

High poimt

|

e

RUNOFF LOST Fig. 2.4. Estimated annual runoff volumes off
each type of catchment surface are listed with

282 gallons runoff lost from 462 sq. ft. half of metal roof. (0.95) surface material and runoff coefficient. In an
average year of 12 inches of rainfall this site

B,
%62;56 gallons of runoff lost from 858 sq. fi. section of gravel yard. ;
C. 22) receives 32,912 gaﬂon]s (124,407 liters) of
1, - - : i , gains 2,991 ons (11,305 liters) of
D. 5:;735.11% of runoff lost from a 270 sq. . concrete driveway: (0.0 r::a:;F:Jlli-og:\":he :c?gh or's _Va(rd il il et
38 gallons runoff lost from 80 sq. fr. section of shed's asphalt and loses 7,883 gallons (29,797 liters) of
gle roof, (0.90) runoff for a total site rainwater budget of
28,020 gallons (105,91 5 liters). If the land-

scape were changed to harvest bath the runon
d runoff, the site’s annual rainwater

E 142 RUNON GAINED an e Bmer
e . . , . ; ] rces could increase up to a to o0
roof. (‘fgn;m runon gained from neighbors 200 sq. tr. metal shed 3?:;(()]“3 ga"ons PEEETES li!I:rsJ. s
Eq 570 s e runoff from sidewalk and street could be har-
270 gallons runon gained from 350 sq. ft. section of neighbor’s sted within the public right-of-way to grow
ompacted dire yard. (0.60) public strect trees (see volume 2, the chapter
: on reducing hardscape, for strategies on har-

vesting street runoff).
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Box 2.5. The Example Site's

\Water Expenses -

fer ta figure 2.4. . b
?:eegstimgted annual water expens: ;\)rizona
needs of the water budget for the Tucso éa; =
cite from figure 2.4 is 8,000 gallons pery

itrus tree), and
the Iandscaﬁe rssor;sr TI-?;ufroeu:—persoﬂ Household's
_104',248 S hing, bathing, cooking,
interior requirements (washing, .
drinking, toilet, evaporative cooler WithiL5ages
based on www.h2ouse.org data for a non-conserv-
ing household):

5o all the water needs of the current, ora
denser, landscape could easily be met by the .
35,903 gallons (135,713 liters) of harvestable rain-
fall and runon, and the landscape’s density could be
increased still more with the on-site reuse of grey-
water. Of the household's current interior water
needs 69 could be met by harvesting the home's
6,565 gallons of roof runoff. By implementing sim-
ple water conservation strategies recommended by
h2ouse.org (use of low-flow toilets, faucet aerators,
efficient washer, and evaporative cooler without
bleed valve) the family could reduce annual interior
water needs to 62,684 gallons, with roof runoff
providing 10% of that. An additional 7,350 to
20,636_ gallons could be conserved with such
g:g?les as planting cooling shade trees to offset

boler use and the use of a composting toilet to
eliminate water used for flushing. Lifestyle ch
and learning to Five with less can lead to stil| ?\:‘c%fes
Water conservation. By combining all these conser-

vation strategies, and ex

egies, panding the roof sy
(perhaps with a covered porch) this househrﬁ?jce
could meet all jts water needs from

\

50 RAINW,
ATER
H&RVESTING FoR DRY AN
D5 = Vo
UME ¢

Fig. 2.5. Size of a roof catchment: measuring only the
outside dimensions—or “footprint”—the roof’s edge.
Ignore the roof slope; no more rain falls on a peaked

roof than falls on a flat roof with the same footprint

Note: This book and the rainwater-harvesting
principles emphasize the harvest and uilization of
localized runoff and runon high in the watershed
before it enters a drainageway. Once the water is in 2
drainageway, it is to remain there, although its flow
can be slowed to allow for more infilration as is the
case with a check dam.

ml-llﬁléi J.ORGET INFORMATION ON
ATES AND OTHER
CLIMATIC DATA

A ?::.}l:coul data t‘m your area’s annual rain and s
ll record high
i;ts?(:‘lgi::cu:rmi“c s‘uilablt' plants to grow. Find L.mfr
e lon rh_c \E:.lrmds of drought and of mini:{i.l [0 ‘"I‘ ',_-.
SVaporation p. ul‘k f‘f Water storage to plan for. ¢ _“ltn.-
e ates: The higher the evaporation [©
nor ortant w
"Mt evaporation, |
Hon and ingen;
eaks
Good
*In the

and low temperatures in each

3“-'1"|"|‘~1l'\'t‘5ti|1g strategics are |h..1|:
Osses. Assess prevailing wind direc
ted ty.__'- Ou may want to plant wind:
giz F:rn‘:;? harvested L ainwarer.

nited § ““ Sour.ccs include: o
fates: National Weather Service’

Website -
dat .
WWW-WI‘h‘noaa_gov. Locate (hl.‘ wcﬂth”

Wi



sations closest to your site and find out thejy
clevations. DownJO‘L'ld data from those Stations thay
are most like your site. .

« [n Arizona: Arizona Nlt?[t‘('}l'(lh)slc;tl Network ar
agarizona.edu/azmet. f:vapur;uu.m. rates, prevailing
winds, soil temperatures, and bn-nn||}111111f.|11;1xi|11||m
femperatures are listed for various sites, For other
states contact your local ;1gr|crt||1urai extension
service for similar meteorological networks,

o The U.S. National Forest Service compiles data for
remote weather stations, though the dara s not as
comprehensive nor standardized as the above two
resources. This data can nonetheless be valuable for
rural sites since a Forest Service weather station
may be closer to a given site than one monitored
by other agencies.

* Local airports, since they collect and record
climatic dara.

* Buy a rain gauge from a hardware or garden store to
begin keeping precipitation records for your site.

ESTIMATE YOUR SITE'S
WATER NEEDS

Determine the “expense” side of your water
budget by estimating your household and landscape
Wwater needs. Your water bill reflects current water use.
The user-friendly website www.h2ouse.org provides
WAter use rates for household appliances, and recom-
mended conservation strategies. Estimated water needs
oF plants can be obrained from the local agricultural
extension office (or see, for example, appendix 4
; ple Plant Lists and Water Requirement
Mleulations for Tucson, Arizona”). Better yet, tal_{c a

ike 10 obserye native plants that grow na:mrally in
JOUratea on rainfall alone. Water needs of p_lants will
Yary widely dtpending upon the plant, irs.SIZE_. zfnd
¢ soils, climate, and microclimate in which itis
Planted Kcepiﬂg that in mind, in Tucson, Arizona a
ature 20-foor (6-m) tall and wide native _mcsqu:‘tc
tree will use abourt 3,000 gallons (11,355 liters) f)“
asstiper year, while a mature 16-foor (4.8-m) ta
and wide exotic non-native citrus tree will use about
8-0‘00 33110“3-(30,282 liters) per year." e ok
“OMpare your site’s water needs to the vo

r%’&“mg directly on, or flowing through, your sit¢:

SLC warer needs could you
' off in one or More

|mrvwi|l}i rainfa] d;ﬁuflll,l?n i el
balance your water |)l::!"}' 7 ;"“Il” e
) ‘ £et using h

45 Your p!"]l‘!‘!;lf)' warer source?

How can you
arvested rainwarer

ESTIMATE YOUR SECONDARY
ON-SITE
WATER SOURCE——GREYWATER

Greywarer is the water th
household sinks, tubs, showers, and washing machine,
It does nor include the warter draining from your toi-
let, which is called blackwater. Ideally grc}'w;;rcr's
original source is harvested rainwater. byt more often
it is municipal or well water drawn from the tap.
Whatever the source, you can turn this household
Wwastewater into a resource by using it to safely and
productively irrigate your landscape. The volume of
available household greywater depends on how much
water goes down your drains. Every household is dif-
ferent, but the information in box 2.6 offers ballpark
estimates of typical volumes used. Add up your site’s
estimated greywater volume from each source ( see
figure 2.6 for an example). You'll then use chis infor-
n";a[ioﬂ in chapter 4 to create an intcgratcdbcnnccprual
rainwater-harvesting and grc"_vwatr:r-harvcsung.plan
for your site. In volume 2 t[lr;-re"s a chaprer which
vaidcs more speciiic information on greywater

at drains from your

/esting systems. : .
han:{::[:iroij have a good idea of your site’s ra{n “:3;
and grew"ater esources you are now reacf_\- ;o l..ifl:ls
';omc: of the strategies prhescntr:d :n C:::};::z: ; :;;UM
i can harvest that water. Ch: o
::)ht:c:oi: ?o increase the value o.f th{“s.;:i frﬁ;ﬁl:sz.\;pr:“
hcutially by integrating :h.cm wltcfll ra:m ,.lcn
including the sun, vegetation, an ;

REAL LIFE EXAMPLE

5
LIVING WITHIN A DRYLAND HOME

RAINWATER BUDGET

d Mary Sarvak come very

ir rainwater budget. Y?u

al rainwater supply in the

Martthew Nelson an
close to living w1d1|{1 thenu
can see much of their an

: es 5l
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IN
GREYWATER PRODUCTIC

[

Washer

Bathroom G
gink &

o
Shower

—

Low-flow bathroom
1 Shower

Conventional Washer

weekly: 180 gallons

684 Titers weekly: 302 4ﬁal_lons
monthly: 720 gallons 1,144 Jiters

=308 liters  monthly: 1,208 allons

yearly: g’;’gg ria_llons ; 15,70?; ltﬁrs

»odliters  yearly: 15, allong
4 59,672 ttt:rsll

Fig. 2.6. Example of home’s averqpe estimate
greywater resources prodyced thmug;g our resid::ms’
use of water, Thjs Breywater could e

recycled withi, the [andscape itk aceessed and

¢ installation
Ot'a greywarer System,

middle of their 1, il
!ucr] Fcrroccmcnr cistern rige three ﬁ:ft F:J e
in the floor (fig. 2.7). looks [ike o om a hole
watr:r' hole carved it‘!m be drOCk ’ecrin _,;a-——-a d&scn
.ESS cistern yoy come face o wifh %h mD' the top.
that hfns drained i, from the € Rinwager

OWnspoyyg i
(:trt eir l1.500 Square fi (135 I'n"}i:t)of N “}‘dd["
i SUPPly meets o) thej domesnc necds- bl
g Water, Ag they 35, their wage th :CI?F dilnk
) S leve

Fig. 2.7. Mart ;md Mary beside their indoor Pisters
ig. 2.7.

drop. “You get more conservative as you sce Ihc. Water
level fall,” says Matt. Thoug‘h when the water !L.-\.L'J ?
high in the middle of the rainy season, they I'c{'i. free
indulge a lictle. Talking about their harvested rainys

ter Mary says, “During the intense hear of July ‘i:}.d
August, we can walk in the door of our home and
splash cool water all over ourselves. Or we can just
jump in!”

The system was designed to supply the average
water needs of a family of three for four nmi‘uhs
between rains typical for the site. Their rainfall aver

ages 14 inches a year, A 10-gallon RV pump pressur-
izes the water and sends it throughout the house w0

the sinks, the bathroom, and the washing machine.
) ) o+ neads ar
Outside, 1009 of the landscape’s water needs

; e arreme
met by rainwaer. When the home was built, exm

care was raken

. . E - nne any
to avoid dlsmrhmg or destroying &
of the existin

g native vegetation beyond the f.m‘{pﬂ{”‘
of the hoyse. As a result, nothing was spent on I.;im._
Scaping—j¢ alread)’ existed. In addition, 98% O'.[}K
landscape by never needed supplemental e
CCause it wag already wel| established and P“rh\d‘-
adapred to nagypg) rainfall, The 205 of dhe lands
Needing irrigation inc

of afrel
ludes an apple tree pl;mtui
the hc)mc was built 2

. 3
i nd some ported plants. s l}iz
gation js done'enrircly With recycled rainwater if I‘
Fo_rm of greywaer from the drains of their washing
Machine anq kitchen gip

! N £ ; Gt arritd
Matg and Ma"}"s Rnwater oasis in the Sierr!

Mountaing nf-souzhwcs; Arizona is located in 2 hu:;“
BEle developmeng fugy, the 19705 char sold ho"

= =T R

o TR

-



Box 2.6, Estimates of Hoysefrgrg o
. ; old G T T
.sed on figures from “Bran : reywa
Based on fig ched Drain Greywate, Systems® by ter Resources :
Y Art Ludwip:
E— ——_MeyWater_mm dwig: Www.oasisdes;
== RO gn.net and
e Frequency Used Volume Used —
Weekly Use Per Person v,
Top-loading 1.5 uses/person/wk 30 gal/use =y A Use Fou Pers
m‘_ghing machine 114 liters/use 45 Bal/wkipersan :
f » 171 Iite.n,fv.rkfpc-rson ;;340 B Wil rio)
e ——— — itere
gathtub 1.5 uses/person/wk 20 gal/use ——3_(_ SN __—;392 litersiyr/person
76 liters/use ) Bal/wk/person I
___—“—-"t_ 114 litersiwk/person ;-i&gfiijhy:-’p&!son
= N =48 liters/yr/pe
Shower 5 uses/person/wk 13 gal/min S v e ——— R
! g 65 gal/wk/persan -
49 literes/min 247 i 3,380 galtyr/person
iters/wk/person 12,844 liters/yr/perso
. 8 o
gathroom sink 21 uses/person/wk 0.5 gal/min oS —
1.9 liters/min 39': Bal/wk/person 546 gallyr/person
- IIE(SfWif.a'FJer‘,on 2.074 !ITt‘rsfyr:’p&rr.on
TOTAL RE
1_)U'5_ gal/wkiperson 7,826 gallyr/person
571 I|remwk!person 29,738 liters/yr/person
Box 2.7. Estimates of Low-Water-Use
Front-Loading Washing Machine Greywater Resources.
Based on figures from www.greywater.com. Compare to the data for a
top-loading washer in box 2.6.
Fixture Frequency Used Volume Used Weekly Use Per Person  Yearly Use Per Person
Front-loading 1.5 uses/person/wk 10 gal/use 15 gal/wk/person i
washing machine 38 liters/use 57 liters/wk/person 2,964 liters/year/person

sites to folks sight-unseen. No utilities were installed
and few sites were ever developed. At sites that were
eventually developed, neighbors run generators around
the clock for electricity, and nearly all truck in their
WALer, ignoring rain chat falls freely from the sky. Matt
and Mary generate most of their electricity from solar
Panels on their roof, and aside from drinking water
they have had to haul in water only once, during a
Ve-month drought. )
. “igning around the assessed on-site resources of
?lv: :’:i sun is what has cnablf':d Mate ;m.d N{‘dﬂi U‘Jw-
g o modern comforts while consuming ‘1“"_}’"
B0 just a fraction of the off-site resources their
DTS consume, Matt and Mary are also directly
hected with their beautiful desert surroundings:

L

Con

the source of their resources, and their r.u:ed to keep
consumption in balance. These are the ideas I encour-
age others to mimic, and wlT_\' I tmm.rv.i Mart -.1!1d ‘
Mary here. However, two ot the specific techniques 1
d on their site should be altered, rather than df‘P i-
cated. First, a closed exterior t:}l‘lk w‘(?ullc% ‘bc S,UF:::S:
to the open living room tank. That is ecause, o
J vater beneficially cools the h(?fl‘]'lt: in summer,
e winter as water pours in from frigid
and door screens along with ten
potential mos-

use

it also cools it in {
ownpours (Window :
iosqiim-caring ﬁsh. take C“.lrlft 0;' the gty
ito problem associated with the Ope o
v nd Mary are concerned that the elas-
Secnn.d. M-dr[ :m cheir roof may taint :hcif water. This
'm“lwrﬁ-azicl::tthcy haul drinking water in from town.
is the res
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1 secently told them about various elastomeric paincs
3 rooF coatings approved for use with potable rain-
e hment systems (see the chapter on c:stern
i e 3)___Wiﬂ]-th'e-'applicaﬂ'0ﬂ of

of these coatings (and cooling their bodies in the
fed shower, rather than plunging into the

cistern 1), theyll be worry-fee and rainwater-rich
Strive to live in balance with your site as Matt and

Mary do by first assessing your resources and needs—

the first principle of water harvesting:

thoughtfiel observation. And as you P!g;niﬁa"d
and techniques you use to harvest the sie; St
persistently think of how the system wil| r?
whole—the last principle of water haryes o
Continually reassess your system: the ‘ﬁedang; "
The better your assessment the better yoy, 4
will be, and the following chaprers give R
tools to do just that. T




Fer

Overview: Hary

Earthworks,

nce you've estimated your on-site water
resources and needs (from the previous
_ chapter), the next step is to answer the fol-
lowing question: How do you plan to use your water
resources? How you answer that question will largely
dcrferminc the best strategy to harvest thar water—
bf: it water-harvesting earthworks, tanks, or both.
lhm _Chap ter compares these strategies, and briefly
3;]5;;2:;0::“:5 Eflth‘fif more d‘t:tai[ed tech.niques. and
Ty clp y;au vtsual:ze. and c.iec1d?‘wh[ch
g aiiooi’“;t? or your unique site. (These .
mmmmcndat;:rf in detail n volumes 2 a?mi 3.) Basic
itz o residenr:'s ﬁe then given for harvesting water
With 2 homecss (lia andscape. The c‘hapter wraps up
e anda mfscouple haryesting water in
i) e shtan . The next ?haptcr (Integrated
Stategies wich o‘:}‘:’S you how to integrate these
Water-haryestis ;Fl‘ aspects of your site so your [
free e SE; orts can c’a\pftalw.e on addm.ona
Vinter heag, 1 ‘»’das t}'le sun’s _l1gl-ft, power, and
i provide privacy, wildlife habitat, sum-
ligh tt'-i‘,'shade, and cooling; filter out noise,
b and air pollution; while also controlling flood-
and erosion—in 'h : imize
" site's -in other words, how to maxin
Potential!

il’lg
You

.

estin

Tankg Water with

S, or Both

HOW DO YOU PLAN TO US
E
YOUR HARVESTED WATER?

LANDSCAPE OR GARDEN USE

If you plan to use your harvested water for land-
scape or garden use, begin harvesting water in the soil
using earthworks. Landscapes that harvest water in the
soil and are planted with low-water-use native plants
can often subsist on rainfall alone without supplemen-
tal irrigation from a tank or tap, once the vegetation
is established. However, tanks give you the option of
applying supplementary irrigation in dry times—
especially if a vegetable garden or less hardy non-

native vegetation is planted.

POTABLE USE AND WASHING

use your harvested water for potable

bcgiﬁ harvesting water in zanks.

But do not forget the soi I, and continue to direct

from the tank, greywater from your house,

noff from the general landscape into water-

arthworks, While a cistern can be installed

fo irrigate a garden or supplement a .landsmpe in dry
flectively harvest

times. the more water you can € b
d hold in the soil. the Jess supplemental cistern

ceded.

If you plan to
use and washing,

overflow

and the ru
harvesting ¢

an
irrigation will be n
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WATER BEING
HE QUALITY OF
?{AAA;S?S}-ED TO THE STRATEGY USED
TO HARVEST IT
i water, typically
te's highest quality rll:r::r(’\}:az\ l:llcni zlaw,
d for rainwater col-

Your si . :

runoff from clean roof materid

T L Ve

ile, or elastomeric paints approved for rain™ %
; is the most appropriate for storag

estic consumption, or use on
vegerable gardens. Stormwater I"rm‘n dirncr. .'.:Iuri 1;5\
such as earthen slopes, streets, Of .51d.cw;11k5.5 10U

be directed to trees and sh rubs within passive water-
harvesting carthworks. Household greywater sh‘mald
be directed to and utilized within m ulched basins
planted with trees and shrubs. Do not store

lection Systems,
within cisterns, dom

greywater in tanks.

Keep in mind the question “How do you plan to
use your harvested water2” as you read the compar-
isons of these water-harvesting approaches in box 3.1.

RECOMMENDATIONS FOR
HARVESTING WATER FOR A
LANDSCAPE AROUND A HOME

| rc.commcnd that all my clients begin with water-
%mwcsnng earthworks. | stress the importance of plac-
ing carthworks and the plants they support in areas
where they will provide beneficial functions
[h.{: east and west sides of a home for :
with shade trees. 1 stress using a low
plant palette of indigenous vegerari
a %5-m’.lc (40-km) radius of the sit.
(150 m) above or below the sire’
may requi i i
3y require daﬁnmg native with
HNg in more diversity, ;

such as
passive cooling
“Water-use native
on found within
¢ and 500 feer

availability of the rain long into the L?lj‘\_' SEASON-—
especially for more water-needy l'.lf‘lqh(..ul_;“ and veg
ctable gardens. The earthworks utilize the overfloy
1 the tanks, and make all the water used

water fron [
andscape or garden go further.

within the |

Fruit trees or other water-needy vegetation, if
used. should be placed close to the house to create 4
oasis-effect around the home. The pl;l_ms are then s
purtcd by the rainwater from the rf.;calz greywater from
the sinks, showers, tubs, and washing machine; and
the care of those living inside the house. The goal js 1,
select and plant the vegetation in such a way that rain-
water will be the landscapes primary source of water,
greywater 118 sec'mm'm_jr source, and imported water will
only be used as a supplementary source in times of need.
Sp-r;iwliug water-needy vegetation placed far from the
house makes achieving this goal far more difficult.
The plants will be out of sight and out of mind, neg-
lected and underutilized by you, and potentially oo
distant for easy irrigation from roof runoft or house-
hold greywater. Instead, hardier native vegetation gos
to the periphery of the property, and gets planted
within water-harvesting earthworks. This hardy vege-
tation can shelter the less hardy plants, such as the
fruit trees, from excessive sun or wind. Hardy native
p]al_‘-tings placed along the periphery support more
native wildlife, which appreciates less interference
from us. (See figure 3.1.) And of course, a low-
water-use native landscape placed in water-harvesting
L’a"f_th_irks_ is easy and inexpensive to establish and
maintain. (See appendix 4 for an example plant list

» for more planting tips.)

SAMPLING OF
STRATEGIES/TECHNIQUES

Now th
arv fhar you have some idea of how you want
€St your rainwater—in the soil, tanks, of hoth

You ar : .
H“We:ﬁrca;l-y for specifics! In volume 2 of Rainwit’ |
ng for D;J,;,,,d‘ o i detal
nds, the ch scribe 1n
how t harves; apters desc

carthwork tech:iu Awater in the soil using varim:‘
address harveg s The chaprers in volume
Below, | Sl ]:8 famwat.cr in tanks or cisterns: a
techﬂiQues Th. l"lef overview/sampling of som¢ o
+eillustrations in chis chapter ar¢ for

to h




CHARACTERISTICS EARTHWORKS
B SR
Rl s Provides large quantities of high quality

rainwater to garden and landscape

Can collect water from roofs, streets, Vegeta-

Water collection : )
tion, bare dirt, greywater drains, air condi-

dreas :
tioner condensate, etc.
Water storage Very large potential to store water in the soil
capacity
Cost Inexpensive to construct and maintain. Can
build with hand tools, though earthmoving
equipment can speed up the process
Location Do not locate within 10 feet of wall or

building foundation. May be difficult to use
in very small yards with adjacent large roofs

Box _3;1._ Eo_ry_p_a_ri_n_g _E_ar_'t_l]\ivorks and Ta;

n_ltz_s__

—

Need a relatively clean collection surface

(typically a meta] tiled, or slate roof) located

higher than the tank

I:Stoir(age capacity limited by the size of the
an

Much more expensive than earthwaorks to
construct and maintain. Cost varies with size,
construction material, above- or below-
ground placement, self-built or prefab, etc.

Can locate within 10 feet of wall or building
foundation, but you must be able to walk
around entire above-ground tank to check
for, and repair, leaks. Tanks increase water-
storage potential in very small yards.

Time period water  Water available for limited periods after rain-

Water is available for extended periods after
rainfall.

maintenance after large rainfalls

5 available fall depending on soil type, mulch, climate,
and plant uptake
\air : : : Maintenance required; must turn valve to
Mﬁlﬂtenance Sitworks vork passwely, fy M access water an:::fl may need pump to deliver

water

“-_-___'_'_———-____

Erosion contro| Very effective for erosion control

Can assist with erosion control

Creywater

ct i sting greywater from
Collection Very effective at harvesting greyw.

household drains

Not appropriate to harvest greywater in
tanks Fc)!{):e fo water-quality issues. Never
store greywater in a rainwater tank.

ff
Pollutants in greywater and street runo
intercepted in the soil stay out of regional

waterways

| water-:quali :
mpactstg *
E"'F"'i"-“.'l_l‘f'l.enl:

Less impact than earthworks to the broad
environment

ducing
Can capture large volumes of water, re:

need fgr municipal water, stormwater %:;ag:jsj.ng
stormwater treatment, and decreasing

. “cture and

volumes of
capture low to moderate volumes of
vc\gt‘er, feducing demand for municipal water,
stormwater drains, stormwater treatment,

and decreasing flooding

Can sometimes recharge shallow groundwa-
ter tables

ient use of tank water. However,
L':Isit;fnc?s‘;ﬁe‘:‘n water instead of municipal/well
water reduces groundwatrer depletion.

C
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N - low water
use native
plant

E - exotic plant

Fig. 31
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F’

u, the reader, to conceprualize earthworks and watey
yoth

’ : e ate an integrated warer-harve
15 yOu formula -4 arer-harvest-
SrorZE s

- o plan for your site—and to whet your e
::Erf il: volumes 2 and 3. I
OVERV'EW OF WATER-HARVESTING
EARTHWORKS

The techniques outlined below are discussed in
a2 rever. appendix 1 in thi I 2 orm ’ : :
deaailin volume 2. }—hm ever, appe nd—lh | in li‘ll_\ Fig. 3.2, A I35 rm 'n l_)aam holding runoff water
wolume has illustrations of the use of many of these and infiltrating it into the soil
rechniques in controlling various erosion patterns.

