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properties and includes a guide for planting in USDA Zones 3, 4, and 5. Many excellent ideas are
presented in this guide, and have been adapted in the following pages.
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Introduction
What a Rain-Garden Looks Like and How It Functions
In the Flint Hills Eco-region and other parts of Kansas where prairie is the dominant historic
vegetative community, rain-gardens can look and function much like a perennial garden.
The difference is that rain-gardens are intentionally designed to absorb the first inch or so of
stormwater runoff from rooftops, pavement, and other impermeable surfaces of land. If a raingarden holds more or less than the first inch of precipitation that is fine. What matters is that we
try to reduce negative stormwater impacts on our aquatic resources, and rain-gardens can help!
Using native prairie species makes rain-gardens well adapted to our harsh Kansas climate, but
other kinds of plants can also be used. However, please avoid invasive species!

Konza Prairie – October 25, 2005 photo by Lee Skabelund

Why are rain-gardens needed and valued?
In most urban and suburban areas, and almost everywhere we have built homes, driveways, and
streets, untreated stormwater flows directly across rooftops, pavements and lawns, into ditches or
inlets and pipes, and is then quickly conveyed to local creeks, streams and rivers.
This process, called stormwater runoff, creates dispersed (or non-point-specific) water pollution,
and is a leading cause of degraded streams, rivers, lakes, estuaries, and other aquatic ecosystems.
In fact, the US-EPA indicates that stormwater runoff is the most significant threat to water
quality in lakes and streams – as well as to the Gulf of Mexico and other estuaries.

In recent years, rain-gardens and other “best management practices” (BMPs for short) have been
designed and implemented in an attempt to slow, hold, filter and infiltrate stormwater as near as
possible to the places where rain and other forms of precipitation fall to the earth.
Rain-gardens are a solution that can be readily adapted to capture and infiltrate stormwater on
nearly every property, no matter the type of soils or slopes.

Rain-Garden sketch by Tim Merklein (KSU-LA/RCP 2008)
Residential Stormwater Retrofitting: An Educational Guidebook for Pottawatomie County, Kansas
Timothy Merklein, Dept. of Landscape Architecture / Kansas State University - Capstone 2008 (pg 32).

Why is effective stormwater management important?
If stormwater is allowed to move too far and too rapidly this flowing water will accumulate and
create larger more concentrated flows, typically causing soil erosion in our upland landscapes, as
well as excessive streambank erosion and sedimentation along our creeks, streams, and rivers.
How do we stop stormwater from concentrating?
There are many ways to slow, hold, filter and/or infiltrate stormwater. Options include, but
are not limited to the following: temporarily storing water on rooftops (generally not favored
due to concerns about preserving waterproofing membranes atop buildings), creating green
roofs to capture and use a portion of the precipitation that lands on a roof during storm events for
watering vegetation (an increasingly popular but more expensive way to treat stormwater given
the need for adequate structural support, excellent rooftop waterproofing, and other technical
requirements), using cisterns and/or rain barrels to store rooftop or other surface water runoff,
creating dry wells (holes in the ground filled with gravel) to move stormwater into the earth,
creating bio-retention cells (areas typically having a combination of engineered soils, plants
and mulch), installing porous pavement atop a compacted washed gravel base; and
implementing rain-gardens (shallow depressions that collect water from nearby impervious
surfaces and then infiltrate the water into existing, plant-mediated soils).

Stormwater Retrofitting Ideas by Tim Merklein (KSU-LA/RCP 2008)
Residential Stormwater Retrofitting: An Educational Guidebook for Pottawatomie County, Kansas
Timothy Merklein, Dept. of Landscape Architecture / Kansas State University - Capstone 2008 (pg. 43).

Steps to Create a Successful Rain-Garden
In some ways creating a rain-garden can be as simple as A-B-C.
A) Look for a good location;
B) Dig a shallow depression to collect water from part of a rooftop, patio or driveway; and
C) Plant vegetation that is well-adapted to the particular soils, climate/micro-climate, as
well as the amount of water likely to be received by the garden.
However, to make sure that you create a garden that relates well to its local and regional
context and that will also last a good long time—we suggest that you thoughtfully consider
the following six steps in your process of designing and then creating a rain-garden.
The first three steps relate to carefully planning your garden while the second three relate
to successfully implementing your plans.
1. Understand Your Property and Its Context
2. Locate and Size Your Rain-Garden
3. Prepare a Place-Specific Rain-Garden Planting Design
4. Excavate and Prepare Soil for the Rain-Garden
5. Install and Water Plants
6. Monitor and Care for Your Rain-Garden

The following pages of this guidebook describe important ideas related to these six steps.
Adapting the ideas in this guidebook to your specific context will help you address the issues
relevant to your property and thus create a rain-garden that responds to the unique soils, microclimate, and other factors associated with your community and bio-region.
We wish you the very best in your effort to reduce negative stormwater impacts while also
creating habitat for birds, butterflies, people, and other fascinating creatures!

