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Letter from the President of The Cabell Brand Center 

The second edition of the Virginia Rainwater Harvesting Manual comes at an exciting 

time for supporters 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 also encouraged by a greater awareness that stormwater runoff from 

homes and businesses is threatening the health of our rivers, streams, lakes and 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.  Instead of funding 

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 harvesting.  In September 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, ninety-three (out of 95) counties in 

Virginia were federally designated as 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 need to re-examine water use 

and consider 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 water source, 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 solution. The Manual was created as an introduction to the science 

of rainwater harvesting and guidance for system design of high quality, safe, and sustainable 

systems.   

The Virginia Rainwater Harvesting Manual is a continuation of the Centerôs belief that 

knowledge and science lead to sound decision-making and progress.    We hope that it will both 

encourage readersô interest in rainwater harvesting and guide those who are interested in 

designing rainwater harvesting systems. 

        David Crawford, President 

       The Cabell Brand Center 
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Introduction  
As the nation is becoming increasingly aware, rainwater harvesting is a building system 

that collects and conveys rainwater from roofs, filters debris from the water and stores the 

rainwater for use.  Systems can be non-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 

Europe and the Caribbean islands, and these systems are a logical solution for our countryôs 

water resource challenges.   

There is growing enthusiasm about green, sustainable living systems and practices that 

save water, energy and money, while preserving and improving our natural environment.  

Rainwater harvesting supplies alternative water for such non-potable uses as irrigation, toilet 

flushing, laundry, vehicle and facility cleaning, fire suppression systems, HVAC cooling towers 

and agriculture.  Potable rainwater harvesting systems can be used for drinking water, as well as 

showers/baths, dishwashing, swimming pools and food processing.  Rainwater harvesting is a 

powerful solution to a range of water problems. 
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òWe never know the worth of water, till 

th e well is dry .ó  Thomas Fuller, Gnomologia 

 

Freshwater problems 
 Though the well is not dry, freshwater supply problems in Virginia, the United States and 

the world are increasing our awareness of the value of water.  With a growing population, 

declining quality of surface water and groundwater and an aging water infrastructure, the need to 

explore alternatives to our current water supply system is clear.  By collecting rainfall that would 

normally become runoff and instead using it to meet water needs, rainwater harvesting provides 

an alternative that both lessens the 

strain on our current water supply 

system and helps protect the 

quality of surface waters. 

 

Water quantity 

The amount of water available 

today is the same amount of water 

that was available 100 years ago.  

Only 2.5% of the worldôs water is 

freshwater.  The strain on our 

water supply is evident:   

   

S In less than 20 years, 1.8 

billion people will be 

living in areas with water 

scarcity (1). 

S Worldwide, water 

consumption is rising at 

double the rate of 

population growth (2). 

S Even without drought, areas in at least 36 states in the U.S. are expected to have water 

shortages by 2013 (3). 

S Groundwater levels in many areas of Virginia, particularly the coastal areas, have shown 

steady decline (Fig. 1).  

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.epa.gov/WaterSense/pubs/supply.htm).  

http://www.epa.gov/WaterSense/pubs/supply.htm
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Water quality 

An adequate water supply does not just depend on the total quantity of water available, but 

also depends on the quality of this available water.  In Virginia, 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 Virginia comes from surface sources (4).  Almost 

eighty percent of 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 supply (5).  

S Groundwater from the deep aquifer below Virginia Beach and Norfolk is too salty for use 

without further treatment (5). 

S Leaking fuel storage tanks, one of the biggest threats to groundwater quality, have been 

identified at over 24,000 sites in Virginia (5). 

Decreasing the load placed upon public and private sources of potable water by utilizing 

rainwater harvesting can lessen the chance of water quality deterioration due to over-pumping of 

groundwater resources and reduce the need to explore water sources of questionable quality. 

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 2007 to 2027 for repairs and 

maintenance on public water systems (6). 

S In general, up to 20 percent of the water in a municipal water supply system can be 

declared ñunaccounted for,ò typically because of leaking conveyance equipment, before 

corrective action will be taken (7).   

S Losses from leaks in municipal water supplies cost an estimated $2.6 billion per year 

because of an estimated loss of 1.7 trillion gallons of water (8). 

S Seventy-five billion kilowatt hours (kWh) of electricity are used for water and 

wastewater industries in the U.S. each year and water and wastewater services can 

account for up to 1/3 of a municipalityôs energy bill (9).  

As a decentralized water supply, rainwater harvesting does not depend on this aging 

infrastructure and is therefore more energy-efficient (10).  By reducing the overall demand on 

the system, an increase in rainwater harvesting could help areas delay development of new water 

treatment plants and distribution systems. 
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Stormwater 

Virginia is considered a ñwetò state, receiving on average 42.8 inches of rainfall a year (4).  

This rainfall coupled with expanding impervious surface areas, the result of development, creates 

the potential for increased overland flow of stormwater.  Increased impervious areas allow for 

less infiltration of water during rain 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 Conservation and Recreation, ñIf Virginia 

continues to grow with the same development patterns as it has in the past, more land will 

be developed in the next forty years than has been since the Jamestown settlement in 

1607ò (11).     

