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Letter from the President of The Cabell Brand Center

The seondedition of the Virginia Rainwater Harvesting Manual comes at an exciting
time forsupporters of rainwater harvesting. Across the country, people are becoming
increasingly aware of the need to conserve water and increasingly enthusiastic about green,
sustainable living. We are alsacouraged by a great@wvareness that stormwater runoff from
homes and businesses is threatening the health of oig; strelams, laleeand estuaries.
Rainwater harvesting can make a positive impact in all of these areas.

When the Cabell Brand Center was founded in 1987, it began by granting stipends to
college students for academic research on poverty and the environment. Instealhaf f
outreach and restoration programs, research was encouraged because research leads to
knowledge, and knowledge leads to solutions. After twenty years, the Center decided to focus its
attention on water conservation, particularly rainwater harvestm&eptember 2007, the
Cabell Brand Center released the first edition of the Virginia Rainwater Harvesting Manual in
the midst of a drought. By the end of October of that year, nthetg (out of 95) counties in
Virginia were federally designated disaster areas due to drought. Delaware, Maryland and
Tennessee all received federal disaster designation during this time and the Governor of Georgia
declared a state of emergency because of drought conditions. The neegamige water use
and congler alternative water supplies like rainwater harvesting was apparent.

While the water shortage in Virginia is less drastic today, the need for guidance on
rainwater harvesting is no less apparent. Spurred by drought, concerns about stormwater runoff,
and a growth in green building practices, rainwater harvesting has seen a dramatic increase in
popularity. Unfortunately, this increase in popularity has on occasion led to poorly designed
systems and products. While rainwater is a naturally clean veateres improper filtration and
storage can lead to human health risks and building design problems. These problematic systems
also damage the overall reputation of rainwater harvesting and discourage people from pursuing
this important environmental soloh. The Manualwas created as an introduction to the science
of rainwater harvesting and guidance for system design of high quality, safe, and sustainable
systems.

TheVirginia Rainwater Hrvesting Manualia cont i nuati on of the Ce
knowledge and science lead to sound decisnaking and progress. We hope that it will both
encourage readersod6 interest in rainwater haryv
designing rainwater harvesting systems.

David Crawdargbnt
The Cabell Brand Center
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Salem, VA
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Introduction

As the nation is becoming increasingly agjarainwater harvesting a building system
that collects and conveys rainwater from roofs, filters debris from the water and stores the
rainwater for use. Systems can be-potable or potable, the latter requiring additional filtering
after the water is pumped from the tank. Across the United States, people realize the need to
conserve water. Rainwater harvesting enjoys widespread use in areas around the world such as

Euonpe and the Caribbean islands, and these sys
water resource challenges.

There is growing enthusiasm about green, sustainable living systems and practices that
save water, energy and money, while preservingrapdoving our natural environment.
Rainwater harvesting supplies alternative water for suckpotaible uses as irrigation, toilet
flushing, laundry, vehicle and facility cleaning, fire suppression systems, HVAC cooling towers
and agriculture. Potablainwater harvesting systems can be used for drinking water, as well as
showers/baths, dishwashing, swimming pools and food procedRaigwater harvesting is a
powerful solution to a range ofater problems.

The Cabell Brand Center
Salem, VA
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OWe never know the worth of
th e WE" |S dry .6 Thomas Fuller, Ghomologia

Freshwater problems

Though the wells not dry, freshwater sygby problems in Virginia, the United Statasd
the worldare increasing oumaareness of the value of watéNith a growing population
decliningquality of surface water and groundwater anchging water infrastructure, the need to
explore alternatives to our current water supply systeste& By collecting rainfall that would
normally become runoff and instead using it to meet water neeagater harvesting provides
analternative that both lessens the
strain on our current water suppl
system and helps protect the
quality of surface waters.

Measurement date

1/1/95 1/1/03

Water quantity

The amount of water availablg
today is the same amount of watg
that was availabl@00 years ago.
Only 2.5% of th
freshwater.The strain on our
water supply is evident:

since January 1, 1979 (

——Norfolk Cit
S Inless than 20 years, 1.8 oriom =

billion people will be
living in areas withwater
scarcity(1).

S Worldwide, water Figure 1. Changes in groundwater levels at monitoring wells at four

sites in Virginia. These well all show declining water levels. Data

are courtesy of the USGS and available through
(http://www.epagov/WaterSense/pubs/supply.htm

—ouisa County

Change in water lev

- Chesapeake City
— Suffolk City (data starts 198(

consumgion is rising at
double he rate of
population growth2).

S Even without drought, areas in at least 36 states in the U.S. are expected to have water
shortages by 201@3).

S Groundwater levels in marareas of Virginiaparticularly the coastal aredsve shown
steady decline (FidL).

The Cabell Brand Center
Salem, VA
www.cabellbendcenter.org
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Water quality

An adequate ater supplydoes not just depend dime total quantity of water available, but
also depends on the quality of this available wakeNirginia, water is supplied from surface
water and groundwater, both of which are susceptible to contamination from pollution.

S Eighty-six percent of the water used in Vinga comes from surface sourddd. Almost
eighty percenbf lakes and reservoirs in Virginia are identified by the Department of
Environmental Quality as impaired or threatened, though none are currently designated as
unable to support public water supib).

S Groundwater from thdeep aquifer below Virginia Beach and Norfolk is too salty for use
without further treatmen(®).

S Leaking fuel storage tanks, one of the biggest threats to groundwater quality, have been
identified at over 24,000 sites in Vinga (5).

Decreasing the load placed upon public and private sources of potable water by utilizing
rainwater harvestinganlessa the chance of water quality deterioration due to guenping of
groundwater resourcesd redaethe need to explore water sources of questiorgmdty.

Water infrastructure

Not only is the water supply stressed, but the infrastructure to deliver the water supply is
stressed also.

S The EPA estimates that $334 billion will be needed to from 20@D27 for repairs and
maintenance on public water systef@)

S In general, up to 20 percent of the water in a municipal water supply system can be
decl ared Aunaccounted for, o6 typicheforey beca
corrective action will be take{T).

S Losses from leaks in municipal water supplies cost an estimated $2.6 billion per year
because of an estimated losdldf trillion gallons of wate(8).

S Seventyfive billion kilowatt hours (kWh)of electricityare used for water and
wastewater idustries in the U.S. each yeard water and wastewater services can
accounf or up to 1/ Berwfybd(d.muni ci pal ityod

As a decentralized water supply, rainwater harvesting does not depend on this aging
infrastructure and is therefore more eneeffjcient (10). By reducing the overall demand on

the system, an increase in rainwater harvestinggldolp areas delay development of new water
treatment plants and distribution systems.

The Cabell Brand Center
Salem, VA
www.cabellbendcenter.org
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Stormwater

Virginiaisconsidee d a fiwet 0 antaweragd?.8imclescoerainfail anygafd).
This rainfall coupled with expaling impervious surface areas, the result of development, creates
the potential for increased overland flow of stormwatecreased impervious areas allow for
less infiltration of water durigprain events, leading to higher velocity and volume of runoff
This increased runoff carries pollutants and can lead to increased erosion.

S According to the Virginia Department of Co
continues to grow with the same development patterns as it has in the past, more land will
be ceveloped in the next forty years than has been since the Jamestown settlement
16 0(11)

S The amount of impervious area in the Chesapeake Bay watershed increased by 41% in
the 1990412).

S According to the Chesapeake Bay Foundatianpff from these impervious areas,
carrying nitrogen, phosphorus, sediment and other contaminants, is considered one of the
greatest threats to the health of the Chesapeake Bay and itgiti(it3).

Impact of rainwater harvesting

Rainwater harvesting could have a dramatasitiveimpact on all of these problems.
According to the US Census, Virginia had an estimatedd®88more housing units in July 2007
than in July 2000. Assumg that each housingnit has a footprint of 1,500%tthese additioria
units represent 537 million*fof additional impervious roof area. If dabouse had einwater
harvesting systernhat collected all of the water that fell on the roof, these systmuld supply
14.3 billion gallons of water per year. For comparison, the City of Virginia Beach public water
supply used 13.5 billion gains of water in 20074). If these rainwater harvesting systems were
put in place, ot only would they reduce the demand on surface and groundwatersstlege
would also reduce strain on the water supply and delivery infrastructurekVidnef energy is
needed to treat and transport 667 gallons of municipal drinking {@teBased on a case study
in southwesvirginia, a rainwater harvesting system can produce 1,650 gallons gqfatable
waterper kWh(10). Using rainwater harvesting systems instead of municipal systerapyitys
14.3 billion gallons of water could save 12.7
greenhouse gas equivalencies calculator, this esargggs could mean a reduction in carbon
dioxide emissions of 20 million pounds, the equivalent of 1,675epa®r carsThe addition of
these rainwater harvesting systenmuld also reduce stormwater runoff. Using average
concentrations of nitrogen and phosphorus sidential runoff(14), these rainwater harvesting
systems couldeduce nutrient loading to surface waters by over 30,000 pounds of total
phosphorus and over 230,000 pounds of total nitrogen per year. While these nutrients are
necessary for plant growtan overabundance of nutrients can lead to algae blooms and even
fish kills, greatly impairing the water quality.

The Cabell Brand Center
Salem, VA
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Uses of Harvested Rainwater

Rainwater harvesting is suitable for all building types ranging from residential to
commercial and industrial and can be rditted to existing buildings or integrated intewm
building designs. Collected rooftop watettypicallyused for nofpotable (nordrinking water)
demandsbut can be treatetd drinking water standardsd used for potable (drinking water)
demands.

While many common water uses are pmtable (seddt below), water supplied from the
municipal system and wells is generally potable walthilizing potable water for nopotable
needs wastes resources and can place unneeded strain on local water treatment plants.

Non-potable demands include:

(0)]

Building washing/power washing
Cooling towers

Fire suppression

Household cleaning

Industrial processing

Landscape irrigation

Laundry washing

Pool/pond filling*

Toilet flushing

S  Vehicle washing
* According to Virginia code (:¥AC 5-460-40), the water supply for auplic swimming pool must be approved by
the State Health Commissioner.

nwuunmuumuununmnunmuom

Potable demands include:

S  Drinking water
S Cooking
S Bathing
S  Dish washing

Types of systems

Rainwaterarvesting is an appropriate water supply and stormwater solution for
residential, commercial, industrial, and agricultural applications. All systems consist of the same
basic components: a collection surface (only roof surfaces are addressed in this document), a
conveyance system, ptank treatment, water storage and distribution. Haecerainwater used
for indoor use will also often include additional treatment.

The Cabell Brand Center
Salem, VA
www.cabellbendcenter.org
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Residential
Residential
systems can be
designed for non
potable and potable
needs. If a potable
water source is
available, it is
recommended that the
rainwater harvesting
system be used only fo o || Filter
nonpotable needs like
toilet flushing, laundry
washing, and landscap
irrigation. These non Figure 2. Residential nonpotable rainwater harvesting system
potable uses account Graphic courtesy of Rainwater Management Solutions
for 78% of total
household water use, with outdoor use alone accoufutiris§% of household us@5). Because
outdoor use is such a dominant residential water usejtgiharvested rainwater indoors for
nonpotable use is often not cesffective, particularly in retrdit situations. The cost of a
rainwater harvesting system is incredsvhen the water is used indoors becalisalping for
potable and nopotable rainwter sources must lseparate systems. Municipal or well water
can serve as a backup source of water if the rainwater runs dry. An air gap or backflow
preventer is neceasy between rainwater and municipal water supplies leading to the storage
tank to prevent cross contamination (Beekup Water Supply and Plumbing). Figure 2
shows a small residential n@otable system, suitable for irrigation purposes.

