2 s aquifers are depleted
and rmunicipal water supplies are created
with chlorine and other chernicals, an old
rechnique, rainwarer harvesting in cisterns
and on roofs, is being looked ar wich re-
newed interest. For landscape architects,
rainwater collection as a means of irrigation
offers many advantages, including lower
water ¢osts over the Iifetime of the system,
no withdrawal of groundwarer, and a beteer
quality of warer for cultivation and for the
maintenance of warer-using equipment. A
few landscape architects are using rainwater
harvesting in demenstration projects; as
warer goses continue to rise, the building of
collection syscems is likely to accelerate,
Cisterns range from the simplest sys-
tems, in which an excavared hole provides
simple scorage of ground-level sheet flows,
to roof collection systems with storage ina
constructed cistern. Histoncally, many cul-
rures, including those of Meso-America, the
Middle Ezst, and ancient Rome, used cap-
tured rainwater. Examples can be found in

At the Colonia de Santa Ursula in
Mexico, rainwater, fop, is conveyed to
the orange cistern. Overflow at the
Garden of Eat’in, above, is conveyed
through a sculptural system.

Rainwater Harvesting

An ancient technology—cisterns—is reconsidered,

BY DANIEL WIr :

rurzl Yermen, where the warer was used far
consumprion and to irrigate the fields, and
in urban Rome, where rainwater was col-
lected from the roofed peristyle (covered
walkway) and conveyed to a small pocl (im-
pluvium) in an open garden—there to be
used as an aesthetic focal poine and for ieri-
gating the plantings. In Meso-American
ciries such as Xochicalco, in central Mexico,
warer was collected from the plazas and
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rooftops within the city and stored in an
underground cistern for human use and
irrigation, In the United Scates in che
nineteenth and early twentieth centuries,
srmall concrete CISTErns Were COMMon stog-
age structures serving families secding che
high plains. The systems ranged from large
civic infrastrucoures to small cisterns for in-
dividual homes. Even today in Yemen,
paths and reeds are lad ouc to drain into
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large circular masonry cisterns thar serve as
civic meeting places for women coming to
collect water for washing and for consurmp-
tion. The scale of many of the ancient
systems dwarfs today’s cisterns. Deep in
the bedrock beneath the old cemple of
Jerusalern lies a cistern with a capacity of
two million gallons, and benearch a large
plaza in che complex of the Church of Sen-
to Domingo in Oaxaca, Mexico, lies a
200,000-licer capacity ciscern thar has re-
cently been excavared.

Today, in 2ll new construction in both
Bermuda and the TS, Virgin Islands, rain-
water harvesting syscemsare required. The
state of California offers a tax credit for
rainwater harvesting systems, and finan-
cial incentives are offered in cities in Ger-
many and Japan. Systems have been
installed in skyscrapers in Hong Keng. An
estimaced 200,000 cisterns are now in use
in the United States, storing rainwater foe
both consumpeion and irmgarion.

Probably the most extensive contermnpo-
rary example of rainwater collection is
found at the Lady Bird Johnson Wild-
flower Center near Ausein, Texas. Since the
ceneer'’s establishment in 1992, rainwater
has been harvested from 17,000 square feet
of roof area with an escimared 300,000 gal-
lons colleered and used per year. The proj-
ect, designed by Owerland Parcnership
with Robert Anderson, landscepe archirect,
incorporztes four cisterns and two 25,000-
gallon fiberglass storage ranks, supplying
water for subsurface and pop-up irrigation
systems and a series of native Texas dermon-
stration gardens. The largese of the cisterns,
the 10,000-gallon Tower Ciscern, 15 ve-
neered in limestone and collects water from

F

The galvanized steel cistern at the Garden of Eat’in waters a demonstration garden,
above. Stoneined cisterns, below, were traditional in the hightands of Mexico.

Historically, many cultures,
including those of Meso-

America, the Middle East,
and ancient Rome, used

captured rammwater.
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the cafe and visitor gallery. A lift system
pumps warer to the storage units chat feed
the larger site irrigation units. Smaller cis-
terns and collection devices collect addi-
tional water that is recirculared and used
for acsthetic displays.

Most people living ourside the Nocth-
west would scoff at the seriousness of
water shortages there, but in western
Washington for theee months of the year
there is virmally no rainfall. When stu-
dents in the landscape architecture pro-
gram at the University of Washingron in
Seartle discussed cheir goals for a small
courtvard next to a recently renovated
community design center, they decided to
address ecological issues by harvesring
rainwarer for irrigating an edible garden.
Fifreen students, under the direction of
lecturer Luanne Smith and me, designed
and built the Garden of Eat'in in a ten-
week spring studio in 1998, The thirteen-
tootr high, six-foot dizmeter cistern,
fabricated from galvanized steel culverc