Understanding Your Property and Its Context
The first thing you should do as you plan your rain-garden project is to seek to really understand
your property (its eco-regional and climatic context, topography/landform and hydrology or
water flows, its micro-climate and sun-shade patterns, its soils and vegetation, and its immediate
neighborhood and community context). You should also consider the variety of ways you can
use to reduce stormwater impacts and help protect water quality downstream from your property.
In relation to better understanding your property and its context property owners should address
the following questions:
What eco-region do I live within, and what natural vegetative communities offer the best
models for my property and rain-garden? Knowing what eco-region you are in gives you a
much clearer idea of the types of plants that you should consider for your rain-garden, and this
knowledge helps you avoid choosing invasive plant species that may compromise the ecosystems
within your eco-region. For example, Manhattan, Kansas lies within the Flint Hills eco-region,
which is considered to be globally significant (due to its biological diversity and integrity) and
vulnerable to degradation by human activities (due to invasive plants and poor land development
and management practices). As you seek to reduce damaging stormwater runoff impacts, you do
not want to negatively impact ecosystems in your region, so get to know your eco-regional
context and find out about the species that are considered to be invasive in your area.
What USDA Planting Zone do I live within? Knowing your plant hardiness zone will give you
an understanding of the plants that will survive through the extreme temperatures associated with
your winter climate. Kansas shares two hardiness zones – with much of the southern half of the
state in Zone 6a (where average annual minimum temperatures may drop to 5 to 10 below zero)
and areas to the north in Zone 5b (where winter temperatures may drop to 10 to 15 below zero).
What is also important to recognize that windy, hot Kansas can also seriously stress plants during
the summer (especially in July and August), so it is important to consider moisture-loving plants
that can adapt to periods of drought (unless your garden is protected by shade and has a high
water table or you are willing to regularly water your garden during hot, dry periods).
How does water flow across my property? Topography (or landform) plays a major role in
directing water across a property so you will want to consider how gentle or steeply sloping your
property is. Rain-gardens should be located so as to capture flows of water from rooftops and
downspouts, sidewalks, patios, driveways, and other impermeable surfaces. It is best to collect
stormwater runoff before it concentrates into a rushing stream of water, otherwise it may cause
erosion and wash away your plantings and mulch. Steeply-sloped areas are generally not good
places for rain-gardens (especially if they are continually carrying sediments into the raingarden), although stair-step type gardens can certainly function as rain-gardens. The best way to
observe the flows of water is to get outside in a rainstorm (or as the snow melts). You may see
that you need several rain-gardens to capture surface-water runoff on your property.