Rainwater harv&ing can serve as an alternative water source for rural homes where
municipal water is not available and well drilling has not been successful. Rainwater can also
supplement well or municipal water supplies to reduce demand on these supplies to serve non
potable demands in and around the home.

Commercial

Comnercial rainwater harvesting systems can supplypatable water needsAs in
residential settings, the majority of commercial use is forpatable needs. For example,
eighty-seven percent afater use in an office building is for restrooms, cooling and landscape
use(16). In hotels, fiftyone percent of water use is for restrooms a(@6¢ Because rany
commercial facilitiesvant ayearround use for stormwater management neediswateruse for
toilet flushingis common especially in buildings with high occupancy loads. The soft rainwater
is also beneficial for cleaning purposes as less detergent is needed. Water demane, avaf Si

The Cabell Brand Center
Salem, VA
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b

Filter

Floating filter

Tank

Pump I
/ Calming inlet \

Figure 3: Commercial or large residential above ground nofpotable rainwater harvesting system
Graphic courtesy of Rainwater Management Solutions

available onsite storage should be considerechwi®ng a collection tankFigure 3 shows a
commercial or large residential above ground rainwater harvesting system and Fig. 4 shows a
commercial or large residential below ground system. A idiler is needed to filter water

from a larger roof area. In nearly all cases, a submersible or jet pump is necessary to pump water
for indoor use. The addition of a calming inlet allows water to enter the tank without disturbing
the important sedimetayer on the bottom of the taii®eeRainwater Inlet to the Tank). A

floating filter serves as the elevated uptake point for the pump sys#teamwater is used for

potable needs in a commercial setting, the system will typically qualify as a maléic system.

Any system that supplies drinking water to 15 or more service connections or 25 or more people
on 60 or more days per year is subject to the requirements of the federal Safe Drinking Water
Act.

Industrid

Industrial buildings withlat roofs can frequently benefit fromcorporatinga siphonic
roof drainage systemith a rainwater harvesting syster siphonic roof drainage systaioes
not require pitched pipes which can reduce or eliminatkerground piping Siphonicroof

The Cabell Brand Center
Salem, VA
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Additional
treatment

Floating filter

=5

™ Calming inlet

Figure 4. Large residential/commercial rainwater harvesting system with belowground tank for indoor
use
Graphic courtesy of Rainwater Management Solutions

drainag systems also use smaller diameter pipes. The pipes have to be full to create a siphon
while pipes in conventional roof drainage systems are often only half full. This difference allows
siphonic roof drainage systems to carry the same volume of wateralter pipes which reduces

the cost of materialsinstallation costs can be reduced by 30 to 40% due to the lower excavation,
backfill and trenching costs.

Harvested rooftop rainwater can be used indoors to flush toilets, clean floors, and wash
linens or as irrigation. As in the commercial setting, the soft rainwater is beneficial for cleaning
purposes as less detergent is needed, which not only saves money but also reduces the amount of
detergent released into the environmdnt.
addition, coolng and process water often
account for 8880% of industrial water use
(16). Harvested rainwater can be used for
cooling in all industries and for process
water in many industries.

Some companies opt to store water
a pond de to cost, location and aesthetics.
If rainwater is diverted to a pond, it should
be equipped with an aerator in the form of §
fountain to continually add oxygdfig. 5.
Water that is not used could also be directel
for groundwater recharge.

Figure 5. Collection pond with aeration fountain
Photo courtesv of Rainwater Manaaement Solutio

The Cabell Brand Center
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Rainwate harvesting not only allows@mpanythe potential to reduce watewosts, but
it also reduces stormwater runoff on the site. The stormwater reduction aspect of rainwater
harvesting holds this alternative water sowbeve otherbecause rather thaortributing to
stormwater runofbr energy consumption, it is reducing pollution and protecting local
waterways. The ability of this system to reduce stormwater runoff can also be |deerage
obtainingbuilding permits.

Agricultural

Rainwager harvestings ideal for farm animal drinking water and agricultural and
landscape irrigation, as it is salt free, easily attained, and reduces groundwater depletion and
pumping from local streams. Rainwater can be collected from rooftop surfaces like barns,
clubhotses, greenhouses and equipment storage buildings.

During summer months, Virginia often experiences quick, hard rainfalls. Such rain
events produce too much water in too short a time period for the ground to absorb, which results
in most of the rainwatdyeing lost to runoff. Rainwater harvesting systems are capable of
collecting rainwater from nearby roof surfaces during such rainfalls. Therefore, the heavy
stormés rainwater can be reapplied to the fie

Frequently, livestock buildings allow rainwater from the roofs to flow into areas occupied
by animals. This situation allows rainwater from these facilities to become contanfipated
fecal matter resulting in greater volume afmanure slurry that must lmeanaged. If rainwater
from these facilities is harvested, it can be used for watering livestock and washing down
facilities and animals. Harvesting rainwater from these facilities can reduce the amount of waste
water created as well as decreasing threada on wells and other water supplies.

Automatic watering troughs are an efficient way to provide clean drinking water to
livestock. Most of these units operate using pressure valves and can be fed by amaabdye g
gravity fed rainwater harvestingsgtgm. The roofs of loafing sheds orethgricultural
structures can be the source of this water. By decreasing pipe diameter of the pipe feeding the
trough, water pressure is increased to a level which can succespfdlyoat e t he tr ough
This type of rainwater harvesting system allows for a quality water supply at remote locations.

Fire Suppression

Rainwater harvesting offers alternatives to municipally supplied water for fire
suppression. Harvested rainwater can be directed to interioklepisystems and used in the
advent of a building fire.

Fire suppression can go beyond indoor sprinkler systems and protect buildings from
forest fires. Stored water flows backwards into the gutter system and overflows the gutters to
form a shield ofvater. While forest fires are not as common in Virginia as they are in the arid

The Cabell Brand Center
Salem, VA
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west, rainwater could serve as protection for some homes located in heavily forested areas in the
advent of a forest fire.

Another alternative is to collect rainwater for firgdrants. Rooftop and street runoff can
be directed to an underground tank connected to a fire hydrant. This prevents the reliance on
potable water to fight fires and can reduce connection costs, especially in areas outside the main
water distribution gd. Rainwater harvesting systems can also be used to meet fire suppression
water supply requirements in remote areas.

[rrigation

Because irrigation is such a large water use across all building types, reducing the
guantity of water needed for irrigatios an important stepApproximately 34% of all water use
in the United States is for irrigatiq6). Fifty percent of that water can be lost to evaporation
and runoff(17).

Therefore, when coujplg rainwater harvesting systems with irrigation, home/business
owners should take extra steps to ensure the harvested rainwater is applied as efficiently as
possible across the landscapgeplying more water than needed can cause runoff and nonpoint
souce pollution, thus canceling out the conservation and reduction in nonpoint source pollution
benefits of rainwater harvesting.

Scheduling
Table 1 Landscape plant crop oefficients(17)
High Normal

Trees 0.9 0.5

Shrubs 0.7 0.5

Ground cover 0.9 0.5

Mix: trees, shrubs, 0.9 0.5
Groundcover
Cool season turf 0.8

Warm season turf 0.6

Ideally, irrigation should be schedulbdsedn evapotranspiration (soil garation and
plant transpiration) data, which is based on recent climatic conditions. Virginia Tech recently
developed a website that calculates evapotranspiration based-tmeeelimate data and can

The Cabell Brand Center
Salem, VA
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be accessed Aattp://www.turf.cses.vt.edu/Ervin/et_display.htmlfhe website adjusts
evapotranspiration based on turfgrass species, but it can be utilizddodscape plants.

Table 1from thelrrigation Association Best Management &ree publicatiordetails the crop
coefficients suitable for all landscape plants. This number adjusts the evapotranspiration based
on the water requirements for the type of landscape plant being irrigated.

Historical evapotranspiratiorath for select Virginia cities is available at the website:
http://climate.virginia.edu/va_pet_prec_diff.htrithis website details potential
evapotranspiration, which is calculated throughanisal climate data. This website can be used
when determining how much water is needed for irrigation purposes.

Equation to determine water needed for irrigation in inches:
((Monthly ET x Crop Coefficient )7 Avg. monthly rainfall) x acres x 27,154gallons/acre
Example: Charlottesville, Virginia.

5.55 inches/month average summer ET

4.31 inches/month average summer rainfall

2,000ft’turfgrass area

(5.55 4.3linches/acrex 0.05 acres 27,154gallons/acre: 1,684 gallons/month

This equation i®nly an estimation of plant water needs. A rainwater harvesting or
irrigation consultant company can determine more accurately the irrigation needs, based on plant
type and water needs.

Water Conservation Tips

All landscape irrigators should follow igation best management practices, whether for
residential application or laregrale park application. The Virginia Rainwater Harvesting
Manual stresses the importance of following these best management practices to ensure that the
rainwater harvested igilized efficiently and effectively when irrigating.

The Irrigation Association has a detailed Best Management Practice publication available
online atwww.irrigation.org/gov/pdf/IA_BMP APRIL_2005.pd{17). The following will
summarize these findings in coordination with utilizing harvesting rainwater for irrigation
purposes.

The Cabell Brand Center
Salem, VA
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Installation & Maintenance

1 Hire a certified irrigation designer and contractodésign and install your irrigation system.
Double your efforts by hiring a WaterSense partner
(http://www.epa.gov/watersense/pp/irrprof.jtm

1 Designsystem (type and output) to meet landscape {@lasoil) needs.

Group plants will similar irrigation needs in the same irrigation zones.

1 Large scale irrigation projects should be audited by a certified irrigation auditor to ensure
system is applying water uniformly and efficiently.

1 Ensure system ioutinely maintained to ensure uniform and efficient water application.

=

Application

1 Use drip/micreirrigation or subsurface irrigation when applicable to reduce water loss
through evaporation.

1 Base irrigation timing on evapotranspiration rate and clintatnlitions, plant needs, slope,
soil infiltration, soil moisture, and rainfall.

1 Select system components that reduce runoff and maintain sprinkler irrigation below
infiltration rate to

ensure excess water is | Table 2.Selected native plants of Virginia(76)
not applied. Use soak

Herbaceous Plants Trees & Shrubs
cycles to ensure
appropriate water is Aster Redbud
applied, while
eliminating unnecessar Dephinium Dogwood
runoff. .
uno , Bleeding heart Sugar maple
1 Install water conserving
irrigation heads. Iris Sweetgum
9 Utilize alternative non )
potable water source Phiox White oak
when available. Black eyed Susan Water oak
9 Allow soil moisture to
deplete /allow plants to Coneflower Virginia pine
wilt slightly before Lobelia Witch hazel
watering.
1 lrrigate in the early Goldenrod Holly

morning when

evapration is low.(17) Azalea

The Cabell Brand Center
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Native Plants

Including native plants in landscape design reduces irrigation demands, compared to non
native plantings. Native plants are adapted to the local climate and rainfall events. Therefore,
supplemental irrigation is minimal. Nemative and invasive plantings may not be adapted to the
local climate and often require extra water, fertilizer and pesticides to maintain health. Many
commonly known horticultural plants are also Virgingtive plaats. Table 2ists commonly
known Virginia native plants. For compl ete |
www.dcr.virginia.gov/natural _hertiage/nativeplants.shtb find localnurseries that sell
Virginia native plants, visit the Virginia Native Plant society websitevaiv.vnps.org

The Benefits of Rainwater Harvesting

Environmendl

When rain fallsit lands on a rooftop, drains to the gustand drainpipesndthen is
diverted either across land or to storm drain pigess rooftop runoff ultimatelyeachedocal
waterways. When the rainwater is carried across landscapes, it picks up detrimental pollutants
like bacteria from animal exements or decaying animals, chemicaistals,nhitrogen and
phosphorus from fertilizers, opesticidessedimentnd trasi{18). All of thesecollected
groundsurface pollutantsontaminatevaterways and affect native aqugplants and animals.

