COLLECTING AND UTILIZING
ROOFTOP RAINFALL RUNOFF
A MANUAL OF IDEAS
FOR HOMEOWNERS

Thomas Jefferson Soil and Water
Conservation District

FOREWORD

This handbook was developed in response to a need to improve the way
stormwater runoff is managed in residential areas. The descriptions of the
practices are intended to provide general information only; site-specific
designs are strongly recommended and may be necessary. Most of the
practices described are still in the experimental stages, and improvements to
the designs will likely be developed. Please contact the Thomas Jefferson
Soil and Water Conservation District for updated information, for site-specific
technical assistance, or to offer your own suggestions on improvements or
additions to this handbook.

Thomas Jefferson Soil and Water Conservation District
2134 Berkmar Drive
Charlottesville VA 22901
phone: 434-975-0224
e-mail: tjswcd@avenue.org
web site: avenue.org/tjswcd
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Rooftop Runoff Collection – A Forgotten Practice
Did you ever stop to think that an average of 34,300 gallons of rain falls on a 30 foot by
40 foot roof in Central Virginia each year (based on an annual average rainfall of 45.72
inches)? In some areas, this rooftop rainfall runs directly into roadside ditches and storm sewers,
flowing directly to rivers and streams. In other areas, it may run over lawns and roads, picking
up excess nutrients and other pollutants along the way. Some of the rooftop rainfall may
infiltrate into the soil, but much is lost as runoff, leading to problems such as streambank erosion,
flooding, and the movement of pollutants into waterways.
The 34,300 gallons per year which falls on an average roof could potentially provide
water for:
• 4,287 showers or,
• 686 loads of laundry or,
• 6,860 flushes of a commode or,
• 45 1-inch waterings of a typical lawn or,
• any combination of the above water uses
A common practice in many areas of the world, and even in some parts of Virginia, is to
capture and store rooftop runoff for later use. Systems can be as simple as utilizing a “rain
barrel” below gutters, to collect water for outdoor use (car washing, irrigation, filling children’s
swimming pools). Other systems can be more complex, such as using reservoirs and pumping
systems for the collection of large quantities of water for domestic use. With proper filtration
systems, this water could even be used for drinking and cooking, although these types of
systems would require careful design and maintenance.
As communities grow, providing an adequate municipal water supply becomes an
important question. Political debates usually center around costly options such as municipal
wells, the building of new reservoirs, and the dredging and expansion of old reservoirs. In rural
areas, the increased number of wells may threaten groundwater supplies.
Wouldn’t conservation be a more cost-effective option? Utilizing rooftop runoff can be
a major step in a community conservation effort, and may significantly decrease the cost of
creating new, or expanding old, municipal water supplies.
Collecting rooftop runoff for use, or allowing the runoff to infiltrate into the ground, also
minimizes some of the rainfall management problems associated with land development. As
land is developed, the natural water storage capacity of the land is lost, and groundwater and
surface water is impacted in several ways:
•
•
•
•
•
•

Groundwater supplies are reduced with reductions in infiltration or recharge
The total volume of rainwater runoff increases.
The velocity (or speed) of rainwater runoff increases.
Streambank erosion increases with more, and faster, runoff.
Flooding increases since stream channels are not sized for the extra water.
The concentration of impurities in runoff increases.

This manual is intended to provide individual homeowners, and neighborhood groups,
some ideas for collecting and utilizing rainfall that runs off the roofs of homes. The manual is by
no means comprehensive; many other alternatives are possible.
We recommend you seek site specific technical assistance before you install some of
these systems.

1

RAIN BARRELS
Description:
Rain barrels are barrels placed to catch roof water, and release it slowly or
store it for later use. Rain barrels can be designed attractively and can be
placed at the downspouts, or where rooflines meet and water runs off. A hose
can be connected so the water may be used for watering lawns and gardens,
filling pools and ponds, or washing cars. Two or more rain barrels can be
attached together for additional water storage volume. Rain barrels are
handy to use for just about any non-potable water use. They may be
purchased, preassembled, or may be constructed with easily accessible
materials.
NOTE: Mosquito control and child safety must be considered when installing these
systems. Mosquito control can be accomplished in the following ways: 1) physical
barriers such as screens, 2) biological controls such as goldfish, non-toxic insecticides or
soap. Snails, goldfish, or a piece of copper pipe can help to control algae if that is a
problem. All rainbarrels should be inspected to ensure children and pets can not fall
into them!