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

the 1990s (12). 

S According to the Chesapeake Bay Foundation, runoff 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 its tributaries (13). 

Impact of rainwater harvesting 

Rainwater harvesting could have a dramatic, positive impact on all of these problems.  

According to the US Census, Virginia had an estimated 358,000 more housing units in July 2007 

than in July 2000.  Assuming that each housing unit has a footprint of 1,500 ft
2
, these additional 

units represent 537 million ft
2
 of additional impervious roof area.  If each house had a rainwater 

harvesting system that collected all of the water that fell on the roof, these systems could supply 

14.3 billion gallons of water per year.  For comparison, the City of Virginia Beach public water 

supply used 13.5 billion gallons of water in 2007 (4).  If these rainwater harvesting systems were 

put in place, not only would they reduce the demand on surface and groundwater sources, they 

would also reduce strain on the water supply and delivery infrastructure.  One kWh of energy is 

needed to treat and transport 667 gallons of municipal drinking water (9).  Based on a case study 

in southwest Virginia, a rainwater harvesting system can produce 1,650 gallons of non-potable 

water per kWh (10).  Using rainwater harvesting systems instead of municipal systems to supply 

14.3 billion gallons of water could save 12.7 million kWh of energy.  Based on the EPAôs 

greenhouse gas equivalencies calculator, this energy savings could mean a reduction in carbon 

dioxide emissions of 20 million pounds, the equivalent of 1,675 passenger cars.  The addition of 

these rainwater harvesting systems would also reduce stormwater runoff.  Using average 

concentrations of nitrogen and phosphorus in residential runoff (14), these rainwater harvesting 

systems could reduce 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 growth, an over-abundance of nutrients can lead to algae blooms and even 

fish kills, greatly impairing the water quality. 
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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 retro-fitted to existing buildings or integrated into new 

building designs.  Collected rooftop water is typically used for non-potable (non-drinking water) 

demands, but can be treated to drinking water standards and used for potable (drinking water) 

demands.  

While many common water uses are non-potable (see list below), water supplied from the 

municipal system and wells is generally potable water.  Utilizing potable water for non-potable 

needs wastes resources and can place unneeded strain on local water treatment plants.   

Non-potable demands include: 

S Building washing/power washing 

S Cooling towers 

S Fire suppression 

S Household cleaning 

S Industrial processing 

S Landscape irrigation 

S Laundry washing 

S Pool/pond filling *  

S Toilet flushing 

S Vehicle washing 
*According to Virginia code (12-VAC 5-460-40), the water supply for a public swimming pool must be approved by 

the State Health Commissioner.  

Potable demands include: 

S Drinking water 

S Cooking 

S Bathing 

S Dish washing 

 

Types of systems 

 Rainwater harvesting 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, pre-tank treatment, water storage and distribution.  Harvested rainwater used 

for indoor use will also often include additional treatment.  
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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 for 

non-potable needs like 

toilet flushing, laundry 

washing, and landscape 

irrigation.  These non-

potable uses account 

for 78% of total 

household water use, with outdoor use alone accounting for 59% of household use (15).  Because 

outdoor use is such a dominant residential water use, bringing harvested rainwater indoors for 

non-potable use is often not cost-effective, particularly in retro-fit situations.  The cost of a 

rainwater harvesting system is increased when the water is used indoors because plumbing for 

potable and non-potable rainwater sources must be separate 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 necessary between rainwater and municipal water supplies leading to the storage 

tank to prevent cross contamination (see Backup Water Supply and Plumbing).  Figure 2 

shows a small residential non-potable system, suitable for irrigation purposes.  

Rainwater harvesting 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  

 Commercial rainwater harvesting systems can supply non-potable water needs.   As in 

residential settings, the majority of commercial use is for non-potable needs.  For example, 

eighty-seven percent of water use in an office building is for restrooms, cooling and landscape 

use (16).  In hotels, fifty-one percent of water use is for restrooms alone (16).  Because many 

commercial facilities want a year-round use for stormwater management needs, rainwater use for 

toilet flushing is common, especially in buildings with high occupancy loads.  The soft rainwater 

is also beneficial for cleaning purposes as less detergent is needed.  Water demand, roof size, and 

 

Figure 2.  Residential non-potable rainwater harvesting system 

Graphic courtesy of Rainwater Management Solutions 
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available onsite storage should be considered when sizing a collection tank.  Figure 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 larger filter 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 sediment layer on the bottom of the tank (See Rainwater Inlet to the Tank).   A 

floating filter serves as the elevated uptake point for the pump system.  If rainwater is used for 

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

Industrial  

Industrial buildings with flat roofs can frequently benefit from incorporating a siphonic 

roof drainage system with a rainwater harvesting system.  A siphonic roof drainage system does 

not require pitched pipes which can reduce or eliminate underground piping.  Siphonic roof 

 

Figure 3. Large residential or commercial aboveground non-potable rainwater harvesting system 

Graphic courtesy of Rainwater Management Solutions 

 

 

Figure 3: Commercial or large residential above ground non-potable rainwater harvesting system 

Graphic courtesy of Rainwater Management Solutions 
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drainage 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 water in smaller pipes which reduces 

the cost of materials.  Installation 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 environment.  In 

addition, cooling and process water often 

account for 80-90% 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 in 

a pond due to cost, location and aesthetics.  