The Virginia Stormwater
Management Act states that all localities
covered under the Chesapeake Bay
Preservation Acbr designated as a /5 4
Municipal Separate Storm Sewer System A ”"’ s,.’k
(MS4) (Fig. 6) are required to adopt a local .y \

AT TN

stormwate management program, while a

localities located outside this area may Figure 6. Virginia localities required to establish a

; local stormwater managemat program.
voluntarily adopt docal Stormwa_telj ) Figure created by Virginia Department of Conservatid
management progra(€ode of Virginia 8 and Recreation.
10.1-603.3)

The Chesapeake Bay and its connecting rivers are plagued by nutrient and sediment
pollution, which is a result of stormwater runoff. Effort is placed on protecting the Chesapeake
Bay due to the diverse habitats and organisms that live in and around the watershed, which
stretches through New York, Pennsylvania, Maryland, Delaware, Virginia,istrécDof
Columbia, and West Virginia. Since Half of Virginia drains into the Chesapeake Bay watershed
andtwet hi rds of Virginiads population | ives with
this area impacts many.
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The Virginia Water Resourcesid Research Center recently developed a tool to assist in
determining stormwater Best Management Practices (BMP). Rainwater harvesting was
identified as one BMP that would havgealitah fAposi
of stormwater rundffrom a sit® (19). Rainwater harvesting was further ranked as the best
stormwater BMP for impervious areas greater than 66% and building roofs at a Blacksburg, VA
case study site. Rainwater harvesting was ranked higheotiirancommon stormwater BN
such asegetated roofs, pous pavement, and bioretentiareador the case study scenarios.

(19)

Installing rainwater harvesting systems in areas where nonpoint source pollution from
stormwater runoff i® severe threat to stream integrity can significantly reduce pollution loads.
Since stormwater runoff can also lead to flooding in areas, harvesting rainwater combats
flooding by reducing peak flow from high rain events.

Local cities may wish to investit@mthe economic and environmental impact of utilizing
rainwater when investigating alternative water sources. For example, a student at Portland State
University researched the feasibility of installing rainwater harvesting systems in an urban
Portlandneighborhood He determined that upon the installation of 4,500 gallon tanks, runoff
could be reduced by 68%, while reducing demands on municipal water supplies-fmtable
water demandg0). Also, an economic study in &yey, Melbourne and southeast Queensland
investigated the feasibility of utilizing rainwater harvesting over desalination to supply
increasing water demands. The report stated that if five percent of households utilized rainwater
harvesting, they would dlect and supply as much additional water as planned by the
desalination planf21). Desalination is a very expensive process, especially to provide potable
water for norpotable needs, and results in toxic concentrated gqdtdulucts. Rainwater
harvesting may prove profitable for localities wishing to conserve dollars, water and the
environment. The economic benefits of rainwater extend beyond water supply costs, as
discussed in the next section.

Economic

The economic fesbility of harvesting rainwater differs based on many factors, i.e.
precipitation frequency, water consumption needs, prices of local water and wastewater
treatment, cost of installation and maintenance. More importantly is thedonmgeconomic
feasibl i ty, which is based on the buildingds oper
combination of a high building lifespan at least 40 years,-gigility and sustainable
prefabricated components, and minimum system servicing needs equates to rainwvaséngarv
being economically feasible and ecologically sensitive.

Utilizing inferior quality, less expensive, prefabricated components translates to higher
service costs as these components must be replaced during the life of the building. Installing
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high-quality prefabricated components that last the life of the building is a sustainable building
practice that is both economic and environmentally responsible.

While the most obvious economic benefit of rainwater harvesting is a savings on water
bills, rainvater harvesting can also provide significant savings as a stormwater management tool.
Integrating rainwater harvesting into the initial stormwater management plan can decrease the
size of other stormwater facilities which helps offset the initial coatrafnwater harvesting
system. The costs of stormwater management p
square feet of impervious area treatedo basi s
should be assessed on a elag&ase basis.

The use of rainwater harvesting can also decrease any assessed stormwater fees which are
becoming increasingly common in Virginf@able 3. Some municipalities, such as the city of
Chesapeakevhich allows for up to a 40% reduction in the stormwater utility fee, have

Table 3. Virginia stormwater utility f ees

Unit
(. ft.) Source

City Fee

Portsmouth $6/month 1,877  http://portsmouthva.gov/publicworks/stormwater/utilityfee.h

Norfolk $8.08/month http://www.norfolk.gov/publicworks/stormwater.asp
(residential) '

Norfolk
(nonresidential)

$0.182/month

http://cityofchesapeake.net/services/depart/pub
wrks/stormwateffaq.shtml#how_calculate

Chesapeake $6.85/month

Newport News  $5.1/month http://www.nngov.com/engineering/resourcesiswarge

Prince William
County $26.36/year

(single family) http://www.pwcgov.org/default.aspx?topic=040076003170(

Prince William
County $19.78lyar

(townhome/condo)

Prince William
County $12.80/year

(nonresidential)
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guidelines for how stormwat&MP0 ,dike rainwater harvesting, affect the stormwater utility fee
(22). Guidelines from the Virginia Depanent of Conservation and Recreation on using
rainwater harvesting for stormwater management are currently in development.

Taxes

Some states like Texas offer tax incentives for individuals and businesses interested in
installing rainwater harvestingstgms. In 2001, Virginia passed Senate Bill 1416, which gave
income tax credit to individuals and corporations that installed rainwater harvesting systems.
Unfortunately, this bill was never funded so it fell to the wayside. However, work is underway
to lobby for future tax incentives as rainwater harvesting is an environmentally responsible and
economically feasible approach to conserving water and reducing nonpoint source pollution.

Cost of water

From 2003 to 2008, the average cost of water in theed8tates increased 29.§23).
Prices will continue to rise due to increasin
Water Act guidelines, upgrade deufig infrastructures, and instalbnservation programs. Mb
US infrastructure was first installed after World War 1l and many are at or past the 50 year
expected lifespan. Therefore, water costs are sure to rise to help offset the
replacement/rehabilitation cost. Reducing potable water demand through raimaveésting
could eliminate the need for infrastructure expansion.

Installing a rainwater harvesting system can help residents reduce their water supply
costs. With rainwater harvesting systems, most of the cost is upfront cost, but systems ultimately
payfor themselves within a few years, depending on the system and local water prices. This
time could be reduced, depending on how quickly municipal water costs increase. Appropriately
designed rainwater harvesting systems will have minimal maintenartseasssciated with its
upkeep and therefore will show the best lbeign relationship between cost and financial
benefit.

In someurban areas, rooftop runoff is directed to storm draingfatto water
treatment facilities. These large pipes are exgerie install and travel many miles through
urban areas. When a heavy rainfall occurs, the water treatment facilities are overwhelmed with
stormwater, which causes systems to overflow and even contaminate local waterways with
untreated sewage. Classifgirainwater as sewageusnecessary, wastessourcesand cause
unnecessary pollution.

Through a downspout disconnect program, many cities have reduced the number of
downspouts connected to sewer systems. In doing so, rooftop runoff is insteapdbedl.
While the disconnect program addresses wastewater treatment overloading, it does not
necessarily address nonpoint source pollution from stormwater runoff. In fact, inappropriately
directed downspouts (i.e. to impervious surfaces) can increapeinbosource pollution.
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Municipally supplied water is treated to drinking water standards. Potable water is not
needed to flush toilets, wash clothes, wash vehicles, fill pools, fight fires, or irrigate lawns.
Therefore, additional money and resouraesbeing wasted when potable water is consumed for
non-potable demands.

Rai nwater harvestingdés economic feasibild.
values. Rainwater is soft, which means less detergent is used and released into the environment.
Also, rainwater harvesting systems with a connected vaporization system can raise site humidity
and create a healthier microclimate. This is ideal for city areas dealing with air pollution.

Likewise, utilizing rainwater as opposed to municipal and water benefits local streams,
lakes, ponds and groundwater sources since less water will be pulled from these sources. Such
benefits may not have a direct price tag, but their value is long lasting and considerable.

Installing and utilizing rainwaterdrvesting systems can have a triettevn effect and
cause other companies/individuals/organizations to be more environmentally conscious for
environmental, economic and political reasons. Rainwater harvesting systems typically increase
residential propey value and offer current and future residents the opportunity to live an
environmentally responsible lifestyle.

LEED Certification

With continuing population increases, demand for housing and retail shops will also
continue. Thus, development is niaely to stop anytime soon. However, green building design
reduces the environmental impact of development. By following green building practices, LEED
(Leadership in Energy and Environmental Dekiggrtification can be attained.

Il n t he |halniged $t&e3 Gréen Buildingouncil (USGBC) developed a
LEED certification processyhich certifies buildings based on environmentally conscious
design. Rainwater harvesting is one component that can lead to certification, as it is identified as
a sustaiable water source and reduces environmental impact through reduced stormwater runoff
and reliance on municipally supplied water.

To attain basic LEED certification, 26 to 32 points are needed. Rainwater harvesting has
received increasing attentiontime LEED certification processiNater efficiency, reducing
indoor water use by 20% below a baseline case, is now a prerequisite for LEED certification. In
addition, wth the newly revised guidelines, amaater system can be used to gain upzo
pointsas follows:

1 SS Credit 6.1:Stormwater design: Quantity controReduce the total volume of
runoff from the site by capturing andusing the rainwater from the roof
o 1 point
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1 SS Credit 6.2:Stormwater design: Quality contraCapture and reise or infiltate

rainfall from the 10 storm (storm si ze
o 1 point
1 WE Credit 1: Water Efficient LandscapindJse rainwater for 50%r 100%o0f site
irrigation
0 2-4 points

1 WE Credit 2: Innovative Water TechnologiReduceby 50%potable water demand
for sewage conveyand® using harvested rainwater
0 2 points
1 WE Credit 3: Maximize Water EfficiencyReduce potable watese in thebuilding
by 30-40% by using harvested rainwater
0 2-4 points

According the USGBC website, 77 buildingsVirginia have some level of LEED
rating which is up fom 20 buildings in 2007, whehefirst edition of theVirginia Rainwater
Harvesting Manual was writtg24).

Low Impact Development

Low impact development (LID) ai;m t o mi mi -developrsenthyarolsgy pr e
through the use of innovative techniques and design. Typical development designs include a
variety of impervious surfaces like roofing and paving. Through LID, designs aim to curtail the
stormwater runoff fromn these impervious surfaces or utilize alternative products that infiltrate,
filter, store, or detain runoff water

Residents and business owners that wish to retrofit current buildings or build LID
dwellings can look to rainwater harvesting as an apprtmacbhmbating the serious issue of
stormwater runoff. Blacksburg, Virginia included rainwater harvesting in Bresign Manual
for Low Impact DevelopmenfThey identified rainwater harvesting systems promote water
conservation, reduce peak flow leveksjuce reliance on ground and surface water, allow for
groundwater recharge, and reduce stormwater runoff and nonpoint source p{&jion

Rainwater harvesting guidelines

During the developmental phase of the modern rainviaeresting system, some
countries investigated water quality and technology improvements. Germany was the leader in
these studies between 1987 and 1997. These studies and practical experiences assisted in
drafting rainwater harvesting technical standarghich focused on improved prefabricated
components. The studies also gathered data referring to potable apotaiole rainwater
guality, economic efficiency, and system design.