Diagram of “Buddy Barrel” hookup”
Four types of rain barrel installation techniques are discussed in this section:
1. 60-gallon home-constructed barrel below rooflines
2. 60-gallon home-constructed barrel below downspout
3. Buddy barrel
4. Pre-fabricated (or store-bought) rain barrel
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TYPE 1:

60-GALLON HOME CONSTRUCTED BARREL BELOW ROOFLINES

This type of rain barrel can be placed under an area where two or more rooflines connect (without gutters), and rain collects and runs off.

60-gallon rain barrel constructed to catch
runoff from roof without gutters

Materials needed:
•
•
•
•
•
•
•
•
•
•

60-gallon plastic barrel (can be purchased at a hardware store or nursery, or
a nearby food processing plant)
wire guard (2’x2’ piece of wire fencing)
3/4” plastic nipple
garden hose faucet
gaskets and/or caulking for nipple and faucet
pressure treated wood planks, or paint
foundation blocks
garden hose
2 plastic bottles, half-filled with gravel or sand & capped tightly (soda or drink
bottles, used in below freezing temperatures to reduce ice damage)
mosquito control

Procedure:
1. Remove a large part of the top of the barrel (large enough to accept water
running from the rooflines), using a slow speed saw. (A fast saw may heat up
the plastic too much and cause it to warp.)
2. Measure wire guard, and place on top of the barrel, bending the sides to fit
the top.
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3. Cut a hole for the draining faucet to match the diameter of the end being
placed in the barrel. Place this hole as close to the bottom of the barrel as
possible, leaving clearance for the faucet. This will be the level that water will
be allowed to drain out of the barrel. (During periods without rainfall, this
remaining water should be emptied to eliminate a mosquito-breeding area.)
4. Insert the faucet,using a gasket and/or caulking, so it is water tight.
5. Cut a 3/4” hole near the top of the barrel. Insert the nipple, using a gasket
and/or caulking. A garden hose connected to this nipple will carry overflow
to a location of your choice. Overflow should be carried away from house
foundation.
6. If you have purchased a white, or light colored barrel, and it is going to be
exposed to sunlight, it should be painted or covered with pressure treated
wood planks, or some other weather proof material. This will discourage
algae from forming in the water from sun light.
7. Place the plastic bottles in the barrel to create space for possible freezing of
water in winter. (The sand or gravel allows the bottles to sink about halfway in
the water. The air absorbs the pressure from freezing.)
8. Lay foundation blocks level to provide a stable ground for the barrel when it is
full. (The barrel may weigh as much as 500 pounds when full.) The height of
this foundation should be adjusted to ensure that enough “fall” is provided to
allow the water to flow through the hose.
9. Place barrel over the foundation block.
10. A hose can be attached to the faucet and used to water plants around the
house. The hose can be customized to meet water needs “automatically” by
laying it in gardens and drilling small holes near plants that need more water.
Over time, these may clog up, but they can be redrilled. “Soaker hoses”
may work if enough pressure is available from the rainbarrel. This will depend
on the amount of “fall” available from the barrel to the hose. (If the soaker
hose has a pressure reducer washer, this must be removed.)

Maintenance:
•

•
•
•
•

The rain barrels should allow the collected water to draw down slowly, and
should be empty to receive the next rainfall. (Barrels should not be kept at full
capacity for long periods of time.)
Provide mosquito control as needed.
Clean leaves and debris from wire guard as needed.
Empty and rinse out the entire barrel once a year, or as needed.
Ensure barrel is child-safe.
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TYPE 2: 60-GALLON HOME CONSTRUCTED BARREL BELOW DOWNSPOUT
This type of rain barrel is placed at a location to which a downspout can be
extended.