What types of vegetation exist on my property, and what plants are abundant in the
surrounding neighborhood and community? If you know your plants, documenting vegetation
is not too hard. If you need help, find someone who knows plants or study up by going to the
library and the Internet. Vegetation that is within several hundred feet of your property may
contribute seeds to your rain-garden, so it is helpful to know what kinds of plant species are
growing in your neighborhood and the larger community. Some seeds will bring pleasant
surprises, but most will require sweat equity as you pull unwelcome weeds. Learning about
invasive species and the movement of seeds and other plant propagules (for example, how
readily birds spread honeysuckle berries and the wind carries crabgrass seed) will help you
address the inevitable growth of vegetation that you do not plant in your rain-garden.
What types of soil exist on my property? When it comes to understanding soils doing a few
simple infiltration tests and testing or feeling the texture of the soils are very helpful. Because
most rain-gardens are four to twelve inches deep, you need to make sure that water collected in
the garden will infiltrate or evapo-transpire (evaporate into the air or be transpired by plants)
within about 48 hours. If your rain-garden dries out within two to four days it will not be a
breeding ground for mosquitoes (they typically require at least four or more days of placid water
to lay eggs and then metamorphose into adults). Infiltration will also increase as plants get
established (assuming that the soil is not constantly being compacted or that the rain-garden is
silted in with fine, soil clogging particles during or after construction). In the Flint Hills we have
areas of heavy clay soils, but remember, these are great for retaining moisture and can be
penetrated by the roots of native plants! If someone tries to tell you not to plant a rain-garden in
heavy clay soils have them take a look at KSU’s International Student Center Rain-Garden
where the soils were very dense, but with very little amending are now supporting many native
grasses, sedges, and wildflowers. (Read more on the KSU-ISC Rain-Garden in Appendix A.)
What type of micro-climate and sun-shade patterns does my property have? Knowing about
topography (discussed earlier) helps you better understand the microclimates on your property.
South-facing slopes are hotter and north-facing slopes are cooler. Lower areas are typically
moister (they collect surface water) and they may also be cooler as well. Shade trees temper
temperature extremes, but trees may also limit the amount of rainfall landing on the garden (and
trees can have extensive root systems that are hard to dig around or that you do not want to
disturb). Buildings and other structures also cast shade and alter the microclimate. If you pay
close attention to what grows well in your neighborhood as well as in local natural areas you can
learn much about how topography, soils, trees, and position influence microclimate and
accompanying plant species and vegetative communities. While getting some fresh air and
exercise take the time to observe your surroundings and this effort will pay off as you plan for
your rain-garden.
As you can see, there is much to learn and think about! However, it is important to recognize that
rain-garden design is not brain surgery. You do not have to be a scientist or expert in plants and
natural systems to get things right. You simply need to be willing to learn and explore, ask good
questions, plan carefully, then implement your ideas. Remember, you are creating a garden and
also learning to be a gardener. Since no garden maintains itself, dig in, and enjoy the experience!
You have the potential of creating a win-win-win situation (better water quality, improved
physical and mental health, and the creation of a beautiful little ecosystem or two).

Locating and Sizing a Rain-Garden
Rain-Garden Location
Rain-gardens function well in places where water is regularly moved away from your house –
especially in locations downslope from downspouts, sump-pump outlets, and off of patios and
driveways. You should not place a rain-garden where water would like migrate toward the house
so areas downhill from buildings are best. A rain-garden should typically be located at least 10
feet away from a building foundation (20 feet is best for structure/building with a basement) and
at least three to four feet away from a driveway or road. You also need to make sure where tree
roots, septic leach fields, water supply wells, and underground utilities are located so as not to
disturb these. Call the local utility service clearance (“One Call”) to have utility lines marked.
Rain-gardens should not be created behind retaining walls not specifically designed to handle the
extra weight and drain excess groundwater as they may cause these walls to fail.
As you plan an appropriate location, consider how likely it would be for very fine sediments to
be transported and accumulate in the rain-garden due to erosion. If rain-garden soils become
sealed, water may stand in the garden for more than several days. You do not want surface water
to linger for four or more days as you will have a wetland and not a rain-garden. Thus, in many
parts of the U.S. (especially in places having warm humid summers) it is not wise to locate raingardens in the very lowest spots of a property. These areas generally stay too wet. In the Flint
Hills eco-region the lowest areas of small developed properties (especially those one-acre to
quarter-acre in size) typically do not stay too wet for too long during the growing season,
especially if deep-rooted plants are growing in these locations or if the area is exposed to full sun
for at least six hours a day. These conditions contribute to high evapotranspiration and
infiltration rates. Exceptions to this are low areas with a high watertable—where groundwater is
close to the soil surface.
If possible, it is helpful to capture the first inch of rainfall and to assume that larger storms will
fill your rain-garden up and then send additional stormwater away from the garden. No matter
where your rain-garden is located you need to consider a way to reduce the erosive force of
water as it enters and leaves your garden, and to make sure that the water does not stay around
for more than two to three days. Although many people like water to “disappear” within a day,
most plants can handle several days in standing water during the growing season, and mosquito
breeding will not be a problem unless surface water lingers for four or more days.
It is wise to look for a location where a flower garden would fit well with your property and
where you can readily dig a shallow depression of the size and shape you want. If your ground is
on a slope you will want to create a low earthen dam (or berm), a rock retaining wall, or a levelspreader (a level barrier or dam made of treated wood and/or rock) on the down-slope side of the
rain garden. A berm can be created by reusing the excavated soil from your rain-garden.
On steep slopes (greater than 15 percent, or about a four-foot elevation change over a horizontal
distance of 25 feet) you can create several stair-step rain-gardens or planting beds embraced on
the downhill side by a low berm or a taller (perhaps one to two foot tall) dry-laid retaining wall.

The drawings below show where to locate rain-gardens in relation to buildings and structures,
driveways, walkways, patios, and areas of turfgrass. You can direct water from downspouts and
other collection points by pipe (underground or via surface flows) to each rain-garden.