pipe, is similar to residential collection
ranks used in rural Alaska. [rs storage ca-
Fﬂ(‘it}; of 4,500 g".{“OI‘If. will Prl;uv'ide ap-
proximately one-third to one-half of the
irrigation needs of the garden. The under-
ground drip system is gravity fed, and a
valve allows the ground crew to swirch o
a pressurized system when the cistern runs
dry. The water is gathered from the meal
roof through a conventional gurrer and
conveyed o a six-inch PVC roof-wash sys-
tem. The clean water is carried to the cis-
tem through a four-inch PVC pipe, and the
overflow is channeled into a sculprural
conveyance system and relessed into a con-
ventional seorm system. Given the small
site and its use both as a demonstration
garden and as a gathering area, it was de-
termined that the cistern should be vera-
cal instead of a wider form, thereby
reducing the impact within the garden.
The tower has become an unexpecred de-
sign ameniry, serving as an icon for boch
the park and the west campus arca. While
the cost of the tank was high (31,700, in-
cluding fabrication and delivery), it will
[ECOUP IT5 COSC 1N SEVEN YEars given current
water prices—while keeping more warer
on site, thus facilitating groundwater
recharge and reducing discharges into the
SEOLM SyStem.,

The use of cisterns for rainwater capture
has a long tradicion in the highlands of con-
tral Mexico. A small cistern about four feet
sqquare and six feer in heighe often precedes
the building of a house, providing warer for
conseruction and irrgarion. Because of the
lack of municipal water in the Colonia of
Sanca Ursula, a small mral communicy of
ninety farnilics soucheast of Medco Ciry, the
wornen hiked more than three miles to the

Students from the University of
Washington built the ferrocement
clstern at Santa Ursula.

closest river to wash clothes. The trip was
often difficult, but the river sufered from
pollution caused by detergents and from
compaction of riparian vegetation. [n fall
1998, fifrcen University of Washington stu-
dents and I joined with a Mesxican nonprof-
it group, Accion ¥ Desarrollo Ecalogica, to
work with the community to design and
build a rainwarer harvesting system and fa-
sanderia (ourdooe public laundey).

The resulting fsvanderia’s galvanized
metal buteerfly roof provides shade to the
women using the wash basins below and
collects and conveys water to a twenty-
foar-diameter, ten-foot-high ferroconcrete
cistern anchoring the structure on the
north side. The warer is then graviry fed,
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or pumnped, once it falls below grade, into
a smaller stone-clad open cistern from
which the women take it for use in the
washing sinks. The dirty wash water is
then piped to a gresse separator and o a
bictilrrarion channel; che cleaned warter is
used to irnigate an orchard, Filtration be-
rween the cistern and the roof carches any
particulates. The buile cistern, part of the
first phase, will provide one-third o one-
half of the water needed during the dry
season. The second phase includes plans
for a larger chiry-foor diameter cistern to
be added o deliver water throughout the
dry period. The project serves as a demon-
stration model, one thar can be widely car-
ried out, relieving the narural syscems of
contamination znd providing sustainzble
amenities to the community.

DESIGN

A rainwater harvesting system includes up
o six primary components depending on
the degree of warer quality required. These
components include a carchment area, a
roof-wash system, a rainwarer conveyance
SYSLEMT, @ CISIETN OF SCOfage CONAINMmEnt, &
delivery systern, and water treatrment sys-
tems. The most common contemporary
catchment areas are roofs, (Paved areas can
also funceion as carchment surfaces, but
greater contamination by oils, salts, and
particulztes requires increased filtration,
and the delivery syseern typically requires a
pump.)

Water quality should be cons:dered
when designing the roof. First, a roof builc
of organic materials such as wooden shakes,
clay tiles, or concretious matenals supportes
the growth of algae and molds and is noc
advisable if the rainwater is to be used for
drinking.

A second concern is the wash of dry pol-
lutanes into the system. Porous or rough
roofing materials (asphalt shingles or
rolled roofing) are more likely co hold par-
ticulates, including bird feces or heavy
metals, than are smooth, Impervious sur-
faces. Ome solution is a roof-wash systermn,
which caprures the first ren to rwency gal-
lons of warer in a separate pipe thar takes
away the first flush, allowing the heavier
solids to fall to the base so thae the warter
flowing into the collection system is rela-
tively free of particulares, Porous marerials
also hold water, reduaing collection effi-
ciency; asphaltic roofing, for examiple, has
an absorprion rate of 15 percent, while
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enameled steel absorbs only 5 percent of
the rainfall it collects.

A third issue 15 the marerial’s leachare
capability. Of particular concern are met-
al surfaces ereared with zinc, wood shakes
treated with preservatives, and asphaltic
materials releasing petrochemicals. The
use of lead flashing or solders should be
avoided if the plants irrigared are to be in-
gested. The best roofing materials for rain-
water collection are stainless seeel or
galvanized steel with a baked-on enamel,
lead-free finish. Whatever the material,
the roof should be sited away from over-
hanging branches, reducing the risk of
contamination from leaves, bird drop-
pings, and insects,

The rainwarter is conveyed from the
carchrivent area to a fileracion or storage
unit via gutters, downspouts, and pip-
ing. The piping is constructed of roll or
channel-formed copper, aluminum,
srainless steel, galvanized steel, or plas-
tic (FVC). Lead-basad solder should be
avoided in all metal-ro-metal connec-
tions. A rule of thumb for sizing down-
spouts i3 to design the orifice o handle
1.25 inches (32 mm) of rain in a ten-
minute period. Leaf screens are commonly
installed ar downspout inless, and thrast
points should be firmly secured.