The Cabell Brand Center
Salem, VA
www.cabellbendcenter.org

Pagel8




Virginia Rainwater Harvesting Manual | 2009

Creating national and international rainwater harvesting standardssistnras
developing low maintenance, safe, and sustainable systems with minimum ecological
disturbance. International businesses have made strides in recent years to produce high quality,
sustainable rainwater harvesting components, which has influereeditha r k et 6 s expans
However, the promise for economic gains fueled inferior companies to produsestamable,
mediocre products

Todayods rainwater harvesting system design
Installation, Operation and Maintamze(26), to ensure designs are highality and safe.
German water providers, water quality specialists, local authority districts, professional
organizations, and ministries of environment and health all follow these standar

Adopting DIN 1989 would be another step to establishing international rainwater
harvesting standards. All practical experiences confirm that the German standards are sufficient
to reach a technically sustainable and safe rainwater harvesting désapefore, in countries
where such standards and regulations do not exist, i.e. the US, the German standards can be
adopted.

Rainwater harvesting design and installation requires a network of professionals.
Component prefabrication companies, architesmgjineers, craftsmen, water providers and local
authority districts all are involved in designing, installing and regulating rainwater harvesting
systems. Like every new technology, involving only the most qualified personnel ensures a
successful and stainable product.

Rainwater harvesting systems should be designed to ensure water maintamsalitgh
while in storage. This is accomplished through the implementation cfjiglity products that
divert, collect, and store water.

Systems shoultlilfill the following DIN 1989 guidelines:

Fortify rooftop runoff with oxygen

Eliminate fine and coarse particles prior to storage
Ensure stored water is high in oxygen

Protect stored water from contamination

Provide highquality, sustainable components
Reguire minimum maintenance.

= =4 =4 4 -4 -

In the U.S., ainwater harvesting guidelines and regulations can be divided into two major
categories: ones that address the treatment and use of rainwater and ones that address using
rainwater harvesig for stormwater managemte Unfortunately, the regulations for Virginia are
still largely in development, but examples from other states can provide guidance for designing a
rainwater harvesting system.
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Rainwater harvsting for stormwater management

Interest in using rainwatemhvesting for stormwater management has also spurred the
growth of regulations. In North Carolina, a propesiged rainwater harvesting system can be
used to downsize other stormwater management
must be ofm( S)i tesedr (2) treated and released,
Quality 2008). A computer model from North Carolina State University is used to determine
the stormwater benefits of a cistern. A similar model is under development fori&indiich
will incorporate recent/pending changes to stormwater regulations and provide an accessible way
to design rainwater harvesting systems for stormwater management.

Rainwater as a water supply

As rainwater harvesting has increased in popularithas@ the number of regulations
about rainwater harvesting. At this time, the Commonwealth of Virginia does not have
regulations specifically addressing the use of harvested rainwater. In the Department of Health
regulations in the Virginia Administrativeode (2VAC5-610-1170, guidelinesare provided
for the use otisterns but the guidelinesr e i nc | ud e d ndling ahdhdisposalS e wa g e
regulations andappear tanly apply in situations where harvested rainwater will enter an on
site sewage disposalgtem. Other states, as well as the federal government, have provided
more specific guidelines on the use of harvested rainwater. Faced with a significant drought, the
Georgia Departent of Community Affairgleveloped an appendix to the state plumbiagec
that authorizes the use of harvested rainwater for cooling towers and toilets and2irinals
This regulation requires filtration of rainwater before distribution for all uses and requires
disinfection (UV, ozonation, dbrination, etc) if the harvested rainwater is used for toilets and
urinals. Rainwater inside the building must be in prpes labeled as ngrotable(27).
Appendix M of the Oregon plumbing code, adopted in 2008, andltemate Method Ruling
Number OPSC 083 similarly requires that piping for the rainwater system be labeled as non
potable. The Oregon code also mandates gutter screens and first flush diverters and includes
guidelines for use as a potable and-potablewater sourc€28). The Texas Water
Development Board has developed extensive guidelines for the use of harvested rainwater in
Texas, including se as a public water syst¢29).

Until Virginia has established guidelines, recommendations from the Low Impact

h

Devel opment Center of the EPA in their public
I nfrastructur e: Muni ci pal Handbook: Rai nwat er

for rainwaterharvesting systems in Virginia. This document was designed to help municipalities
develop regulations for rainwater harvesting and divides rainwater use into three categories:
outdoor use, indoor nepotable use and indoor potable use and gives guidaneetier quality

and treatmen(30).
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Design guide

This manual was created primarily to guide readers in designing rainwater harvesting
systems. Because statewide standards are not available, guidelines are given tiesedst
scientific evidence as well as guidelines from the EB®, state code in Oregon(28) and
Georgia(27) and the Texas Manuah Rainwater Harvestin@9). The design section works
through a rainwater harvesting system from the roof collection surface to the end use. The key
considerations for each section are highlighted in blue at the start of the section. For readers who
want more information, these considerations are explained further below. Relevant
legislation/guidelines specific to that section are highlighted in yellow. All rainwater harvesting
systems must be constructed in accordance with the state building coelé a&s Department of
Health regulations. This manual deals only with rainwater harvesting systems collecting from
roof surfaces. In rare cases, rainwater can be harvested from parking lots, lawns, etc. However,
these surfaces present higher risks otamination of the stored water and, therefore, generally
require more treatment before use. Rainwater collection systems using catchment surfaces other
than roofs should only be designed by engineers/designers with experience with rainwater
harvesting.
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Key considerations

Roof materials should be nguorous and smooth.

For retrofit installations, the quality of water harted from the roof (ideally through the
gutter and downspout system) should be analyzed to determine appropriageend
Copper roofs and roofs with lead components (for example, flashing or solder) shoulc
be used in any application with a potent@ fiuman ingestion (for example, drinking
water, pool filling, vegetable gardens).

Aluminum and rubber membrane assommended roof materials for rainwater harvesti
Green roofs should be used with caution in rainwater harvesting and rainwater harve
from greerroofs with soil bases should only be used for irrigation.

Relevant legislation/guidance:

M National Standards Foundation, Protoedbl: Health Effects from Rainwater Catchmen
System Components
1 Virginia Administrative CodeTitle 12, Agency 5Chapter 610, Section 1170.Cisterns

Roof materials

When rain falls on a roof, it can pick up contaminants both from the roofing material and
material deposited on the roof surface. Material on the roof surface can be contrakebolyso
cleaning the roof and trimming trees back near the roof, but many of the sources of material
deposited on the roof, such as nearby industrial facilities, are outside of the rainwater harvesting
system designer 6s hands adesign é&oiaefarnd nag haveaat er i a |
significant effect on the quality of harvested rainwater. Chemical reactions on the roof are often
rapidbecause of the acidity of rainfall and the high temperatures on many ro@&19p3hes
reactions make the choice of roofing material an important consideration in designing a
rainwater harvesting system, particularly for potable uses. The choice of roofing material will
also affect the quantity of rainwater available as some materiaidaater.

Metal roofs

Metal roofs, with the exception of copper and roofs with lead components are
recommended for rainwater harvestirigetal roofs have many advantages for rainwater
harvesting, including a smooth surface and a high runoff coefficigmfiortunately, metals are
also leached frormany of these roof§2) (33) (34). Aluminum and zinc are often found in
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runoff from roofs containing these metéB2). While presence of these metals in a water supply
may have aesthetic effects (effects on color from aluminum and effects on odor and taste from
zinc), they have not been identified as health r{&8. Ingestion of copper, however, can cause
gastrointestinal symptoms and possibly kidney and liver damage withdomgexposuré36).

The EPA has identified copper as a primary drinking water contaminant with a Maximum
Contaminant Level Goal of 1.3 pp(@6). Copper concentration in runoff from copper roofs can
beashigh as 12 ppm, even when backgrouridwater concentrations are |q{&3). Lead

flashing, sometimessed on metal roofs, also presents a significant health risk. Even though

lead flashing generally represents only a small percentage of the surface area of a roof, it can still
contribute a significant quantity of lead to the-afficausing lead carentraions of up to 0.42

mg/l (37) The EPA identifies public health goabf zero and an action level of 0.015 mg/I for
lead(38). Because of the potential for contamination, copper roofs and roofseatth

components should not be used for potable uses, fruit/vegetable gardening, or pool filling. Other
metal roofs, however, are excellent choices for rainwater harvesting systems.

Asphalt shingle

According to the Virginia Administrative Codasphalticoofing material camot be used
as a catchment surface for cisteifrtbe water will eventually be sent to an-site septic field
(12VAC5-6101170. This section ofthecodelisocat ed i n the ASewage Ha!
regulations and seemgdgely to address potable wateisphalt shingle roofing has been
identified as a source of both lead and cuey (39). However, the specificomposition of
asphalt shingles varies widely. For refitcsituations with an asphalbof, preliminary water
guality sampling of runoff from the roof is likely the best way to determine appropriate end uses
of the water.For new construction, roofing materials other than asphalt shingteeaezally
preferable.

Wood shingle

Because o# low runoff coefficient and many of the products used to treat wood, wood
shingle roofs are not recommended for rainwater harvesting. Chromated copper aggAate (
treatedwood and untreated wood have both been shown to contribute aasdraoppem
measurable quantitieée runoff(32). Wood shingles can also reduce the pHuofoff, making it
more acidiq31).

Cement tile/terra cotta tile

Tile roofs should be used with caution in rainwat@mviesting systemsSemiporous roof
surfaces like terra cottdes absorb sme of the water, thus reducitites y st emdés wat er
collection efficiency.In addition, tiles have been shown to contribute significant quantities of
lead, copper andadmium to unoff (40). Finally, the uneven surfaces and absorbed water in the
tiles may create an ideal growing environment for bacteria and algae.
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Asbestos

Asbestos/cement shingles and tiles were common roofing materials prioregpvadd
concern and regulation because of the health effects of asbestos. While the primary health risk
of asbestos is inhalation of fibers which can lead to respiratory problems and cancer, some
studies have found statistically significant increasesnter rates, particularly gastrointestinal
cancers, in areas with asbestos in the drinking water s(#ibly Little research has been done
on the asbestos concentration in runoff from roofing material made with asbestbs, but
available research does indicate that concentrations may exceed EPA drinking water standards
(42). Out of precaution, rainwater harvested from roofs made of asbestos materials is not
recommended for any use with signifitiwuman contact.

Green roof

Vegetated roof surfaces with a soil base absorb most of the water that falls on the roof
and only 10% to 20% of the runoff is collected. The collected runoff is typically a brown color,
thus only suitable for landscape irrigan. However, up to 30% of rainfall runoff from vegetated
roofs with a gravel base is collected. This water is also a clear color so it is suitable for both
indoor and outdoor use.

Membrane roof

Membrane roofs create an ideal surface for rainwateektng. These roofs have a high
runoff coefficient and have not been shown to add harmful contaminants to the harvested
rainwater.