Rain-Garden Locations - drawn by Yun-Chieh [Jay] Chiu (KSU-MLA student 2008)

Rain-Garden Sizing
There are a number of ways to size your rain-garden and to determine the depth of your raingarden. The most direct method we are aware of is presented below*.
Complete an infiltration test to determine the appropriate rain-garden depth and size your garden
to meet your design intent including how much water you wish to collect. We suggest that you
seek to capture and infiltrate the first inch of rainfall over a 24 to 48-hour period, modifying this
approach to work with the specific limitations of your property.
Follow the steps below to determine how deep your rain-garden needs to be to match the
infiltration capacity of your soils. Then determine the appropriate size of your rain-garden.
Three-Step Infiltration Test:
Step 1. Dig at least one hole (two holes may give you a better sense of infiltration rates for a
proposed site but remember to average your two results). Each hole should be eight inches in
depth and diameter. Clean out the loose soil and fill each hole with water, allowing the water to
soak into the soil for at least one hour.
Step 2. Fill the hole once again with water so that the water level is one inch below the top of the
soil surface. Mark the top of the water level with a Popsicle stick, or other small stick (push the
stick into the side of the hole flush with the water level). Record the time.
Step 3. Measure how far the water level in the hole drops at regular time intervals. For sandy
soils check the water level every 15 minutes for at least an hour; for clay soils record water levels
every 30 to 60 minutes for two to four hours. Based on the infiltration rate measured, calculate
how many inches of water will soak into the soil within 48 hours (two full days). The number of
inches that soak into the ground over that period of time should be the maximum depth of your
rain-garden, though it is wise to keep any rain-garden at a maximum depth of 12 inches.
Infiltration Rate: ___ inches over 48 hours (determined by the infiltration test)
Two-Step Sizing Determination:
Step 1. Measure the impervious area draining to the rain-garden (length x width, typically
measured in square feet). As an example, if your impervious roof or driveway area is 50 feet by
20 feet then the impervious area for your rain-garden will be 1000 square feet.
Step 2. Using the information from the infiltration test, divide the impervious area by the rate of
infiltration (in inches over a 48-hour period). Continuing the example above, if your soils can
infiltrate 6 inches of water in 48 hours, divide 1000 by 6. This equals roughly 170 square feet of
rain-garden or a 17 foot by 10 foot (or a 12 foot by 14 foot) area.
Rain-Garden Size: _____ square feet (impervious area / infiltration rate)
* Source: Blue Thumb Guide to Raingardens (Adapted from Schmidt, Shaw & Dods 2007, pages 11-14)

Preparing a Place-Specific Rain-Garden Planting Design
Selecting plants that are well adapted to regional and micro-climatic conditions and to the
specific soil type within your rain-garden is very important. Thus, we encourage you to select
native plants and to never use invasive species (which tend to be prolific reproducers and
degrade natural ecosystems by crowding out less competitive native species).
Why choose natives? When planted in soils suited to their genetic memory regionally-adapted
native plants can handle periods of drought and other climatic extremes and they need no
fertilizers or supplemental watering once they are established. As a result, fewer inputs are
needed over time, reducing costs and conserving resources. Native plants also host native
butterflies and insects which increase biotic diversity.
Additionally, a number of native grasses and wildflowers have extensive root systems (and all
natives have deeper roots than conventional lawns), adding organic matter and creating root
channels for more rapid stormwater infiltration in all types of soil, including very dense clays.
So prairie plants, especially those adapted to both dry and moist sites (such as mesic, moist or
wet prairies), are excellent choices for rain-gardens in the Flint Hills eco-region.

Konza Prairie – Prairie Root & Soil Systems (photo by Lee R. Skabelund)
Local Suppliers of Native Plants - A common challenge in some communities is finding local
suppliers of native plants (unless there is a native plants nursery nearby or if you obtain
permission to collect seed or live plants from native ecosystems). In urbanizing areas plant
salvage (saving plants that might otherwise be plowed under due to expanding urban and
suburban development) is possible. Note however, that many deep-rooted species are difficult to
successfully transplant unless the individual plants are very young.