Probably the maost costly component is
the cistern or storage unit. It is also cthe
most limiting element, because its size
dicrates how much water will be available
for use. In areas with a long dry season,
unirs sized for total watering needs will
be expensive and will require a grear deal
of space. Cisterns can range from small in-
dividual drums, to a series of fifty five-gal-
lon drums, to large structures storing
thousands of gallons. The most common
shape is cylindrical, because it provides
the greatese strengrh-to-weighe ratio.
Corvers are necessary to prevent sunlight
(which supports algae growth) or animals
from entering, and to eliminate evapora-
tion, In cold climates, the unic will need
to be insulated, typically buried under-
ground to prevent freezing. In hot cli-
mares, at least twelve inches of water
should remain inside a concrete strucoure
o prevent che shell from drying our 2nd
cracking, Inaddition to the inlet, an over-
flow should be locared ac the desired

water level, allowing excess water to be
released from the cistern. Many designers
also ope to install a drain at the base of the
cigtern, 2llowing any standing water to be
drained for cleaning or maintenance.
Many of the earliest cisterns in ancient
Rome and the Middle East were carved
into the bedrock. Today, a variety of ma-
rerials are used, depending on cost, vol-
ume of water being contained, and
availability of the materials.
Galvanized steel is one of the most
commen cistern matenials found on farms
and in rural areas. If edible plantings are to
be watered, a sealer or liner is recommend-
ed. Many off-the-shelf sizes are available,
and larger stzes can be custom ordered, as
was done for the Garden of Ear'in.
Conerete tanks are typically case on site,

Cisterns can range from small

individual drums, to a series of fifty

five-gallon drums, to large structures

storing thousands of gallons.

bur there are also precase units available in
relatively small capacitics. Often these
tanks are located below grade, allowing a
reduced thickness of the walls. Once
roofed, the tanks can support small struc-
tures and Live loads above, serving either as
building additions or as independent free-
standing structures,

Ferrocement (see “Ferrocement and
Shotcrete: New Applications,” Decernber
1993} is a form of thin-wall cement con-
struction relying on steel reinforcing char
provides high strength, ease of use for
building, and relatively low cost, making
this an increasingly commeon cistern
marerial.

Mortared stone has boen used in many
cultures. Construction and marterial costs
are relatively high, but the cistern can be
highly attractive, functioning as a focal
point of the design, as in the Lady Bird
Johnson Wildflower Center.

Fiberglass is inexpensive, readily avail-
able, and lightweight.

Polyetbylene tanks are readily available
in sizes up to several thousand gallons. They
are lightweight znd easily transported.

Wind stave fanks were COmmaon atop
buildings in our older cities. When prop-
erly buile they are highly durable and, if
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made of redwood or cypress, preservative
treatments are not required.

Polyethylene liners, used inside an exca-
vated hole and placed over a noawatertighe
frame, offer the lowese cost, although their
longevity is relatively shore, ranging from
ren to fifteen years, The liners should be UV
stabilized, with a thickness of rwenty o
chirty mils.

If the storage structure is located uphill
from the planting beds, graviry flow can
be used. Orcherwise, a pump and pressure
rank will be required for delivery. In some
situations where the tank is parcially sub-
merged, a combination of gravicy and
pumping may be employed.

For collection systems used solely for ir-
rigation, preliminary filtration (leaf
screens) and 2 roof-wash syseem may be
adequare. A third method of fileration,
sometimes used in Leu of the roof-wash
device, isa gravel filrer. The rainwarer is
deposited ar the base of a small rank
containing pea gravel or lava rock and,
as the warter rises, the parriculates are
left at the bese of the tank so that (as
with the roof-wash system) the warer
entering the cistern is relatively clean of
particulate matter.

If a higher level of quality is required, a
nurmber of filtration systems are available.
The simplest 15 & microfiltration process
employing gravel, sand, and charcoal o
achieve potable water quality standards.
Two other treatments—UV sterilization
and ozonation—are also used when the wa-
ter will be consumed. The microfiltration
system is relatively low in construction
cost, but UV sterilization and ozonation
each require an additional cost of $1,000
per system.

Probably the largest limiting factor re-
sericring rainwarer collection is the high
construction cost when compared with the
low cost of municipal warer supplies. A
common rule of thumb is one dollar of
construction cost per gallon of water
stored. SyStems Incorporating expensive
materials or custom-built systems can cose
considerably more. As warter costs rise,
hemwever, rainwater collection will become
more economically feasible. LA
Dianiel Winterbottoms is an associate professor of
lawdsicape architecture at the University of
Wizshington.

RESOURCES: See page 137.