Roofing materials designed for rainwater harvesting

Some international companies have designed roofing material spegifiealgned for
potable rainwater harvesting. The roofing material is typicallypaiated zinc and aluminum
coasted steel. Some common brand roofs are Colorbond® and Zincalume®. Although these
roofing materials are more common in Australia, the glofeket allows for availability even
in the US. The National Standards Foundation has also established PrBi&dolHealth effects
from rainwater catchment system componeviigch identifies roof materials and coatitpat
have been certified to not Idaany contaminants at levels identified as harmful to human health
in EPA Drinking Water guidelines. A list of certified products is available at
http://www.nsf.ordCertified/Protocols/Listings.asp? TradeName=&Standard=P151

Roof slope

Roofs with a pitch work best for rainwater harvesting, as water is easily moved through
gravitational force. Since organic matter can build up between rain events, a steepsproof al
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allows water to move more efficiently and quickly across the surface, which helps clean the roof
surface(43).
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Gutters and downspouts or roof drains

Key considerations

Gutters and roof drains should be designed in accordance to local code.

Half-round or trapezoidal gutters with 0.5% slope for 2/3 and 1% slope for 1/3 of the |
are preferred for rainwater hartieg because of more efficient drainage

For large, flat roofs, siphonic roof drainage systems can reduce installation costs and
decrease the required burial depth of belowground tanks.

Relevant legislation/guidance

1 International Plumbing Code, 2006 Editi Section 11.4
T Ameri can Society of Mechani cal Engi nee

Gutters and dowspouts

‘_-I square A rainwater harvesting system is compatible with
any gutter and downspout system, but research has shown
that some design choices can improve the functioning of the
\_/ system. Gutters have twaain functions: capturing water
from the roof (intercepbn) and conveying this water to the
\ [ Trapezoidal downspouts (conveyance). Both of these functions are
affected by gutter shape and gutter sloRes@archshows
that guttering systems should be pitcH&&% for 2/3 otthe
length and 1% for the remaining Id8thelength andideally
a semicircular or trapezoidal shagEig. 7) for optimal interception and conveyan@e). The
change in slope is required because gutters continue to collect rainwater along their entire length
(i.e. the parbf a gutter near the downspout is carrying water from a bigger roof area and
therefore more water than farther from the downspout). Increasing the slope lets the same size
gutter carry a greater volume of watétalf-round and trapezoidal gutters atggested because
they areable to drain a greater roof area (i.e. carry more water) with the same amount of material
used to make the guttéhe same gutter perimeter). Assuming that the price of gutters is
dependent on the amount of material used to rttekm, the halfound and trapezoidal gutters
should be more costffective and water velocity should be higher leading to more efficient
draining and removal of debrigl4)

Half-round

Figure 7. Common gutter shapes
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Gutter systems should remain free from debris dina#ls. This ensures water moves
freely from roof surfaces to the storagek.Installing covered gutters or adding guards to
existing gutters is ideal to prevent debris buildup and clogging.

Roof drairs

While rainwater harvesting systems canregrated
with any roof drain system, siphonic roof dra{fgy. 8) present
a number of advantageSiphonic roof drain systems generall
require fewer, and smaller, downpiew less underground
piping. The systerde_sgner can frquently_ locate all_dumpes Figure 8. Siphonic roof drain,
on one side of the building. When siphonic roof drains are ug photo courtesy of Jay R Smi
in conjunction with rainwater harvesting, this means that the ManufacturingCo.
downpipes can be located near the cistern. When conventiofeu
roof drains are usedstead of siphonigipes often haveotbe
brought longer distances (often either around or under the building). This not only requires
additional pipe and site work, but because of the required slope on the pipe, can result in deeper,
and therefore more expensive, burial of the cistera. 9).

Conventional roof drain system Siphonic roof drain system

Many Few
vertical | vertical
downpipes downpipes

Extensive underground piping 1 I\/.Iir.1imal underground -
pipng

Shallower cistern
burial

Deeper cistern burial

Figure 9. Schematic representations of a conventi@l roof drain system and a siphonic roof drain system
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First flush diversion and pre-tank filtration

Key considerations

The f i r satandend(25aallans per 1006)fshould be diverted to a pervious
area (preferably a stormwater BMP) and not stored in the tank.

The first flush diverter ofilter should not require maintenance between each rainfall e
| f necessary, this Afirst flusho can
may require periodic cleanirdpe to sediment buitdp.

Particl es | ar g eshouldbedilteredoutbefarerentdriig/thé tark.) If th
filtration is not possible, the tank system should include a settling area which will req
yearly cleaning.

Relevant legislation/guidance

1 Virginia Administrative CodeTitle 12, Agency 5, Chapt&10, Section 1170.Cisterns

First flush diversion

The initial runoff from aroof surfage c al | e d tdereralfjrindges tsetrooff | us h o
leading to cleaner water as the rainfall continuésr exampleboth iron and zinc concentrations
in runoff from a polyester roof were fourtimes higden r i ng t he f i thanthe 0. 08 0
steady state concentratitater during the same rain eu€45). This trend oftleaner water later
in a rain evenis true for sedimen39), metalg(45), bacteria(46), andevenpesticideg47).
Becausamost of the possible contaminants are rinsed from thedwaigthe start of a rain
event, diverting the first flush from the taskouldgreatly mprove the stored water quality.

While estimates of the depth ofmaequired to rinse the ob varies, diverting the first 1
mm (25 gallons per 1,000%¥tof rainfall should protect water qualitfhe depth of rainfall
needed to rinse the roof and bring contaminant levels down to steadyesiatels on the
intensity ofthe rainfall andhe typeand conditiorof theroof (48). First flush diversion can be
accomplished by fied volume diverterer first flush filters (Fig. 1 Fixed volume typically
filled aholding chambewith rainwater athe start of an evemind once the chamber is full,
rainwater is then diverted into the tank. The chamber periodicaky be cleaned to rid the unit
of clogging déris, which decreasesthe s ef fi ci ency and i mpedes
quality. First flush filters, however, divert rainwater until the stainless steel mesh is wet. In this
way, the quantity of water diverted is proportional to the intensity of rainfall and may more
accurately match the true first flush volume.
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Pre-tank filters

Pre-tank filtersprotect the quality of rainwater stored in the tagkpreventing the
introduction of debrisA study of rainwater harvesting tanks@mtarioshowed generally
improved cistern water quality in a system with a vortextank filter compare to systems with
only first flush diverters or no piark treatmen{49). The logic behind préank filtration is
simple. A buildup of organic debris in the tank would lead to greater decomposition resulting in
low oxygenlevels and a build up nutrients in the tank. Low oxygen conditions can lead to the
development of odors as well as favor the growth of harmful bacteria in the tank.

Filters collect rainwater through a straining action, whichuegthrough some fornfo
screen or mesbetween the rainwater from the roof and the clean rainwater outlet to the tank.
Depending on the design of the filter, rainwater quality can be impeded if leaves are allowed
cdlect on the screenormesh  Not onl y ineyistreducedfdechyingleabes e f f i
leach contaminants into the stored rainwatélters equipped with made screens or nibsi is
selfdrying and prevent microbial growth are the best at protecting rainwater quality and filter
efficiency. Filter fabric shold dry between rainfall events to
prevent algae and biofilm growth, which could block the fabric
pores. Also, fabrics should be made of stable materials that dg
change shape and can withstand temperature changes, ice
formation, and frost. Stainlesteel is considered the best filter
fabric because it can withstand all weather conditions, even ice
formation and frost, is self cleaning and self drying, maintains
shape, and does not rust, thus reducing contamination likelihodd.

There are few filteren the meket that utilize both the first
flush and straining mechanismis harvest rainwater. Figure 1
shows a cross section of a filter with a stainless steel bottonfless
strainer that prevents debris from entering the tank, but also rk]@igure 10, Filter with first flush
with a firstflush action through the capillary action of the straingr. and straining capabilities
The stainless steel strainer is allowed to dry itwben rain Image courtesy Wisy AG
events, thus preventingicrobial growth.

The goal of a higlguality filter is to not only eliminate contaminants but also supply
oxygen to water during the filtration process. An advanced filter does not restrict the diameter
of the gutter and ipositioned either vertically connected to the gutter system or horizontally
connected to the downspouts.

Modern filters require low maiehance and cleaning and can efficiently collect more
than 90% of filtrated rainwater. To ensure the effectiveness of the filter, the appropriate filter
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should be paired with the appropriate roof area. Also, utilizing high quality filters ensures water
is sufficiently filtered, oxygenated and directed to storage tanks.

High quality filters need inspection only a few times a year and should last the lifespan of
the building. Purchasing sustainable products for rainwater harvesting further emphasizes the
environmental impact by conserving watenergyand production resources. Research should

be conducted to ensure high

qguality products
design.

The Cabell Brand Center
Salem, VA

Page30
www.cabellbendcenter.org




Virginia Rainwater Harvesting Manual | 2009

Storage tanks

Key considerations

Aboveground tanks should be opaqgue to prevent algae growth, UV resistant to preve
failure, and piping should h@otected against freezing or drained in the winter.
Belowground tanks must be appropriately loated for the site (i.e. under a pedestrian
area or a parking lot).

Tanks should be installed according t
Only watertight tankslesigned for storage, not stormwater tanks designed for infiltratic
should be used in rainwater harvesting systems for indoor use.

Tanks should be sized according to the roof area and the anticipated demand. For
stormwater use, the tank should be siaecbrding to guidelines from the Department of
Conservation and Recreation

All tanks must include an adequate, screened vent pipe

All tanks must have at | east a

manway must be designed to prevent ovetliow into the tank.

Relevant legislation/guidance

1 NSF Standard 61

Tank selection is based on three main criteria: size, location and maten.size is
always dependent on the roof area and the anticipated use of the water. However, size decisions
may also be based on availability of space orsitee stormwater or LEE® requirements, and
the availability of a backip water supply.Tank size selection will affect possible tank locations
and location and size will then help in the selection of tank materials.

Tank sizing

While rainwater harvestinigas a number of environmental benefits, it must also be
economically viable to enter the mainstream of building practices. Because the tank is often the
most expensive componentafainwater harvesting systd@0), decisioamaking on tank size
can have a strong impact on the payback period and economic feasibility of rainwater harvesting
(50). The first step in selecting a tank size is choosing a tank selection criterion:

1 If the backup watersupply is of poor quality or low quantity, does the rainwater
harvesting system need to meet the demand as close to 100% of the time as possible?
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1 Does the tank need to be the most-&ffctive size possible?
1 Does the tank need to meet stormwater defaa

In all cases, the tank should overflow occasionally so that floating debris can be skimmed from
the water surface. Once the tank sizing criterion has been selected, the most accurate way to
select the appropriate tank size is to model the systdma.volume of rainwater collected from a
surface can be calculated as

Volume of rainwatggal)=Area of roofft?) x Collection efficiency x Depth of rainfall(in)x62

The collection efficiency is
based on both the roof type an
the efficiency of theilters and
0.62 is a conversion factor fro
ft?-in to gallons. With this
eqguation and estimates of how
much water will be used, the
system can be modeled to
determine the best tank size.
Larger tanks are able to suppl
a greater percentage of dema
becaise they can capture more
rain from large events.
However, there is often a point
of diminishing returns beyond
which increasing the tank size
providesonly a marginal
benefit (Fig. 1)

Percent of demand met by rainwater

Using monthly averages 5 10 15 20
of rainfall can lead to Tank size (thousands of gallons’
significant errorsn tank sizing. J Figure 11 Sample graph showing how storage tank size affects the
Imagine two cities; each amount of water supplied by a rainwater harvesting system. As tan

. . . size increases, so does the percent of demand ntlegugh the
receives 4 inches of rain per R increase is very small at large tank sizes. This hypothetical case of
month. If City A has only one J office building with a 20,000ft? roof collection area and a 600 gallon
storm a month and all 4 inchesll P& day use in Charlottesville, VA is provided courtesy of Rainwatel

) - Management Solutions.
of rain fall in one day, a large
storage tank will be needed. If City B receives a little rain each day, only a ssimadjestank
will be needed. For example, for a 10,060 dbtprint office building, in City A, the rainwater
harvesting storage tank would need to hold over 20,000 gallons, while in City B it could be less
than 900 gallons to capture all of the rainfblater was used every dayResearchers have
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modeled rainwater systems with time intervals as small as 15 minutes but have found that daily
modeling is germlly sufficient(51). For many locations in the US, daily rainfaditd can be

obtained from the National Climatic Data Center or a professional rainwater harvesting company
can be consulted for tank sizing assistance. For stormwater management, tank sizing support
will soon be available from the Department of Consermatiod Recreation.