Sources of Plant Information
One of the best sources for plant information nationwide is the USDA’s PLANTS Database
(www.plants.usda.gov). Konza Prairie is an excellent reference site and there are a number of
excellent Internet sources, including several KSU-sponsored websites on prairie plants (for
example: http://www.lib.ksu.edu/wildflower/).
Native plants and ecological restoration nurseries are excellent sources of information regarding
regionally-adapted plants which you can compare to what is listed on the PLANTS Database.
Examples of excellent online sources of native plant information include www.critsite.com and
www.prairienursery.com. Prairie & Wetland (CritSite) Nursery (south of Kansas City,
Missouri), Kaw River Restoration Nurseries (in Eudora, Kansas), and Bluebird Nursery (in
Nebraska) are three nurseries that supply live plants and seed These nurseries were the primary
sources of native plants for both the KSU-ISC Rain-Garden and the Rossville Rain-Garden.
Native species’ ranges can be checked through range maps at the PLANTS Database (which
indicates if a species is found in your county). The decision as to whether a plant is well-suited to
a specific site should include an assessment of the moisture tolerance, soil type, slope, sun/shade
preference, plant size and competitiveness, texture and seasonal interest, and attractiveness to
wildlife (birds, butterflies, deer and rabbits).

Konza Prairie – Buffalo Wallow (photo by Lee R. Skabelund)
Discuss your interest in using plants native to your region with your local nursery. If they cannot
supply what you need, seek to obtain native plants from as close to your area as possible. Then,
if needed, consider attractive, well-adapted, and non-invasive horticultural selections or cultivars.

Plant & Planting Considerations
Soil Moisture - Plant species that thrive primarily in moist soil conditions need to be placed in
the deepest parts of the rain-garden, while species that thrive in dry soils can be placed on berms
and side slopes, with species that prefer average soil moisture in-between. As noted earlier, a
number of prairie species have a wide range of moisture tolerances.
Sun/Shade Preferences - Some plant species thrive in full sun, others in full shade. Most prairie
species need at least a few hours of full sun each day and some species do best with at least six
or more hours of direct sunlight each day. Woodland species prefer full shade and can do very
well in less than two hours of direct sunlight, generally early or late in the day when
temperatures are cooler and the light is more diffuse. In the Flint Hills eco-region the plant
palette is dominated by sun-loving species that can generally withstand prolonged periods of
drought. This means that there tend to be fewer shade tolerant species, but they do exist.
Plant Height - The height of rain-garden plants can be significantly larger than they typically
grow in their native habitats due to the increased amounts of concentrated water and more
prolonged moisture levels. The tallest plants are often best placed in the center or deepest part of
the rain-garden with smaller plants along the outside (so they are not buried from view).
Choosing plants that fit the scale of residential, commercial, or institutional properties is
important. If native species are simply too tall for the specific setting, consider selecting dwarf
varieties or shorter cultivars (or you may need to find other replacements). Grasses such as
Switchgrass can be trimmed back early in the season to reduce their size. Flowers can clipped
and used as cut flowers (which may be helpful in controling highly competitive species
(including species such as Switchgrass Joe-Pye Weed, Sunflowers, Yellow Cone Flower, New
England Aster, and other aggressive species).

Konza Prairie – Drought-Tolerant Wildflowers and Grasses (photo by Lee R. Skabelund)

Flowering Time/Duration and Year-Round Interest - With forethought, your rain-garden can
provide visual interest year-round—spring, summer, fall and winter. Most nurseries have plant
guides and brochures that discuss bloom time and duration. Consider planting different species
that will bloom at different times of the year, and also think about the winter coloration and
structure of plants as well. Little Bluestem is stunning in summer, fall and winter. Dried
coneflower heads, milkweed pods, and wild indigo stems and leaves each add a lovely winter
effect. Retaining some plants throughout the winter can provide visual interest, particularly right
after snow and ice storms.
Wildlife Value - Seasonal effects also influence use of the garden by wildlife and it is worth
considering ways to invite butterflies and birds into the garden. Cardinal Flower and Blue
Lobelia may attract hummingbirds to the garden. Finches may come for coneflower seeds. There
are many flowers that will attract butterflies, including Black-Eyed Susan, Blazing Star or
Liatrus, and asters, milkweeds, and coneflowers. Monarch butterflies are particularly fond of
milkweed species, and your garden could thus serve as a weigh station as these elegant creatures
migrate north to Canada (for the summer) and south to Mexico (for winter).

Konza Prairie – Butterfly Weed and Monarch Butterfly (photos by Lee R. Skabelund)
Salt Tolerance - Speaking of winter, if salt is used in the vicinity of rain-gardens (on roads or
driveways) and you have heavy soils that will retain the salts in the soil system, then you will
either need to eliminate or minimize the use of salts, or if this is not feasible, select salt-tolerant
species. Otherwise your salt-sensitive species will likely disappear. (Note that salt will also
rapidly degrade limestone so avoid sparkling slat near limestone retaining walls or permeable
pathways made of limestone.)