Berm 'n basin

A berm 'n basin is a water-harvesting earthwork
laid perpendicular to land slope, designed to intercept
rainwater running down the slope and infiltrate this
water in a localized area, usually the soil and root zone
of existing or planned vegetation. It usually consists of
tWo parts: an excavated basin and a raised berm located
just downslope of the basin. The berm can be made of
arth excavated to form the basin or it can be made
from brush, rock, or additional earth. The basin holds
water; adding the berm enables you to harvest even
more water, Use this strategy on sloped land up to a
3:1, 18 degree, or 32.5% grade. Size for the maximum
“ormwater event. This strategy is not appropriate in

drainage ways, (See figures 3.2, 3.3, and 3.4.)
Terrace

:\ terrace, sometimes called a bench, is a relatively
flat “shelp> of soil built parallel to the contour of a
»ope. L_}ﬂﬁke berm 'n basins, terraces do not have
PIEssions built into them, so in order to retain rain-
ma"d accumulate organic material, they need to
: lfdcred by berms or low walls. Terraces can be
diylan " gardens, orchards, and other plantings in . ‘
lo&s. Well-buile rerraces also help control erosion o
ot Use on sloping land up to a 2:1, 26 degree, g B A AR
.w';s.% grade. Terraces on slopes exceeding a 3:1 on a:;:cl;l:ll%n
II si!ef: Y need a retaining wall for stabilization. y
‘ appm;.the Maximum storm event. Terraces are not
Watey o g 1 50ils prone to waterlogging where rain-
mﬁlm‘?ﬂ could lead to saturated subsurface

f boomerang and contour berms
rows denote water flow

d infiltrated by the earthworks,

with Earthworks, Tanks, or 8oth 59
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Fig. 3.5. Terraces stabilized with salvaged concrete retaining walls in the sloped backyard
at the Zemach resiafence, Los Alamos, New Mexico

2:1,25', 48.8%
Slope or less

Terraces with
refaining walls

AT 32500
1 Ao CITaces wio
Slape or less felaining walls

Fig. 3.6. Dj i
" & 3:6. Different ‘Srracing steategies for different grades of slope




conditions duc to the presence of layers—such as
clay—that impede the movement of water further

down through the soil. (Sec tigures 3.5 and 3.6.)

French drain

A French drain intercepts rainwater into a trench
or basin filled with porous marterials inc luding gravel,
pumice stone, of rough organic martter. These materi
als have ample air spaces berween them thar allow
water to infiltrate quickly into the drain and percolate
into the roor zone of the ‘-mmum]ing soil, while crear-
ing a stable surface you can walk on. A French drain
can be constructed with or withour perforated pipe
placed horizontally within the porous material tha
fills the drain. Use on flat to gently sloped land; drains
are appropriate where deep subsurface irrigation of
].Iﬂd\\i.'\lp&.‘;\ is needed. It is important that the French
drain only harvest runoff water that is relatively sedi-
ment free, such as from a roof gutter downspout, or
edge of paved patio in order to prevent premature silt-
ing up of the strucrure, French drains are not appro-
priate in drainage ways, areas with sediment-laden
water, or beneath or across roadways. (See figures 3.7
and 3.8.)

Infiltration basin

An infiltration basin is a landscaped level-

bottomed, relatively shallow depression dug into

the earth that intercepts and infiltrates rainfall, runoff,
and greywater in the planting basin it creates. This
technique works best on flat landscapes where it will
have no berm, so all surrounding runoff can drain
nto it. It can also work on moderate slopes as a ter-
raced basin, Wilicr—h;lrvcsring tree wells, or intercon-
nected stormwater basins. Size for a2 maximum storm
event and peak surge of greywater, Infiltration basins
Arc not appropriate in drainage ways, arcas of shallow
groundwarter where they mighr result in standing
Warer, or over septic drain fields. (See figures 3.9
rhmugh 3.12)

CHAPTER 3 Overview: Harvesting Wate
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Fig. 3.7. French drain infiltrating intercepted
runoft from a roof and patio

Gravel ——— E

Filter Fabric ————=

Fig. 3.8. Rock tube variation qF:l French drain, i‘n

which angular rock wrapped in a tu l:-e of Pu“-m"\l

landscape fabric directs water decper into the soi e
encouraging deeper, more drought-hardy root growt

r with Earthwaorks, Tanks, or Both 61




_____ e

Fig. 3.10. Ideally, the infiltration basin diameter is «
least 1.5 times (and up to 3 times) the diameter of th
associated mature plant’s canopy dripline, since roo

Fig. 3.9. A series of infiltration basins intercepting and spread, and most water used by plants is drawn fron
infiltrating rainfall and runoff from adjoining street the root zone outside the canopy drip line.' Hower
and footpath. Designed right, these basins can act as even an undersized basin is better than no basin.

the sole irrigation system for the associated vegetation,
while doubling as a flood control system.

The b eral . n el
asu;li gh:::a;:) z:it bee.;l‘ m:’l‘ﬁc eau:;l;{:;nstt(gm_ Flaigs’i 35 Lf&ggfm gasm.s ﬁulchcd ilm: ;1:*1%;(‘1‘ oi“
ng, : ed. : edit RS ¥ 3

Credit: Ngt ﬂlil:tcls:illlf Arizong there are no gned to infiltrate w

; o or and
soils, T problems with mosquitoes o ';‘-h an
S- These basins, with their spongy mui¢

soil-burrowing plant roots, infiltrat®

water within 20 minutes.




-— Vent
Stack \

| Cleanout

Greywater
drain to
landscape

|

10 foot min.

rated infiltration
d vent stack between

into house.

3.12. Roof runoff and bathroom sink greywater directed to a well-mulched and vege
d to the other side of tree. Note P-trap an
dor and insect entry

ba.s‘ 5
in, Alch,
Althougl : '
interior d:;;t shown, the basin continues arowi of
n and exterior greywater outlet, which prevents potential o
Imorine:
MPprinting | b
Im . enough water © germinate one of more ghsccds an
e i v i warer-
i i i i their growth. Impritt have enou,
. T J 2 . ysed to Sus@H : i _ )
: S storage capacity © increase infilration ©© levels albove
2 rainfall res chus eliminating nearty
ion. The imprnts ar¢

acelergee
l"“dmd.' the revegetation of disturbed or denuded e
76 mm annual precipitation from 3 t0 14 inches e i}’-and associated erost
well-for, 10 330 mm) by creating numerous small, all Ot = ) - e made with a0 imprinter roller
Ormed .dcprcssioﬁs in the soil that collect seed, Y;:;ﬁcﬁ;'} prints Jow-moving decp-kﬁ:‘.::d W
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=5 !d'"”ﬂ’: - Ideally, each imprint caprures
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ing cover reducing soil-moisture loss 1o €Vaporatioy,
It also limits soil erosion and weed growth, while
improving soil fertility.

Mulch is not mixed or dug into the soil. singe
most mulch materials are rich in carbon and could
deplete nitrogen in the soil as they decomposge.,
Nitrogen depletion occurs because microorganisme
assisting decomposition need nitrogen to break dovn
carbon, which they get from the surrounding sl
Carbon-rich mulch applied on the soil’s surface
dclcompuses more slowly than if it's mixed into the

soil, so soil nitrogen is consumed at a slower rage
P et e e gesenge.  that does not adversely affect vegetarion.
Increase the warer-harvcsting potential of other

Fig. 3.13A. An imprinter roller pulled by a tractor ' : h
creating and seeding imprints on barren, water-harvesting earthworks by mulching the soils

compacted earth, Marana, Arizona surface around vegetation and in basins, Mulch also
can delineate planting basins from paths. It works best
in flat and gently sloped areas, though it can be placed
on steeper slopes when combined with other earth-
works. Mulch is not appropriate in drainageways, It i
important to slow or stop runoff before it comes into
contact with mulch on slopes, and to keep mulch
close to buildings. (See figures 3.14 and 3.15.)

Reducing hardscape and creating
permeable paving

Hardscape reduction is a strategy to minimiz the
; : G 8 need for pavement through creative planning and
Fig. 3.13B. Native vegetation restoring the land design, and the removal of impervious pavement,

and soil, post imprinting where possible. By reducing impervious hardscape
(and sloping it toward adjoining earthworks), you &
increase the adjoining pervious areas o enhance 0"
site water infiltration of the hardscape’s runoff redu®
runoff leaving the site that would otherwise conti®
to downstream flooding and contamination. -’“_’d
decrease the heat-island effect caused by excessive:
exposed hardscape.

bringing in equipment. The

_ ; slope may be up to 2:1
2{5: degree, or 48.8% grade. Individuyal imprints are
?201“ 410 7 inches (100 18 cm) deep, 10 inches
( 5 cm) long, and 8 inches (20 cm) wide. Impringi
IS not appropriate in drainage wa s

ys. (See figure 3.13,) Permeable paving is a broad term for “'arcr-l‘“f" :
Mulching vesting techniques that use porous paving marer_aalff |
enable water to pass through the pavement 3 nd infl : :
. Mll.lchil'lg 15 the appli_caﬂ()n of porous atesidic tr_at{: into SDil, Passlvely 3mgatmg adjomlng P]a_ntfﬂg’
| o‘:lm at;!:(:.lng:: g?‘gtc}fle?;?u;::ﬂs;a}“ or wood chips s;s:;ii&:h;?lmﬁtpf the sun, reducing SO:II:;T;
g 1 both a spon 5 g tree roots beneath the pa

ri " o . on bl‘t‘.‘a:h : T s o che 0
118 Water into the soil and 4 shelrer- o _ex;eili:re_enng Polluznﬁt:; ;nuciifﬁz:im e

T
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Fig. 3.1 in wi
g 3.14A. A basin without mulch losing the bulk of

L+ 5011 moisture 1O « 3])] ar y action ;]Il(k eva oration
] . .
ll I] 1

Note the small stressed tree.

: 70N\l
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retention o
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ig. 3.14B. The basin mulched for improved infiltration

and retention of water into the soil

harvesting technique, it is most useful on densely

de\-'_clopcd sites with lirtle unpaved curface. Permeable
paving 1s most effective when it only harvests the rain-
water that falls irectly upon it without additional
runoff from upslope appropriate in
drainage ways- Raise pcrmmb]c paving above the sur-
andscape to prevent sectling or pavement
due to poor drai pre-

aden stormwatet
sent. (See 11gY

areas. [t 1s not

rounding | ven
d isplaccmem
vent s‘cdimcm-l
meable paven

ning subsoil, and
ooing

runoff from pluge
res 3.16, 3:17

pores in per
and 3.18.)
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Fig. 3.16. A two-track driveway can reduce impermeable
surface area by 60% compared to conventional
concrete driveways.

Diversion swales are used to intercept, infiltrate,
and redirect both sheet flow and channelized water.
Diversion swales can tame the force of water that
rushes out from a culvert or roadside bar ditch, trans-
forming the concentrated Fast-moving water into a
valuable resource by spreading out and calming the
flow. Diversion swales can direct runoff to a water-

harvesting berm ’n basin, infi

leration basin, pond, or
other final destination.,

Diversion swales are not appropriate in drainage-
ways, and they should not be used in alkaline soils
prone to salt buildup and waterloggin . (See figure:
3.19 through 3.22.) e e

Check dam

A water-harvesting check dam is a low barrier that
18 permeable or “leaky.”

e <Y, and placed Perpendicular ro
the How of water withi, i
does not stop, but rath

locs 50, running warer temporarily hac
the dam ang spreads out oyer more of
surface before floyws

f water. As it
ks up behind

. y installing recycled sidewalk chunks wi

Fig. 3.17. Narrower streets and young native food-
producing mesquite trees irrigated by harvested streer
runoff, Civano, Tucson, Arizona

. le
Fig. 3.18. A small yard with hardscape kept permeab

b g small yard wit scape lﬂ ;f:nplt’ _53}‘:
or water infiltration, Amado residence, Tucson, Ariz”

Fig. 3.19. Diversion swale I




Fig. 3.2 seri i
wagtef.}:& A series of diversion swales a5
, TE» ) ; :
.a:('\\l(.sm'lg overflow route from 0 2
infiltration basin to another 5

e A
7 Contour Line TS

N AT
g8 TR
/"Contour Line \\\

Fig. 3.21. Diversion swale speed humps directing
runoff from the road to plantings

lt;?diam’ reduce erosion, and stabilize a section of the
onl flapc. A check dam is built across a drainage that
4 s periodically, and is often used to help heal
:a:[rodmg arroyo or gully. Check dams can En} prove
BUil‘sj or paths where they cross cphemeral drainages.
n check dams no raller than 3 feet (0.9 m). [?0
s place them in or just downstream of a curve In @
s fainageway, or in the narrowest point of just down-
slt;amofa constriction in a drainageway- (See figures
23,3.24,3.25.)

CHAPTER 3 OverV

Swale herm

Culven

Contour line

Fig. 3.22. Diversion swale harvesting stormwater and
calming its flow once discharged from a culvert crossed

by the dirt road

Vegetation

Vegetation is the life that emerges from a water-
harvesting system. It increases water infiltration and
soil stabilization with root penetration, and provides
nd benefits. Vegeration is encour-
aged and used within or beside every water-harvesting
carthwork. Vegetation’s use is appropriate throughout
all kinds of watersheds, with no limit to the applicable

ant climate-appropriate

slope. It is impor@ant to pl :
ce established, can subsist

species at densities that, on abl )
rimarily, or exclusively, on the sites harvested rainfall.

L ocate and space all plantings according to their
mature size, not their size at the time of
planring. (See figures 3.26 and 3.2?:; du':re-is more
on vegeration’s use in integrated design n the

next chaprer.)

multiple resources
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Fig. 3.27. Ruin—irrifatcd cactus fruir and pads. Cactus
pads can be cooked as a vegetable,

Fig. 3.25. A series of small check dams with low point
in the middle of the channel harvest water and check
erosion in a roadside drainage ditch. The road is

to the right. Credit: Ann Phillips
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OVERVIEW OF CISTERN SYSTEMS

Cistern systems should I'ullt.)w the r.-linwa[tcr.-
harvesting principles described m.ch;zpm , I:uf' .
because they store a readily :ICCt.‘Issli‘llc' bod y u!. W ...mls.,
you should also follow an additional set of princip _u.
;;pcciﬁc to cisterns. The principles and f"'"}_‘“"f nts
of cistern systems outlined below are LlISCLESM;'d in
detail in volume 3, as are various 1;m|i options
(premanufactured or m;z.dc on‘sm'). Go online to
watertanks.com for a quick reference to some
available pre-manufactured tanks and current costs.

. TEN BASIC COMPONENTS OF A SIMPLE
ABOVE-GROUND RESIDENTIAL CISTERN
SYSTEM (FIC. 3.28)

Carchment surface

Gutrers and downspouts

Sercening of cistern and downspout openings
First-flush systems (optional)

Cistern

Vent

Overflow

Faucet and valve

- Filters and pumps (optional and not pictured)
10. The maintenance team: You

DO NSIR OIS Il

NINE CISTERN SYSTEAA PRINCIPLES

tern principles,

1. Ensure adequate inf]

ow, D(’)Ilt l()sf water, Jth
)'011[ gut[EIS, dOWIISp

o g vhspout, and inflow pipe to handle
AXIMum rain f|] tntensity likely 1o oceyy in
Our are; izi
{r,;u artas. {jec the downspour Sizing information in
me 3, the chapter on cistern Components, )

and vegetated infiltration
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3. Design your system to collect high quality watey
The higher the quality of harvested wager tl

_ e Mo
options you have for its potential use,

S0 donft ¢op.
[;lll'lillil[(ﬁ ’\"Ul”— warter \‘\'“I] é“]‘\-' LOXIC Or (_U“f:l[li[-

nated materials making up your system, Materiy,

rated for contact with potable water vield the high.

est quality water.

4. Design a closed system that passively filters
itself. Design or install “closed” CISterns screened
off from sunlight, insects, and critters <o algae and

bacteria will not grow, mosquitoes will nor propa-

gate, and drowned critters or their waste will not
contaminate your water, r”tddi[irma]f}'. tank covers
will reduce water loss to evaporation. Construcr the

outflow pipe from the cistern (the “supply” pipe) 2

minimum of 4 inches (10 cm) above the botrom of

the cistern to keep the sludge of sediments (leaf lir-
ter, dust, etc.) from being pulled into the supply
pipe. See figure 3.29 for an example.

>. Maintain access to your tank and its interior.
You need access to check water levels, clean out the
tank, and make repairs. Place above-ground cisterns
so there is enough space to walk completely around
them to check for (and repair) leaks and conduct
inspections, especially if they are close to a building

6. Vent your tank. All covered tanks with tight-fiting
lids or tops must be vented to prevent a vacuum
from forming within the tank when large quantit®
of water are quickly drawn from the tank.

7. Use gravity to your adva.ntage. Place your tank
at a location where you can utilize the elevation
of the catchment surface and the free power of
gravity to collect rainwarter and distribute it
around your sjte, Below-ground tanks may not i
be able to yse gravity to distribute the stored W
but they must be designed so overflow can ltalm.l“'
with gravity. You can always add a pump €0 i<
WALCE pressure and performance if needed, but

1 ust
don't turn a puimp into a crutch your systeat
depend on.

-

el
conginies o0 P8




Fio. - : :
ig. 3.28. Basic components of a cistern system

KEY:

. Catchment surface
2. Gutters and downspouts
3. Screening of cistern and downspout openings
4. First-flush systems (optional)
5. Cistern
6. Vent
7. Overflow

8. Faucet and valve

9. Filters and pumps (optional and not pictured)
team: You

10, The maintenance

Harvesting Water with Earthwaorks, Tanks, or Both 7l
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Fig. 3.30. Galvanized tank and H: s

Tank Town, Texas

ral and dry system downsp

3:31. A1 3
nl.;"ﬁ’m 0,000 gallon (38,00
roof

ystem dt)wmpuut
]

crittcr-proof fids.

Milagro

0 liter) stet_fl
out collecting

90f runoff for irrigation, Children’s Museum:
Santa Fe, New Mexico

Fig. 3.32. Culvert tanks with liFhl-. insect-, and
Overflow moves fro

next, then out
Cohousing, Tucson, Arizona

m one tank to the
to vcgetal:ed basins not shown.




Fig. 3.33. A 30
tank with

5 gallon (1,159 liter)
rainh i
runo fl:iom p:;r:l:cf- cc':lc}\\fr‘nspaut screen collecting roof
tion, ‘
o rr:v ; th:rﬁ :;:)ins_ervancy offices, Tucson

out of tank. Ace

polyethylene

- S e s o

.

5 . STIRTY
Fig. 3.34. A 6,000 gallon (22,680 liter) ferrocement
tank storing roof runoff for domestic use and irrigation,
Meuli residence, Tijeras, New Mexico. The square
piece of corrugated metal atop the tank is the lid
to the access hole.

2N

e e
; T R Jace
FigO 3-35 A ? 000 I . d'in-F
- A 7,0( on (26,460 liter) poured-'"7 4
concrete tank facegai,jth stone doubles as a patio 3.1'

collects roof runoff for irrigation of citrus tre®

other plangs below. Tucson, Arizona




8. Make rainwater use convenient. \Y/},

: : cre it-!\il)lc‘
sclf'('[ }'uur [;JJIL' fm,‘.'u 10N SO It |5 ne

3 ar both the v,
source (roof) and the destination (gar

etc.). This will minimize the length of downspoy

pipes, and hoses, which wil] sqve money o
rials and help maintain water pressure. At the very
least, place or plumb the cistern’s faucet conve.
niently close to your point of use, even if the tank

den, sink.

and mare-

is inconveniently distant,

9. Select and place your cistern so jt does more
than store water. The more your cistern does, the
more cost-effective it is. By designing a cistern to
also act as part of a privacy screen, fence, retaining
wall, or support pillar for a covered porch you elim-
inate the cost of buying other materials to make
that section of screen, fence, wall, and/or pillar.

REAL LIFE EXAMPLE
THE RUNNING RAIN SOCIETY

Iend this chapter with the story of a home- '
steading couple who harvest rainwater in both soil
and tanks, Although they live on 40 acres (16 ha) of
land, the principles they learned from living many
years with an evolving system can apply eqllﬂll_}’ well
t0 a 1/10th-acre urban lot, an entire community,
and everywhere in-between.

LIVING OFF RAINWATER HARVESTED
IN TANKS AND SOIL

oun

Twenty—st‘.'vcn years ago, Dan Howell fo .

ticket from the Southern California rat mﬁetin board
country life. There on the laundromat bulle

i New
3% 5"card read, “40 acres in beautiful, rural Ne

Mexico—cheap,” ind his
Din boug]ft it sight unseen and ser oul; :‘0{_?:;,1;\;1-
land in west-central New Mexico. At 7,00 ;pnnsi\"—'
fion (2,133 m) the air was crisp beneath % FFL
bluc sky, The fand was starkly beautiful a;ses-spaf“')’
wdy pinyon pine, juniper, and it gc;r.rcmcs.
Peppered the land speaking of :l’;“;;;ﬁ o er 100" F
Mﬁ et e ould drop well bl

d his

dter

Irr.rmlg. Aboye
averaged juge

50 deep almogy

all else, i was dry.

Annual raing
At W al rainf
t inches (355 mm). ¢ 5

| EVeryone ip
Water in on trycle
Managed cartle ora,

Without ¢}

irnund—wa:cr was
= the areq hmugh[ their
J0OLS Were .
. B ¢ dgn}ldrd from poorly
Ing and excessiye timber curtipg
. e .mdmnng ettect of vegetation, wind ';?1(]
stormwater r- i . .
Ler ran over the land, taking the topsoil with
as determined ro move to this land and
i rway. He wenr back to Los Angeles 1o
Prepare. Five years later. in 1977 1. i ‘
P r[‘ - i_ ater, in I‘_J 77, he and his new wife
aren headed to the land with 2 est €gg of money
and determinartion. ‘

Dan and Karen parked their trailer and built a
small shed covered with 200 square feet of corrugated
metal roofing. A gutter was attached. and drained
rainwater to ten sealed 55-gallon (209-iter) plastic
drums. When the July rains came, the warer barrels
filled instantly, allowing Dan and Karen a welcome
break from hauling water. Their neighbors hadn’t
collected a drop of the rain and were back on the
long road to town hauling water the next day.

Dan and Karen knew rain and snow would be
erratic, ranging from 7 to 30 inches (177 to -63.mm}
of precipitation a year, with an average annual -rmnfaﬂ
of 14 inches. Over their 40 acres fl_(). 16 ha) of land
this range of rainfall \s-ould’_\-'icifd 7'_.(12}3‘.0_0(]};"’0
32,670,000 gallons {’34,(:54.1?:8 to 148,517.82
e infall per vear!
h r?lii:lfgt;r:\{c”s;:cﬂ ized that rainfall w.?,s.ﬁir m_Ol'C

olume of local municipal water
abundant than the vo

they could haul. It was also frec——.rl.nd came 1o nhe_m!
# % IIs decided ro make rainwacer the main .
e HO“’me all their warer needs, afd named their
“Running Rain Soa]:ty; e
Once they hooked up ]11 50{35“11‘0;) ugﬂ( i
steel tank to the guerer Uf. ; ;:: ik

yvater truc "
’ foot roof, were enough t©

mestic water needs ftor ..
and cooking for an entre

them. Dan w
live in 2 bette

water source
homestead the

.tal roof, the :
*[11:1::1 the new 40[}—squ:iuf.‘-io
: rovide all the .Howcl ; 2
drinking, washing: b:‘l)t ing,
year! (See figure 3.36-




. ig. 3.36 Tr: Howells' home and 500-gallon
EdA galvanized steel cistern

LIVING ON RAINWATER:
TANK STORAGE

The Howells have been living on rainwater f;l)r
over 20 years. It tastes great and has never nr:cd? to
be filtered, though they did insccEII a drip irrigation
“Y-filter screen” three years ago for the sake of their
guests, because tiny rust particles from the tank. had .
started showing up in the water. There is very little air
pollution in their area, and more importantly Dan
and Karen's metal roof and whole water catchment

system is kept clean and toxin-free from start to finish.

They have been vigilant in avoiding potential sources
of toxins such as asphalt roofing shingles or lead flash-
ing. And they ensure that their tank is closed off to

any sunlight, insects, or critters that could introduce
or breed unwanted bacteria or diseases.

The Howells have made dramatic lifestyle changes
tied to their water use. Dan and Karen use only 5
gallons of water each per day within the home. Any
water going down the sink or bath, drains outside o
water plants. They buil o waterless composti ng roilet
10 climinate water consumption for Sewage treatment,
and use the composted humanure o enhance their
ls‘.nd's fertility, By living within the limigs of their on-
SHte water resources the Howells don't impoverish their
area from Over-consumption, nor do they need to
work full time to meer their basic needs.

As 4 guest cottage and workshop were built, the
100f catchmeny gy

face grew from 400 .
feer (36180 grew from 400 1o 2,000 square

m’), Two additiona] ¢, i
l{nnning R al tanks raised (he

5 | ‘i]]]'ll] '.lnd W{)I'hl.d ll[(.' ki“](h Our ”i [h'.'”. I"
rarred s rt = it
il‘lill b4 b (Iinlr ;[I'l(l th £s l LY § I Ow I L ‘ cCom-
hetore L:‘:I an = d u 10W Ih I

mend others proceed.

THE HOWELLS DEAL WITH
?I?OV;EN WATER IN THEIR CISTERNS

In winter, the Howells drain enough water from

I ¥ : i : A
heir 500-gallon (1,900-liter) cisterns so the top 209
the -gs

»f the tanks are empty. This ensures that there is
C I . h

Stem

Sy By sxpand if it freezes, Ope
enough room for the water to exj

two days is the longest Dan and Karen have gone
to ays I

without access to water that was frozen inside their
outdoor tanks. They always ]1:1\-tc a back-up \'I\';jk'.r
supply stored inside ﬂthc home f(Tr such r.m.a_.mm}«.
That is the extent of the Howell's preparation for
winter water storage, and it works well for them.

(Under colder conditions different strategies may
2 3 - - Al or. ask warer-
be needed. To prepare for freezing weather, ask wate

| -l
harvesting locals what they do, and look into local
codes for water tank and plumbing installation in
your area.)

HARVESTING RAINWATER IN THE SOIL

While the Howells were setting up their r(th\[!‘\I
rainwater collection system they were Siml.il mncnm}-,
working in the landscape to harvest runoff water ©
serve their plants. _ BT,

Dan and Karen were using all their roof ruﬂ“_ (
for their domestic water needs so they decided [L:-j\.
up a large food garden where the landscape ﬂ*‘.‘” '
concentrated runoff water within a small arro-‘;:nuw.
(drainage) about 150 feet from the trailer and u‘I:f
To stabilize the arroyo and ensure the gﬂn],;ns'_“":"
be secure from erosive stormwater, Dan ‘ml.i A the
constructed a series of check dams and g".b"’nsl I:&
drainage, Check dams are permeable barriers [’s:m-r.
within a drainage perpendicular to the flow _0} T‘:ncc
Rock gabions are further stabilized with a wire ¢
Wrapping, | with!?