Tank location

Tanks can belacedeither above or below groundror both options, water should be
able to gravityfeed to the tank except in rare circumstances. Locating the tank near the building
and the water use reduces the amo@ipipe and site work necessay well as pump demands
Though no hard and fast rules govern the decision of gbowedor belowground tanks, in
general, once the storage volume exed€j000 gallon®r multiple roof drains or downspouts
are being usedielowground storage is often the most viable opti®ayond this, dnk location
is dependent on aesthetics, climate and soil conditiSBome prefer not to see the storage tank
and opt to bury it. However, placing tanks underground tmthe installabn costs and may be
limited in areas where soil is especially rockyareas with a high water tableNhen tanks are
installed below ground, water is maintained at a cool temperature and light is blocked, which
reduces the chances of bacterial growth.

Tank materials

In general, any water storage tank can be usadamwater harvesting system, though a
few features of common tank materials must be taken into account. Similar to metal roofs,
unlined metal tanksnay leach some metals into the storedewahich may make water
unsuitable for drinking. Concrete tanks provide an advantage over other tanks systems because
they neutralize the acidity of harvested rainwateome tanks are not suitalbte certain
climatic areasyvooden tanks are not recoranded for hot, dry locations. Since Virginia is a
fairly humid state, woothanks can be used throughouthe tables below reference pictures and
descriptions of available tank materials and their corresponding advantages and disadvantages.
Storage tankased in systems that will supply potable water shmddt ANSI/NSF Standard 61
and FDA standals
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Table 4. Rainwater tanks

15,000 gallon fiberglass tank

Image courtesy Containment Solutions

1,700 gallon polyethylene below groundka

Image courtesy Rainwater Management Solutions

| | Y= 1}

|

1,000 gallon polyethylene above ground ta

Image courtesy of Rainwater Management Solutions

100 gallon recycled plastic rain barrel
Image courtesy Rainwater Harvest Specialists, LLC

35,000 gallon modular plastic rain tank
Image courtesy Rainwater Management Solutions

3,000 gallon steel tank

Image courtesy Aqua Irrigation

The Cabell Brand Center @&

Salem, VA
www.cabellbendcenter.org

THE '
CABELL'BRAND
CENTER

Page34



Virginia Rainwater Harvesting Manual | 2009

Table 5. Rainwater tank material comparison
Tank Material Advantages Disadvantages

Plastic

Fiberglas commercially available must be sited on smooth, solig
integral fittings (no leaks) level footing(for aboveground)

durable with little maintenance expensive in smaller sizes
light weight

Polyethylene commercially available can beUV-degradable
affordable, must be painted or tintefdr
available in vaety of sizes aboveground installations
easy tanstall above or below
ground
little maintenance

Trash cans (2%0 gallon) commercially available must use only new cans

inexpensive small storage capdliies

Metal

Galvanized steel tanks commercially available possiblecorrosion and rust
available in variety of sizes must be lined for potable use
only above ground use
Steel drums (55allon) commercially available verify prior to use for toxics
corrosion and rust can lead td
leaching of metalssmall storagsd
capabilities

Concrete

Ferroconcrete durable potential to crack and leak
suitable for above or
belowground installations
neutralizes acid rain
Monolithic/Pouredin- durable, versatile potential to crack and leak

place install above or below ground permanent
neutralizes acid rain in clay soil,will need sufficient
drainage around tank
Stone, concrete block durable keeps water cool in hot difficult to maintain

climates expensive to build

Wood

Pine, redwood, cedar, attractive, durable expensive

cypress can be disassembled to move| site built by skilled technician
available in variety of sizes not for use in hot, dry location
only above ground use
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Tank installation

Tanks must be properly installed to prevent damage. In aboveground systems, piping and
small storage tanks must be either drained or protected against freezing during the winter
Aboveground tanks should also be opaque to discourage bacterial growth and UV protected to
prevent deterioration of the tank. Commercially available aboveground and belowground tanks
Sshould always be install ed i nndationsipAbovegmoune wi t h
tanks must on stabl®i or a concrete pad and belowground tanks must be dedigsegport
the weight of the soil abovend any anticipated traffic loadall tanks (aboveground and
belowground) must have a vent to expel aira@iswater enters the tank and draw air in as
rainwater is pumpedut of the tank. If the tank overflow does not have a wateydiapan be
displaced through theverflow as rainwater enters the tank. In these cases, the vent only needs
to be as big imliameter as the water supply line leaving the tank. If air cannot leave the tank
through the overflow, the vent diameter should be 1 ¥ times the diameter of the inlet pipe. Tank
overflows are described in greater detail below.
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Rainwater inlet to the tank

Key casiderations

1 Rainwater should be brought to the bottom of the tank then angled upwards to protec
settled sediment and the biofilm.
Penetrations to the tank should be designed to avoid any pipe constrictions and to pr
appropriate oxygenation to thenta

Relevant legislation/guidance

1 Virginia Administrative CodeTitle 12, Agency 5, Chapter 610, Section 1170.Cisterns

In a healthy rainwater storage tank,
sediments settle to the bottom and often Water inflow
incorporated into the biofilm. Many contaminant
in roof runoff are associated with partic(&el) ‘
and higher contaminant concentrations are ofte
found in this sediment lay€5). Calming inlets,
located at the bottom of storage tardisectthe
entering wateupwards to prevertisturbingthe
fine particulae matterand biofilmon the bottom il
of the tank (Fig. 12 The calming inlet also i S -
introduces oxygen into the bottom of the tank. R W—
Inlets should be spaced to provide oxygenation
throughout the tank.

I/

A / Dispersed water outflow

4

Y
2

15

Figure 12 Calming inlet
Image courtesy of Wisy AG.

Biofilm

Biofilms, layers of bacteria attached to a d@urface with a protective binding often
made of a chain of carbohydrates, occur throughout nature, on riverbeds and even on human
teeth (plaque is a type of biofilm). While few people like to think about a bacteria layer in their
water storage tank, dibms are an important part of a healthy rainwater harvesting system.
Research has shown that biofilms in rainwater systems typically develop from bacteria that are
common in soil and the environment, accumulate metals and may remomeabfaom the
stared rainwate(56). I n another study, rainwater was punm
bacteri a. This Areactoro | ed to taents(e’cr ease i
Looking at the function of biofilms in water treatment and distribution can help in understanding
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biofilms in rainwater harvesting
systems.

Biofilms (Fig. 13)have been
used in water and wastewater treatme
systems to remove organic maite).
However, biofilms in plumbing
distribution systems, the pipes that
carry water to homes and businesses
increase corrosion in the pipes and ca
even shelter diseasausing bacteria _ _
(59) (60). These biofilms can be Figure 13. Electron micrograph of a biofilm. The round

particularly troublesome because the structures are bacteria,the stringy material between
are resistant to most traditional them is a polysaccharide that binds them together,

treatment techniques (i.e. chlorination making this a biofilm.

. TR Image is from the Center for Disease Control Public
Using a biofilm in the treatment
system, instead of just traditional
treatment practices, can degedhe chances of the development of biofilm in the distribution
system(58). The bacteria in biofilm use organic matter in the water as a food source. If the
biofilm in the rainwater tank digests the available organic madtterbiofilm in the distribution
system and any bacteria that may live in the water have a reduced food source which will
minimize growth Even with a stable and healthy biofilm, further treatment of the harvested
rainwater is recommended if the watetl\Wwave high contact with humans. This water should
also be tested for harmful bacteria.

2

Health Image Library. Photo credit: Janice Carr

The biofilm in a rainwateharvesting storage tank should be protected to ensure high
water quality. The tank should never be emptied or cleaned as long aswWseapasses
through a prdiltering first-flush filter system. Cleaning the tank will kill the biofilm layer.
Likewise, no cleaning solutions should be introduced into the rainwater tank. If a system has a
backup municipal wategource, it is recommmeled that this water is not deposited into the tank
as the treatment chemicasuldkill the biofilm layer. The backup water should instead bypass
the tank through solenoid valves aqpropriate backflow prevention
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Pump system

Key considerations

1 Pump systems should be desigt@dheet the expected peak demand of the end use of
rainwater.
All pumps should have automatically resetting-dig protection.
Submersible or jet/booster pumps can be used.
Harvested rainwater should enter the pumping system through an elevated ujtake pd¢
such as a floating filter.

Relevant legislation/guidance

I None

Pumps

Pumping can be accomplished in a couple of ways.
Using asubmersibleistern pump is one application and a
booster/suction pump is the other. Some applications will
require a combination of pumps to meet theunesgl
pressures and gallons per minute necessary to meet the
demands for the project.

Submersible pmps

Well pumps can be used in rainwater systems, but
if a well pump is used, it will need a constant flow of water
passing by the motor to keep it codlo accomplish this,
the well pump can be placed in a cooling jacket which is
attached t@n intakedevice. Figure 14shows a
Figure 14. Submersible cistern submersible pump draws water from the bottom of the
pump with custom-made bottom § -\ To prevent disturbing the biofilm, it is fitted with a

intake attached to a floating ! o
filter. floating sucion intake

Photo courtesy of Rainwater

Management Solutions Booster/Jet Pumps

External booster or suction pumps popular in
rainwater harvesting application¥hese pumps rely on lifting the water out of the tank and
pushing it to the desirddcation External pumps are louder than submersiblags and must
be protected from the weather.
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Pump combinations

Some applications may require a submersible pump as well as a jet or booster pump.
Normally this application is necessary when the distance from the cistern to the source is
significant. Thesuction featuref thejet or booster pumps may not allow for the pump to keep
its prime or supply enough water to meet the pumping requirements. Large applications may
require two or more submersible pumps to meet the demand of the boasper YWhen ging
this type of configuratiora controller for the pumps necessary. Sizing these large pump
systems should be accomplished by an experienced pump professional.

Pressure tanks and witches

Very few pumps have the ability to start on their own. ilt lve important to include a
pressurewitch and a pressure tank to a rainwater system requiring a pifithie. application
uses more than one pump, the pressure switch will activate the control panel and the panel will
determine which pump will run to @et the demand. It is also important to consider the size of
the pressure tank to ensure that your system operates efficiently and effectively. The rule of
thumb for sizing a pressure tank is three times the gallons per minute of the pump equals the
gallon size of the pressure tank.