Excavating and Preparing Soil for the Rain-Garden
A rain-garden can be composed of a single pool, or several pools, depending on the slope of your
property, the amount of water to be detained, and your aesthetic intent. Several step-pools can
function very well on steeper slopes. Whatever your situation, it is important to create a garden
that fits well with your property and with the structures and other elements on the property—so
laying out the garden is just as much a design exercise as drawing it on paper or the computer.
The rain-garden sketch below shows what a simple rain-garden looks like and also provides
information about important design considerations.

Rain-Garden Cross Section - drawn by Yun-Chieh [Jay] Chiu (KSU-MLA student 2008)
Once you have selected a location for your rain-garden and sketched out your ideas (digitally or
on paper), lay out the garden using stakes and string, a rope, or a garden hose.
You will want to use stakes, string, and a level (or surveying equipment if you have access to
them) to make sure that your berm, retaining wall, or level-spreader on the low side of your
garden will spread water evenly out along the top of the berm/wall/dam once your rain-garden
fills with water in a large storm event.
Measure the width and length of the garden and make sure the layout fits as well as it can.
Before excavating, remove the sod (for re-use elsewhere if possible) and/or other vegetation. If
your rain-garden site is full of weedy grasses or other undesirable vegetation you may need to
take extra precautions to avoid spreading weedy vegetation (for example, rhizomes and runners
from Bermuda Grass and other species can re-sprout and be nuisance for years to come).
Begin digging (using a shovel or roto-tiller for small rain-gardens, or a machine such as a bobcat
for larger areas). The basic shape should be a flat-bottomed depression with side slopes of about
3:1 (flatter if space is available). If the rain-garden is eight inches deep the side slopes should be
roughly three times that long (24 inches).

As you construct the rain-garden consider how to temporarily release water from the garden
while vegetation is getting established. Most young, shallow-rooted rain-garden plants don’t
tolerate standing water nearly as well as taller, mature, and deep-rooted plants. Protect inlet and
outlet areas with rock (and possibly vegetation) to dissipate concentrated flows of water and
minimize soil erosion.
Once the rain-garden is excavated you can begin to amend the soil with compost and/or topsoil
(as needed). Soil tests can be performed by university or county extension offices and should be
done if you do not have a good sense of the pH and nutrient content of your soil. If your soil
percolates well (roughly eight or more inches per day) then you should not need amendments to
encourage infiltration. If your soils are heavy clays, very sandy, have been highly compacted, or
have little topsoil it is wise to add some compost and topsoil (weed-free as much as possible).
Organic matter is vital in retaining soil moisture and adding nutrients (for sandy soils) and can
loosen soils for heavy clays. Compost and/or topsoil should be thoroughly incorporated into the
top 3 to 12 inches of existing rain-garden soil, depending on what is practical to do for the soils
on your property.
At the KSU-ISC Rain-Garden, clay soils were so dense and heavy that roto-tilling barely broke
up the top two inches of soil. A very small amount of topsoil was added to the two pools or
shallow rain-garden basins, but no compost. Nevertheless, the native species that were planted
have done very well—flourishing due to adequate rains and supplemental watering during the
first summer, and needing no supplemental watering during the second season. Impressively, in
the second season, a number of plants reached four to six feet in height!!!

KSU-ISC Rain-Garden – Tilling the Clay Soils in April 2007 (photo by Lee R. Skabelund)

To keep turfgrass from creeping into the garden edging of some type may be needed. There is no
perfect solution here, but consider using rock (limestone is abundant in the Flint Hills and flat
pieces can be laid to create a formal or informal edge while allowing for water to run into the
rain-garden and a lawn mower to cut turfgrass along the edge). Other options are flexible metal
or plastic edging (with stakes to secure the edging into the soil), cut rock, or treated wood.
Burying edging of whatever type at least three to four inches deep is necessary to keep turfgrass
roots from spreading under the edging, while the top of the edging must be flush with the
turfgrass thatch to allow stormwater to flow over the edging and into the garden.
You should create an elegant way to move water into and out of the garden without eroding soils
above or below the rain-garden. Rain-chains can move water from roof scuppers to the ground,
or you can simply extend your downspout through a pipe or channel or onto a splash-pad or
rocky area (with large enough rock, blocks, or stone at the outlet to dissipate the energy of fastmoving stormwater that flows off of structures and hard surfaces during thundershowers or other
downpours). Pipes can be buried and then day-lighted to your rain-garden as long as they slope
consistently downhill so the pipes will drain freely. Water can also be moved across a simple
grassed swale, moved through a created, temporary “creek bed” (with intermittent waterfalls if
elevation changes are sufficient), run through a gravel filled trench, or be conveyed across a
driveway or walkway through a French-drain (a gutter-like feature, typically with a screen on top
to keep debris from clogging the drain or gutter).
At the KSU-ISC Rain-Garden a level-spreader was used to avoid concentrating stormwater flows
on the downslope side of the garden during and after major storms.