The gabions and check dams were situated ¥
the drainage so that once detritus and sediment
backed up behind the small structure, they wot -
create a series of level terraces stepping down 10

P waleh
the top to the bottom of the arroyo. The flow of ¥




was spread over a wide surface
allowing it to gently sink into the soil

works slowed water flow further upslo
local watershed draining o the arroyo,

» Slowing j down ang
Other earth-
¢ Within the
checked and water harvested in b ,-,-‘-,il\\!“h erosion
tion started to appear in the ”Ilct"dl'[.cr:r(
bed. As Dan points our, “If you have

New vegety-
rating arroyo
arroyo and no vegetation, you know t;;'“:::::g'm .
out of control. If vegetation is csmhlistJ unl [[Im-n .
tom you know the situation is more s 5
Within these stabilized level terr
Karen planted 600 square feet of gardens meeting
15-25% of their food needs. They h .

I}(JI-
abilized.”
aces Dan and

‘ ad the most ..suc—
cess with asparagus, garlic, Egyptian walking onions,
andvjcrL‘lsalcm artichokes. The gardens are watered pri-
marily from rainwater stored in the soil, but for less
dtoughr—tt)!erant plants the Howells wanted a source
ot‘warer for surface irrigation in dry times. To support
d'.us, they hand dug two 20,000-gallon dirt reservoirs
hlgb in their landscape. These reservoirs completely
fill in one good rain, and provide all the irrigation
water needed for an entire year! Once the reservoirs
are full, water is pumped from the reservoirs to a
10,000-gallon fiberglass tank and a used 5,000-gallon
steel tank also sitting high in the landscape. Water is
then distributed from the tanks to the gardens using
gravity flow.

To support water-needy vegetables, Dan and
Karen arranged soaker hoses several inches below the
land’s surface and mulched the soil above to retin
moisture, Ten pounds per square inch (psi) “waaFcr
Pressure is needed for the irrigation lines to function,
and this is easily achieved by the tanks’ placement
above the elevation of the g:ardcn: Each foot a water
urce (tank) is raised above its destination (§"
8avity provides 0.43 psi of pressure. As Dan s ﬁo-
PUmps; ng urilities, and no pollurinn." (See the crﬁ;rr;
ter on principles for cistern systems in volume 3 ¢ e

Bravity-fed drip irrigation system that ¢

than 10 psi of pressure.)

voi Aﬁter each rainy season sur
its is siphoned out over the lands

n r -
- Accumulated silts are remo

tom of the reservoir and wheel-barrowe
m"‘?‘.ikc-watcr-harvesting contour berms:

an work on

pILlS water |
cape W

So

—

0x 3.2
L : € Syst
ain Do ]
teﬁnce, But Deﬁnitelef “I:J
= am;enanc&Free %
Three ears B
e e 480 a broken PIpe resulted in the

They made it through the
be extra conseryatiye until
water storage. Frequent in
I5a very good idea.

— . e

I)LLSII'] is dug along the upslope side of these berms
making a berm '

Season, but they had to
the rgins renewed their
Spection of your system

i : n basin. These structures are laid out

in lines of equal elevation along the land, where they
intercept and quickly infiltrate rainwarer into the soil
where it is available to vegetation.

Dan and Karen are always experimenting to try to
increase the productivity of their site and the cf’ﬁci;'nt?'
of their water harvesting. A rain-fed orchard within a
net and pan system of berms had limired success. From
this they discovered thar the microwatersheds needed
to be elilarged to harvest more water, and that climare
extremes limited the diversity of productive crops they
could grow. More successful was the crc:a[im? of differ-
ent stvles of berm 'n basins that sped up their revegeta-
tion work (for more on the earthworks ra‘hmqu:s
ioned in this and the above paragraph, see the
basins in volume 2). -
ork isnt over yet. They h-.u“r: a life
bue not a life of leisure.
ned, and they have
reServoirs and create more con=
the additional harvested
te native and medicinal plants. \Yb":;n‘
heir land, berm n basins
: e —ech fertile silts:
and tanks fill with f\"j%f:_‘f(-obmv growth. More
vegetation bursts ! e o on theirsie chani
now being g¢ et Since chit
I¢'s been over pwenty ot when Dan

oo ia laundro ;
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oth running with th
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his chapter shows you how to maximize the

Porenu'a'l of your site’s water resources by
= lntt:gram:ng harvested water with sun and veg-

At your site to help passively cool buildings in

o i L 1 ey e -

o which they can produce resources, rather than
consume them—Dby passively and freely heating, cool-
ing, powering, growing, and maintaining themselves
in a way that will make all your water resources (and

summe i 1

e ga,; heat them in winter, and enhance plants

prihc; | en;. By domg s0, you realize the seventh
Pie of water harvesting: Maximize beneficial

time and money) go further. In that vein, seven basic
paitterns of inn:gmrt:d design are presented in rhis_
chaprer to help you create 2 conceptual layout of
warter-harvesting earthworks, tanks, gardens, trees, and

Ie aﬁ()nsh'
l - (13 . - »
ps and efficiency by “stacking functions.

Use th 3 ions and build
- i i . A RN : rvations and bul
Otite strategy of “integrated design” to provide buildings that work off your Obsel 3 iy mitEAE
eeds : ; o s e caconrces while helping mitE
ON-site (e.g., water, shelter, food, aesthetics) with on your sites ExXISRg m.our::erm you incErPOrare into
. . i 1t b ¥
0o sememS (e.g., stormwater runoff, greywater, 5 challengCS;hT & moﬁrp;rarcd it becomes. The
. 2 » 1 more INies B
Hhceny des‘e, warming sun, vegetation) by creating an your dmgj‘ ih tins on how 10 further refine your
Mongy) ven that saves resources (e.g., energy, watenb chapter €t 5:]! F:, cual design; and the story of
ity of t'h:’}.llle improving the function and sustainabil- site’s u1te§reﬂh m:; Fcre’lfc:d and implemented Sl::h
e site ! T ; « » how my brother i 3 5 provides WOrk-
Nty o - tegrated design helps turn “problems Lo Appendix 3 PF
e ons, For graexa"lple e?osive E‘oodwatgr runoff  aplan fgrots urbanul Of:).r(in?grmatiorl to go along
Wvegrad ng yo ' rwant
e mm bas, g ) ; Shfets promptiﬂg ) TR h,.;_ h:]ll mﬂ'\ Wi
i e . o INCIPIes
Nees, | elpin Ins can provide water to grow shad with the following =¥ en pr : ﬂf)’uuh first, then
e, gy <0000l flooding and erosion. The key 1 J chis chapier ST L0 appropre
aerstan,] ; ; re: $ ¢
Mwarey nd, and combine on-site elements—such 1 jith the worksheets: M3 A
€ unoff, vegetation, and solar exposure 1 tion.
V2e their beneficial use Ly N
ust tha apter helps yo (@)
) t, this chap p . THE PATH <o (il chat maYels

hmmt"-d design for your site. Once again

Observation, this time focusing on ¢
4TSS your site, and mapping it along with
o ions you've plotted on the sit€ P ian
0 chaper 2, Why look at the suf nd
book? That is so you can orient

n more to maximize the de&"
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Fall Equinox
Sep., 218t

£
Summer Solstice
Winter Solstice
Det. 215t
Northern Hemisphere

~

June 215t
Northern Hemisphere

Spring Equinox
Mareh 215t

Fig. 4.1. Changing angles of the sur“.l‘s rays cause the
changing seasons. On the winter solstice in the norlh.(:rn
hemisphere, the sun is low in the sky at noon, and it
does not even appear at the north pole; but at the same
time in the southern hemisphere, the sun is directly
overhead at the Tropic of Capricorn. On the summer
solstice in the northern hemisphere the sun is high in
the sky at noon, the sun does not set at the north pole,
and the noonday sun is directly overhead at the Tropic
of Cancer. Adapted from 7he Hand-Sculpted House—A
Practical rmj Philosophical Guide to Building a Cob
Cottage by_ lanto Evans, Michael G. Smith, and Linda
Smiley, Chelsea Green Publishing, 2002

degree of shift depends u
earth. (See figure 4.1.)

. In the northern hemisphere, the sun rises south of
ue cast and sets south of due west in the winter, while

lt rises and Sets ??0!!’;3 OFd ﬂjl(i west Vi
' ue gast i
: - S 3 I‘ESpCC[l ely‘

In the southern hem;
sun rises and sets north ¢

pon your site’s latitude on

sphere it is the opposite: The
fdue cast and wes i, their

Fig_. 4.2A. Winter sun
on the winger solsti

EXPosure apd shade

€€ at 32" Lagiud. ¢ Moon

itude

80 RAINWATER HARVE
STING FOR pRy
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winter (which occurs while the northern hemispher
having summer), and it rises and sets south of due t
and west in their summer. On the spring and fy) &L
nox (March 21 and Seprember 21 in the northery ’,:L_:,
sphere; September 21 and March 21 in the southern :
hemisphere) the sun rises and sets due east and West
ORIENT YOURSELF TO THE SUN’S

"FLOW" THROUGHOUT THE YEAR

For those living in the northern hemisphere, the

south-facing side of buildings, walls, and trees is the
“winter-sun side” and rthe north-facing side is the
“winter-shade side.” This is because the winter sun
stays in the southern sky all day. Midday the sun’s
angle off the horizon remains low (the ang]

the further north you are in latitude). (See figure 4.2

It is the opposite in the southern hemisphere. The
north-facing side of the buildings, walls and trees s
the “winter-sun side” and the south-facing side is th
“winter-shade side.” The winter sun remains in the
northern sky.

Identify the “winter-sun side,” and the “winter-
shade side” of your home now! The rest of this chapt@
continually refers to this orientation, so get ready a0
get oriented now!

In summer north of 23.5° N latitude, the sun 7
and sets north of due east and west, but at midd2y ™
sun is in the southern sky (and higher off the horz"
than in winter). So the “summer-shade side” of bul®
ings, walls and trees is the south-facing side in the
morning and late afternoon, but midday it is the
“°“"‘fa‘~‘ing side (with a much shorter shadow 3""
castin winter). The converse is true in the southe”

il HER

ity

1l “I”'i- ill

] Q{\Q\e}

3 il

Flg‘ 4-23. Su-mmcr sun exposure and Shﬂd-f cast at!
on the summer solstice at 32° latitud®




Sun's path on

- .
J\F' \\unmlcr Solstice

"\" \:sf

Fig. 4.3. The winter and summer solstice paths
of the sun at 32° N latitude

Sun's path on
Winter Solstice

32° N Latitude

hemisphere. (See figure 4.3; see also box 4.2 for sun
angles by latitude and season, for the northern and
southern hemispheres.)

Residents of the tropics (from 23.5° N and S
latitude to che equator) have a simpler situation. The
noonday summer solstice sun is more than 90° above
the horizon (south horizon in the northern hemisphere;
north horizon in the southern hemisphere), so the
‘summer-shade side” of various objects is their soutfll-
facing side (northern hemisphere) or their north-facing
side (southern hemisphere) all day long.

Identify the “summer-shade side(s)” of your

Ome now!

ADD THE LOCATION OR FLOW

DIRECTION OF THE SUN AND OTHEIR

OBSERVATIONS TO YOUR SITE PLA

g sun on
uld like

loca-

MEP the location of the rising and settin
the summer and winter solstice; whe Ieyey wz )
More shade or exposure to sun; the dlr::’cuon =
ron where prevailing winds, noise, Of light zoor

°; the foor traffic patterns of people; Petc,s you
i € and any other resources or challe::i?;'ing your
“}1)! Wwant to design for (fig. 4.4), By reco P y
SIS exiy g resources and challenges Yo! pyesting
'Mprove the layour and design of watﬂ-haths and
Sthworks, ranks, gardens, shade trees, P

it

e

T —

Box 41%1\

't Show Your Underaware.

ning where to grow
vested rainwater

Observe how the sun affects

'd 1 your site. Go out-
side in early morning, [ate afternoon, and midday

hours. Watch the sun's position change throughout
the year. How do shadows lengthen and shorten?
Where are the warm and cold spots in winter?
Where are the hot and cool spots in summer?
What areas inside your house get direct sun in the
morning and afternoon, in summer and winter? Do
you get sun and shade on your garden and out-
door living areas when and where you want it?
Create a map of your site’s hot and cold spots
through the seasons.

buildings so they harvest more resources and diffuse

or divert the challenges.

ED
THE SEVEN INTEGRAT
DESIGN PATTERNS

~ Ilowing integrared design patterns
Now use the following Hi R
ide how you can efficiently arrangs :
oet ideas on _ iently armange o
to g f your design to the unique ¢ L
B (:‘ ) re. You will want © ha\;.' y 2
o of your siic. s i
e ksheets) handy on whu‘h o M
oy - on. All “Action Steps dISC i
e d in written on your workshee S
‘ : N o o, A
patterns have a sequence
ese pi

tional in |
calculations shou o
r reference.
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::T:GRATED DESIGN pATTERN ONE

Orienting Buildings and Landscapes

. o e orientation of buildﬁjn:sg}sf;lii;i;fg o
hsm:ir:ltfvater-harvming earthwo

spaces
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Fig. 4.4. Map the resources and challenges on your site, sample map. See appendix 5 for worksheets.

with the sun 1o maximize

assive heati 3
while reducing water and passive beating and cooling

y d
P cting : small o qfawrbangs were 17°F warmer in rm;:'rﬂiaw
) . -7 0 power needs. A year-long 24°F cooler in summer than aparements in @ SiM
i::od{ dl:ngzls’ California, monitored temperatures in building with a north~soucha§ricnration (long mﬂlﬂ,c
i r;:pa.rtrm:nt bulld.mgs with different ori- facing cast and west) * (See figure 4.5.) That is @ h-u...
o m(:ed Z sun. N]?‘ heating or cooling systems difference! Building (;r I::uy.iﬂg‘E 2 home with col‘f“'[,[i_
mp:nt unitsuii-in:ﬁ t b:s' )l*:lar The;study found that solar orientation costs nothing extra, yet it can 4
W € dULding with an east-west gr;- call e uth il T
entation (long walls facing south and north) and wirh wa;):-nr;-,d::; t:;,d:;y;i::‘:g? maxmuzlcr h.;:g wi
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g- 4.5A. Sun €xposure on
View of uilding’s winter-sun side
Winter-

» and shade cast by, an east-west oriented building at 32° N latitude.
RYVARL - This orientation is warmer in winter and cooler in summer. Note how the
sun side is shaded by the roof overhang at the summer solstice, but not the winter solstice.
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i f
mmn Angles by Latitude for
Box 4.2.

nd Winter (December 21),
Northern Hemisphere in Summer (Jumi'j 5;)26}1) PRl (Decem_lagr_2_1_L
0

el ]
and for Southern Hemisphere in Winter (

Find the latitude of your sit(:.'j b):}i?‘?:(;;g
latitude of (your town, state, and ¢

re. {““ ee ile”ll]x 6 Se !loll I. |0| m es5 0on sun a gl =
a g ore I our Ngie

Location sun
Latitude, Date rises, N or S
‘NorS of due East
20° June 21 22: N
Dec. 21 22°S
24° June 21 24: N
Dec. 21 24°S
26" N
8 June 21 !
7 Dec. 21 26°S
28N
32 June 21 A
Dec, 21 28°S
36" June 21 30°N
Dec. 21 30°S
a0 June 21 32°N
Dec. 21 32°S
44° June 21 34N
Dec. 21 34°S
48" June 21 36° N
Dec. 21 36°S

The buildings and trees
cooling shade during the da

in your landscape cast
y and the vegetation’s

canopy reduces radiant hear logs at night creating a

water-haryest ng earthworks identif:

mates, and select and place vegetation Appropriate to

these microclimates, Cold-sensitive plants go on the
Warm winter-sun side of 4 ¢

ter goes on the

BEL sun on coo| mornings
and shade on hoy afternoons,
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i le "What is the

ographic map, or goog -
at atgk;_t!)-:z. ;r:EZsoiLtgﬁfi fabllje have been rounded off for easjer
Note:

s and passive solar design.

: Northern Southern
L°°at,\',°3, Ssugf hemisphere: hemis_phere;
S t Location of Location of
duees noonday sun, noonday sup,
above southern  above northern
horizon horizon
22°N 93" ;gj
2255 47
24° N 89° 43‘
24°S 43" 89
26" N 85: 39:
26°S 39 85
28° N 81° 35:
28°S 2350 81
30" N 77 ;;
30°S 31°
32°N 73° 27;
324S5 27° 73
34°N 69° §§=
34°S 235
36" N 65 1?
36°S 19° 6!

Action Steps

5 3 [fyou
* How is your site and/or your home Orlcn[";j};cl:li”
don'tt know, ger a compass or ask tb;: sun. | i
will orient you to the cardinal directions if ) 7
the information in box 4.2 and you pay ‘"m; i
to where the sun is throughout the day. Put t1"
information on your site map.

. and
* When you know your building’s oricntdm"";‘t_l;lru
have a good grasp of where north, south, ‘; he
West are in relation o your site, move on Jio
following pacterns, They will help impro\’ft.veu if
performance of your home and landscape:
their orientation i less than ideal.




,NTEGRATED DESIGN PATTERN TWO

shads
hade Ut much of

Sd I&l(l greens [hc Over} 1€;

i
d sun, | an prodyce

overhangs on Buildings

Like a broad-brimmed sun h:lF. muf“m-’crhnngs on
1 building can impn.wc‘your meo”ﬁ l{nul‘mrcrfmng,‘
qn improve building’s Eaals:s‘lvc cc_mlmg and |1c;ll'ing

formance regardless of orientation and increase

roof area resulting in more roof runoff. Properly sized
ovethangs on a building’s “winter-sun” side let in low
anele winter sun while blocking overhead summer
suﬁ, Overhangs on the east, west, and winter-shade
sde of buildings boost summer shading, Combine
overhangs with correct solar orientation and you'll
be even more comfortable and pay far less utilities,
(e figure 4.6.)

Given your latitude, how far should window

quite keeps chi
- : . )I}t’s‘ 1 Atra .
cgeplant, squash, goyrds » tomatoes, hygjl.

» and summer ore
5P 41 squash, go €r preens
Prematurely \nlnng from EXPOstire g

Action Steps

* Shur off mechanical he

‘ ating and cooling systems
once in each season

of the year to observe how
direct solar exposure—or the lack of it—affects the
comtort of your home,

owrhangs extend out from a building’s winter-sun
ide: The following equation from 7he Passive

Solar Energy Book by Edward Mazria® provides an
aier. (Note that the equation only applies to
1-winner-sun-side-Facing windows.)

¥indow height + F - Overhang Projection (OP)

. _W*ﬂqﬂw height is determined by measuring the
\ETHQ] distance from the windowsill to the bottom

heghy

while Po'fthe overhang’s extension (see figure 4.6),
@opd; 54 factor selected from the table in box 4.3
will S your latitude and climate. (Note: If you
& eﬁsmﬂlng gutters, be sure to include their width
L overhang’s extension, since they will
To he Wefha_ng and the shadow it casts.) :
ﬂiﬂ‘ﬂ-e 9 ‘mine the ideal sizing of w.indf)w: in
%ﬁﬂg ai-rnafes to enhance passive heating and
Sz -Bf ential, see Sy, Wind, and Light by
Mowr and Mark DeKay

Y “18s for Gardens
W:!;anr;:n the low desert of southern Arizona, iving
q’%&sh%! Provide the winter sun and difﬁlsﬁk :
%hﬁds Vegetable gardens crave. Place sunxe

U ] : : Fprulle i
g i 09 the south or southeast side 0

HEE trees 1o allow winter sun o wi
! simmer oyerhanging branches

hit the

* Use the overhang projection calculation to
determine the appropriate overhang sizes for your
area. Compare the existing overhangs to what the
calculation recommends. Observe how the over-
hangs affect your comfort.

F factor

North or South Latitude 5.6-111
28" 4,063
32 3045
36 2_5.3_4
40° 20-27
a4 1.7-22
48° 15-18
52' 13-15
56. shade for
factors provides 2 cimate of

F Jiving | t to
summer s will when
more of the a“d mJld win factor fanged;mates

s numberil’l - hose I"v[ngjﬂ

; those' ikely want
5 le_rll%th inters “.‘"“ range:




Overhang Projection (OP)

&

Window
| !L‘i“:‘,hl

Noon at Winter Solstice

Fig. 4.6A. A winter-sun-side roof overhang allowing winter sun exposure for a window at 32" latitude

1

Window
Height

Noon at Summer Solstice

Fig. 4.6B. A winter-sun

=side roof overh o
N8 providing summer shade for a window at 32° latitude
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« When installing or extending an Overhang consid
~ : H i o der
the following options:

- An overhang ex tending across the

E e \Vhl}It' “Ji”lc['-
sun-side of your [nnldmy‘ to be

Ilt'“[ ,\"Ul”‘ “!”” 2t
well as your windows,

- Awnings just for your windows (fig, 4.7).

- A very sparse trellis o support dense winter-
deciduous vines which provide leafy shade in
summer. (See ﬁgurc 4.8.) In the winter, remoye
and mulch the uppermost sections of the leafless
vines so your windows get direct winter sun (see
“Integrated Design Pattern Five: Maintaining
Winter Sun Exposure”). Use rooftop runoff to
irrigate the vines. (Note: While water-
harvesting earthworks should be placed a mini-
mum 10 feet from the house, vegetation can be
planted closer to a building. Just train the roots

Fig. 4.7. Window awning

Fig- 4.9

e he:ipf
made-

_ East-fac
2 abitat.
Elo"mamlr‘;;"e ﬂowel':d shade from

N dditional

Fig. 4.8, W/

dalpPl
e
;:rovides a

Inter-sun-side trelljs

in mep
'Bgneﬁﬂﬂl

0
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ts to find the water harvested in the

of the plan :
applying

more distant earthworks. Do ‘lhis by
irrigation water on the side of the plant closest
to the earthworks. Then every month or two
move your irrigation emitter or hose a foot
further from the plant and a foot closer to

the carthworks, until you eventually end up
watering the plant via its extended roots within

the earthworks.)

- Exterior blinds or shutters on east- and west-
facing windows to help block direct summer sun
before it enters and heats the building (fig. 4.9).

- Covered porches and/or shade trees on the east,
west, and summer-sun sides of your building as
presented in the next pattern.

INTEGRATED DESIGN PATTERN THREE

The Solar Arc

A solar arc is created using a number of shading
elements such as trees, cisterns, trellises, covered

Box 4.4. Growing Your Air Conditioner

A study conducted in Phoenix, Arizona found
that water use in évaporative coolers averages 65
gallons (245 liters) per cooler per day, or about
13,400 gallons (50,900 liters) during the cooling
‘season from March to October

. That same amount
‘of water could fulfill all the water needs of four

native mesquite trees with 20-foot (6-meter)
heights and canopies. | placed on the east, west,
northeast, and northwest sides of a home, these
shade trees could reduce summer temperatures .
around the building. by as much as 20

i F compared
to the same building without shade .

porches, and overhangs laid out in the sh

© shape of g
open-armed hug that welcomes the full

Ry Potentig]
the winter sun (fig. 4.10). At the same time, i, defl
Ly

much of the summer sun using the arc’s “back, g
" 4 y 1310y

ders, arms, and hands.” Water-harvesting earphy,, i
i ; : 3 ks

are the foundation of solar arcs when vegetatio i

used as the sheltering element (figure 4.11 shows
growth of the solar arc from basin 1o YOUNg trees o
mature trees). Situate the earthworks and trees Ll']\..t
enough to buildings to use roof runoff as the

i primary
source of irrigation water and household ;

Breywarer 4
the secondary source. As the shade trees grow they
beautify your yard, clean the air, and d ramatically cool
summer temperatures (see boxes 4.4 and 45)

Solar arcs shade buildings, gardens, and gathering
spots in the yard from the summer’s northeastern
morning and southwestern afternoon sun. Put rrees
that drop their leaves in winter on the east and wes
arms of the arc to allow filtered sun to penetrare the
arc early in spring and late into fall. Evergreen trees
work well on the northern band of the arc o block
summer sun and deflect cold northerly winter wind
The same principle works in the southern hemisphere
only the directions change.

K
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Box 4.5. “Cool and Clean" or
“Cool and Polluted”

The generation of electricity used to mechan®
cally air condition an average household causes |
about 3,500 pounds of carbon dioxide and 3 r
pounds of sulfur dioxide to be released from po*”
erplant smoke stacks each year.” Cooling sofar e
of trees consume carbon dioxide and produce @
gen—up to 5 pounds of oxygen per day per tree.’
According to the National Arbor Day leﬂd‘ﬁon'_ |
over a 50-year period, a well-placed shade 1€ @
generate $31,250 worth of oxygen and provid? |
$62,000 worth of air pollution control’ {

il S QR
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Fig. 4.10A. Solar arc of trees with an cast-west oriented building at 32° N Jatitude.

here & S 7 : Z

= View of building’s winter-sun side. Compare to figure 4.5A.

Summer Solstice
32° N Latitude
Late Afternoon
| »
. Early Morning
{ | Late Afternoon
Winter Solstice
e building at 32° N ltitude.
iented B
. rth-south orien f 4.5B.
Fig. 4.10B. Solar arc of trees with a no Compare to W

" o
View of building’s winter-sunt § de -




Fig. 4.11A. Water-harvesting basins placed to help
grow a solar arc of trees, and one basin on the
winter-sun side of the house to grow a sunken

winter garden (32° latitude)

Fig. 4.11B. Young trees and the garden

the basins and irrigated with glﬂﬂted within

harvested roof Yunoff
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Fig. 4.11C. Trees at full size forming a living solar arc.
and a thriving winter garden

Action Steps

» See if you have any elements of a solar arc in place
around your home or garden, such as an existing
shade tree or building.

* Map where missing pieces of a solar arc should be
located to complete it and benefit your home or
garden. Create water-harvesting earthworks and/or
install cisterns to sustain shade trees.