Pump protection

Should your rainwater cistern become low on water, it will be essential that the pump is
protected from running while there is not sufficient water for the pump to function. If the pump
continues to run withut sufficient waterthe pump will be damagedh simple float switch in
the rainwater cistern wifprotect the pump from running when the water level decliGesne
pumps include dry run protection; however, many of these pumps require manual resetting.
float switch automatically resets when the tank refills.

Floating filters

To aspirate the water from the tank, a floating filter is located at the énthcd p u mp 0 s
suction hose (Figl4). As mentioned in the section on calming inlets, sedimentebaand
other pollutants generally settle to the bottom of the tank, @ahcentrations of pollutants
higher in the bottom sediments than at the surface of the (8&)61). Studies have also
shown that bacteria levels can be higher at the surface of the cistern water than elsewhere in the
tank(61). To avoid these two areas of concern, the floating filtkeswater from the tank a few
inches below the water sucka Floating filters should be designed to never clog, often by using
a larger pore size than was used in thetand filtration. Filter fabric should also be high
guality stainless steel, like the first flush filter.
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Overflow

Key considerations

All storage tankstsould have an overflow at least equal in size to the inlet.

This overflow should be directed to a pervious area (or the municipal storm sewer if
other option exists).

The overflow should provide backflow prevention and use an anglpipe to skim the
water surface.

Relevant legislation/guidance

1 None
All storage tanks must have an P
overflow of at least the same diameter as the
. . ) 12.25 to 22.5 degree angle
inlet pipe to prevent backup in the gutters an cutin pipe provides

skimming of the water

downspout®r roof drainsbut a properly
designed overflow can also help protect the

) i Optional water trap V' Backflow
waterquality in the tank.Overflows should be ! prevention
. . . Il
directed to a pervious area, ideally a :zvz\r'\\::omvf:irtm
stormwater management BMP. This practice | s

| contamination

will help reduce the chance that overflow fro 1 of the tank
the rainwater harvesting system will generate
runoff problem. In these situatiorisackflow
prevention is needed to prevent the

introduction of small animals and prevent
against the unlikely backup of water in the
system. If discharge to a municipal storm
system is the only option, backflow preventio

should be increased because ofitieeeased Figure 15. Ovrflow devices. Both an overflow device

likelihood of a backup in the system. A made from common plumbing components (top) and a
properly designed overflow should also commercially available device (bottom) should provide
provide skimming of the water surface. Eve skimming of the water and prevent entrance of
with proper pretank filtration, some small contaminants to the tank.

Images courtesy of Rainwater Management Solutiong

buoyant debrissuch as pollerwill likely enter
the tank. A vertical pipwith a slightangled
opening provides skimming of the water surfaoel removes this debris (Fig.)15
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Additional treatment

Key considerations

Harvested rainwater used for outdoor use does not need additional treatment.

Both potable and nepotable indoor uses require additional sediment filtradiach
disinfection. Potable uses should also include carbon filtration.

Harvested rainwater should be tested for pH if the system will involve metal pipes or
desired by the end user. This testing should be done at the pointudeand

Relevant legisldon/guidance

EPA Safe Drinking Water Act

NSF/ANSI Standard 42: Drinking Water Treatment Units: Aesthetic Effects
NSF/ANSI Standard 53: Drinking Water Treatment Units: Health Effects
NSF/ANSI Standard 55: Ultraviolet Microbiological Water Treatment Systems
NSF/ANSI Standard 58: Reverse Osmosis Drinking Water Treatment Systems

= =4 4 -4

The general public is often leery about consuming and utilizing raineaitpotable
and/or norpotable use, but proper system design makes harvested rainwater a safe water source.
The EPA municipal rainwater harvesting handbook outlines recommended minimum water
quality levelsand required treatment for harvested rainwased for outdoor uses, npotable
indoor usesind potable indoor uses (Table GAdditional treatment can be divided into three
main categories: sediment filtration, disinfection and aesthetic trea(fgni6) These three
categories, as well as a&tenent for pH, are explored below.

Disinfection of harvested rainwater for npotable uses is sometimes seen as overly
cautious. Because animals are the primary sources of bacteria to rainwater harvesting systems,
bacteria found in rainwater systemsymmat be infectious to humaig2). The risk from non
potable uses is also low because rainwater should not be ingested in qotailde use.
However,Legionellg a bacterium that causes a type of pneumonia through inhalagéi®heen
identified as a diseasmusing agent in some rainwater harvesting sys(68)¢64). Legionella
can be easily destroyed by disinfection techniques such as ultraviolet light, makmfigotisn
of harvested rainwater for indoor npotable uses advisald®en though the disease risk is low

Sediment filtration

Sediment filtration removes fine particles which can carry contaminants and decrease
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Table 6. Water quality guidelines and treatment options for hanested rainwater(30)

Use Minimum water quality | Suggested treatment options
guidelines

Potable indoor uses | Total coliforms- 0 Prefiltration - first flush diverter
Fecal coliforms- O Cartridge filtration- 3 micron
Protozoan cysts0O sediment filter followed by 3 micro
Viruses- 0 activated carbon filter
Turbidity< 1 NTU Disinfection- chlorine residual of
0.2 ppm or UV disinfection
Non-potable indoor | Total coliforms< 500 cfu per | Prefiltration - first flush diverter
uses 100 mL Cartridge filtration- 5 micron
Fecal coliforms< 100 cfu per | sediment filter
100 mL Disinfection- chlorination with
household bleach or UV disinfectig
Outdoor uses N/A Pre-filtration - first flush diverter
Table reproduced from Kloss 2008

the effectiveness of disinfection. While many of the potential contaminants found in rainwater
harvestingsystems can occur in both dissolved and solid foantégh percentage feund

bound to smalparticles(54). While many of these particles should have settled in the storage
tank, the sediment filter should remove remaining small particles and associated contaminants.
Small particles will also affect the clarity tife water and therefore the ability of ultraviolet light

to kill bacteria and viruses. According to the EPA guidelines for rainwater harvestimgnf

potable indoor uses, sediment filters should be 5 micron or finer. For potable indoor uses,
sedimenfilters should be 3 micron or smallg0).

Carbon filtration

Activated carbon is particularly effective at removal of organic compounds, such as
pesticides and some hydrocarbons. In addition to mechanical strainingedaarabn
removes these contaminants because they adsorb, or stick, to the activatedAsetibated
carbon also frequently improves the aesthetic quality of water (i.e. odor and taste). An activated
carbon filter of 3 micron or smaller should be imd#d on all systems for potable {88). This
filter should be placed after the sediment filter.

Disinfection options
Chlorination

Chlorine reacts with water to form HOCI, whictactivates bacteria and viruses. The
effectiveness of chlorine is dependent on the clarity of the water as well as the contact time with
shorter contact times requiring higher doses of chlorine to achieve appropriate disinfection.
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Because the addition of chlorine to the storage tank would digreipiofilm, chlorine should

not be added to the storage tank. Chlorine should instead be added using an injection system
which may require higher concentrations of chlorine because of short contact times. One
advantage of chlorine disinfection is timaintenance of a disinfectant residual in the system
which should provide protection against thegrewth of bacteriaA chlorine residual of 0.2

ppm should be maintained in potable systems thathiseine for disinfectior{30).

Chlorination also requires regular maintenance to replenish the chlorine supply with associated
dangers of working with chlorine in an enclosed area.

Ozonation

The process by which ozone destroys bacteria and viruses is noingefistood, but
ozme effectively destroys many proteins, which is likely part of the mechanism for ozone
disinfection(65). While ozone is a highly effective disinfectant, it is generally less effective at
destruction of viruses than destruatiof bacteria or protozoa (such@mrdia). Unlike
chlorine, ozone does not leave a disinfectant residual in the finished water.

Ultraviolet light

Ultraviolet light is a lowcost and
effective method for treating bacteria and
viruses. Ultraviolet ligt should only be
used following a 5 micron sediment filter
because ultraviolet light disinfection is onl
effective on very clear watefThe
appropriate dose of ultraviolet light for
disinfection of harvested rainwater48,000
uw- sec/cni (66).

Reverse 0smosis . Figure 16. Water treatment systemusing a
Reverse osmosis does not destroy ¢ sediment filter, an ultraviolet light and a carbon

deactivate bacteria or viruses, but instead filter.

mechanically filters them out through a Photo courtesy of Rainwater Managem8ntutions
membrane. Reverse 0smosis uses pressure

to force water through a membrane from an area ofdovglentration of contaminants to an area
of very low contaminants (hence the nanewerse osmosis). The membranes typically exclude
particles larger than abo0t0001 micror{one micron is 1/1000of one mm). Reverse osmosis
is generally not a recommeéed disinfection method for rainwater harvesting because most
reverse osmosis units waste large quantities of water.

The Cabell Brand Center
Salem, VA
www.cabellbandcenter.org

Page44




Virginia Rainwater Harvesting Manual | 2009

Table 7: Disinfection Options

Treatment Advantages Disadvantages

Chlorine inexpensivemaintains odor, tastegarcinogen,
disinfectant residual does not kill all pathogens

Ozonation no odor or tasteshorter expensiveno disinfectant
contact time needed than residual,
chlorine disinfectionremoves| requires electricitypotentially
organic matter, color, taste af toxic, expasive
odor

Reverse osmosis removes most contaminantg likely to clog, wastes wateno
disinfectant residual,
requires electricity

Ultraviolet (UV) light easy to operat@o chemicals no disinfectant residual,
needed requires electricitynot
suitable for tubid water

(67), (68), (69)

Treatment for pH

The pH of rain and snow is typically acidic. This low pH level is sometimes cited as a
concern in the use of rainwater hesting systems. However, the pH of harvested rainwater is
likely different from the pH of precipitation and most problems with pH can be easily corrected
with low-cost, lowmaintenance, but highly effective solutions.

Multiple factors affect the pH girecipitation. Rain and snow are naturally slightly
acidic because carbon dioxide in the atmosphere leads to development of a weak carbonic acid.
However, fossil fuel use has led to emissions of sulfur dioxides and nitrogen oxides which
further reduce th pH of rainfall. Acid rain is a widespread problem because atmospheric
pollution is carried by the wind and spreads out far from the original source. In Virginia and
across the United States, acid rain has damaged high elevation forests, lake ecasystthes
important natural resources as well as made structures. Recent years have seen decreasing
acidity in surface waters in many areas and decreased concentrations of acidcarsqse
with much of the improvementtabuted to the Clean AiAct (70).