KSU-ISC Rain-Garden – Two-Cell Garden with Level-Spreader (photo by Lee R. Skabelund)

Installing and Watering Plants
Although it is possible to use seed (and seeding should be considered for very large rain-gardens
where seeds can be drilled or pressed firmly into the soil and thus not to be washed away during
storm events) we recommend using live plugs or small pots.
When planting smaller rain-gardens, and in locations where you need or desire more immediate
visual results, planting species as plugs and pots will provide more immediate impact. (For seeds
you will likely need to patiently wait two to three years for the plants to establish.)
Plugs and pots come in different sizes—with some coming in 72-plant or 36-plant trays, others in
six or nine packs, and still others in individual two-, three-, four-, six-, or eight-inch pots,
depending on the nursery. Deep-cell plugs, with containers 1-2 inches wide and 5-6 inches deep
are particularly good choices for plants with naturally deeper root systems. Large potted plants
(1/2-gallon or 1-gallon sized) can experience transplanting shock, especially after coming from
nurseries where they have received daily pampering. Root-bound pots and plugs should be
avoided (although these may be better than plants with hardly any root to speak of). Ask and
look for high-quality plants, especially since you may pay several dollars (or more) per plant for
some potted plants. When purchasing live plants, smaller plugs are the least expensive, while
larger pots provide more instant visual effect.
Once you have selected the species and number of plant you want to purchase for your raingarden (refer to “Preparing a Place-Specific Rain-Garden Planting Design” and “Calculating
the Number of Plants to Purchase”) you will need to lay out the plants in your excavated and
fully prepared rain-garden, in accordance with the required spacing requirements. Once you have
placed the plants you can move things around to fit with things you could not clearly visualize in
your minds-eye or on paper. Unless your project is part of a research project (where every plant
needs to be placed in a specific location) feel free to experiment; this is gardening and you
should be happy with the arrangement of plants! Also remember that no matter how specific you
have been in your design, natural processes will redesign the garden year-to-year.
If you are using native plants you should not use fertilizers as they will typically favor weedy
competitors rather than the native species you plant. If you wish to enhance the root growth of
prairie species we suggest that you invest in mycorrhizal inoculum (tablets or powder), which
can be added near to the base of the roots when you plant each individual live plant. These
“GroLife™ Planting Tablets” contained fragments of fungal mycelium and pieces of mycorrhizal
roots capable of colonizing and assisting host plant roots. We typically used one or two 7-gram
tablets placed near the roots of each live plant installed within the KSU-ISC Rain-Garden.
Minimize trampling or compacting rain-garden soils by using boards as bridges (placing them
atop stable rocks, bricks, or blocks), reducing walk-through traffic, and placing mulch down,
then pulling back the mulch in the area where you need to dig a hole for a plant.

Calculating the Number of Plants to Purchase:
To determine how many plants you will likely need you can look at the spacing requirements at
www.critsite.com or in Chapter 9 of the Blue Thumb Guide to Raingardens and then calculate
the number of plants you need by doing the following.
Step 1: Determine the total space needed by each plant, multiply the distance between plants
within the rows (X) by the distance between the rows (Y).
Example: A square planting pattern with plants spaced (on average) at 12 inches on center,
X = 12 and Y = 12.
Therefore, 12 × 12 = 144 square inches.
Step 2: Take the total number of square feet of planting area and multiply it by 144 to convert
square feet to square inches.
Example: The total square footage of the planting area is 100 ft2.
Therefore, 100 × 144 = 14,400 square inches.
Step 3: Divide the total number of square inches by the total number of inches needed by each
plant.
Example: 14,400 in2 ÷ 144 in2 = 100 plants.
Obviously your calculations will need to be adjusted for plants with different spacing
requirements (which should be based upon the size of the plants at maturity), and it may be
easier to sketch your ideas on paper and then count up the individual plants you need.
Using CADD (computer-aided design and drafting) can also allow you to quickly calculate total
plants for different areas given certain spacing requirement.
Yet another other option is to choose the plants you want, find out if they are available, and then
simply stake out the location of each plant in your designated rain-garden location, than count up
the number of plant you need to purchase.