60-gallon rain barrel
constructed to be
connected to a gutter
downspout

Materials needed:
•
•
•
•
•
•
•
•
•
•
•
•
•

60-gallon plastic barrel (can be purchased at a hardware store or nursery, or
a nearby food processing plant)
butterfly hinges
plastic netting
gardeners wire
3/4” plastic nipple
garden hose faucet
gaskets and/or caulking for nipple and faucet
pressure treated wood planks, or paint
downspout extension
garden hose
foundation blocks
2 plastic bottles, half-filled with gravel or sand & capped tightly (soda or drink
bottles, used in below freezing temperatures to reduce ice damage)
Mosquito control

Procedure:
1. Cut a hole, the size and shape of the downspout, near the edge of the top of
the barrel.
2. In order to access water from the top of the barrel, a door can be
constructed. Cut the door out using a slow-speed power saw. (High speed
saws may cause the plastic to become hot and warp.) The door should be
shaped so that it can be attached with two hinges (i.e. triangular, square or
rectanglular).
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3. Brace the door with a piece of pressure-treated wood the same size as the
door. (This will help keep the plastic from bending over time.)
4. Place the hinges on the door. Doorstops may be needed to keep door from
falling through.
5. Follow steps 3 – 10 from previous section (“Barrels Below Roof Lines“)
6. Fit the downspout extension from the existing downspout to the barrel. Insert
about 4 inches into barrel.
7. If debris is a problem, gutter screens, available at hardware stores, can help.
Alternatively, a debris catcher can be formed at the end of the downspout
extension with plastic netting. The netting should be draped loosely to form a
“bag”, and secured tightly to the extension with gardeners wire. (This will
need to be cleaned often to prevent leaves from building back up into the
downspout.)

Maintenance:
•

•
•
•
•

The rain barrels should allow the collected water to draw down slowly, and
should be empty to receive the next rainfall. (Barrels should not be kept at full
capacity for long periods of time.)
Provide mosquito control as needed.
Clean out the debris catcher periodically. It should be checked occasionally,
especially during autumn.
Empty and rinse out the entire barrel once a year, or as needed.
Ensure barrel is child-safe.

Rain barrels can be made into attractive additions for
landscape planning
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TYPE 3: BUDDY BARREL
A “buddy barrel” can be connected to the primary rain barrel to allow overflow
from the primary barrel to also be collected. Buddy barrels are simple to construct and will double the water collection capacity.

“Buddy Barrel” with hose connection

Materials needed:
•
•
•
•
•
•
•

60-gallon plastic barrel
foundation blocks
garden hose section
2 3/4” plastic nipples
garden hose faucet
gaskets and/or caulking for nipples and faucet
2 plastic bottles, half-filled with gravel or sand & capped tightly (soda or
drink bottles, used in below freezing temperatures to reduce ice damage)

Procedure:
1. Cut a 3/4” hole in the buddy barrel at a convenient location to connect a
hose section from the primary barrel overflow. Insert a nipple using gasket
and/or caulking for a watertight connection. Connect a hose section to the
nipple in each barrel. Both barrels should be at same elevation, and should
be placed on foundation blocks for stability.
2. Follow steps 3 – 10 from first section (“Barrels Below Roof Lines“)

Maintenance:
•

•
•
•
•

The rain barrels should allow the collected water to draw down slowly, and
should be empty to receive the next rainfall. (Barrels should not be kept at full
capacity for long periods of time.)
Provide mosquito control as needed.
Clean out the debris catcher periodically. It should be checked occasionally,
especially during autumn.
Empty and rinse the buddy barrel, with the rain barrel, once a year.
Ensure barrels are child-safe.
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TYPE 4: PRE-FABRICATED RAIN BARREL
Ready-made rain barrels are available from some retail stores or catalogues.

Commercially available, pre-fabricated rain barrels

Materials needed:
•
•

ready-made rain barrel from store
gutter extension to reach the rain barrel

Procedure:
1. Place rain barrel under the downspout opening.