INTEGRATED DESIGN PATTERN FOUR

Sun Traps

A sun trap creates a nice place to planta gar‘dt"l‘u‘;
re_tkc a nap. Elements making up a sun trap &% mllis
cisterns, tall low-water-use vegetation, a hiouse, £
shed, or other shading elements. A sun 2P e ¢
open than a solar arc. In the norchern hemisP cr.f d
L-shaped sun trap is open to the east and s0U"
closed to the north and west. In the souther? h::’:d w
sphere it is open to the east and north, whil¢ d o
the south and west. (See figure 4.12.) Th.e.sun [lfrsv

ates microclimares ideal for gardens, sensitive P

007-)’ outdoor gadj:ring areas, and hamm
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Fig. 4.12A. House, cistern, and tree in a water-harvesting basin forming a sun trap harvesting
the afternoon sun in winter. You are looking at the winter-sun (south) side of the
house in the afternoon—the sun setting south of due west.
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ili ind’s vi ist’s ci d wall, creating a
ig. 4.13. The prevailing wind’s view of Allegra Ahlquist’s cistern an _
::::-Etectize sun tI:ap and gvindbreak for her courtyard. Solar panels on roof faces south.

Box 4.6. A Sun Trap Acting as a
Windbreak, Fire Break, Privacy Screen,
and Garden Courtyard

Dynamo grandmother Allegra Ahlquist lives in

a cement-plastered sandbag house in the hot,
windswept, fire-prone grasslands of southeastern
Arizona. The environment seemed too harsh for
gardening, much less sitting outdoors, so she built
a cistern and garden wall southwest of her home's
south-facing wall to create a sun trap. Now this
sheltered nook creates a pleasant environment for
year-round outdoor sitting and for a sunken-bed
garden. The cistern harvests Pure rainwater close
to where it's needed in the garden, and shelters
the vegetables from harsh westerly winds and hot
afternoon sun. An outdoor shower, served with

biocompatible soaps, drains greywater to perenm:.
e soaps, eyw. I
garden plants, (See figure 413 ) i
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My sun trap captures winter sun in the moming
to burn off frosts and warm things up, but shades ou
sun on hot afternoons. This extends the cool growing
season of my low desert garden by two momh_:._i can
plant a month earlier and get an extra monfh ot iR
growth by keeping my vegetables from bolting (g0/1¢
to seed). The afternoon shade reduces plant evape-
transpiration, heat stress and drought strcs::..;md »
reduces pest problems. 1 enjoy hanging out in m;] st
trap garden, because, like the plants, I get warmt . '."
the morning when [ want it, and shade in the 2t
noon when I need a break from the sun. .

Action Steps

Cyoul
* Before you plan, identify and map the areas Ot.,';wt
site where a sun trap might make sensc, Lt
any existing elements already in place.
_—l
* Harvest rainwacer Lo support vegetative elwu;:jrh
the sun trap. As Mr. Phiri says, “Plant the W8
efore you plant the trees.”

Ip
et o he |
* Determine if 4 neyw cistern could be placed

€feate a sun trap for a garden or patio.




INTEGRATED DESIGN PATTERN Fivg

Maintaining Winter Sun Exposure

As you harness the full potential of rain, do the
same ﬂ;;r the winter sun. Keep the exposure open for
winter sun-facing windows, gardens, fo’lar water
heaters, solar panels, and sol:_u‘ ovens. ”.1-: Y”lagc
Homes development in Davis, (..'.1].”{11‘!1[;1. found tha
with winter solar access retained, simple mif"' Bores
can achieve 40 to 50% of their winter hc;.mng needs
from the sun, and more sophisticated designs can
meet 85% of their heating rlecds.'“ [ l't:l}" on :‘imuh-
facing windows for much of my home’s heating .nccds:
aso[;;r water heater provides all hot water; and c:gb[
solar panels provide all of the power l}ccds. But mis-
placed trees could seriously cripple this performance;
even the shadow cast by a leafless tree could block out
over 50% of the potential heat and !i.ght.” 9
When planning where to place cisterns o trees,
and the water-harvesting earthworks that x_wll sustain
them, be conscious of the shadows Fhey will G']jt: Pfut
them where they won't block the winter sun-side o

your home

¥ » 50 Ia I Wate
(See tigure

4.14 for an e
St shadow an of
Solstice (December 21 in
:Illlllt 21 in the souther)
In box 4.7 and multip]y;
assocy

the inngc ject will ¢
the north
by lookin
‘ tiplying the obj
ated facror of the s
For example,
1atio is 1:1 .4

the shadow

Aton the winger
ern hemisphere,
& Up your latiyde

ect’s height by the
1adow ragjo,

here in Tucson ar 3¢

N latitude, the
an object’s height,
iber 21 will be 1.49
mature 25-foor tal|
25—the length of the shadow
rth at my latitude, Using this
calculation I can determine how far south of my home
or winter garden I need to place that tree so it won't

Y, so for every foor of
Cast at noon on Decen
feet long, Multiply the height of 2
tree by 1.49 to ger 37.
(in feet) cast to the no

block winter solar gain once it grows to marure size.

Action Steps

* Use the shadow ratio in box 4.7 to predict how
existing vegetation and structures might affect your
winter solar gain. Then observe what happens.

i inter
Box 4.7. Noontime Wl-n
Solstice Shadow Ratios

Adapted from: Effective Sh‘?dmg v:;tg i
Landscape Trees, by William B. Miller agouege e
M. Sacamano, University of Arizona olee
Agriculture, Cooperative Extens:orcr,
188035/8835, March 199

Object Height:

North or South Latitude

h of

Is-ﬁgﬁfnw Cast
at Noon
1:1.28

o 1:1.49

32° 1:1.55

i 1:4.75

36’ 1:2.04

40° 1:2.50

i 1:313

= Box 4.8. Solar Rights

In 1977, the State of New Mexico en:r:tf;!cg;
iohts Act, the first law in the country :
o | resource of solar energy asa
- natu?he roperty owner who first claims
e revint neighboring p@pemwown-
ing upon thg right ‘:;ft:nﬂ:n -
buildings or trees. See appendix 6, se

ico’s solar rights.
ew Mexico's 50 o
morfnc’:rii:ona, Solar Rights Law ARS 3

icti r condition
ant, restriction, O o
bape: afs)t:i:f‘:r‘::he installation or use of a s0
from pro

nergy device.
. The progress!

nizing _

roperty rig
folar rights can p
ers from encroach

es
ve communities of Village Hom

ing in
= ilagro Cohousing
- is. California and Mila o
.rrn gz\:siquona state in th;‘rr{e[;::]icﬁdns that res;;‘
venants, Conditions, and Restrictions [ie
Covena::s,;rgﬁ;;:i‘teﬂ from interfering with

dents are pr

hor's solar rights. A

homeowner is, ho:;f::?igﬁts; 1213
2 n
g oot b vt WS
allowed 0 Itr'jhf::%eanning the use Q‘;'rc{:’s__t:e
s e
.some - =L

/
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20 fpg

Fig. 4.14A. At 32° latitude a tree selected and placed, so at mature size, winter sun exposure
(during the winter solstice at noon) will be maintained for a home’s winter-sun facing windows,
solar water heater, solar panels, and solar oven

]
|
[
|

20 feet

Fig. 4.14B. At 32° latitud
i e : a tree selected and placed, so at mature size,

i n exposure
€ at nDOn} will be 7 7 winter su P
. maintain i 1€,

windows, sol . ed for a winter garden and the home,

as well as the
er heater, solar panels, and solar oven
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v g

SummerSun at Noon

b
v/ 1 A

-

| Winter Sun at Noon

A3 l",
& "'Q‘ 55
|

ac;'f; j;lﬁ, A tree pruned to allow direct winter sun
o thm“gh winter-sun side windows, while shading
Mai € summer sun. Adapted from Designing and
“taining Your Edible Landscape—Naturally by
bert Kourik, Metamorphic Press, 1986

> What part of the
reopen with Pruning, then srun :
see also figure 415 R

Path you coyld
if appropriate;

== DG =it
——e B
|
¢ Use |
se the shadow ratio calcular:

; low ratio calculation to correctly place
CW Structure i i i

: _II‘UL[LIILSllr\t‘uci.llinn on the winter.c =
e get 1€ winter-sun side

your buildings or winter garden. Plan for plants’
e 74 Wi : = . rt J 3
Sizes at maturity, not the size at planting rime
Consult nursery staff and plant books for size
information.,

* Plan water-harvesting earthworks and cistern systems
to support correctly placed vegetation.

INTEGRATED DESIGN PATTERN SIX

Raised Paths, Sunken Basins

avs “hieh and dry” and pla nted areas
i« Always pai ised path witha
“sunken and moist. Always pair a raised phu[ ;
i s shelter an
sunken basin to capture runoff and grow s dt _u :
. je. 4 I : in these
beauty for the path (Hg: 4.16). Tlrie:;s pla'nF:e[h o
( r o =
i i i shade and beautly the <
- ot harvesting basins shaoe dEBEEErg = e
e saths, and patios. This reduces exces
e ol of skin canceh
: ind in rn the risk of skin canc
re ¢ : 5
) ncer in the United y
forrable place 1 drive,

Keep access W

cent roadways:
sive solar exposure < 9
the fastest growing |'l:ll'l11 o‘u
1115 while creating com
1 bike, or COnverse.

States,
walk, ride




Fig. 4.17. A parking orchard of low-water-use, food-producing shade trees ﬁassivcly irrigated by runoff
from a raised parking area harvested within sunken, mulched basins

Shade trees absorb much of the rain falling within
the diameter of the tree canopy and runoff flowing
Jround their bases. This creates a living flood control
system and filters runoff-borne contaminants like
nitrates, phosphorus, and potassium, which trees
consider food."

A parking lot can be planted with a “living car-
port” of flood-controlling, pollutant-filtering native
shade trees irrigated solely by the parking lot’s runoff.
If low-water-use food-producing trees such as the
velvet mesquite are planted, it becomes a “parking

orchard.” (See figure 4.17.)
Action Steps

¢ Observe the relative height of paths, sidewalks,
drivw.vays and streets compared to adjacent planting
areas in your home and community. Do you see the
r?Jsed path, sunken basin” pattern or a sunken path
ra.lsccl planting area pattern? Is stormwater being ,

directed to vegetation, asphalt, or storm drains?

. Qbsewe undisturbed natural areas. You will most
likely find the largest, densest vegetation in

depressed areas and along drainages where water
concentrates.

. lan[ify and map areas where you can develop the
raised path, sunken basin pattern at home. Create

L 96 RAINWATER HARVESTING FOR DRYLANDS - VOLUME 1

water-harvesting earthworks by digging sunken
basins, then use the newly available dirt to creae
the raised paths.

INTEGRATED DESIGN PATTERN SEVEN

Reduce Paving and Make It Permeable

Rainwater is like a naked person—it wont -“i"f‘_‘
around if you put it on hot pavement in summe 0
we must reduce the amount of impervious P‘“'i”f"'l‘m
our sites and neighborhoods, while increasing shady
vegetation (compare figures 4.18A and 4.18B).

Much of the heat stored in urban concret¢ 3™
asphalt during the day is released in the late ahc‘.nwﬁ
and evening, keeping temperatures high. ExcessiVe'
wide, unshaded streets and dense unshaded df'"f[o':-
ment directly contribute to the heat island effect u
were found to raise maximum daytime lfmp“m[ufﬁ
by 10°F in Davis, California.” (5;:‘: figure 41978
an example of a wide, tract-home street.) 16 ar

Typical residential streets in the western U=
up to 40 feer wide, bur there are algernatives: AR

innovative Village Homes housing developme™ ,mm\\'r
Davis, California, streets are 20 feet wide.” B‘r nj_m w0
ing streets, using cul-de-sacs, and limiting r:"f:m'

the length of a vehicle, Village Homes made 1}13"1-“
more land available for community gardens B

e
tree-lined walkways, and bike routes i Adjoini®




Fig. 4.

18A. A dehydrated and i
exposed residential lot dominated by i i :
and bare compacted earth graded to drain a]l}rlunr]lg';}"nz:.\oxcp:[\r:?m‘ et

jnarte
idential ot domb 5 minim
ble paving 87

e g3 =
%ﬁlﬂ; A hydrated and shel tered res
=PeWate permea

~aler-use vegetation, and



Fig. 4.19A. A wide, exposed, solar-oven-like street in Tucson, Arizona

=
— >
-
- -

- - “ -y
- — : -\‘_" b S
- < - . . —
d street in Village Homes, Davis, Californt®:
¢d street in Tucson, Arizona.

Sy
Fig. 4,198, A n.agrowl Mmature tree-lined, and shad
e Fig. 3.17 for 4 narrow, lrec-linc




.

Fig. 4.20. Admiring the birs

i '
n the canopy of oak trees forming a living

.
at the I[dﬂo er C nrer lI‘I £ us(iﬂ 16\33

{Edte a cano
it SUEets’pi; t;:n“:r the NAIrow streets, shading 80%
s, rdet:ing rh; reducing summertime tempera-
dceating 4 }I:eed’ for buzzing air conditioners,
tighborhon ch quieter and more ple: '
: 0 (ﬁg 419B) P asant
TeCt street '
£Torks, ey r:gﬁ to adjoining water-harvesting
ing PaVemenuce the amount of paving, and see
e, the chapter “Rt 33“ _bC made permeable. In vol-
E“mmb e
"able Py f ucing Hardscape and Creating
Pﬂvanen £ leatures an b - il
g '_f'that S umber of permeable
W uce runoff by up to 90% and

"ﬁw ity dl
e caner
U8 pavemen g 2 stormwater compared to

on Steps

ok
2Ky 76:: Es of pervious and impervious
ome and community.

. .
Determmc how you can reduce the paving on your
site, and make remaining pavement more permeable.

Implement these changes.

« Consider turning your driveway into a park-way
length and width of your

by limiting its size to the
vehicle.
cobbles, or stabilized

porous brick.
wving materials.

o Consider using
rvious p;

gravel in place of impe
8
' < jate
s Plan water-harvesting carthworks and ap%mpn.;
l D " ing is removed: a1
Jantings in e where paving 18 remo
t ine rematns:
adjacent 10 €% where paving rema!
utdoor “cooms of'shade‘ rrecs
puildings

» Consider growing 0 S
(o replace or reduce the ne

fig. 4.20)-
(g Hardscape

chaprer “Reducing

cable Paving:

=y
CHAPTER# ntegrated O5E"




INTEGRATING THE DESIGN
ELEMENTS OF YOUR SITE TO CREATE

A REGENERATIVE LANDSCAPE

The preceding integrated design elements ts‘huu[d
have you thinking about, mapping, and plannjng
where you can lay out water-harvesting strategies (o
create 2 more integrated, efficient, and productive
design. These elements are meant to give youacon-
ceprual framework for creating “regenerartive systems.
Regenerative systems are created through thoughtful
integration of design elements so they can enhance
and recreate themselves without dependence on
imported inputs such as piped-in fuel or pumped-in
water. Once established, these regenerative systems do
the bulk of the work, so you don't have to. They maxi-
mize the return on your water-harvesting investment.
Anytime we invest effort, time, money, material, or
4 labor we basically do so in one of three ways: degener-
atively, generatively, or regeneratively. Compare
their characteristics:

A degenerative investment:

* Starts to degrade or break down as soon as
it is made;

* Requires ongoing investmen ts of energy and
outside inputs to keep it functional;

* Consumes more resources than it produces:

* Typically serves only one function, :

* Examples includp- ormamental lawns and Jand-
scapes d?pendem on chemical pesticides, ferriliz-
ers, and irrigation wager imported from dee
wells or municipal utilijes: mechanical] heEt d
and cooled buildjngs powered by impor};cd e
energy; and conventional single-yse Parking logs

A generative investmen;:

* Starts to degrade as soon
* Requires on,

* Examples include: )y
; 4 3 -use |
4 LY an

.1 lbf ); P i P 3 ¥
Wi t[ ]. L i ilab]tal' asslVEI hm‘ed C(I(lle(l a"{l Iit
bulld]ngs, dumble altelnatlve el‘lergy pl‘odu
X crs
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such as solar, micro-hydro, ang W
systems (turning [xuiIdinga into
producers); parking lots tha gre
orchard of fnud—prm]luing shade tree. s
e T - ing
harvested stormwater; and CONStrycred m'mi-,.
Case the U‘-n-.

ater Tesoy Ices

. | I]Lf pc Wer
‘cle
W

an CMlerg,
4 Grpop,

ter-harvesting structures thar inc
and accessibility of on-site

A regenerative Invesrment:
* Can repair and recreate or regenerate i

If;
- . - L::
* Does nor require ONgoINg investments of

* Starts to grow or IMprove once it 1S mad
energy and outside inputs 1o keep it functiong

* Produces more resources than jt Consumes;

* Typically serves m ultiple functions:

* Can reproduce itself,

* Examples include. multi-use Iundsup'w living
solely off natural rainfall and requiring no adg;
tional outside resources after csmblish;nun::
sclﬁregcncrating natural forests and ecosystems
revolving community loan funds; and vegeativ
rainwatcr—harvcsting structures thar build and
repair themselves after establishment.

Strive to make all your water-harvesting endeavos
fegenerative, and as the warter farmer Mr. Phiri would
say, “You'll be thyming with nature.” You may not&
there right away, but just by passively harvesting wae
the way this book suggests, you'll rise from the dege™
erative to the generative leyel.

TYING IT ALL TOGETHER: CREATINC
AN INTEGRATED DESIGN

Use your site plan, with its mapped resources :1.”;1
Cha”c“ge& as the foundation for selecting and po
Wﬂfer-harvesting Structures to create an i”fegrzl,t it
design thag increases site efficiency and maximiz®*
Potential. Ty do so: ‘ :

I Make multjple copies of your site plan {dm““é‘:: L
o use as base maps for draft observations and 1€

- ool
ool esting P
2. Play wigh different conceprual water-harvest

Ayouts. I recommend rwo options:

1"
continued 01 F'




I'Iergy
Org
e
ln\‘va_
Use
Disechon of shope
aind water o'
nal: Rapnter griterpipe
g P11
(ireywabér ppe
(e growund)
; Solar Oven
di-
Ramsiater Cistern
ns; {/
ive M
{ Infilimtion Rasin ' ?2‘
| '& \ . \
ors )
Id
s
ter
n_
)
d
g
e
— ===
e)
- Anmtegmted rainwater- and greywater-harvesting Jandscape plan:
Meah hariit?z Placed in o cooling sgolar arc around the home- M sj parki
n I I D Pered g = l tiﬂ a en, an =
i uced by removing driveway, planting the trap. A Wi
' _b‘}':j’ and irrigated by a cistern forming %m:s on the perimeter ©
ff - perodon pho within 98¢ g oofs are guft

. to adjoining vegetation in basins.. n-site rain
€ 10 utilize runoff Ho;:vij:: fmgm fagﬁlsite, and to re d alle ien
“'ﬂgated shade trees b ing home from street, 31




Make cut-outs (in the same scale as your sit¢ plan)

of the trees, cisterns, patios, gardens, and other
d to vour site. Move these
slan imagining how
lows of your on-site

clements you want to ad
cut-outs around your site |
they will interact with the f
resources (rainwarer, greywaten, sun, wind, etc.).
Put tracing paper over your site plan and sketch
lements (trees,

where you could place va rious €
and other elements) you

cisterns, patios, gardens,
and then see how

want to introduce to your site,
they interact with on-site resource Hows.

As you keep playing with various arrangements,
ask vourself, “Where do | need water, where do I have
it. how much do I have, and how/where can 1 best
utilize ie” Remember, your goal is to increase site
efficiency and maximize site potential. Refer to earlier
sections of this chapter for conceprual ideas. See
appendix 6, section N for information on additional
design patterns.

3. Refine your design by planning the water-harvesting
details. After figuring out where you want to harvest
water, its time to figure out how to do so. Re-read
Fhapter 3 to determine what specific water-harvest-
ing strategies are most appropriate for your needs,
whether to harvest water in soil, tanks, or both.

T‘hen go on to volume 2, which first provides an
overview of water-harvesting earthwork strategies and
their appropriate use, with the remaining chapters
descrlbmg the specific water-harvesting techniques in
dcta;l, _a.lt?ng with the use of vegetation
use 1Tn hlrngating vegetation.

en go on to volume 3, which describes ci
And now, walk your land again, imagining ho:irls\::iri&
ous strategies could work within the unique cont
of your site. Play more with ideas and layouts o o
paper—its much easier to make changes with(an il
r:md (.:raser.tha.n with a shovel (see figure 4.21 {"orp g
:c}cahzm:l site plan), When you feel you've got ()uan
plan set, scratch out, stake, or spray paint loca}t,i : f
paths, trees, waftcr-ha:vcsting strategies, and Othons 10
ments in the dirt at your site, Walk around g
feeling what it’s like to inhabir this system K’;;;::lte.
needed changes and if all feels good—gg f‘:or it! u

» and greywater
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REAL LIFE EXAMPLE

AN INTEGRATED URBAN RAIN
HARVESTING RETROFIT, TUCSON

WATER.

AZ

“"'—"-I-n’.;__

Right after Rodd and I bought our eq.

ented, fixer-upper of a house, the summe; e

poured from the sky. We saw where the ro0f et

where runoff pooled against the house, and p,, ¥
e - : y € oW s
bulk of the rain ran off our site into the streer 1

ﬂl&lppt"-l IIIL'.‘GL' i)l).\L‘l'\';lli(}llh, and i}|}_lt.‘['5 (nojse
lights, and pollution coming from street; where o,
wanted privacy; where we needed shade; and h

we needed to enhance solar exposure to south-fa.

windows, etc.) on a plan we made of the propenty,
More observations were added as we spent More

on the site, and we continue to do so today, Many
hours were also spent imagining how we could
improve the site with earthworks, cisterns, plantings
solar technologies, passive heating and cooling strate-
gies, and more. We brainstormed how such improve-
ments could be integrated with existing on-site needs
and resources for maximum beneficial effect. (S¢e fie-
ure 4.22, “before” and “after.”)

Expanding on this practice of long and thought
observation we calculated the rainwater resources we
could harvest within our site’s watershed. In an aver
age year of 12 inches (304 mm) of rain, abour 6,00V
gallons (22,800 liters) runs off our 990 square foot
(91 square meter) roof, while an additional 38,000
gallons (143,600 liters) falls on our 132- X 46-foot
yard. Just outside our fence 29,000 gallons (109600
liters) of rain falls on the 20-foot (6-meter) wide
public right-of-way on the south and east sides 0f
corner lot, while another 30,000 gallons (1 13,400
liters) per year can be harvested off the adjoining
dential streets. In addition, a 270-square-foot sect?
of our neighbor’s roof drains 1,600 gallons of run®
into our yard. This totaled about 104,600 gallons
(397,000 liters) of rain! ;

We started harvesting roof runoff at the top of ' I
watershed—the roof, We removed a leaky asp hale
and hauled the toxic pile of old asphalt 10 the
dump—we didn't know then that asphalt C““ldA g
recycled. We expanded the roof area by aj.,-.ulanf!&:“
and installing an extension of our roof overhané I




//.

North >

unoff drains off site, up against house, or through the
r. Palm tree blocks winter solar access.

fig.4.22A. Our site at time of purchase in 1994 Most r:
garage. All greywater goes down the sewe

and © ol
: e ed to basin® d, winter SO
, ite. On-site M. directed © 770 ved, e d
--"'Q;:':;‘Ee_ ind2_005. No runf‘.:f‘ leabvﬁ;il;e 5. Strect c;":;og’:ih e au_:lsr hot WAL on the grou”
PC 11§} rain 7 m = S - an
er is ye S o away cled within the land a solar °"rm|ar ot “'"‘m:s weight) ted Design
: i directed to and recy, f, and 350 ) e 50 eat intega
: ol g roo (T e 4
Solar tﬁane!s have been m-’;‘h"‘ﬂcd sth-facing u'ﬂ‘"fl‘gh to ho CHAPTER
“edop ¢ € ground south of the south- 0

ng en
e our old roof was not strons




shade ile still short
long enough for more summer 3"!.1(le. wh!ls. still ?
26 allow the free heat and light of the winte
_facing windows. However, we

i “the o (wed later
foreot to include the width of the guttet {\\«’L_ll | te
. he ideal length of roof

: R ey
stall) when determining ' ' ‘
" nstalled) a bit more

3 ith the gurter 1
overhang so now (with the ¢ ‘ 0
- an would be ideal. Then

| metal roofing

enough to
sun to enter our south

of the winter sun is shaded th
we installed 26-gauge ?v“l“"”i?""d SEEE
that should last for the rest of our lives. Metal was
selected for its durability, ease of installation, Mrm?‘{h'
and. above all else, its non-toxic nature, allowing for
more uses of its higher quality runoff water. ]
We began harvesting the majority of the rainfall as
close as possible to where it falls—in the landscape
with small and simple earthworks. Basins were dug and
well-mulched to harvest and infiltrate rainfall and
runoff throughout our watershed, starting at the high
points of the yard and working down to the low points.
Overflow water was directed from the upper basins to
the lower basins, which spread and infiltrated the water
still more. The dug-out soil formed a network of raised
paths and raised gathering areas. We focused the earth-
works and the water where we wanted to stack func-
tions with multi-use vegetation, forming a solar arc of
cooling shade trees on the east, north, and west sides of
our home; along the property line to create a livin
fence of native plants, beauty, and wildlife habitat; and
it;u:r:pa?hzzlis;gnf gtt:lu; t::e t]'l.a[ would form part of a
ganic garden from the
afternoon sun. The 200-square-foort (18-m
sunkt:n,‘ mulched basins was placed
ht?me since the low—grcwing veggies
winter sun from the south-facing wi
we had to remove a palm tree
winter sun. With the palm re
ter Si}']ar exposure for winger
ductive and least water-cons

*) garden of
ust south of the
would not block
ndows. But first
that was blocking the
moved we had ideal win-
gardc.ning (the most pro-
Hmptive season in Tucson),
e home and water, and the
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sun is now our homes main source of by
solar oven, Ilt‘lp\ grow an abund:

i POWers g,
ANCE OF winte

I | ‘ | N WInNte grm:e
and with the installation of solar panels and ,

1 o . I'[jlaj !:r.r
water heater, is our sole source of elecrriciry sl

i ey
: aton, u'\hh"ndl'd
overhang, solar arc of shading vegetation, and

for water. Qur homes east-west orient
% '}Ihrr
passive strategies such as nighttime ventilarion are oy
main source of cooling. Electric bills no o :_-);1\_'1"
and our gas and water bills are for litte more t|1:‘|-.-;il-.r
service charge, since consumption is negligible 1 “‘}'__;_
existent. (See figure 4.23.) ’
Along with sun and water, we also harvest the
power of gravity. We guttered the section of the neioh.
bor’s roof draining onto our property to redirect the
runoff to the high point of our yard where the citru
tree is located. Water used to drain away from the e,

now it passively drains to it. Gurters and the pitch of

our roof direct just under half of the roof’s runoff 1o
earthworks and fruit trees north of the house, and the
rest is directed to an above-ground cistern installed
west of the garden along our property boundary on 107
of a 2-foot (60-cm) high earthen platform. The cistern
coupled with the citrus tree, provides multiple func-
tions by enhancing the beneficial microclimate of a sun
trap for the garden, acting as part of the property
fence, and provided a privacy screen from a peering
neighbor. By elevating the cistern we can use ::r.i\'z'{\':
to move water from the roof’s gutter to the tank, and
from the tank to the garden. Gravity pressure is low,
so having the garden right next to the cistern keeps %
hose length to just 25 feet (7.6 m). reducing presu™
reducing friction inside the hose and making ciste™
water convenient to use (fig. 4.24). P
The cistern has a 1,200-gallon (4,560 liter) &
ity. We selected this size after calculating the averi&e
annual roof runoff, assessing our water needs, a7
determining the resources we wanted to commit©
the system (discussed further in Rainwater Haree™™s

Jor Drylands, volume 3). We knew that we did not

have enough runoff to meet both domestic W3 )
nce:fis and garden and landscape irrigation N 5, &
we implemented conservarion strategies such
installing a composting toilet, installing 4 g€} e rs
System recycling all the water going down ouf -9
Mt!lm the landscape (see the greywater chaptef :;1;11“'
Rainwater Harvesting for Dyylands, volume 2"

L




Lop

rn,

LI

1T

lon i
ground to righy of house), ho

and gy,

€en ser

Open on top o

Pl access o the “gntf the rebar trellis),

where ¢l

sun sid i
e of our home in late winter. T
memade solar oven

h o
linEont ";0!_3" panels (on roof), solar hot water heater
of water heater), solar food dryer (wood frame

and wi
eroin F nter garden are all placed withi '
P Bl SOuthvfacing S p cc.d within the same solar envelope of
et solis S T vs. We L.hen strive to shade the rest of the site with
not need to be maintained. Note how the gutter extends

[l'le OV
erhan n
d 1
g d Casts more winter ShadO\\’ [.hﬂfl we iﬂlt‘ﬂdt’d-

C plan «
1S with
“Aalor, by, drought-tolerant natives.