While the pH of rainfall in Virginia has generally increased since 1990, progress has been
gradual and precipitation is still acidic often in the range of 4.4 to 4.9 pH units {rigAtidity
can impact plumbindjxtures, plants and human health. However, the acidity of rainfall and the
acidity of collected rainwater are not the same. When rain falls on a rooftop, the rain may have
chemical reactions with material on the roof or the roof itself (seRabésection for
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information on the safest roofs for rainwater harvesting). Because of these reactions, the pH of
rainwater collected as runoff from a roof surface is usually about one pH unit higher than the pH
of rainwater collected at the same time, excepwimodshingle which can decrease (iB1)

(45). This difference in pH, making the water less acidic, is roughly the same as the difference
between tomato juice and black coffee. Based on recodatens from both the EPA and the
National Standards Foundation, the pH of water should be above 6.5, particularly with metal
plumbing systems. Because acid rain is different in each area, the best solution is to test the pH
of water from your rainwaterdnvesting system. Samples can be taken to acdiéied lab or

home testing kits are available for less than $10. If the pH is below 6.5, consider treating the
water. A neutralizing agent can be added to the tank to combat pH problems. Pieces of
limestone rock can be placed in the tank to assist in neutralizing the water. Other common
neutralizing agents and their dose per 1,000 gallons of water are as follows:

i Limestone: 2 0Z.
1  Quicklime: 1 oz.
1 Hydrated lime: 1 oz.
1 Soda ash: 1 oz.
1 Caustic soda: 1.50z.(71)

Another easy solution to problems of pH is to use a concrete storage tank. Limestone in the
concrete will help neutralize the acid with no maintenance required. In water quality testing
done incisterrs in southwest Virginiadhe average pH of water in the cisterns was 7.0, with
water in 84% of the cisterns meeting the EPA drinking water standard (pH&}(71).
Ninety-three percent of the cisterns studied were mama €oncrete or concrete blo€kl)
showing the ability of concrete to raise the pH of the stored rainwater.
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Figure 17. The average annual pH of
precipitation at three stations in
Virginia from 1990 to 2007. The
average annual pH of precipitaton is
increasing at all sites (p<0.01). Data
were obtained from The National
Atmospheric Deposition Program(77).
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Back-up water supply and plumbing

Key considerations

1 Rainwater harvesting systems should be properly sized based off of demand and col
area, a backup water supply should be considered if the water need has daily, consis
requirements.

The primary concern with backup water supplies and rainwater harvesting systems is
harvested rainwater could enter the potable water supply.

Local buiding code officials and the health department should be contacted for guida
on approved backflow prevention systems that are used for protection of the potable

supply.

Relevant legislation/guidance

1 International Plumbing Code, sections 602 ab8 subject to local building code
interpretation

When utilizing bol rainwater and potable municipal water supplies, there may be times
when rainwater supplies are exhausted, therefore municipal potable water or well water can be
considered as a backup for Rpotable water needs. To ensure cross contamination does not
occur, separate plumbing/piping systems must be installed for both potable apotaiole
rainwater. Signs should be displayed at all faucets and spigots supplyipgtabie water that
state Anot dr i nki nspigotsnaust e protaed, edpecialy jn publeci nwat er
buildings, against unauthorized usage. Removing knobs from outside spigots is one approach to
prevent unauthorized usePotable and nepotable plumbing can be distinguished through
different color pipes. Purple is often ugedlesignate nepotable water piping. All nen
potable water plumbing/piping should be labeled as such.

In the event of a rainwater shortage, tanks can be partially filled with potable municipal
supplies or well water. However, filling the tank from agibe source is less desirable than
simply having the end use of the rainwater be supplied by the alternate source during periods of
low rainfall.

The introduction of treated, municipal water, which may contain chlorine, could have
negative effectsonhe tankos biofi |l m. Further, it decr
harvesting the next rain event. Rainwater harvesting systems should be designed to incorporate
either a backflow prevention device or an air gap to ensure contaminationod@esur
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between the rainwater and potable watg
supplies. The air gap should allow the
space equivalent of 3 times the municipl
water supply pipe diameter. See Figure
Below. Themunicipal water inlet must
be installed above the highest possible
rainwater level and overflow outlet to
ensure cross contamination does not
occur. Local building officials should be
consulted to determine what type of
backflow protection is desired in a
jurisdiction.

Figure 18. An air gap assembly
Photo courtesy of WISY AG

Backup water supplies can be
activated by a varietgf means.
Commonly, if the water level in the
rainwater harvesting tank becomes low, a float switch or switches will be activated shutting off
the rainwater harvesting pump and activating a valve allowing water to flow from the backup
source. An alternafe is to use a pressure differential system. In this system the rainwater
harvesting system operates at a higher pressure than the backup source. When the rainwater
harvesting system pump cuts off due to a low water situation, the lower pressureavatief
backup source is no longer held back by the higher pressure water and begins to flow to the
fixtures being served by the rainwater harvesting sydtegnre19illustrates how a pressure
differential backup water supply system could be constructed.
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[ 3

End use of harvested
rainwater

-
Storage tank

Rainwater collection point
roof drains, gutters, etc i i _ )
( g ) Floating stainless steel Backflow prevention device
Rainwater enters the vortex filter and is suction filter

processed. (Possible 90% diverted to Submersible feed pump @Pressure regulator valve set at 30 psi
storage tank.) operating at 45 psi

Remaining water from vortex filter to Low water cut off float @Pressure gauge
overflow

o ) switch (normally open)
Smoothing inlet — stainless steel Ov i @Check valve
erflow

“flew-calming” device to eliminate
ressu re tank

turbulence of the incoming water
as it enters the tank Domestic water supply

RAINWATER HARVESTING SYSTEM DETAIL

NOT TO SCALE

Figure 19. Belowground tank with municipal water back-up.
Schematic courtesy of Rainwater Management Solutions
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Future directions

While rainwater harvesting is an ancient technology, modern rainwater harvesting has
only recently gained a foothold the United States. Modern rainwater harvesting is based on
scientifically sound principles and research. As the popularity of rainwater harvesting grows, so
will our understanding of the components necessary for a safe and sustainable watersuapply fr
rainwater. This document represents the best practices to date; design practices that have
consistently been shown to produce heglality harvested rainwater.
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Case Studies

Many individuals and companies within Virginia have adopted raimvateresting
practices for a variety of reasons. The following will cover examples of actual rainwater

harvesting systems located throughout Virginia, including why rainwater harvesting was chosen,
design challenges and the benefits of utilizing rainwadevesting on the site.
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Residential: Charlottesville

A multi-family housing complex was
establishing a community urban farm and
needed a water supply to irrigate it. Instead g
having one family pay for the water, the
community decided to usecammunity
rainwater harvesting system.

Design challenges:

1 Because the property is leased, the
clients wanted to be able to remove all
of the components if necessary.

1 The tanks needed to be located so that they would be unobtrusive
and not block the witows from any unit.

Design solution:

Five 1,000 gallon tanks were placed behind bushes with one downspo
with an inline downspout filter, supplying water to each tank. The tank
were selected because they are tall and narrow and would not block an
the windows. Thé@ ot t o ms 6 0 o lfuriet &ne outlets framghe v €
tanks were all connected by underground piping. The burial of the pipef}, ' |
prevented a trip hazard and discourages vandalism since the tanks are fpext
to a busy street. A single boespump was placed in a concrete vault to
supply a frosfree yard hydrant.
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Commercial: Roanoke

When the Claude Moore Educational
Complex in downtown Roanoke was
being renovated the designer faced man
of the common challenges of renovation
a canfined budget and a confined site.
The designers needed a solution to fulfil
the cityds stor mwa
without using a lot of space and also
wanted to achieve LEED certification.

Design challenges:

1 Only part of the building could be
retrofitted with new roof drains
and piping because of budget
constraints.

1 The city required ofsite
stormwater management, but ma
traditional stormwater
management solutions (for
example, a detention pond) would
not fit on the site.

Design solution:

Siphonic rof drains were used to direct rainwater from a portion of the roof to one corner of the
lot. The use of siphonic roof drains instead of conventional roof drains made it possible to direct
all of this water to one location without extensive undergrounid@ipThe rainwater is then

filtered through two vortex filters and into two 2,500 gallon polyethylene belowground tanks.

The harvested rainwater is used for flushing toilets and urinals greatly reducing indoor water use.
This reduction in indoor wateise as well

as the reduction in stormwater runoff

helped the building become the first

LEED® certified building in downtown

Roanoke. The area over the storage tanks is
used as an outdoor seating area, making this

a great stormwater solution for a confined

site.
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Institutional: Roanoke
County

The Western Virginia Regional Jail is
located next to the Roanoke River, so e —
development of this site required high —.3 :
effective stormwater management. T
Regional Jail also wanted to become
the first LEED® certified jd.

Design challenges:

1 The flat topography of the site required shallow burial of any belowground tanks.

 The largearea of the building (264,00C footprint) provided a large collection area for
rainwater but would require an extensive piping nexiring dedicated nepotable
piping to the entire facility.

Design solution:

Instead of using harvested rainwater for toile
flushing throughout the building, as originall
planned, harvested rainwater is instead used
for laundry. This design decisiondced the
amount of piping needed because potable
pipe only needed to be run to one location,
throughout the facility. This decision will alsg
save the facility money because less deterge
is needed for laundry washed with soft rainwater thandguwashed with harder municipal or

well water. Siphonic roof drains were used because of the large roof area and the need to keep
the tank burial depth as shallow as possible. The pitched belowground pipes on a conventional
roof drain system would haw®th increased the amount of required site work and forced the
cistern depth deeper. Even with the siphonic roof drains, the elevation was too constrained to
allow space for first flush diversion and geak filtration. Instead, the first of the foud,800

gallon storage tanks acts as a settling chamber. Because the system does nottéuake pre
filtration, fine floating filters are used in the tank farthest from the rainwater input. While these
filters will have to be cleaned periodically, the usérte floating filters instead of coarse

floating filters helps protect the pumps and reduce clogging in the additional sediment filters
inside the facility. The first storage tank will also require yearly cleaning. While a design with
first flush divesion and prdank filtration is preferred, this project showcases a possible
alternative strategy when these steps are not possible.
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Government: Charlottesville | "lH N

lf

The managers of the City
Street Yard and Warehouse Facility tzagroblem:

The gutters were failing on the warehouse and they
drained directly onto the parking lot. Further, it
seemed to make sense to capture the water instead o
just trying to manage it as street cleaning equipment
sat in the parking lot through wdh the water from

the roof flowed.

Design Challenges:

1 The existing gutter was formed into the steel

roof.
1 The street cleaning equipment needed to be

filled rapidly.
1 Street cleaning personnel will not have access to the building when they are fillmg thei

equipment.

Design Solution:
The existing gutter was left in place but
breached so that water could flow into a new
gutter system that was placed just below it.
Water from approximately 4,000 square feet of
roof is directed to a single collection point
which takes it to a vortex filter, mounted on the
side of the warehouse, and then to a 3,000
gallon above ground tank. The water is
pumped from the tank using a 50 gallon per
minute pump which sits inside the warehouse,
just behind the tank. Street clé@agequipment
is filled from a 2.5 inch connection on the side
of the building. Water flow is controlled by a
quarter turn ball valve. The pump is actuated
by a pressure switch and tank system meaning
that the street cleaning crews do not have to
accesghe pump system in order to fill their
equipment. All external piping and valves are
insulated and protected against freezing.

il

Bl O

dd: M8 IR
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Institutional: Manassas Park

When the Manassas Park City School system was renovating Cougar Elementary School,
they wanted atate of the art school with an effective stormwater management plan and
opportunities to educate students on
the need for environmental
protection.

Design Challenges:

1 As a government entity, the
school system wanted to be
sure to keep a responsible
schal construction budget.

1 The school system wanted &
to be sure that the rainwate
harvesting system included
an educational component.

Design Solution:

A grant from the Virginia Department of Conservation and Recreation helped provided
funding fora 69,800gallon cisterrcollecting from 61,500 ftof roof area. The harvested
rainwaterfiltered with two vortex filters before entering the cistern enleated by ozonation
before entering
the school and
used indoors for
toilets and urinals.
The system also
features signs
educating
students on the
water cycle and
water
conservation.

The system is
estimated to save
1.3 million
gallons of water
per year.
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