If rainwater is diverted to a pond, it should 

be equipped with an aerator in the form of a 

fountain to continually add oxygen (Fig. 5).  

Water that is not used could also be directed 

for groundwater recharge. 

 
Figure 5. Collection pond with aeration fountain 

Photo courtesy of Rainwater Management Solutions 

Figure 4.  Large residential/commercial rainwater harvesting system with belowground tank for indoor 

use 

Graphic courtesy of Rainwater Management Solutions 
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 Rainwater harvesting not only allows a company the potential to reduce water costs, but 

it also reduces stormwater runoff on the site.  The stormwater reduction aspect of rainwater 

harvesting holds this alternative water source above others because rather than contributing to 

stormwater runoff or energy consumption, it is reducing pollution and protecting local 

waterways.  The ability of this system to reduce stormwater runoff can also be leverage for 

obtaining building permits.   

Agricultural 

 Rainwater harvesting is 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, 

clubhouses, 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 rainwater being lost to runoff.  Rainwater harvesting systems are capable of 

collecting rainwater from nearby roof surfaces during such rainfalls. Therefore, the heavy 

stormôs rainwater can be reapplied to the field at a suitable rate to promote water infiltration. 

Frequently, livestock buildings allow rainwater from the roofs to flow into areas occupied 

by animals.  This situation allows rainwater from these facilities to become contaminated by 

fecal matter resulting in a greater volume of manure slurry that must be managed.  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 the demand 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 an above ground, 

gravity fed rainwater harvesting system.  The roofs of loafing sheds or other agricultural 

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 successfully operate the troughôs valves.  

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 interior sprinkler systems 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 of water.  While forest fires are not as common in Virginia as they are in the arid 
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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 fire hydrants.  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 grid. Rainwater harvesting systems can also be used to meet fire suppression 

water supply requirements in remote areas. 

Irrigation 

Because irrigation is such a large water use across all building types, reducing the 

quantity of water needed for irrigation is an important step.  Approximately 34% of all water use 

in the United States is for irrigation (16).  Fifty percent of that water can be lost to evaporation 

and runoff (17).   

Therefore, when coupling 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 landscape.  Applying more water than needed can cause runoff and nonpoint 

source pollution, thus canceling out the conservation and reduction in nonpoint source pollution 

benefits of rainwater harvesting.  

Scheduling  

                 Table 1. Landscape plant crop coefficients (17) 

 HHiigghh  NNoorr mmaall   LL ooww  

   Trees 0.9 0.5 0.2 

   Shrubs 0.7 0.5 0.2 

   Ground cover 0.9 0.5 0.2 

   Mix: trees, shrubs,  

   Groundcover 

0.9 0.5 0.2 

   Cool season turf  0.8  

   Warm season turf  0.6  

 

Ideally, irrigation should be scheduled based on evapotranspiration (soil evaporation and 

plant transpiration) data, which is based on recent climatic conditions.  Virginia Tech recently 

developed a website that calculates evapotranspiration based on real-time climate data and can 
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be accessed at http://www.turf.cses.vt.edu/Ervin/et_display.html.  The website adjusts 

evapotranspiration based on turfgrass species, but it can be utilized for all landscape plants.  

Table 1 from the Irrigation Association Best Management Practice publication details 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 evapotranspiration data for select Virginia cities is available at the website: 

http://climate.virginia.edu/va_pet_prec_diff.htm.  This website details potential 

evapotranspiration, which is calculated through historical 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 ) ï Avg. monthly rainfall)  x  acres  x  27,154 gallons/acre 

Example:   Charlottesville, Virginia.   

5.55 inches/month average summer ET 

4.31 inches/month average summer rainfall 

2,000 ft
2
turfgrass area 

(5.55ï 4.31 inches/acre) x 0.05 acres x 27,154 gallons/acre = 1,684 gallons/month 

 

 This equation is only 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 irrigation best management practices, whether for 

residential application or large-scale park application.  The Virginia Rainwater Harvesting 

Manual stresses the importance of following these best management practices to ensure that the 

rainwater harvested is utilized efficiently and effectively when irrigating. 

The Irrigation Association has a detailed Best Management Practice publication available 

online at www.irrigation.org/gov/pdf/IA_BMP_APRIL_2005.pdf (17).  The following will 

summarize these findings in coordination with utilizing harvesting rainwater for irrigation 

purposes. 

http://www.turf.cses.vt.edu/Ervin/et_display.html
http://climate.virginia.edu/va_pet_prec_diff.htm
http://www.irrigation.org/gov/pdf/IA_BMP_APRIL_2005.pdf