'Thrqd_t: 0 meey OE still did not haye enough
Yo S8 the r Ur water needs. So we cc
ity of water a5 com-
o e IStern sygren, ; part of an experi-
%"dab]oumoor Wat ™M just for irrigation and
.'hg 1,0 de and derzr IUSC- Wanting to keep the
¢ i Bingy ided 1o, :300-gallon (5,700-liter)
L E650.. (7'5—mm) rairerthc volume of water from
i d“pu,gtul:ze-ﬁ)ot r-1 all event thar would drain
gl 2rd egardsquﬁ{e—mcter) section of
' (4‘560-“ en. This meant we needed
ter) capaci
pacity rank.

th
w’"ﬁl?tx . 'ough 4 70
AL ), and replacing some water-

ank we needed, the next

Knowing how large at
d we want [o se:

< What kind of tank di
able pre-man ufactured tanks indudﬁi
metal, plastic, fiberglass, or precast septic ranks. We
also had the option of making our oW ferrocement

i ] ¢ pprions
tank, or culvert cistern. (For more on tank op
/s, volume 3).

see Raimwater Harvesting Jor D,-:-;r;ﬂ::.r o
scast sepHc gank for the

We opted for a pre

following reasons:

question wa
Locally avail

ble, ready-made ganks, it

A availa
1. In eormms ol jon for the volume we 0eeces:

was our cheapest opt
.’wm'mf(d on Page 108
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m rainfall and roof
runoff harvested in 1,200-gallon tank in 2005

Fig. 4.24. Late winter garden grown entirely fro

£

Fig. 4.26. Greywater drains (marked with dcsmml]: -
fig, white Sapote, orange, and peach) beside \\r._iﬁhl 5
machine. Drain hose from washer is placed in # n
different Pipe with every load of laundry. An ﬂpl!ﬂc
for households occasionally using non-biocompat!
detergents is to include an additional marked
rainpipe going to the sewer.

_Fig. 4.25, Thn‘:c-_way diverter valye under ginl
8ives us the convenient option of sendiy re r\lr
to the landscape or the sewer dcpem?‘g 2

what goes down the drain, SEpn
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Fig. 4.27. W '
:;éu]Che?“i fl?;hvgrz w.a:ff d‘ram outlet is placed i
o rajnwatergm-:jti infiltration basin that l;?od
into an upside down bunL?FE The drain pipe emprics
- el covn ucket w:'th holes in the Sitft: .
e lnr into which roots will no 2
. C{; not clog. An example bucket cllatn;gbr(u::v’

sits beside th i
e basin so you have a better idea of wh
at

thEal;u:(:)Ii? I;vitll(tiin the basin looks like. Ordinaril
ok l::;éped:[;egdram outll;zt is placed -‘.)m:rI fhtt:he
u reywater below th
rock and mulch. The rock ]iningetill:frglacs?: :

stabilizes the basin’s edge.

Fig. 4.28B. Siphon hand pump (from auto parts store)
pulls tub greywater through tube. Once the water is
flowing the pump is pulled off, the tube is placed
beside the fig tree, and the siphon effect continues
to draw the water. Buy the tube after the pump

so you can size the tube diameter t© fit the pump:

on :
ble Fi
. 4, :
o% 28A. Vinyl tube suction—cul;fﬂd to bottom

ame accesses
asses having to
drain pll.l.mgi“g'
seem convenient,
for otherwise

tu
att, at;_d run through window
o d:!r or landscape use and b
Note thag d?itherwise inaccessible
ik of system may 8O
ugh it may be a useful option
inaccessible greywater

ted Design w

CHAPTER 4 Integra
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4. Concrete is relatively fireproof Materia| g, the {

4k

- act as a firebreak in the eveng (1. ‘ :
could act a ent the Deighbyy, to

the west sparked a fire.

5. There was a frost-sensitive citrus tree juse south of
o )

SO the mag of

crature flyey,,
tions and create a h|lght|_\ warmer microclimygee fo

where we wanted to place the tank.
the rank could help moderate temp

the tree on winter nights,

6. We wanted to Plil,\' with the idea of using a Septic
tank as a cistern to get to know its fayles and faygy
We figured it could be a viable ready-made sysper

we might end up installing for clients,

The septic tank was custom made for use asa
cistern, and further reinforced for above-ground
installation (see Valume 3 for details). The cost back th
was $600, which included delivery and placement.

All has worked great, with 95% of our g_.i‘rdfm..
irrigation water now provided from harvested rainfal
(fig. 4.29). 3 |

[ no longer feel that Rodd and I are living entirel
out of balance with the water resources of Uurvdr_\'iiﬂﬁ |
environment, We no longer ger all our water from 4- |
overdrafted groundwater and water imported fromds- |

- | more
. e are shi Ire and M
Fig. 4.29. Food grown and processed on-site that was tant watersheds. Instead we are shifting more
irrigated with rainwater

to living within our rainwater budger and rhc“ r}-{”“-‘
limits of our local environment. We are not living
entirely off rainfall, but we are reducing o dﬁr -
tive dependence on our communi ty's di_“”m'\"h”jf
groundwater and imported Colorado R{""r ¥ “;b
Within our generative landscape, r;umv-.u;i :
become our primary water source, greywaret m&“_ et
become our secondary water source, and grm_lﬂurm
is strictly an infrequently used supplemental “immc‘
Most of our established landscape has even h;;c
fegenerative by thriving on rainwater alone.

2. The 5-foot-tall, 10-foot-long, 4-foor

-wide sepric
tank was right for our space. We created an elevated

pad to improve gravity-fed distribution of the stored
water, but because the base of the house was consid-
erably lower than the planned pad we could not

have a tank taller than 6,5 feet or the top of the tank
e drip edge of our roof,

o i has
e rther we 80 the easier and more fun it gets et Mo¥
€ tan ~reativity [0 £ :
become a game where we use our creativity cural B
b e f.le > T’ ‘
and more our of whart we find within the an W
3. We wanted to use - . -k e tha
5 0 use the _tank as part of our western of our site’s watershed, while giving back mor or 50
property line fence, Privacy screen, and western 5 S
sunscreen, The 10-foor | '

i h ;
e take. In that spirit, we set up the outdoor sh° sal wate!
ngth of the tank worke the bather could either use pressurized munici”

ym 4
. B (L’d frc
at the shower head or cistern water distribu

well for these uses.
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| th IV, hree rain a . 0 (0]
S at the bottom t -
€ outdoor

shower,
» each diverti
plan(tliwertl.ng greywater to di
ngs in the Iandscapg Lk

Shuwe
it rbucket hung from a | k
a hook. (See figure 4.30 ¢
30 of

tdog
I sho
‘-Vart.r Wer d]'a_l
; n.
buc e[g(:ies directly ro )hA[[ shower and houschold grey
ks rains (see lhet e landscape via subsurface i
s inc?g for Doyl d.?l'eyw:lter chapter in Rainwater
b uded crearin , volume 2). Other strategi s
strategie
a)sreducing irE a greywater laundromat in our
- phalt dﬂ\{ewger"feable hardscape by replac-
icl " e’; asing, W(’rk}j,nwm]- IESh plantings within
S B ci
‘, s e 26% Ofthb ith neighbors and the
i € pave
; Gthi pavement from the corner
raffic circle planted with pative

Side 0, a
nd
n ha{‘v .
z €511
ng street runoff within curb-
reet

chapter
ble Pavi ng’

i
.flg Oyr

P ; ng thc i!'ls o grow a §
Rad___l L e greenbelt of ¢
g H. public rlgllt-of-ways (see [Iu:

pe and Creating Permea

N

Fig. 4.3
- 4.31A. Publ;
with ; ublic rightof -
asphalt drivc%\';:\'{) ff r:};:] adjoinin
Y Ireshly re

I
muvci P} ;(})‘;"“)'

d footpath reviving the once
way, 2004.

Fig. 4.31B. Tree-line

sterile right—of-

2). Figure 4.31 shows “hefore” and “after”

photos. As a result the landscape is growing and pro-

ducing in abundances and our tilities and cost of liv-
Jort the water table. This

in volume

ing are steadily dropping—"
ly rccognizcd when we won “First Place
1,000, “Best

was recent

Homeowner [ under $1(
Aeglio Artistry’

andscape
Water H;mfc.sting." and the “.D. DIN
in I_,andscaping" awards in the 2005 Arizond
Dcparmwnr of Water Resourcesf Tohono Chul
park XeriscaP< “ontes

We are increasing ©
cfficiency and conven jence ©

L

ur push (o improve the
f our system to make
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plannin:
ter for drinking, cooking, cleaning,

J”““NWWW-‘MW@M, and

ed or modified basins where needed,

ter systems
We are also
ing an outdoor kitchen area with a new covered

iment with rainwa-
and more.

accessible and convenient o use.
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- 1..‘ ol Ly LA,
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i
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r planted vegeta-

Other people are d i
gxper'ience in ril)mch. -th:v :rzslwng it o
encourage each other, and the m}'. i help, t“‘{
praFtICl?, examples, and knowlcdgov%n-t"m ;‘d
yard microwatersheds begin 0 0::;;1 thin o 3
the greater community watershedes

Start small. Start.

owandm] ]
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Appendix 1

patterns of Water Flow 5
Potential Water-H

PATTERNS OR TRACKS

The patterns or “tracks” left by the flow of water
and sediment are excellent guides directing the selection
and placement of water-harvesting efforts. Erosion is
one such pattern. Erosion is a natural occurrence, which
in healthy watersheds is naturally checked and slowed
by vegetation and porous, living soils. In healthy water-
sheds erosion is slow and is a normal part of a dynamic
equilibrium that moves sediments downstream. As
organic matter and soil migrate downslope, they are
teplaced by on-site leaf drop from vegetation, soil
migrating downwards from farther upslope, and the
addition of digested plant material that “migrates
uphill” and gets deposited in the form of animal drop-
pings. All along the slope (except at the peak) ‘he slow,
downward migration of organic matter and soil is
checked by its replacement. .

In unhealthy watersheds, unchecked erosion can

like o deep cut in the human body, leading to
"4pid loss of water and soil. It is a sign of dcpletm%
r{fsoLIrccgs in an unstable landscape. Lcarning.to recog”
1€ crosion patterns/tracks and their causes 18 an

enty . ; x er-harvesting
Ssential step in planning effective water |

$ategies thar break the crosion triangle in ﬁg;r::l'l
SPEED, DISTANCE, and VOLUME I €
AMaCteristics of water flowing on th.c land’s : e
educe any of the three and you begi? o ]C“ more you
"on cycle. The more you break the o :;ing strat-
"duce erosion, If you put in a water-harv

nd Erosion with Their

arvesting Response

egy such as a berm 'n basin, check dam, or infiltration
basin in the path of water flowi ng over the land, you
will reduce erosion by reducing the SPEED of water
flow. You'll be putting an earthen speed bump on the
erosion highway.

If you place one or more of these strategies at the
top of the watershed rather than beginning at the bot-
tom, you will be reducing erosion by reducing the
DISTANCE the water travels before being encouraged
to infiltrate into the soil. This is like placing the speed
bump at the top of the driveway so the water doesnt
ever get a chance to destructively speed up.

If numerous strategies that hold and infiltrate

runoff water into the soil are placed throughout a

watershed—from tops of slopes to their hmtqm. ﬁ
« reduced further by reducing the VOLUME

erosion 1 :
‘ warer will not be able o

of surface water flow. Surface : :
umulate into a destructive volume before being
the soil. Flowing overland in an erosive

SPEED

&

DISTANCE — VOLUME

Fig. Al.1. Erosion triangle

acc
absorbed into

1




difficult for the water, 1t will

Imly walk

manner will become so
choose to stay home in the soil or ¢
through the landscape.

Below are a number o
patterns, and their potenti . stiane
ing earthworks. The response techniques are covere
in‘dctail in volume 2 on earthworks.

f water and erosion flow
al response of water harvest-

PATTERN AND RESPONSE

SHEET FLOW Fig. A1.2. Microdetritus berms and shee fi;,

Sheet flow is the relatively even distribution of
runoff water over the land surface, following the slope

of the land downward, but not focused into distinct ground outside the perimeter of the pedestals is loye;
channels. Sheet flow has most likely occurred after a A close look reveals that plant roots and protective
large rainfall if you don't see distinct channels in an canopies of leaves keep the pedestal from washing

area of sloping bare dirt. If the water hasn't focused away. This same net-like canopy of leaves and ‘
into a channel, it must be crossing the land as sheet branches also helps build the mounds by carching |

flow. Other indicators are microdetritus berms and

wind- and water-borne soil and organic marter, and
plant pedestals described below.

by contributing leaf and twig drop to the soil below
The presence of pedestals usually indicates thar more
substantial sheet erosion is occurring within the broad
lanc[scape, though sometimes pedcsrals are observed
in drainages where concentrated flow washes away
sediments not held in place.

Microdetritus Berms

PATTERN: Microdetritus berms are small, curved
lines of organic matter such as leaf duff that has been
carried by sheet flow, then settled out perpendicular to
the flow. The outer bow of the curve usually points in
the downward direction of the slope. They are typi-
cally less than two inches high, and often don't fast
more than a few weeks after a rain. They're found onl
on gentle slopes in yards or in the broad landscape ‘
not in drainages. (See figure A1.2.) 0

RESPONSE: Strategies that slow runoff and incress
infiltration in the broad landscape, such as berm 1
basins, infiltration basins, imprinting, and increascd
vegetation, are usually appropriate to reduce subsia™

tial sheet erosion (fig. A1.3B).

RESPONSE: These tiny berms of organic matter are CHANNEL FLOW

an indicator of calmer sh - S
cally don' signal a pressi cet flow, and therefore typi- Channel flow is the concentrated distribut®? of
n : X ' o
Thevilo b oy I; g need for erosion conrol. runoff within disti Is or drainages: ook 1
» however, help confirm the direction of o TE S cpuRmchanac o

o e I=
gradual slope and nick points, rills, gullies, bank cutting, d[ﬂcrt’ﬂ[gd

water flow. This is usefy] Js, an

when

laying out contour berm *n bas; Ment siz ' : ithin chann¢
asins, b Z¢s, vegetation growing within ¢ o
berms, or planting on-contour, oG exposed roots. These pﬁtterns are described elo
Pedestals Nick Point or Headcut
: ; : sial
Ehjﬁm. Pedestals are mounds of soil held i | PATTERN: A nick point or headcut is 30 gm:l
y grasses, shrubs, and low trees (fig. A1.3A) Thf ace  feature created when sheet flow has concen™

i . ; ¢ inf
into channel flow by cutting a nick or g8
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- flowy

s lower,
Clive
hing
hing
r, and
below.
t more
e broad
erved
way
- g - . :
icrease 8- AL4A. Nick point at head of rill Fig. A1.4B. With added contour berm upsope
g boomerang berm with tree, and brush weirs
eased
bstan- Beearh ‘
: ; te o the scale ofthe
“Ngrow Egb & 4A) Nick points start small, but with permeable barriers appropriate [j I}(lt Sl;:i“;ﬂ: :
esof both = dulte severe, They are the growing channel (see below: “Rill Erosion”and "5
ing ll[:lsu:nHS and gullies, and will continue examples). See higure AL4B.
]| e?a:m» a long as there is soil to cut, |'
Onk(;f ﬂlt_;,miml i corrected and stabilized. Thus Rill Erosion or Runnels
r o, ) " ) . ts
0K 10 d“’"'lstream S Upstream as water moves e s are iny €rsie d“mf‘g
e | .. PATTERN: Rills or run vy, Theyare very
gt ‘ iﬁ?{) in which loose soil has wash hﬂ m dways have been
LA ; NSE_: Nick po; i " eroding slopes W ere 1 e s
b e R ik wmnwnl l'Ilsidec or on bare dirt dﬂ'\lr‘ﬂl‘hnn carly
beglo, i ; ut 1 qilIs1ces z 53 )
| u_H-!b:;s] €rosion, Overland sheet flow cut into downslope (fig: 1.5A). bar el down

0 .
;ﬂﬁ::'-m%"as-p' i ek m;]thr gype of channel erosOn r
on I MF.I lary, s'ﬁng(:frﬁle !)efore it reaches a nick point. ;(Tlgg;)m " & points. I
o DB Vo eBies such as b 'n basins, A Jnd infilTae
d Q’ML erm n Jr spff-’"‘d and 1M

bl % mulch, and infiltration basins RESPONSE:L ook | Berm

o Nﬁl‘g o efy| e rillor punne

g " Upslope of 5 headcur. Within the o ot Jhove't
" Spread and infilcrace the flow A g




lld‘

Fig. A1.6A. Gully

vegetation, and mulch can all be effective. Then spread
and infiltrate the flow within the rill itself, with a series
of very small check dams constructed of branches and
rock piles laid across the cut (fig. A1.5B).

Gullies

PATTERN: Gullies are large erosive drainages or
arroyos. Oftentimes they were runnels or rills that

continued to erode, deepen, and grow. Gullies are 3
channel erosion fearure (fig. A1.6A).

RESPONSE: The overland flow draining toward the
channel should be slowed, spread, and infileraged
into the soil as much as possible

) t before reaching the
drainage. Berm 'n basins,

imprinting, vegeration,
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Fig. A1.5B. With added boomerang berms, contour
berms, and brush weirs

L L

-

Fig. A1.6B. With added contour berm and gabion

mulch, and infiltration basins may ‘%H be appropri®
Within the drainage itself a series of sturdys it
well-placed check dams constructed perpent hht’.

to the flow can help stabilize the drainage a:i[
broader landscape is simultaneously repaire

(fig. A1.6B).

Bank Cutting at Curves

5 iy,'d
PATTERN: Bank cutting occurs where cha;rllltolnicn'
water flows around a curve and the forwarc n
tum of the water cuts the outside bank of f_h:i e
drainage. The slower moving water on the :-Il? i
the curve often allows this cut sediment © t4;!': ¢
at the inside curve location. Notice ih_‘»' -‘ha[.)t.-(-rhcn
cutting side of the flow, usually a verdcal ¢t




Fig. AL.7. Bank cutting at curyes

miice the shape of the deposition side, usually a
gty sloping bank. (See figure A1.7.)

RESPONSE: Such bank cutting on a curve can help
spread and infiltrate” water by eventuall y widening
ad elongating the flow path via an ever more serpen-
tne channel. This can reduce the gradient (slope) of a
drainage and slow the water’s flow. Do not attempt to
wntro chig curving of a channel. Rather use your
Tcognition of the curving to correctly place check
s if erosion control within the channel is necessary.

feck dams are water-harvesting and erosion-control
etures placed perpendicular to the channelized
Yater flow i straight sections of channels upstream
oM curyes, Proper construction and placement of

¢ structures helps ensure that bank cutting does
oy occur around the edges of the check dams.

*diment Size within the Streambed

PR Jues to
MTERN: Different sizes of sediment are clues

g - & 1rse.
Past floyys of water and sediment in a watercot

ks or
such as large r ocks

el ; :
arger the sediment pieces, - Ao

e 15 wate
e, the faster and stronger the past W resence O
*and the potential flow could be- Thc.? water,

. 8¢ Tocks o boulders indicates fast-moving

ettle
slncE ,nough to. S
these are the only objects heavy ¢ .maller
Ol o the only obj slows, smM

tmoving water. As the water > ite
?d lighter sedizgﬁnt;}:alls out. Stones Ar¢ (f:lf;j the
B thep sand, and finally silts and cl;)’s
%"‘IGWS greatly. (See figure a i]
drainage may be dry at the
. h“!‘?htn 0 it floods it will flood with

Fig. A1.8. Different sizes of sediment

RESPONSE: I)(-rr:rmining potential flow is key to
selecting and placing appropriate water-harvesting and
erosion-control structures. It is usually better ro sza_\'
out of boulder-strewn drainages with potentially
intense flows. Instead, focus water-harvesting and
erosion-control efforts on the more gentle flows of
the broad landscape and on smaller drainages that
feed the more intense flows.

Vegetation in the Bottoms of Drainages

PATTERN: Vegetation (or the lack olf'ir_) growing in
the bottom of an arroyo giwfs you an rd_ea of past :
flows. Notice the amount of .dmm—cu ting, or erosi ve_
deepening that has nccuﬁrrcd in the drainage. T hm-.[]n
to determine the ages of Fhe younger trees, pere{nmg
GTasses, and other vegetation growing in the bed of

the waterway.

RESPONSE: The size, density, and age uf‘\'cgc"[;tl:i(m.

o in a drainage bed and along its Iowcr‘ banks is a
d indicator of flood frequency; as t']t}(_)ds will usually

o uc small vegetation. f you are trying to revege-

SCOU’r zl)rai;mgc. the presence or lack of vegetation can

‘t-;‘!t‘ﬁ .Ilf’ you where it is acceptable to plant to reduce the

r:;jc()f losing the new vegetation to flooding.

growing mn

Exposed Roots

; IXpOos “trees and shrubs may
TTERN: Exposed roots of trees an ‘
[f:::\ tr-\:dcnt along large and small eroding drainages

(fig. A1.9A).



Fig. A1.9A. Exposed roots

RESPONSE: A result of channel and bank erosion,
exposed roots clue you in to the degree of erosion and
potential water flow in a drainage. Generally, the more
roots are exposed, the more intense the flow and the
greater the depth and width of erosive cutting,
Appropriate erosion-control strategies are generally the
same as for gullies, though if the active bank cutting is
too severe, first concentrate on reducing the severity of
the flow by harvesting water and reducing erosion
higher in the watershed. (See figure A1.9B.)

GENERAL PATTERNS OF WATER,
SLOPE, AND FLOW

The following patterns are

not limited to sheet or
channel flow alone. T}

1€y are caused by various flows
of water, the life forms it SUPPOrts, and the slopes it
helps shape. Look for sediment deposition. break lines
a‘nd keylines, high water marks, scour holes, vegeta-
tion, and animals. These patterns are described beloyy,

Sediment Deposition

PAT" I'F.I_KN: Sediment deposition oceurs where rocks
sand, soil, twigs, seeds, animal droppings, and other ‘
materials carried by runoff have dropped oyt of the

flow. Branches, stones, and patches of grags o shrubs

present or in drainages,
source.
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-

Fig. A1.9B. With added berm ’n basins

RESPONSE: The presence of different types of sedi-
ments can give you a good idea of the size and extent
of your watershed. If you're in a low desert valley and
oak, walnut, or pine debris is present, your watershed
probably extends into the higher elevations where thit
vegetation naturally occurs, If grass clippings and muk
berry leaves appear in your yard, but you have neither
a lawn nor a mulberry tree, search for their upslope
source,

Break Lines and Keylines

PATTERN: Break lines are places in the landscap £
where slopes change from gentle grades where sedi
ments settle out of slow movin g runoff, 0 steep
grades where sediments are picked up and carried
away by faster moving runoff. Keylines are “’h‘-'“’_ -
slopes change from steep grades where St‘dll’l]t’ﬂ[;;];ﬂ
picked up and carried away by fast moving runct
more gentle grades where sediments settle out G.f 7 5ee
slower moving runoff, On a micro-level, you m-ié sles
a break line where g slope covered with ]‘t.a‘-es‘aﬂ_ he
changes to 3 steeper patch of naked sloping dl!n .
keyline would be downhill where that naked ij%n‘-‘-
changes 0 a more gradual slope where mut‘c; peloy
silts, and organic matter accumulate. The lan 24
that keyline could be a good location For‘P l an[:;;[ef
since it is nog eroding, but instead is receiving n}n oF
and organic maer. On a macro-level, a mou” ;ens
hilltop slopes down to a breakline where i g sted ¢
and erosion increases, then comes the keyline ™




di-
ent
ind
1ed
that
-
her

Fig. A1.10. Break line and keyline

the slope lessens at the top of an alluvial fan composed
of depositing sediments. (See figure A1.10.)