Maintenance:
•
•
•

Clean leaves and debris from top of barrel.
Empty and rinse out the entire barrel once a year, or as needed.
Commercially available barrels vary. Mosquito control and child-safety
measures may need to be provided.
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Fish pond fed from rain barrel

Soaker hose fed from rain barrel
for watering flowers
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CISTERN FOR OUTDOOR WATER USES
Description:
A cistern is a water storage tank that can be buried underground. Rooftop runoff is directed into the tank and can be pumped (electrically or
with a hand pump) for outdoor uses. Examples of uses include watering
lawns and landscaped areas, washing cars, and filling swimming pools.
Note: A building contractor may be required, and should be consulted, for the installation of cisterns.

Materials:
•
•
•
•
•
•
•
•
•

excavation equipment
concrete tank(s) – One or more septic tanks work well. (1,500 gallons of
storage will hold two inches of rain from a 1,200 sq. ft. roof.)
Concrete lid for tank.
¼ grid hardware cloth
filter cloth (geotextile fabric - minimum tensile strength: 30 lbs./linear inch,
minimum punture strength: 80 lbs.)
1-2” stone
4”-6” flexible plastic pipe
pump (electric or hand), including necessary fittings
gaskets or caulking for watertight seals

(Plastic pipe)

2 Concrete
Tanks with
Lid, Stacked

Diagram of cistern installation
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Overflow pipe

Procedure:
1. Locate a site for the tank(s) a minimum of 25 feet from the home.
2. Cut two holes on opposite sides of the tank, near the top — one for the inflow
pipe and one for the overflow pipe.
3. Dig a trench from the gutter downspout to the tank site, at least 18 inches
deep, maintaining a downhill grade.
4. At the tank site, excavate earth at least eight inches larger than the concrete
tank on all sides. Line with geotextile fabric, and spread six inches of gravel
on the bottom.
5. Place the tank on stone in the center of the hole.
6. Dig a trench from the tank overflow hole, downgrade to an area where an
overflow pipe can outlet. The outlet area should be protected from erosion.
7. Lay pipe from the downspout area to the tank, and attach to the tank’s
inflow hole with a watertight seal (using a gasket or caulking).
8. Lay pipe from the tank’s overflow hole to the outlet area using a watertight
seal at the tank. Maintain a steady downward grade on both pipe sections.
9. At the opening of the pipe below the downspout, place a removable, bowlshaped strainer between the downspout and pipe leading to the tank. This
will keep leaves and debris out of the tank. The strainer can be constructed
using ¼ grid hardware cloth, anchored, so that it can be removed and
cleaned on a regular basis.
10. Cover tank with concrete lid.
11. Backfill around the tank with stone.
12. Backfill the pipe trenches with soil.
13. Dispose of excess soil. It can be spread and seeded, or used as fill material in
another area. (Construction companies often look for fill dirt, and may be
willing to haul it off-site.)
14. Install a pump system from the storage tank. Use a filter to keep particles from
clogging pumping system.

Maintenance:
•
•

Clean downspout and pump filters regularly.
Periodically, debris may have to be removed from the bottom of the storage
tank.
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Flexible plastic pipe from
downspouts to underground water storage
tank

1000 gallon concrete
tank for underground
water storage
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CISTERN FOR HOUSEHOLD WATER USES
(Site specific technical assistance from a qualified individual is recommended)

Description:
A water collection cistern system can be utilized for household water uses
by connecting it to a household plumbing system. The water can be
used for all household needs, or, if water quality is a concern, the cistern
water can be diverted for only specific, non-potable needs (i.e.
commodes, washing machines).
Note: The Health Department should be consulted to determine if there are local
regulatory concerns regarding household use of rooftop water.

Because of the detailed plumbing and filtering connections, these systems
should be designed and installed by a professional. Therefore, materials and
procedures are not listed for this system.
The example diagram on the following page (provided by Michael Collins,
Director of Planning, ENSAT, Culpeper VA) is intended to be used only as a
starting point for a site specific design. The following options could be
considered when designing a system:
⇒ As an alternative, cisterns may be buried under ground.
⇒ Cistern water may be diverted to only specific household

uses such as commodes and washing machines, while well
water is diverted to potable uses.
⇒ A backflow preventer should be used in the waterline from
the well to prevent contamination.
⇒ A clearly visible water level gauge in the cistern(s) would be
helpful.