RESPONSE: Concentrate water-harvesting efforts
where less efforr is required—above break lines first,
then below keylines second. Be wary of the slope
benween the break line and the keyline as it may be
“osteep or challenging to do more than plant vegeta-
“onon-contour, or carefully lay out contour berms or
“trces made of brush or single courses of rock. If you
fmbu!ldi ng a small earthen dam or pond, make sure
;:i:c‘"” thﬂC‘t back water up above a ke'y[inc. You need
s ffoue water level below the keyline, s0 you can
your overflow across more gentle, easily man-

Eg{‘d SIQ PCS

igh Water Marks

P A

i:‘ ?ERN: High water marks are the highest Pf:;“:cc

of mnages or floodplains where you can Se¢ evl e’on

anﬂsr h!gh water flow. Look for lines of discolorat!
10cks and vegetation and deposits of bm"‘:[;f.s’

W 87355, and other debris that indicate rh;‘ : 30
" Mark from flooding, Sometimes these ShP::s of a

‘feesgrpri'ﬁngl)’ high on a fence or in the r::no high
+C Wi[hin your property or yard mak.e sluofyour

o  appear above or near the level ©

S foundation, (See figure A1)

Fig. Al.11. High water flow detritus
on young cottonwood

RESPONSE: High water marks tell you ot'lpotcmial

high-water events in dminagcs and floodplains. No
eay is used to change this on the b.roz.id landscape;

'stratdn  build, or plant extensively; within the area of

just O‘ZI flooding. If you find evidence of water back-

.pownuomo a buﬂdinlg's foundadion, try to harvest

e cer with earthworks before it reaches the build-

.[h i wv:i make sure the grade around the building

e - vater to @ point 10 feet (3 m) away from the

dﬁfl;-s i Urban flood peaks can become more intense

G Ingiand in the watershed gets covered in roofs,

as m::ffan d parking lots. It is not wise to buy a home

e on flood-prone land.
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Vegetation

PATTERN: Vegetation is generally denges, Where
water is present. Hydric vegetation —Plants thyg tol

: o HET-
at or close t, the

surface. In the Southwest, warer- needy hr:;.id-lc‘-lgu!

ate some waterlogging —flag water

cortonwood ff{u/mfmﬁ'(*n.fr;rmi:j and sycamore trees
(Platanus wrightii) typically indicate the Presence of
springs, perennial water flow, or shallow groundware
levels. Hardy triangle-leaf bursage shrubs (Ambrosig
delroidea) are found in arid, drained zones. Everythin,
is relative; however, in extremely dry areas mmcln.-n:;\'
even bursage cannot grow in the arid drained zones of
the broad landscape, and instead is found along
drainages and other areas of greater warer concentra-
tion. Short-term indicators of soil moisture include

native annuals such as peppergrass (Lepidsum thurber

and abundant invasive annuals such as tumbleweed
Fig. A1.12. Scour hole (Salsola iberica).

RESPONSE: Familiarize yourself with the water needs

of local plants. They'll tell you how much warer is in

the soil and what types of vegetation with similar
Scour Holes water needs the iandscapr can support.

PATTERN: Scour holes form in locations where
water is forced around an immovabe object such as a

boulder, often creating a whirlpool directly down- PATTERN: Animals, insects, and birds that need
stream of the obstruction. These whirlpools leave

behind distinctive circular holes in the bottoms of

Animals

o N cnilabilicy of 2
water can signify the proximity or depe nd.lblfil{_ i
? - i _ hOdIes

water source. Dragonflies are found near open

arroyos, and on broad landscapes experiencing sheet of water, A high number of toads probably mean ghat
flow {ﬁg. Al.12). a water source is ephf:meral or too small to support

. d ish.
RESPONSE: Scour Holsdn mee predatory fish

necessarily indicate 4 s
L » bur can help confirm the RESPONSE: Familiarize yourself with the RS
direction fmd force of potential water flow even when of local animals insects, and birds. When assessiné
No water is currently flowing, a site, use sighrhi;gs‘or c;ri‘dencc of these life form* f”
clue you in to local water sources. [n urban e
with fountains and pools, the presence of w;nj:'f'cr
dependent crearures may not indicate the preset
of natural wager supplies.
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By Joel ¢ rlanzberg
Hlustrated by Roxanne ‘S}H{’HIZ{‘{!

This ;f{'!;(‘zt"ﬁ?b‘{ appeared in the August 1994 Permaculture D land
wnd 1s reprinted with the permice . ‘ ¢ Drylands Journg
and. is reprinted with the permission of the Permaculture Drylands f:x-i‘,u:MJ
i stitute.

Before the advent of modern irrigation technol-
o PCDPIL:S of the American Southwest relied upon
oAy of water-harvesting and water-conserving
fffhnfqucs to grow their food. Not only are these
:j::l“}:i:?"h«'lppropriate, but their usc, scale, and at
- Ctl.sb ,ave IT‘ll‘JCh to teach us. beverzq of the
iiiusnmd o y traditional peoples are described and

elow.

HECK DAMS

“"h’cph;‘i:td‘ii:;ﬁs are built across drainages that flow
w“range in V They are constructcfi of rock and ‘
ich o m{;lze from small to large. T l‘wsr:.rock dflmb

Mote 50 water, and were often built hlght:i.’ daa

o en:cummated behind them. T]lle?* provi f:
way to fertilize soil and stabilize drainages

Fig. A2.1. Check dam®

and were }!Sr."d for all kinds of crops, There are good
examples in Colorado, Utah, and in New Mexico—
at Mesa Verde and Hovenweep National Parks, at
numerous small dams in the upper Rio Grande and
Chama drainages, and throughout the Pajarito

Plateau (fig. A2.1).

TERRACES OR LINEAR BORDERS

Terraces themselves were occasionally built,
but linear borders or low lines of stone across slopes
of hills were more common. At Point of the Pines
hillcop puc'blos were surrounded by con-

in Arizona, : A Te
from the enrire hillside

centric rings of rocks gathered ;
and laid along contour lines across the slopes. Soil
2shing down the bare hillsides caught behind the
wasiiitlls : " & .
onewalls, accumulating up to 16 deep. This loose
: ould have been highly fertile and water absorb-

soil Wi

ing (fig- A2:2)-
JVAFFLE GARDENS

L +rdens can be either sunken beds with

Waﬂ‘k: Eil;f::s or ground-level beds surrounded

lev cmus of carth. The bermed beds catch and
t.w,- a5 well as retain water brought by
beds were built on a very small scale
They are best known

gmund-
by raised b
h;)[d rainwd

le
hand. o valuable crops.

for especitl 2 - e A2.3).

pistoricall

y ar Zun




Fig. A2.3. Waffle gardens

GRID GARDENS

Grid gardens are similar to waffle gardens, buc
have walls made of stone rather than earch, T}
ally have much larger beds than waffle gardens. The

tappears likely thag they were
8TOW major crops such as corn and beans (f;
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e

‘wh

Fig. A2.4. Grid gardens

GRAVEL- AND ROCK-MULCHED FIELDS

Mulch of any kind slows evaporation h}'_ﬁhcltcnng
the soil surface. The Anasazi clearly knc“'fl“-‘-
Throughout the upper Rio Grande :u?d (JhaTIA
Drainages, vast areas were muichcd' with griﬂ‘- L-L; Sy
Grid gardens were often covered with mulch. 11‘“1 :
mulches not only conserve moisture, they ‘ﬂ“’_ﬂ_‘m i
wind and water erosion. Dark gravel mulches xrfuft:i‘
soil and air temperatures, reducing the [hrr:\zt G.f ‘-;‘!"“
and late frosts. At Wupatki in norr!wrn A.nzuna‘_u g
Sinagua people were able to grow food wnh::]u[.:\-:ring
plemental water largely because of [!3{3‘ natural ¢ 2
of cinders created by the eruption of buf]sf:[d(iltha!
This eruption, and the resultant layer of cin ‘:h "
covered highly fertile, warter-holding volcanic jluﬂ
tesponsible for Anasazi, Hohokam, and f\.'IU:‘-’-OhC
People moving into this area to live, ,;;eaf'“}; [
Sinagua culture around A.p. 1000 (fig. A2.5)-

CLIFFBASE PLANTINGS

. > ces of cliffs
Often the water-collecting surfaces of tl' i
Were used to provide water for crops. By p ;rr.-d:m’-"'l'
¢te water would run off and be concent

: A
able moisture and fertility could be increased



)
2
///////// 7 /// WA
| Fig. A2.5. Gravel and rock-mulched fields
|
|
Chaco Canyon, this technique was used extensively.
Acomplex irrigation system was developed using
LDS diff runoff. Grid gardens, check dams, and terraces
were located in various places to catch this runoff
: P
’ ltig. A2.6).
tering
szl . Soil located in or near a channel of flowi ng water
{uce Susually moist and fertile. For this reason, floodplain
{ 1 1 .
e Helds were situated along the margins of permanent
;a ' Orephemera| streams, the low terraces of arroyos, of
udw_ \*!1[|.1|n the bottoms of arroyos (fig. A2.7)- The princi-
= | Peissimilar to the moisture and fertility cnhan_&'
Vfﬂng "0t utilized by check dam agriculture located in S
0 § = A1naec
"per arroyos, In this case, flatter areas 1n drainag;
CL Were ) ; s also use-
that Thi anted, where a raised water table W:
10 th o
, was ) 2 f:ll]tlvator_ e s drainage
ne disadvantage to such sites is cold =X
n Ity h & E lation Of CcOl
‘ i these canyon bottoms. The accumu gan
I : :
| s these sites susceptible t© o ;Pr;;rfwing
SR the
l;fa]] frosts, limiting the [‘fng,tl} g use of these
= 1 Othcr disadvantagt‘-‘i llm.ltfng S ﬁclds an
the d;;‘“ the danger of ﬂoOIdS Wips :fm growth-
iculty of clearing thick r1p2 alls were used ©
fien brush weirs or earthen ‘:; This led t© ; :
> ail- i O spread warter across the fiel fn‘.‘ : Jand: Fig. A2.7. Floodplain farming
Vi i > 0 tro
§ t"aial?un’ which spread the W:{[erwir.h more coP
n ' .
"8 more crops to be g1 . ' APPENDIX 2 Water Harvesting Traditions 121




Fig. A2.8. Floodwater farming

FLOODWATER FARMING

Often the fans of soil below arroyos or small
canyons were planted to utilize the flood waters
coming down these drainages. This is sometimes
known as ak-chin farming and is still practiced by the
O’odham and Hopi. In some cases, the field is sited
beside the path of the arroyo. Brush weirs are then
constructed across the bed of the arroyo to direct
water out of the arroyo and onto the field. A destruc-
tive flood will blow out the weir but will not destroy
the field. Destruction of the field by a flood is a very
real problem with ak-chin farming for fields located
directly in the paths of arroyos (fig. A2.8).

IRRIGATION

That there was irrigation before the arrival of the
Spanish is clear. Its exact extent and character is not.
What we do know is that it was not as universal a trait
of Pueblo agriculture in the past as it is now,

only one of a wide range of farming techniq
It is not clear 1 whar extent the Rio G
oches: large rivers in northern New Mexico
prehtsmrica]_ly for irrigation. Modern farming elimi
na::s the evidence of previous irrigation systfms an-d
;r; glars do not agree on the documentary evide;lc
; anta lezm Pueblo, the looser sojls in the can :
:':1& immediately surrounding the village se i
n preferred sites for irtigation, Th:si e
wate:;dl by Santa Clara Cree R
ate as | irri
located in the vglz?m:l '::? ;:]tlalr(;llg:;eg:i:lkdsT“l:em
- There

and was
ues used.
rande and
were used
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Fig. A2.9. Irrigation

appears to have been only a gradual shift oi'l'_antihﬂlﬁ‘
ing from the area around the pueblo to the river bot-
tom, indicating that at Santa Clara, river bogom
cultivation was one small part of Pueblo sgr‘m!“m‘:
Typically, fields were scattered across the Jandscape &t
different elevations and in different environmer® I';h:
prevent a disaster from destroying all of the crop* il
Hohokam of southern Arizona built substantial 1M
tion canals to divert water from large rivers: but lél:
eventual failure of these projects contributed © {.
destruction of their “advanced” civilization. 10 the 3
Anasazi area, dry farming seems to have beer [;‘f
and irrigation was small in scale compared © 1€

Hohokam (fig. 2.9).

FOLLOWING THE ANASAZI
THROUGH TIME

-

The appearance of the various farming Mh::i
through time gives us a view into the enviran” ©
effects of Anasazi agriculture and their wsPonT:u;.:
these effects. Originally simple swidden 387




ed. Land was cleared, burned, and planted,
wis pmmtxhaum.d_ new land was cleared. Evenryally
st was | plot recovered and could be replanted,
e ongind i\F"f clearing increased erosion. Check dams
This Fxtcni orders were being constructed late in the
and h"t'::ns of Chaco, the Mimbres area, the San Juan

el t : :
= d other sites, such as Pot Creek Pueblo near

Bastn, an .
Tios. These structures were apparently an attempt to
205,

hule the serious cro§i0f1 caused by de!:urcstatiu‘n and
dearing, overuse of Wllt’..l plants, and foor traffic.
Despite these conservation attempts, these areas were
Jimately abandoned. When a Pmlongcd d{ough(
sruck in A.D. 1276-1299, the food-production sys-
ems were already under stress from the high popula-
tion densities. The combination of the drought with
the environmental degradation caused by heavy farm-
ingand residential use probably led to final abandon-
ment of settlements.

Refugees from these areas built grid garf:iens, tech-
tiques intended to prevent the start of erosion. Rather
than waiting for erosion to begin, farmers were now
dempting to stop the process at its source .before it

an, an example of Anasazi farmers learning from
Pistmistakes and adapting to their environments. ;

As noted above, ar an earlier time, the Anasazi hji
Ptted fields, farming one unil it was exhausted, acjl-lru
ten deafi“g another, and so on until thc):' rr:turnzl

cfirst, many years later. As populations mcrcasc.'._

oWever, the {nhabitants were forced to use all aval
¢farmland in proximity to their villages. ThlSVing
"eed the Anasazi 1o be somewhat nomadic, nl?c’s soil
ey 60-100 years when they had dep!cted F:‘i’me‘ the
“ other natural resources. After a period O

‘

original or,

mi lhfs:j;l?;:; [?sl'mhzr Broup could reinhabiy 4
tecovered from Prc:i:i u:lar:rz}l[ l:'f'scl:u.rces having
I;rc-(_linlumbian. Pueblo Ianiig use p:rrl:;i{ eévi;na;:ir
the adoprion of - '

b [a:-)f [i&“}’lioir:;?ﬁ{‘::a:sh, and bean.s led them to 4

; ages, they continued o pe
semi-nomadic ar a mych slower pace.

It was continuoys habitation and the associated
large-scale populations, irfigation systems, building
projects, deforestation, and soil depletion thar con-
tributed to the forced migrations of the 1300s, The
land raught the Anasazi o keep things small and to
move occasionally to allow it to rest. By remaining
fluid within their environment, by using many tech-
niques in various locations, microclimates, and eleva-
tions, and by maintaining an appropriately small scale,
the Anasazi were able to survive where earlier growth
and urbanization had failed. It is ironic thar rather
than learning from what has failed before and adf}pr-
ing what has succeeded, we have done the‘ OQP?:M
Like the Chacoans and Hohokam, we believe thar our
technical “advances,” power, and grandeur make us d

; he constraints of our environment. A_ﬂ
exceptions to : e o
iuS[ like them, our failure w

master drylands permaculture
Mexico
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oel Glanzberg is a mast
ﬁer and designer living in northern New |
iz s (1) W, TEgEnesis-
o working with the Regenesis Group (www.reg
a

group. cont).

R . S pitzel IS an ex fpno” i Iraf]
e 2 f (i 1l ArLisi e
oxXannie

of the thriving Flowering Tiee

e, ith jtk’ﬁ :
el Clara Pueblo, New
j;f ; aculrare Site 1 the Santa Clara

(4

Mexico.

 Harvesting Traditions 123




Appendix 3

Water-Harvesting Calculations

List of Equations and Other Information

Box A31 Equation 6. S
iati ' Cistern Capacity Needed to Harve
Abbreviations, Conversions, and
Constants for English and Roof Runoff from Large Storm Event
Metric Measurement Units Equation 7. ey
' or
Equation 1. Water Storage Capacity Neede
Cgtchment Area of Rectangular Surface gqusehtold COPT};:;&'”\% :;tgelr.lét:) :Irigvemd
er as
i Avea o T lar Surf Eaan;Zn 8 %
Eatd::nen; e Pg:;ntiaf G'ravity-Fed Water Pressure from
quation 3.
Catchment Area of Circular Surface Your Tank
: Equation 9. A
Equation 4. g . Cylindrical
Possible Volume‘of Runoff from a Roof g?{:ﬁ_}eo{i&fgﬁ'%ifiﬁg ;Igﬁjesg(P%’pEJ
or Other Impervious Catchment Area gt
Box A3.2. Equation 10.
Estimating Rainfall Runoff Using Rules Storage Capacity of a Square or
of Thumb Rectangular Tank
Equation 5, Equation 11. acity
Estimated Net Runoff from a Catchment Cistern's One-Time Price for Storage Cap
Surface Adjusted by its Runoff Coefficient Equation 12.

Weight of Stored Water




. 4 B

Box A3.1. Abbreviat: E“T“““\
i _@5' is_fl andons. Convers:ons. and C

__A_f\_e_t_ri_g Measurement U'?irt}:tants

. yote: * items are approximate or rounded off

\BEREVIATIONS FOR ENGLISH UNITS

inches = in

| feet =1t )
square feet = t:t
cubic feet = ft

| gallons = gal

pounds = Ib )

pounds per square inch of pressure = psi

| CONVERSIONS FOR ENGLISH UNITS

| Toconvert cubic feet to gallons, multiply cubic feet by 7.48 gal/ft* *
To convert inches to feet, divide inches by 12 in/ft
To convert gallons of water to pounds of water, multiply gallons by 8.34 Ib/gal *
To convert cubic feet of water to pounds, multiply cubic feet by 62.43 Ib/ft’ *

| CONSTANTS
Pounds of pressure per square inch of water per foot of height = 0.43 psi/ft *
flatio between a circle's diameter and its circumference is expressed as =314 *

ABBREVIATIONS FOR METRIC UNITS
Millimeters = mm
Centimeters = cm
meters = m
| IitEIS == |
. kilograms = kg

c?tNVERSIONS FOR METRIC UNITS
“er of water weighs 1 kilogram _ _ by 1,000
| Toconvert cubic ceitimetersgto liters, divide cubic centimeters by
UNITS

TONVERTING BETWEEN ENGLISH UNITS AND MR
 Convert inches to millimeters, multiply inches by 22 54 cm/in *
® Convert inches to centimeters, multiply inches % ¥

O Convert feet to meters, multiply feet by 0-303”;9 vl

0 Convert gallons to liters, multiply gallons ydb 0.45 kgl

A by
® Onvert pounds to kilograms, multiply pounds
: ; r so from a hardware or feed store, plant

pered at the bottom makes reading small

. e for $10 0
a simple rali’;fgzﬁge that is ta

B = - .
I :St techmque to measure ralpfall. BU)If house. A
8arden nursery, or a scientific SUpP'Y

i i ; ion, see appendix 6, section G.
Ounts of rainfall easier. imatic information. PP

ther cl
; es and ©
4 *esources documenting local rainfall rat

\




tion 1A. _ _
Eg:;:nent Area of Rectangular Surface (English units)

length (ft) x width (ft) = catchment area (ft)

EXAMPLE: oy - - |
| wres 47 feet long by 27 feet wide at the drip line of the roof. Note that ir does NOt marger
A house that measures 4/ g by 27 . R g igacE o notma
I } | of is flat or peaked; the roof dimensions at the drip line are the same. It is the footpring” of ghe
whether the roof is aked;

roof’s drip line that matrers.

47 e x 27 fr = 1,269
1,269 ft’ = cacchment area

If the roof consists of two or more rectangles, calculate the area for each rectangle and add together. Again,
Lt et M i L= B i0line Bocgttnrh el
ake the view of a falling raindrop, and only look at the “footprint” of the roof’s drip line. Roof pitch cannot be
seen from above and does not matter. With conical, octagonal, or other non-standard roof shapes, again calculate
the area based on the drip line.

Equation 1B. :
Catchment Area of Rectangular Surface (metric units)

length (m) x width (m) = catchment area (m?)
EXAMPLE:

15m X 9m =135 m?
135 m® = catcchment area

Again, all the considerations in Equation 1A will apply.

Equation 2A.
Catchment Area of Triangular Surface (right triangle)

Multiply the lengths of the two shorter sides of the trian

a
gle then divide by 2 = catchment a¢
EXAMPLE:

A triangular section of ro

9()-degree
angle between the 9-foot an

of measures 9 feet by 12 feet by 15 feet. This is

a right triangle, with the
d 12-foot sides, Taking the measurements of the

two shorter sides:
Of %1262 catchi
108 f + 2 = 54 2

ment area (ft’)

54 ft* = catchment area



uation 2B-

gjtchme"t Area of Triangular Surface (standarg Math formula)

pultiply the triangle’s base times s height then divide p
| where the base can be any side, and the heighr i Measured perp i

EKAMFLE:

ter ; :
e You want to know the area t‘)gf.{ triangular section of patio. The et ey,
anc °U perpendie Ctio S
(riangle base) and you measure 4 feer pcapuuht.ularly 1o the OPpOsite vertey of Sl n iln front of you is 20 f
: c rlang o
20 ft X 4 ft) + 2 = catchment area (ft)
0 2 =40 f¢
J
| 40 fr' = catchment area
te Equation 2C.

- (atchment Area of Triangular Surface (Heron's formula)

This formula, attributed to Heron of Alexandria (first century A.D.), involves no trigonomerry. Ir only needs
the square root (sqro) function found on most electronic or computer calculators, It may be useful when dealing
with non-right triangles where you can measure (or know) all sides of the triangle.

| Step 1 Determine the lengths of the sides of the triangle. These are a, b, c.

| Step 2 Calculate s,
i (a+b+ c)=2=g

Step 3: Calculate S, using:
X (s~a) x (s=b) X (s—c)=S§

e tof S.
Step 4; Calculate the catchment area, which is the square roo

5
qre S < Catchment areq

Suation 3.
tchment Area of Circular Surface

m . ‘o diameter.
Xr= Catchment area .+ half the circle’ diame
Note; "= radius of the circle. A circle’s radius 15

EXAMPLE:

: feet.
the radius of 12.5
. by 2 to get
ool has a 001 dId L

;T %125 ¢ 12.5 ft) = catcchment ared (fc)
% 156,25 6 - 490,62 ¢

D06 g = catchment area



Equation 4A.
Possible Volume of Runoff from a Roof :
or Other Impervious Catchment Area (English units)

catchment area (ft) x rainfall (ft) x 7.48 gal/ ft' = maximum runoff (gal)

Note: For a more realistic and conservative estimate see Equation 53
EXAMPLE CALCULATING ANNUAL RUNOFF:

Calculate the gallons of rain running off the roof in an average year imn_l a home that measures 47 feer lons
and 27 feet wide at the drip line of the roof. (In the example below; the roof dimensions at the drip line are 3
included in the calculation; the catchment area is the same whether the roof is flat or peaked.) Rainfall in this
location averages 10.5 inches per year, so you will divide this by 12 inches of rainfall per foot to convert inches 1o
feet for use in the equation. (Note: You can use the same equation to calculate the runoff from a single storm, by
simply using the rainfall from that storm instead of annual average rainfall in the equation.) Since the roof is 2 '
rectangular area, use the following calculation for catchment area:

(length (fr) x width () % rainfall (ft) x 7.48 gal/ft’ = maximum runoff (gal)
(47 fr x 27 f©) x (10.5 in + 12 in/ft) x 7.48 gal/fc’ = maximum runoff (gal)
1,269 f* x 0.875 ft x 7.48 gal/ft’ = 8,306 gal

8,306 gal = runoff

f
EXAMPLE CALCULATING RUNOFF FROM A SINGLE RAIN EVENT:

Calculate the maximum gallons of rain running off the roof in a single rain event from a home that measures
47 feet long and 27 feet wide at the drip line of the roof. It is not unusual for heavy storms in the example arc2
to drop two inches of rain. To determine the runoff from such a rain event you will divide the 2 inches of rainfall
by 12 inches of rainfall per foot to convert inches to feet for use in the cquz;tion. Since the roof is a rectangulif
area, use the following calculation for catchment area:

(length (ft) x width (ft)) X rainfall (ft) x 7.48 gal/fc’ i

_ : 48 gal/ft’ = maximum runoff (gal)
(47 fe %27 ft) X (2 in = 12 in/ft) % 7.48 gal/ft’ = maximum runoff (gal) -
1,269 f* x 0.167 ft x 7.48 gal/ft’ = 1,585 gal i

1,585 gal = maximum runoff
Equation 4B.

Possible Volume of Runoff from a Roof or
Other Impervious Catchment Area (metric units)

catchment area (m’) x rainfall (mm?) = maximum runoff (liters)

Calculatio i 3 i
ations for annual rainfall, a rainy season, or an event would be similar to those for English u?'®
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Box A3.2. Estimatin Rai
Rules gf T?:Sfﬁg SHore Using

Rough rle of thumb for calculating rainfa)| ot vel
|

| you can collect 600 gallons of water per inch of rain falling on 1
" on the really big scale:

| you can collect 27,000 gallons of water per inch of rain falling on 1 acre of catchment surface

" pule of thumb for calculating rainfall volume On a catchment surface (met
| You can collect 1,000 liters of water per each 10 millime
| surface.

|
| On the really big scale:
| Youcan collect 100,000 liters of water per 10 millimeters of rain falling on one hectacre of catchment surface

fic units):
ters of rain falling on 100 Square meters of catchment

Equation 5A.
Estimated Net Runoff from a Catchment Surface

Adiusted by its Runoff Coefficient (English units)

catchment area (ft) x rainfall (ft) x 7.48 gal/ft x runoff coefficient = net runoff (gal)

Impervious catchment surfaces such as roofs or non-porous pavement can l?sc ﬁ f_!_-o‘ to 20% of the rain falling
on them due ro evaporation, and minor infiltration into the catchment surface :rs'e!t. I'he more porous uror.oug"h
Jour roof surface, the more likely it will retain or absorb rainwater. O‘n average, plr;h;-dwr;wni i({{;;s il!osc )rxn zrt]d
tainfall, allowing 95% to flow to the cistern. Concrete or asplhaJr rnf)ts recain arf)fm f(d.:;: .:;?,; .:ndu,'nr[iﬂsii of
gravel roofs can retain 15% to 20%. However, the percent of n‘:w[l)1 ;‘Sl‘ JI;:r::l:II;Ll[i!:!?t (;;n'n t-\.r::maj. To account for
lh? fin event, so more porous roof surfaces could absorb up to 10 .-otf;)r Vm‘:r ar:! and impervious catchment

thls.potemi al loss, determine the runoff coefficient that is appropriate
Srtace (0.80 1o 0.95).

EXAM OM A ROOF: e
PLE CALCULATING NET ANNUAL RUNOFF FR car from a home that measures 47 feet

> . “in an average V! e S il
Qa]qdate i o of il Oﬂ"d;:\ f-Of(:f‘:“”i]n this location averages IU.S-‘_!ndf‘z Jigsd )\t::‘ fn} :::c ‘:}ic‘:
nga g i ip li he roof. Rain A o in the equation. (Note: c
ivﬁi cr1[](1‘27 feet wide at the (.inp line of 1!16(, convert inches to feet for‘usL r]]:,» r;infgﬂ SEd e o
e 15 F))’ 12 inches of rainfall per foot t single storm. by simply uslu?‘sr; il
n Jhation to calculate the run(?f"f o . that the loss of water ‘f—rhi-; means you select a runoff coefficient
t ell-lla] “verage rainfall in the equation.) Assu":;iw estimate of 7 {mﬂf{ﬁcula}ioﬂ for catchment area:
: :y ¢nd of the range so you get a ‘con-':';?:r s e the following
%0r 0.80. Since the roof is a rectang e runnﬁ;ﬁ‘”
g gal/te > 0" e runoff (
18th ()  width (f) » rainfall () T« 080 = necTs
fex 27 f) x (10,5 in » 12 in/f0) 080 - 6,644 gl
1»269 e 5 0.875 ft x 7.48 ga]fﬂ' A

|



of water that could be collecred off the 47 foot by 2

Based on this, a realistic estimate of the volume 27 foor

example roof in an average year is 6,644 gallons.
Pervious surfaces such as earthen surfaces or vegetated landscapes can infiltrate up to 100% of the rain il
on them. Their runoff coefficient is greatly influ _
sandy soils tend to have lower runoff coefficients while fine-grained clayey soils ‘1]|.:m' less warer 1o infiltrate 2
therefore have higher runoff coefficients. Whatever the soil type, the more vegetation \llu.- lower the runoff coeff;
cient since plants enable more water to infiltrate the soil. Below are some runoff coefficients for the southwestery

enced by soil type and vegetation density. Large-grained pOrous
J J ‘ E L 4 Ious

U.S.. although these are just rough estimates since runoff rates are also affected by rainfall intensity and durarion
The more i|;l'0|1sc or the longer the rainfall the greater the runoff, since more rain is infiltrated in the soil before
the soil becomes saturated. A very light rainfall may just evaporate, and not run off or infiltrate ar all.

« Sonoran Desert uplands (healthy indigenous landscape): range 0.20-0.70, average 0.30-0.50

o Bare earth: range 0.20-0.75, average 0.35-0.55

o Grass/lawn: range 0.05-0.35, average 0.10-0.25

» For gravel use the coefficient of the ground below the gravel

EXAMPLE CALCULATING NET ANNUAL RUNOFF FROM A BARE SECTION OF YARD:
In an area receiving 18 inches of rain in an average year, you want to calculare the runoff from a 12 foot by

12 foot bare section of yard that drains to an adjoining infiltration basin. The soil is clayey and compacted, and
you estimate its runoff coefficient to be 60% or 0.60.

catcchment area (ft') x rainfall (f) x 7.48 gal/ft x runoff coefficient = net runoff (gal)
12\ foix 12:f¢ X (18 in = 12 in/ft) x 7.48 gal/ft’ x 0.60 = net runoff (gal)
144 ' x 1.5 ft x 7.48 gal/fc’ x 0.60= 969 gal

969 gal = net runoff

'Bascc:‘ En this, ;;Irca.hspc estimate of the volume of runoff that could be collected off the 12 foor by 12109
section of bare earth within the adjoining infiltration basin is 969 gallons in an average year.

EXAMPLE CALCULATING RUNOFF FROM A SINGLE STORM EVENT ON ESTABLISHED LAWN (GRASS):

ic I 1C r S S 1Wn d8s 1€ e 0 Or “....”- .Hld []“‘ ma
|1]l()i‘ C(){,H 1ent i()r hls (= [lbll th l
awn 15 SUI A
d to l L5 AO 70 O X

12 ft x 12 ft % (3 in = 12 in/f) x 7.48

: 1 3 = -,
144 ¢ % 0.25 fi x 7.48 gal/ft’ = 54 gal Pl D ehs e eninetE (sl

54 gal = net runoff
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Equatioﬂ 5B. 6 f | .
nated Net Runoff from an Impervious Catchment

Surface Adjusted by its Runoff

Coefﬁcfent (metric units)
catchment area (m?) x rainfall (mm) x runoff coefficient - net runoff (liters)
| (liters)
ngMPLE:
g par™s Im-cm,h:“' 304 millimeters of rain a year, you have a rooftop catchment surface thar is 15
jong and 9 MELER wide, and you want to know how much rainfall can realistically be collect d.J“-"I} ' mc[;“
A . o cred « 1at roo

 Jn average year. You want a conservative estimate of annual et runoff, 50 you use a ru
(R L= (11 ) SC &

o - ; naff coefficient of 809
180, (Since the roof 1s a rectangular area, use the following calcul Al coef sl

I : lowing ation for catchment area as in Equation 1B—
~chment area (m ) = length (m) X width (m)—which is figured into the calculation below.)
(length (m) X width (m)) X rainfall (mm) % 0.80 = net runoff (liters)

(15m % 9 m) X 304 mm % 0.80 = net runoff (liters)

135m’ X 304 mm % 0.80 = 32,832 liters
32.832 liters = net runoff

A realistic estimate of the volume of water that could be collected off this 15 meter by 9 meter roof in a year
of average rainfall is 32,832 liters.

Equation 6.
Cistern Capacity Needed to Harvest the Roof Runoff from a Large Storm Event

catchment area (ft’) x rainfall expected in a local high volume storm (ft) x 7.48 gal/ft>

runoff coeficient = catchment runoff (gal)

EXAMPLE:

ingle s /0 storms just a few days
area where a single storm (or two storms | _

A water harvester with a 1,200 ft* roof lives in an
#Part) can unleash 3 inches of rain.
e P ff (gal)
- _ _ A % 0.80 = carchment runoft (g
1,200 f¢* % (3 inches + 12 inches) % 7.48 g‘dg;_ !
: z : = - 5 gal
1200 ¢ x 0.25 f x 7.48 gal/fc’ x 0.80 = 1.7 8
1,795 gal = catchment runoft
{ to capture the roof runoff for this size storm.
s }u h estimate of a cank size that will reduce water loss to
a rough estim: : \ i
; f'ltiu[ of rainfall long after the rain event only—it 1s “0;]
rof : : ' :
: N o ot supplement their
ick and casy calculation for those SHIOE) ‘I\‘m[mg o lk'!f tank
. : . is a quIck il soinner water harvesters start with a <
edon estimated waver needs. It 1 ]1 : yrage: | ofeEn recsiOee htg”mitlr - “'tl' ¢ small you don't need
5 - . storaght: ater. 1o sart sms f
Yater use with efficient rainwater @n 'I’hc gystem can always be "Muf]qu mrk ‘~ ; ing water from just one
10t exceeding a 1,500 gallon Cﬂpac';y' oi":q’ runoff; rather begin by/szangR RhECHE SRS
10 baoin vt einpal] therogr=
in with a tank harvesting «

Sction of the roof.

Uhis is the minimum cistern volume need

o . it or (4}

Note: The above calculation is meant l+;l}iiit1
%%rflow from the tank and extend the avaldbe

give
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ion 7. o _
Sg:taetrlc;:orage Capacity Needed for a Household Committing to Use Harvested Rainwater

as the Primary Water Source (English units)

number of people daily water consumption (gal/persun/day) « longest drought period (daye) <
needed storage capacity (gal)
EXAMPLE:

If three people live in the household used in the above examples, each person consumes an average of aby

50 gallons per day, and the typical dry season in their area lasts 140 days then:
3 people x 50 gal/person/day x 140 days = 21,000 gal
21,000 gal = needed water capacity
If the people in this household are planning to live primarily off rainwater at their current water ¢

tion rate they would be wise to plan for at least 21,000 gallons of water collection and storage capacity t
them through up to 140 days of dry times.

If the needed water capacity (and needed catchment area) seems too large to be feasible, see how much you
can realistically reduce your water consumption, then do the calculation again. For example, if the same
hold could reduce its daily water consumption to 20 gallons/person/day only 8,400 gallons of water colle
and storage capacity would be needed.

Norte: The above calculation will give a ballpark estimate of minimum tank capacity to meet dry season
demand in expected drought. Sufficient catchment directing water to the tank is also needed to ensure th

is full or close to full on day one of the dry season. See volume 3 of Rainwater Harvesting for Drylands, fot
additional calculations and considerations. :

Equation 8. Potential Gravity-Fed Water Pressure from Your Tank (English units)

height of water above its destination (ft) x w. ' i/f '
i = passive
e er pressure per foot of height (psi/ft) = passi

- ;;[(:;C;:::::‘::ﬂ{i’:‘;:i‘::: ?Fr:;it-cr'ls :;]hj)\ft‘ th;_' clcvati_on of the place where it will be used you develop B

Ll e gu[Lf_,r .m%{ l;“ T:l)i“l‘i 1 e {(Jlnly force hcw:p: used to create that pressure). The s

a fruit tree basin, or any m'm:.r lncar.in;:.'n. :'E'ﬂtu .d“wnsp“‘“- I'he place you use the water may be a garden g
1ere supplemental water is needed.

EXAMPLE:

OUrce of warer

ed.,

The folks with th 7
¢ new 8-foor- ; i R
to deliver water from the rank i}?l}la-” tank want 1o figure out how much passive water pressure will be 2 o
{ » ) e b . | .
land surface. The height of wqtur‘ir"gujT -\q‘(:]-].sh plants placed in basins 6 inches (0.5 ft) below the surrounding
an overflow pipe that allows ;xccq‘-' rfl(“ 0y ﬂlnl‘{ 15 4 inches below the top of the ank due to the |1ri.‘\‘""""' "
e ;-,i,o;:_ niwallcr to safely flow out of the tank duri ng large storms. Based on this
* 1ts destination i Tl o h ‘ s
water pressure as follows: onis around 8.1 fr. Using Equarion 8. calculate the pasit
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ter

S) =

Out

3

8] fr X 0.43 I).Sia"f"[ = 3.48 psf

3,48 psi = passive water pressure

\s the cistern water is used, the water pressure will

(II.UP 'Wj[ll IIIL‘
l\[ I{(‘(‘P ill l]]illLI [Illll “'Ill.‘Ii(}I'I I](-t\ ‘een wate
AlSO, hi v I

i e T PPIng lev ‘ter (head) in the rank.
and the walls of 5 hose, PIPe, or irrigation [ine will cut down on
close to the tank, r length of pipe or hose

from the hor after-

.6m).

(eF pressure, so to maintain pressure try to use the waer
walcr prvo: ) !
For example, place a garden on the east side of your tank w

noon sun by the bulk of the tank, and you won't need
( )

educing the
here the veggies will be shaded
a hose any longer than 25 feer (7
EXAMPLE:

[often place cisterns so their base is at least 2.5 feet above the garden or b

asin receiving the stored water. Thi
guarantees me at least 1 psi of gravity-fed pressure even when the tank is nearl

y empry.

' ; i ination (fi /ater pressure per f “heighr (psi/ft) = passive warer
height of water above its destination (ft) % water pressure per foor of heigh (; I
pressure (pst)

25 ft X 0.43 psi/fc = 1.08 psi
108 psi = passive water pressure

i : indri i Length
S;loraégr::a:::\acity of a Cylinder (Can Apply to Both a Cylindrical Cistern or a Lengt
™ X (cylinder radius (ft))* x effective cylinder height” (ft) x 7.

r\ ..: | i L- I | l Q 1 .q 1 “ as op '.‘.’i('_‘(j o [I‘IC [c :1]
L Uf' [Ilt‘ tmk \\'ht’n IS h.l 2 dS l. I oL
u o 1 I

:  back » drained out due to an out-
rou can get ba e evcbe Ao tox

¥ # 3 . " - ary g
Effective height is the height of water ) e B

i 2 e a5 severa
eight of water in the rank, which includes seve
"W pipe above the bottom of the tank.

AMPLE;

1 They w: deter-
store their rainwater. They want n; 2
0 The radius of the tank is one half th
o ol to be reduced by 4 inches
eight is going 2
iR another 5 inches because of the b}:ttom
= e s 705 e
ective height is going to be 7.25 feet
ffective heig g

i vlindrical tank

i dering using a €y lin e
e 3 fect and a heig

. ve tank storage

: The householders above are ¢ i
¢ the Capacity of a tank with a d! 2
imeter, 5 j¢ is 1.5 feet. Since they ¢

: " saches from U :
L eonin h'“ hes below the. Jf the t
: : i
o the tank overflow pipe being 5 1n¢ usable capacity <
1 i A

Lquati alculate the
g Equation 9A. they calcul

et
ameter et
lize the effect
he bottom OF £ |
op of th

f the rank, and by
e tank, the e
ank as follows:

gty (gal)
. . 8 ;lUﬁ-l E L‘IPJ.L_I l,a}
T X (1.5 fr)* x 7.25 fr x 748 8 _ 383 ¢

A/
3.14 % 295 ¢ x 7.25 ft x 748 &

383 gal - capacity




ion 9B. indrical Ci
§?§r3tg'§"cwacity of a Cylinder (Can Apply to Both a Cylindrical Cistern ora Length of First

Flush Pipe) (metric units)
= x (r (cm))’ x effective cylinder height (cm) + 1,000 cm/liter = capacity (liters)
See notes for Equation 9A.
Equation 10A. . ‘
Storage Capacity of a Square or Rectangular Tank (English units)
length (ft) x width (ft) x effective height (ft) x 7.48 gal/ft’ = capacity (gal)
EXAMPLE:

A household decides to install a rectangular tank that has interior dimensions: 8 feet tall, 6 feet long
4 feet wide. The tank outlet tap is located 4 inches above the bottom of the rank. The underside of t
pipe is located 5 inches below the top of the tank. They calculate the effective height of water as 7
calculation is as follows:

L t" th

6 ft x 4 ft X 7.25 fr x 7.48 gal/ fc' = 1,301 gal
1,301 gal = capacity
Equation 10B.
Storage Capacity of a Square or Rectangular Tank (metric units)
length (cm) x width (cm) x effective height (cm) + 1,000 cm?/liter = capacity (liters)
See notes with Equation 10A.
Equation 11A.
Cistern's One-Time Dollar Price for Storage Capacity (English units)

price of cistern (dollars) + storage capaci :
: pacity (gal) = price of !
EXAMPLE: price of storage capacity (dollars/gal

The tank in Equation ¢ ; F
Juation 9A holds 1,301 gallons of water, and would cost around $850 to purchase and L
$850 + 1,301 gal = $0.65/gal

$0.65/gal = price of storage capacity
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ti .
Fqud e-Time Price for Storage Capacity (metric units)

(istern’s ON

ice of cistern + storage capacity (liters) =

. price of storage €apacity (price/liter)

s with Equation 11A. For non-USA currencies, substityee ¢h
. € appropriate curre
ncy.

EqUBtion 12A.
weight of Stored Water (English units)

stored water (gal) x 8.34 Ib/gal = weight of stored water (Ib)

EXAMPLE:
A 55-gallon drum under a rainspout has filled to the very top with water and you need to figure our how
much it weighs to decide whether you can move it. . 9

5 gal x 8.34 Ib/gal = 458.7 Ib

458.7 Ib = weight of stored water

Water is extremely heavy. Do not underestimate the force you are dealing with when you store it. Platforms
supporting storage tanks must be able to hold the water’s weight!
Equation 12B.
Weight of Stored Water (metric units)

Tliter of water weighs 1 kilogram

So:

stored water (liters) x 1 kg/liter =

weight of stored water (kg)
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Appendix 4

Example Plant Lists and Water Requirement
Calculations for Tucson, Arizona

This Appendix contains estimated water needs for
vegetable gardens and three multi-use perennial plant
lists specific for Tucson, Arizona (water needs will fluc-
tuate depending on planting density, soil type, place-
ment, and exposure). There is a far more diverse array
of suitable plants and cultivars available for this area
than the lists suggest. These lists are meant simply as
both a partial introductory guide for Tucsonans, and
as a template for people elsewhere to create plant lists
specific to their location and climate.

Estimated annual or monthly water requirements
can be casily calculated for plants by looking up their
mature size, water needs (low, medium, high), and
evergreen or deciduous nature on the plant lists, and
then using the simple calculations that follow the lists.
These estimates are very helpful in determining what
plants, and how many, can be sustained within a
Tucson, Arizona site’s rainwarter budger (calculated in

chapter 2) and potential supplementary water from
household greywater (estimated from box 2.6).

The vegetation section of the resources appendix
of volume 2 of Rainwater Harvesting for Drylands lists
some of the books from which I compiled the infor-
mation. Local gardening groups, herbalists, primitive
skills enthusiasts, native plant societies, locally owned
plant nurseries, and my own direct observations then
fleshed out the lists, and can help you form your lists
too. Chapter 4 in this book, and the chapter on vege-
tation and the planting section of the chapter on infik
tration basins in volume 2 offer still more tips. :

The first table in box A4.1 shows, for various stz
vegetable gardens (square feet or square meters),
approximate yearly water needs. Note that these g
dens are mulched and in sunken basins, in confor-
mance with the principles and strategies of water
harvesting.

Box A4.1. A
Mulched Vegetable

Based on “Economic Val
David A. Cleveland, Thomas V. Orum,

proximate Ann

: ual Water Requirements for . J
ardens in Tucson, Arizona, Planted in Sunken Basins J

ue of Home Gardens in an Urban Desert Environment” by l
and Nancy Ferguson, HortScience 20(4):694-696.1985

50 ft* 100 f*

150 f? 200 2 250 ft' 300 f°
3180 gallons 6,360 gal. 9,540 gal. 12,720 gal. 15,900 gal. 19,080 gl
45m’ 9m’ 13.5'm* )
_ : 18 mt - ] 2Tm
12,080 liters 24160 liters 36,250 liters 43‘020":",_.,, 592422'3 Wters 72,500 liters
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¢ list tables that follow (boxes A4.2-A4 A4),

o the E!:;ﬂ" WATER NEEDS are listed as:

W

y year e - :
e ater use of 20 to 35 inches of
1 = medium W
MW =

warer per year

H

r

year.

low WATET use of 10 to 20 inches of water
= oW

. e of 35 to 60 inches of water
, h water use of
W = hig

mbers 1, 2, 3, or 4 in parenthesis signify
nu ad <A . » )
The imate irrigation needs of the plants once
the approx N

they

(1) = no supp

hecome established (this often takes 2 to 3 years).
‘u 2 . . .
lemental irrigation,

2) i;rigation once a month in the growing
[_‘ =

season,

(3) = irfigation twice a month in the growing season,

Reso
Lists

Abbre

(4)

viations signi
EO=essential oil, EPS
F=food, FB=firebreak
I'Wzﬁbcr!ha.skc-_t rylwe
H=hardy, HC-
M=medicinal,
S=shelter/shade, SC
SH=semi-hardy, Sp

=503

- irtigation once 4 week in he
Ranngs based on Arizona
urces Low Warer Use/Droy
Crvation,

fy: D=deciduous,
=earth plaster/ pigm
species, FR=fragrant,
aving material, G=glue,
hair conditioner, | F=liv
NF=nitro

W=wood/timber, WB=windbreak.

.=t:vcrgrecn'
ent stabilizer,

ing fence,

gen-fixing, P=pigment or dye,
=screen, SD=semi-deciduous,
p. T=tanning hides,

“Pollinators” can include: butterflies, native soli-
tary bees, beneficial predatory wasps,

Box A4.2. Native Multi-Use Trees for the Tucson, Arizona Area

Species
Desert Ironwood
{Dineya tecota)

Water

LW (1)

LW (1)

w
(2-3)

LW (1)

LW (1)

Size

25 x 25

30 % 30

20 x 20

20 x 20!

10-15 %
10-15'

Cold

Tolerance

SH 15°F

H5F

HOF

HO'F

H5F

Elevation Range

2,500' and below

1,000-5,000'

4,000' and below

Below. 5,000

2'500_5'00‘};

Growth
Rate

moderate

moderate

moderate
to fast

deBmtE
to fast

Type
of
Tree

E

sD

Human

F G M S

Wildlife

Birds, pollinators,
large and small
mammals

Birds, pollinators,
mammals

Birds, po]”nam
]arge_and smal
maml'ﬂa"i

Birds, pallinators,
large aPn% small
mammals

Birds, pollinators,
|l‘ge and small
mammals

Birds and
pollinators

Animals That
Use Plant

Chickens, goats

Chickens, goats,

bees, dogs
Chickens, goats,
bees, dogs
Cattle, honey

Cattle




Species

Oreganillo
(Aloysia Wrightii)

Quail-brush
(Atriplex
lentiformis)

Chiltepine
(Capsicum
annum)

Desert hackberry
(Ceftis pallida)

Brittlebush
(Encelia farinosa)

Mormon Tea
(Ephedra trifurca)

Ocotillo
(Fouquiera
splendens)

Chuparosa
Uusticia
californica)

Creosote (Larrea
tridentata)

Wolfberrry
(Lycium
[fremontii)

Penstemon
(Penstemon
parryi)

Jojoba
(Simmondsia
chinensis)

Saguaro
(Carnegiea
gigantea)

Barrel Cactus
{Ferocactus
wislizenif)

Staghorn Cholla
(Opuntia
versicolor)

Prickly Pear
(Opuntia

\Eige.'mam'n

Water

LW (2)

LW (1)

LW (2)

LW (2)

LW (1)

LW (2)

LW (1)

LW
(2-3)

LW (1)

LW (1)

LWi(1)

LW (1)

LW (1)

LW (1)

LW (1)

LW (1)

Size

Up to 8x12'

Upto 3'

Up to 10°

3-12'

Up to
15' tall

Upta 11’

Up to 3" tall

Upto 7

Up to 40

tall

4-8' tall

3-10" tall
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Cold

Tolerance

H15°F

H 15°F

Frost

sensitive

H20'F

SH 28°F

H10'F

SH 28°F

H 5°F

H15°F

H20°F

SH 21°F

H15F

Up to & tall| 4 10F

RAINWATER HARVESTING - VOLUME 1

Elevation Range

1.500-6,500"

Below 4,000

Below 4,000

1.500-3,500'

Below 3,000

Up to 4,500

Below 5,000

1,000-2,500'

Below 4,500

2,500" and below

1,500-4,500"

1,000-5,000"

600-3,600"

1,000-5,600"

2,000-3,000'

1,000-6,500"

Growth
Rate

moderate
fast

Slow to
moderate

Slow to
moderate

fast
Slow
slow

Moderate
to fast

Slow to
moderate

Moderate
to fast

Moderate
Slow to
moderate
slow

slow
Moderate
to fast

moderate

hrubs, Cacti, ﬁnd_G[O_UnF'_CfWEjf_fO_r the Tucson, Arizona Ay

Type Human Wildlife
Of Uses
Plant
(0] F. FR pollinators
shrub
E F, FB, M, | Birds, large mammals
shrub | NF, 5C, 5P
E F, M Birds
shrub,
D w/ |
frost
sD F. M, SC, Birds, pollinators,
shrub | W mammals
E M, G Pollinators, birds,
shrub large mammals
E E.M. B T | Pollinators, birds,
shrub large mammals
D E, M, LF Pollinators, birds
“shrub"
D F Birds, pallinators
shrub
E G, M, W | Birds, pollinators,
shrub mammals
D F, M, SC | Birds, pollinators
shrub
E M Birds, pollinators
ground
cover
E shrub| FB, M, 5C, Large and small
SP, WB mammals
E K G, M Birds, bats, pollinators
cactus |W, T
E F, HC, M, | Birds, pollinators,
cactus | P mammals
E F. M, 5C | Birds, pollinators,
Cactus mule :&:r
& EPS, F, LF, | Birds, pollinators
Cactus | M, P mammals, tortoise:

e

| Domestic
Animals That |
UsePlapy |

Honey bees

|
Chickens, honey |
bees, livestock

Cattle

Chickens

Pigs




o Cultivars
[
[
| e (Malus | Anna, Ein
Shemer
I.Pumﬂ.i}
|
|
: Royal or
[ Apricat Blenheim,
{Pruns
| ymeniaca) Y
| Casuda,
| Carob
(eatonia [Santa Fe,
| sifigua) Rt
{ Chinese Jujube | Lang, Li
{Ziziphus
Juuba)
| Gitnis— Duncan,
grapefruit Ruby Red,
Marsh
Girus - lemon | Improved
Meyer,
Lisbon
| Gitrus - Sweet | Valencia,
| Trovita, Marrs,
orange Sanguinelll
Blood
Date palm (edgal,
{Phoenix Pty
dactylifera) makioan
Only fermales
produce fruit
Gpape Flame, Ruby,
J Lomanto,
Vitis spp y Bk i
Thomison
E‘g : Black
CUscarica) | Mission,
Conadria
l-Dq_ua[ Big Jlem, Tanaka,
tlfﬂobﬂtfya Champagne,
48ponica) T
Nopal Burbank,
(Opunt; 5 Crillota, \ Py
WUS-indicay | Fend: omee
gﬁve (Olea Ascolanc,
L b
Mission
Peach (Pry : .
nus | Desert Gold,
Nrﬂ.:a) Mid Priﬁ:-
Rins Grande

Water Size
MW (3) |15-20' X
15-20"
MW (2-3) | 25 X 25
MW (3) |25 X 25'
LW (2) 20-30 X
10-20'
MW (3) |14-20'
MW (3) |Upto
20 X 20!
MW (3) |[12-20 X
12-20'
MW (3-4) | Up to
40 tall
MW (4) 5-90"
long
MW (3) [15-30X
15-30'
HW (4) | 20X 20
o t
LW (1-2) 5|J8, o)
-3)|Upto
MW (2 56X 30
MW (3-4) | 15-25"
w3 |12-1%

Cold Tolerance
or Needs

150-250 chill
hours

300-400 chill
hours

SH 23'F
HOF

SH 27°F
SH31°F
SH 27°F

SH 22°F

H 0-10°F

-

H
~100 chill hours

Tree H 107, frut
& flowers S
28°F

H 20°F

ees H 15°F
Erreen fruit SH

28'F
F, 250-3%0

Hiilhours

. 100-200
15, 1
?mll hours

the Ty
Growth T
YPE Hum ”
Rate oo e Wildife
an
moderate | D tre .
ee. |iFS Birds, pollinators,
deer
moder: e
erate | D tree SV;B s, pollinators
moderate | E tree | F, FB, S,
W8,
moderate | Dtree | F M
moderate | Etree | EO, F, FB, | pallinators
M. S
moderate | Etree | EO, F, FB, | pollinators
M, S
moderate | Etree | EO, F, FB, | Pollinators,
FR, M, S | hummingbirds
te | Etree | F FW, M birds
modera e
: - FW. S | Birds, pollinators,
moderate | D vine fcn trellis) | small mammals
i llinators
F FB, M. S Birds, bats, po
fast D tree
B
moderate | Etree | i S W
i desert tor-
F FB, | Pollinators:
moderate= E cac- fESM sC | toise javalina
fast tus
irds
M, S W, Bi
te E tree
moderd F FB, W8
irds, po“iﬂ&tﬂl’i
F FB M S Bir
moderaté Ditree
to fast
E FB, M, Birds
erate b |psCT
mOd ?pr!uree

Domestic
Animals That
Use Plant

Chickens

Chickens

Honey bees,
sheep, goats, pigs,
cows, horses

Chickens

Honey bees |

Honey bees ‘
Honey bees |

Chickens, dogs,
camels, horses

Chickens, Honey
bees

Chickens

Chickens,
honey bees

Chickens, pigs,
sheep, cattle

Chickens

Chickens, honey
bees

Chickens, honey
bees




How to Estimate the Water Requirements in
a Given Month for a Listed Plant in Tucson,

Arizona

Based on the “How To Develop A Drip Irl'i_s:tllilln
Schedule” handout from the LOW 4 Program of
the Pima County Cooperative Extension/University
of Arizona Water Resource Research Center
350 N. Campbell Ave., Tucson, AZ 85719.
Ph. 520-622-7701.