The following example uses two 2,500 gallon cisterns, providing 5,000 gallons
of storage for general household use. This amount of storage would hold over
five inches of rain from the 1500 sq. ft. roof.
Average precipitation in central Virginia is approximately 46 inches per year.
On the roof shown in the example, 43,000 gallons (5,750 cubic feet) of rain will
runoff in an average year. With domestic water usage averaging 70 gallons
per person per day, 43,000 gallons could supply 85% of the annual household
water needs for two people.
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EXAMPLE DIAGRAM OF HOUSEHOLD CISTERN
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RAIN GARDENS
(Site specific technical assistance from a qualified individual is recommended)

Description:
A rain garden is a constructed depressional area that serves as both a
component of a landscape plan, and as a stormwater management
technique that reduces direct drainage into streams and rivers. Rain
gardens provide what is known as a bioretention area which facilitates
infiltration and provides water storage capacity. These gardens improve
water quality by utilizing the filtering and nutrient absorbing capacity of
soil and plants. The site for the rain garden should be placed to intercept
water runoff. Diversion berms, or landscape pipe, may be necessary to
direct runoff to the rain garden.
Materials:
•
•
•
•
•

excavation equipment
sand (Or, if using optional underdrain, 1/2” to1” gravel, perforated 4” pipe,
solid 4” pipe, & filter fabric) See procedure #4.
planting soil mix (approximately 20% organic matter in the form of leaf mulch,
50% sand, 30% top soil)
mulch (shredded hardwood mulch)
plants – Plant selection should include species that will tolerate extremes.
There will be periods of inundation and very dry periods. Most plants
recommended for “riparian” (streamside) areas will do well. A mixture of
ground covers, shrubs, and trees should be planted. Ponded water will be
drawn into the mulch and soil layers, and into the root systems of the plants.
Species with rapid transpiration rates will be most effective. (Nurseries can
provide species recommendations.)

3”

~2’

Alternative Underdrain: In place
of sandbed, use gravel bed with
4” perforated pipe (length of
garden, at 1% slope), wrapped in
filter fabric. Outlet to daylight with
solid pipe. See procedure #4.

12”

Cross Section of Rain Garden
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Procedure:
Notes: For new home construction, the rain garden should not be built until the area draining
to it is completely stabilized with vegetation. Runoff of silt from construction areas will clog and
ruin rain gardens. Rain garden should be a safe distance away from home foundations,
especially if a basement if present.

1. If possible, a grass buffer should be created beween the impervious areas
from which water will be collected (roofs, driveways, patios, decks, etc.), and
the rain garden. This buffer will slow and filter water as it enters the rain
garden.
2. The rain garden area should be marked with flagging or stakes. The garden
should be approximately 5% of the size of the drainage area. Ideally, the
width should be a minimum of 10 feet and the length a minimum of 30 feet.
A 10 x 30 foot rain garden would be appropriate for up to 6,000 sq. ft. of
drainage. For single family home sites, if space is limited, 150 square feet is
usually an acceptable size. (A minimum 2:1 length to width ratio should be
maintained.)
3. Excavate a trench, approximately four feet deep, in the rain garden area.
4. Spread a 12-inch layer of sand on the bottom of the trench.
⇒ Alternatively, an underdrain can be used. (This may be desirable if the size
of the garden is limited - see #2 above). The underdrain consists of a 4”
perforated pipe in a bed of gravel, centered along the length of the
garden, sloped at approximately 1%. Wrap the pipe in filter fabric to
prevent clogging. Outlet with a solid pipe to daylight.
5. Spread the soil layer (described above in “materials”), so that the top is
shaped to form a swale (see diagram). The low point of that swale should be
6“ inches below the ground level on either side of it. (This will allow for 3”
inches of settling over time.)
6. Spread about 3” inches of shredded mulch on top, following the contours of
the soil layer. This will provide 6” inches of ponding area at the low point of
the swale, after settling.
7. The rain garden should include an overflow system to convey large storm
volumes. This may consist of a pipe or channel system, above the six-inch
ponding area, directed to a receiving channel.
8. Plant selected trees, shrubs, and ground covers.

Maintenance:
•

•
•

•
•
•

Ponded water should not be allowed to sit for more than three or four days.
After three days, some insect larvae can become viable and the garden
may harbor pests such as mosquitos. (The recommended design of a 6”
ponding area was established so that water will infiltrate and/or evaporate
within four days.)
The soils in the planting bed should be tested, and lime applied to maintain
the appropriate pH for the selected plant materials.
If the soil bed experiences some erosion, it should be repaired to limit the
damage. (Erosion is most likely to occur during the first two years of plant
establishment.)
The mulch layer should be replaced approximately every two years.
Inspect plantings for dead or diseased plants, and replace as needed.
Some plantings may benefit from pruning.
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DOWNSPOUT TO FRENCH DRAIN
Description:
This practice will catch water from the downspouts and move it away
from the house to disperse the water into the surrounding soil. (Do not
locate this practice near drainfields, since over-saturated soil could
affect the operation of the septic system.)
Materials:
•
•
•
•
•
•

¼ grid hardware cloth
filter cloth (geotextile fabric - minimum tensile strength: 30 lbs./linear
inch, minimum punture strength: 80 lbs.)
1-2” stone
6 inch diameter perforated pipe
6 inch diameter solid pipe
water proof membrane (example: heavy duty plastic)

Downspout with
overflow in case
french drain becomes clogged

Geotextile fabric
Waterproof membrane, and
solid pipe out 5 feet from house
to protect foundation (20 feet
where basement is involved.)

Cover, and securely fasten, at least two
layers of geotextile fabric on the lower
end of the internal 6” diameter
perforated pipes (or, it can be capped
with a standard pipe cap).
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Procedure (Use the diagram above to aid in the procedure):
1. Before beginning this project, a percolation test should be run on the soil to
determine if the water will draw down as needed. To perform the test, dig a
4-foot deep hole in the soil and fill it with water. If the water draws down in 24
hours, then this method can be used. If not, do not try this practice.
2. Divide the area of the roof by 24 to determine the length of perforated pipe
needed. If the pipe length cannot fit in the available space, more than one
pipe, placed parallel to each other approximately one foot apart, may be
used to reach the length needed. Example: If the length needed is 100 feet,
then 2 pipes of 50 feet or 3 pipes of 33.3 feet can be used.
3. Using the measurement above, dig a ditch 48 inches deep by 24 inches wide
(or wider as needed if parallel pipes are used). The ditch length should be the
length of perforated pipe calculated, plus 5 feet for houses without basements, or 20 feet for houses with basements.
4. At the base of the ditch next to the house place the waterproof membrane
to a distance of 5 feet for houses without basements and 20 feet for houses
with basements. The rest of the ditch will be enveloped in geotextile fabric.
The geotextile envelope around the stone helps to keep the voids between
the stone from filling in with soil, and minimizes sinking of stone.
5. Place the stone carefully on top of the geotextile, to a depth of 33 inches
from the base of the ditch.
6. Place the pipe on top of the stone, beginning with the solid pipe section
bending in an “elbow” up to ground level below the downspout (using 5 feet
solid pipe without basement, 20 feet with basement). Connect to appropriate length of perforated pipe. Install optional clean-out. Wrap the outlet end
of the perforated pipe in at least two layers of geotextile fabric. Cover the
pipe with 3 inches of stone.
7. Place additional geotextile fabric on top of stone. Cover with 6 inches of soil.
Geotextile fabric should not be exposed to sunlight for long periods of time;
this causes the cloth to become brittle. Make sure to completely cover the
cloth.
8. If debris is a problem, gutter screens, available at hardware stores, can help.
Alternatively, at the opening of the pipe below the downspout, place a removable, bowl shaped strainer between downspout and pipe leading into
stone chamber. This will keep leaves and debris out of voids between stones.
This can be constructed using ¼ grid hardware cloth, anchored, so that it can
be removed and cleaned, when needed.
Option: Some of the excavated soil from the ditch can be used to create a sloping surface
away from downspout and house. Additional excavated soil can be used to build a berm at
the lower end of the structure to hold runoff over the stone to help it to infiltrate below.

Maintenance:
•
•

Clean strainer as needed.
If pipe becomes clogged, use clean-out for access to unclog.
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