A similar “plant water requirement estimator”
can be created for other areas according to local
evapotranspiration rates.

For an additional resource, see the Arizona
Department of Water Resources for their
Drought Tolerant/Low Water Use Plant Lists
http:/[www.water.az.gov/adwr/Content/Conservation/
LowWarerPlantLists/default.htm

They have plant lists specific to Tucson, Phoenix,
and the Pinal, Prescott, and Santa Cruz Active
Management Areas (AMAs)

1. Identify the plant as evergreen or deciduous,
and as high, medium, or low water requirement.

For example, a Velvet Mesquite is deciduous wig), a low
water requiremnent.

2. Determine the canopy tli;!.ll‘lclci of the plan;
(the diameter of the leaty part of the plant). This cin
be the |11'.1I|l'.\ current canopy or its portential canopy 4
maturity. Lets say our example mesquite has a J”_,'m;,
canopy. .

3. Determine the plant’s water requirement in
inches for a given month. See the tables in hoxes
A4.5A and A4.5B, which show how many INCHES
of water the plant needs to receive beneath its canopy
to maintain its health. .—'l:‘('mvf.r}{g to the table in box
A4.58B, ri‘u*_f;f}ft’ water !‘:‘rffrfi':‘!ff:‘)f! h_’flrﬂu' fi’e't'f(i’f:‘m{:. lou
water requirement mesquite is 3 inches.

4. Convert the plant’s water requirement from
inches to gallons. Find the plant’s canopy diameter in
Box A4.5C. Then find the corresponding # of gallons
per inch of water beneath the canopy, and muliply it
by the number of inches required in June to get the
total GALLONS of water required in that month.
For example, the number of gallons in an inch of water
under a 20-foot diameter Velvet Mesquite is 196 gallons
The tree needs 3 inches of water in _June, so multiplying
196 X 3 = a June water requirement of 588 gallons.

Box A4.5A. Monthly Water Requirement in Inches—Evergreen Plants

Water
BeGHIEmMEnt DR RE. MR M D e A s g N B . AprualTotal
Low 0 0 U 31 3 :
: 3" 24 " " " by
im0 G0 @ Al R B e g ﬁ“ § - 3 gg
I_ |8 0 3» 5-- 6“ 8" 9:: 7:1 6" 6" 5n 3« 0 58"
Ll i Rt

Box A4.5B. Monthly Water Requirement in Inches—Deciduous Plants

—

Water
Requirement | F M A M
Low 0 o0 0 :
( 2!4 " "
Medium O 0 4! g" g“
High o o 0 6 g qg»
B 3
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311
5»

A S O N D  Annual Total
I R T

4 4% 0 g @i =9gn

.6“ 6'! SII 0 0




=
Canopy piameter in Feet 2 4 A

| gof Gallons per Inch of
Water beneath Canopy b 8 .

|-
How to Estimate the Annual Water
Requirements for a Listed Plant in Tucson,

Arizona

Use the tables in box A4.5A or A4.5B to find the
plants estimated ANNUAL water requirement in
INCHES. Multiply that number by the number of
gallons per inch of water beneath the canopy (table in
box A4.5C), and the plant’s canopy diameter. For
eample, the 20-foot diameter Velvet Mesquite needs
15 inches of water annually, and from Table A4.5C we
see that there are 196 gallons per inch of water beneath a
2ot canopy. So multiplying 15 x 196 = an annual
water requirement of 2,940 gallons. :

Note 1: Annual water requirement estimates ar
likely all you will need to consider when designing a
lndscape of local native plants based on r.aatural wild
plant densities and sizes. Such vegetation 1S naturally
adapted 10 the local rainfall patterns and, once estab-
lished, can survive the dry periods between ! [;lf.tcr

Monthly water requirement estimaes ar¢- :i::e
suited for designing landscapes of exotics OF 11‘; iy
Plants that are planted at a higher than nornf;cq- )
Orare irrigated for larger than nor mal Plf“:;;:(‘s;: SO

es¢ cstimates give you a better iea s u can better
9r months require more water sO that 0 ing of sup-
Plan for needed water storage and the um reywater:
Plemental irrigation with cistern water OF &

Box A4.5C. Conversion Table: Canopy Diameter ys Gallo
. n

8

31

s/Inch under Canopy

1
P 16 18 20

12 44

25, 39

49 71 96 125 159 196 306 441

I'he water requirements for all plants will increase
as they grow, since the amount of water they transpire
through their leaves increases with the increase in
cumulative leaf surface area. Therefore, it is important
to plan for the water needs of your plants ar their
mature size. However, by minimizing the amount of
water available to native plants you can reduce their
mature size—reducing the need for more water. For
example, a Velvet Mesquite receiving approximately
6,600 gallons of water per year can grow to be 30 feet
tall and wide, but if only 2,940 gallons of warer per
vear is available to the tree, it will likely not grow to
be taller and wider than 20 feet.

Note 2: For another method of estimating
landscape water needs ;.md tables of ifltbrrﬁatiog
allowing you to do so for many locations in Arizona
see the free publication, Harvesting .R/:Hﬂw;:fﬂ:_fa:{: o
Landscape Use, 2nd Edition by Patricia H. Waterf:
and Christina Bickelmann, ?0{14. The document
be ordered from the Arizona Department of
Water Resources, Tucson Acri\ie I\flanagfmc?_:d":rca.
400 W, Congress, Suite 318._'1ucson. M.S 70
Phone 520-770-3800; ngs:rc WWW. WAIEF.AZEOV:
This document is also available online:

.edu/pubs/water/azl 344.pdf

may

www.cals.arizona




Appendix 5

Worksheets: Your Thinking Sheets

This appendix is meant both as a summary of the
design process described in this book and as a checklist
of the recommended steps toward creating an inte-
grated conceprual water harvesting design. Its
intended to help you determine and lay out what
strategies should be used on your site and where to
maximize potential and efficiency of your site as a
whole. You may find it helpful to refer back to the
chapters from which the various steps are taken for
elaboration.

Consider photocopying these worksheets—and
especially any site maps you may have drawn, so you
can record revisions and incremental layers of your
insights—and mark up the copies rather than the
book. Feel free to add sticky notes and additional
pages of notes and revisions. Please be aware thar this
material is copyrighted. You may photocopy these
pages of this appendix for your own personal use and
that of members of your household only. You may
not copy these sheets to 2 computer. Please contact
Brad Lancaster for permission for all other uses, and
other media (computer, ed-rom, etc.),

1 of];?};?nf;zfﬁ rf:llqws the thought-flow in volume
esting for Drylands. The result will
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be a series of sheers, l)cginning with any thoughts you
may have on applying the principles of rainwarer har.
vesting to your site, to basic observations about your
land, and leading to steps you can take 1o have 2 more
water-abundant home and yard—one more comfore-
able and beautiful in both winter and summer
Please don't go overboard trying to make beaurful

or accurate site maps, finding all the informarion at
first, or measuring everything or performing all the
calculations (though to maximize the results of your
rainwater-harvesting set-up the measurements and cak
culations will eventually have to be done accurately).
As you find you need information, research it and fill
it in later. This is an ongoing process, and should bea
one of adventurous discovery.

CHAPTER 1/STEP 1: THE RAINWATER-
HARVESTING PRINCIPLES

Here’s a summary of the “Princi ples of Successful
Rainwater Harvesting” found on pages 29-38. Add
any of your thoughts below them. Continually refer ©
these principles as you assess you site, envision your
water harvesting approach, and implement the desig



nciples of Successful

e Pﬂ' . L;C[ Vi
in your ware i
[ R&fnwater Harvesting than hold wa[.c:t;fan“““g Strategies to, more
. : 'mscand (TR
in with long and thoughtful observation, Tithc:d‘ P_&rhs. Pfamings can bc(;:;:]iﬁdﬂ" high ang dry
L Use all your senses to see where the wager e BCtation cap e selected ¢ Provi(dc [f? cool buiidings_
thﬂW What is working, what is nog? Build on e
T
hat works. 8. Cont;
" ﬂm‘l‘n ually reagegs YOUr system;: the “fee dbach
C

» Saart at the top (highpoint) of your watershed and lling( )I:: ::\ !j:;:‘:h\:,: ;:mr.k a!'}}crs the si te—begin-
work your way down.. = changes, using the prin "P;{ntlple',Makc any needed
Water travels downbhill, so collect water a¢ your © 7 Prnciples to guide you,
bigh points for easy gravity-fed distribution. Start at
the top where there is less volume and velocity of

INTERLUDE: YOU AND YOUR WATER

Walck

How do you think you currently use your water

3. Start small and simple. resources (rough breakdown)?

Work at the human scale so you can build and
wpair everything. Many small strategies are far more
dfective than one big one when you are trying to
infiltrate water into the soil.

Do you wish you had:
a cleaner or better source of water?
3 (pensive warer?
*Spread and infiltrate the flow of water. less expens e e

Ra . : ff a more direct connection with your water s

ther than having water erosively runoff the 5
Llfl d’S [_. z A e k> and water use?
SUrface, encourage it to stick around, “wa

“ound, and infiltrate 7740 the soil. Slow it, spread it,
sink i,

indoors
outdoors

g F conserving water?
Have you ever thought of g

If so, how?

id

d a better source of water or less expensive

5. MW&}'S pPlan an overflow route, and manage that
Id you use it?

erflow a5 a resource. If you ha

or in .
. Always haye an overflow route for the water hat  water, how wou e
IS of extra heayy rains, and where possible, use (4 landscape and garden
“\'f:l‘ﬂg Vy r ] washing &nd batl]lﬂg____———k_
W as a resource, porabk' use (drinking and cooking)
other__——
6 Mags o .. . . ver.
bé‘axum lmng and orgaﬂl; g;“‘:;iig water is i o this book, what might you
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Create more resources, 1 ability O infiltrac want 0 do
4 food, Ag plants grow the soil’s abl e _———
“d holg Water steadily improves- second?———
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CHAPTER 2/STEP 2: BUILDING
ON LONG AND THOUGHTFUL
OBSERVATION —ASSESS YOUR
SITE'S WATERSHED AND WATER
RESOURCES.

A. Walk your site's watershed.

Identify its ridgelines/boundaries, and observe
how water flows within them. Make any notes below.
Refer to pages 42-44 for more information.

If runoff flows across your land, pay particular
attention to what direction it comes from, its volume,
and the force of the water’s flow. Look at what surfaces
water flows over to estimate the water's quality. Note
any observations below. You may also want to look for
erosion patterns when it’s dry (see appendix 1 on page
111). Write down your observations.

B. Create a site plan and map your
observations.

First, photograph your site so you'll have “before”
photos with which to document your progress with
“ » - :
future “after” photos. You may want to include
of these photos with these worksh cets.

~ Now, use the grid paper at the end of this appen-
dix (you can purchase your own if desired) and using
figure 2.3 on page 47 as a model create a “to-scale”
plan of your property’s boundaries. [ eaye wide margins
to mark the locations where resources—such as runoff
from your neighbor’s yard—flow on, off, or along-side
your site. Draw buildings, driveways, patios, existin
vegetation, natural waterways, underground and aboye-
ground utility lines, ete. o scale. Next, draw any catch-
ment surfaces that drain warer off your site (for
example, a driveway sloping toward the street), and an
catchment surfaces draining water onto your site ﬁ‘omy
off-site; indicare the direction and flow of any runoff

and runon water. Refer to pages 44-50 as yo
‘ _ . u do al
this. Write down additional notes below, 4 u

copies

site

Additional observations you may wa
v ) ) NLTO recor at
this time:
What vegetation lives solely off on-site Water
(rainwater), and which d:;pum!\ on pumped v

; T : ater or
imported irrigation water?

What unirrigated native vegetation do yOu see
growing within a 25-mile (40-km) radius of

your sige
that could do well on your site?

C. Calculate your site's rainwater resources,

Cl1. Your Site’s Rain “Income”

Determine the “income” side of your site’s water
budget so you can compare them with the “expensc”
side. For this section refer to pages 44-51 and addi-
tional calculations found in appendix 3.

* What is the area’s average annual precipitation in
inches or mm?

* What is the area of your site (land) in square
feet, acres, or hectares?

* What is the area of the roofs of your house,
garage, sheds, and other buildings on your PR
erty (see the calculations appendix 3. equations
1-3 on pages 126-127)?

Now, use the calculations on pages 43 ;Jind <
in appendix 3, to determine your site’s rainfall
resources. You will want to answer the question: . fis
average year, how much rain falls on your Si_[cfj H-'”
you will use your site’s area and annual precip Ilum}nu
{0 get some kind of ballpark figures about your an:
rainwater resources in gallons or liters. If you ha:ﬁe 0
difficult time with the math, then just use the ¥ ur
thumb” figures in appendix 3 on page 129. Do Y?
calculations below. ar

X. Your site’s annual rainfall resources in gallo™
liters. How much water falls onto your site?



i

 your Sites Rain “Loss”
L’!\‘oﬂ'- refer to the calcui;um_ns on pages 45 and 48
‘ d&dminc how much nftmff drains from your .
:ﬂ vioUs carchment surfaces for potential storage/use
1 Joining aanks or earthworks. You don'’t need 1o be
:ﬁf_ you just want a good estimation.
Roof runo
Driveway runoff.
Patio runoff.
runoff

Then note how much of that runoff (and addi-
jonal potential runoff from other built or disturbed
sufaces such as mounded sections of the landscape or
e dirt areas) currently drains off your property. Add
the estimated total and write it below: :

Y. Loss/runoft from your site in gallons or liters.

How much runoff runs off your site?
Y-

3. Your Site’s Water Gain

| Now, you want to estimate how much water
ann N ey o
ually) you're gaining from runoff from other
ropert; : .
i I;m“’-s onto your site. Use the same calculations
dbove,

How much

ZaSa . :
- Gain/runon in gallons or liters.
e calculations

Oltsi :
> € runoff runs onto your site? (sam
ahBVe}
Z~

. Totaling 1¢ Up
te) +

X (on-site raj < ving off si

/ nfall) - Y (runoff draining :

Y {I'I.mon 10 YOLII' Site} g ;I- (TO’FA—L: HOW MUC!
U CURRENTLY DO HARVEST)

T Y + Z = T e
m rces
Nu“us equals the toral on-sit¢ rainwater resou
- Surrendy do harvest.

‘

C5; ijur POSSIBLE Rainwate arvest
OW, exclude Y, your debiLrs.!-'l
) e

S runoff from your g0} » the rainwager

that i

X ‘ 1-S11€ ”]a{ + y unon o vo rs = [
Onn- rai ]J /{ fr
- J

X + 7 “TT

TT -
I'his may illustrate how much more water yo

' oL e : S you

could harvest with the use of various water-harvesting

carthworks or storage techniques. -

Write down any additional observations and
perform any calculations. Compare how much warer
you do harvest (T) to that which you could harvest

(I

D. Estimate your site’s water needs.

This step determines the “expense” side of your

water budget by estimating your houschold and land-

scape water needs. See pages 51-53.
o \¥/har is your annual water consumption based

on your water billz
o In which months are your watcr
consumption/ needs highest?

ps are to try (o determine how much

used indoors versus outdoors.

The next ste
of your water is
ur average annual fndpor warer con-
he user-friendly website
(see pages 51-53).

« Estimate YO
sumption using t
www.h2Zouse.0rg

average annual ourdoor water

based on plant water-need

appendix 4 on page 136):
Jarger plants and their water

o Estimate your
Cﬂnsmption (
requirements: see
List some of your
requirements below.

dmated indoor water
ter bill for a ballpark

. Or/And: Subgract your €
sumption from your wa

cons
te of your current outdoor n

esrima
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E. Compare your needs and resources.

Compare your site’s water needs to the volume of
its rainwater resources on-site or flowing onto it.
Review the information you've gathered and calculated
in section C above; also refer to chapter 3 and the cal-
culations found in appendix 3 as needed. This section
involves recording any thoughts you may have about
how to balance your site’s water budget and also per-
haps doing some additional calculations.

» How much water could you harvest on-site?
(TT from p.145)

* How much of your domestic water needs could
you meet by harvesting rooftop runoff in one or
more tanks?

* How much vegetation could you support by
simply harvesting rain falling and infilcrating
directly in your soil?

* How much vegeration could you support if on-
site runoff was also directed to the planted areas
(this runoff could be diverted directly and pas-
sively to planted areas or harvested in a tank and
doled our to the planted areas as needed)?

* List what other steps you could take to balance
your water budget using harvested rainwater as
your primary water source, See the conservation

strategy suggestions in box 1.7 on page 13.
Indoors

Outdoors

F. Greywater sources

Estimate the average volume of accessible house-
hold greywater you could reuse within your landscape,
using the information in box 2.6 on page 53 or from
www.greywater.com. Accessible means you can access
current drain pipes or install new ones to direct the
greywater to mulched and vegetated basins within the
landscape. You will need to maintain a minimum 1/4
inch drop per linear foor of pipe (2 cm drop per linear

meter) for gravity to freely and conveniently distrit

your greywater from a point downstream of i P.:“.IL.
tor the greywater source f_\\':]hhll't:__{ macg |Iifi{-. sink i
to the greywater pipe outler in the i.irul\('”pt\.‘ :

\Vklﬁilill\L‘. IIl;lL}IIIlL'

s €IC,)

shower

bathtub

bathroom sink

other .

Toral

CHAPTER 3/STEP 3: EARTHWORKS,
TANKS, OR BOTH

Refer to the comparisons in box 3.1 (page 57) and
see the overview of strategies later in chapter 3 o
decide how you might best harvest the water for your
planned uses.

Now that you've (more or less) estimated your
on-site water resources and needs (from the previous
worksheets), the next step is to answer again the
following questions:

How do you currently use your water resources
(rough breakdown):

indoors

outdoors

How do you plan to use your water fesourcess
landscape and garden use
washing and bathing

potable use

other

he “principles o

. . | d andit
After reviewing chapter 3, an what

successful rainwater harvesting” from chapef 1,
do you think you'd want to do:

first?

second?

third?

in the carlier

Compare the above to your answers
P the ] have more

interlude. What's different, now that you
information o work from?



s ‘:ﬁzﬂzrso DESIGN

I p"[!‘dp l.!\l

S et

s chaptet is intended to heighten your aware-
S Llr"':ddit
.Iu.:‘-hﬂ“' YoE
.-I.'JII"E'- thelr
o follow
I1':-.;L1ﬂ Steps : ]
" \ake @ new photocopy of your site map and

ional on-site resources and challenges, and
how to maximize their potential by ine.
harvest with that of water, The numbers
the Integrated Design Patterns and (hejr
found on pages 81-101,

& the directions of north, south, east, and west.
ik

( your site’s orientation

(Consult pages 811015 see especially the figures

ind shich can be used as models for marking your own
\;{:map.}
ir » What is your site’s latitude (ask your local

friendly librarian if you don’t know):

* How is your site and/or your home oriented?
(Use a compass or the sun’s orientation; see page
81). Put this information on your site map as
well as writing it below.

On your site map:

* ldentify the “winter-sun side,” and the “winter-
shade side” of your home.

* Map the location of the rising and setting sun
on the summer and winter solstice. _

* Also mark any of the following, and any “ddf’
tional incoming resources or challenges (sce fig-
lre 44‘ page 82): where you would like I‘llOf:t"
shade or exposure to sun; the direction of loc.a;w
tion where prevailing winds, noise, of Iughr’cor
from; and the foor traffic patterns of peoplc:

i Pets, or wildlife. i winter?

ere are the warm and cold spﬂf: What areas
:[.I'Ic hot and cool spots in summe = Yorning
nside your house get direct sun :
and afternoon, in winter and suﬂ““’;d‘ outdoor

B¢t sun and shade on your gaides :Mark you

areas when and where you W20 Itlour observa-

S:itt: map appropriately and writ¢ Y

tions below.

nl__awr\'c how dire.

. Cl solar -
of jr— S0l 3

ol
el ar EXposure—or ¢ lack
J mlltnr[ of your home and
0 this, w |
tI5, whar are gy obserya

'I”c(rg [hll_'
_\".(]J"(I. When You
tions?

2. Window Overhangs (pages 85-gg)

. " 3
II ?n you have window overhangs?
* [fg ' i I - 1 h
50, \-,h“u is their projection length on the ;-
ter-sun side of your hoyse?

* Use [lu-—m-'c-rhang projection information o
pages 85-87 and box 4.3 to determine appropri-
ate overhang sizes for your winter-sun side e
dows.

* Compare existing overhangs to what the calcula-
tion recommends,

* Whar have you noticed about how overhangs or
the lack of them affect your comfort throughout
the year?

» What can you do (put up awnings or trellises,
plant trees, extend overhangs, open up a covered
section of winter-sun-facing porch, etc.)
enhance the positive ways sun and shade can

affect your building?

3. Your house in the bigger picture: solar arcs
(pages 88-90)

Make a new site map if needed.

any elements of a solar arc in ‘pl;%cc
around your home or garden, slfch‘m:fn_c_xasung
shade tree, covered pl.:ll'l,'h. or hunldm:g.1 If so,
mark them on your sit¢ map and write com-
ments about them below.

e Do you have

« Now, indicate on your site map where missing
sieces of a solar arc should be located o com-
i nefit your home or garden.

plete it and be
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s Can you use any water-harvesting strategies
(earthworks, trees, cisterns) to create or grow a

solar arc or a windbreak?

4. Sun traps (pages 90-92)

On your site map, mark where a sun trap might
make sense, and indicate any existing elements already
in place. Write your observations below.

« Consider the desirability of a fence, new cistern,
or plantings within earthworks such as trees,
large shrubs, or vines growing on wrellises, fences,
etc. to create a sun trap. Write any thoughts
below.

5. Maintaining winter sun exposure (see
pages 93-95)

 Where have you noticed winter shadows block-
ing your sun? Write down observations below,
and on your site map indicate features (trees,
etc.) that produce long winter shadows.

o What is your latitude?

* What would be the length of a shadow cast by a
20-foor tree by the noonday sun at your latitude
(see the shadow-ratio correlation in box 4.7 on
page 93)?

* Now, think about where you might want to add
appropriately placed new vegetation, structures,
or windbreaks to avoid blocking desired winter
sunlight for winter sun-facing windows, winter
gardens, and solar strategies, while providing
other benifits. Note any observations below, and

pencil in on your site map if necessary.

* Are there any features you'd want to remove or
relocate that block winrer sunlighe?
= Add any additional comments below.

6. Raised paths, sunken basins—relatjye
height (pages 95-96)

* Write your observations of the foll; wing: the rel

‘ : . SR £ the rel.
ative height of paths, patios, sidewalks driveway

; Vs

and streets compared to adjacent plantine
: I Jacent planting areas
in your home and communiry.

* Do you see any “raised path, sunken basin partems
or a sunken path, raised planting area pattern?

* [s stormwater being directed to vegetarion,
asphalt, or storm drains?

* Now, identify and map areas where you could
develop the raised path, sunken basin pattem at
home.

7. Reducing paving and making it permeable
(pages 96-99)

* Below, write examples of pervious and impeni-
ous paving around your home and community

e Write any thoughts about how you can: rcduclc
the paving on your site; either direct the r:'m-tLﬂ_'
ing pavement’s runoff into adjoining c;:.rth\\'a.r}':

or make remaining pavement more [:;-rmcsbic.

turn your driveway into a “park-way

porous brick, cobbles, or angular l‘pﬂ}‘g?{h .

gravel instead of an impervious material suc

concrete; etc. (Refer also to pages (4006 tor
more ideas and read volume 2, the chapt't‘f-“"
reducing hardscape and creating pc:rn'mah]t

paving.)

Or usc

8. Tying it all together—creating a" inte o
grated conceptual design (pages 10
Now, you can really use the information sof it
insights gained so far. Focus now on P_I“'“'mg;;: refer-
grating the various elements on your site, Wit
ring to volumes 2 and 3 for specifics.
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they interact with on-site resource flows.
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“yand maximize site potential. Write down any

iiong observations below.
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ing all ar
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