KSU-ISC Rain-Garden – Planting the Two Pools in April 2007 (photo by Lee R. Skabelund)

Planting Techniques:
Keep plant roots moist before planting; don’t let them dry out by keeping plants out of hot,
windy locations for long periods and watering them as necessary.
If plants are root bound in pots unwrap the roots (and if this doesn’t work make a few cuts down
the side to loosen the roots). Do not allow the roots to dry out after taking them out of the pots; it
is best to pull plants out of trays and pots one at a time.
Dig a hole large enough to allow the roots of each plant to hang vertically in the hole; do not
plant roots in a J-shape as this will increase the stress on the plant. A small mound at the bottom
center can be formed so roots can drape over it.
Plant so that the base of the stem is slightly higher than the surface of the ground and make sure
that the root ball is completely covered by soil, gently backfill the hole and then firmly push the
adjacent soil around the root. Do not leave air pockets around the roots.
Give the roots of each plant a gently and thorough soaking.
Add about 2-3 inches of shredded hardwood mulch (or another readily-available type of mulch
that will not float away or quickly decompose; a good layer of leaf mulch is acceptable if this is
the best option you have). In placing mulch around each plant, keep a distance of about one inch
around the base of plants so that the stems will not get scratched up.
Press your finger in the soil around a plant or two during a dry-spell to check on soil moisture
and water the plants in your rain-garden whenever the soil begins to dry out during the first
growing season. Typically, new plantings need about one inch of water per week.

KSU-ISC Rain-Garden – Planting Native Grasses in June 2007 (photo by Lee R. Skabelund)

Monitoring and Caring for Your Rain-Garden
Weeding is a necessary part of gardening and the time spent weeding can be a great opportunity
for each of us to learn about the dynamic nature of perennial plants (how quickly and abundantly
they grow and propagate and how they compete with one another), other invading plants, as well
as the influences of wildlife (including squirrels, rabbits, voles, moles, butterflies, moths, bees,
birds, beetles, ants, and a multitude of insects), changing climatic conditions, the effects of
flowing and infiltrating stormwater, and other factors.
Larger rain-gardens having plenty of weeds or invasive species nearby the rain-garden will
naturally require regular monitoring and weeding, especially during the first two years as the
desired rain-garden plants fill in. Smaller rain-gardens, surrounded by non-invasive turfgrass and
few weedy species, will require much less care in terms of weeding.
The key is to remove weeds before they release their seeds and so regular monitoring is needed.
After the first growing season, native plants and other well-adapted plants should need no
supplemental watering—unless the rain-garden experiences a prolonged dry period, or if plants
requiring consistently wet soils were planted in the garden.
Plants located under the canopy of trees may need extra water as they will likely not receive the
same amount of rainfall that plants in the open receive.
Annual Maintenance:
It is helpful to keep a record of changes that occur in your rain-garden so that you know when to
complete certain maintenance activities and to provide insights for others contemplating the
creation of a rain-garden on their property.
Just as with any perennial garden, weeding will be required throughout the season as will some
clipping and deadheading of old flowerheads. Plants that are prolific seed producers may need to
be clipped back once or several times so to minimize the number of seeds released. Plants that
get too large may need to be cut back or removed and replaced with more appropriate plants.
Many species can remain over winter and then be cut back each spring (in March or early April)
depending on the look that is desired. If sediments, leaves, or other debris accumulates then these
can be cleaned up. This will be needed if such elements pile up where water is entering the
garden, especially if it begins to form a dam or barrier.
Over time, less weeding should be required (especially after the second or third growing season)
and you should learn when you need to look for certain kinds of weeds. If you retain a three-inch
layer of mulch in the rain-garden, weeds will be limited and when they are present will be easier
to remove.
As time progresses, you may see that water infiltrates quite rapidly and you may then be able to
raise the berm or dam on the downhill side in order to capture and hold more stormwater.

Common Rain-Garden Questions & Answers
Can I plant a rain-garden on heavy clay soils? Yes, especially if you choose native plants that
are adapted to heavy clays and to the other specific conditions that your property and rain-garden
site provide. You may want to amend the soils with topsoil and compost, thoroughly
incorporating these additions into the clay soil via tilling as deep as the soils allow. This is
especially important if the clays within your rain-garden site are fairly raw sub-soils (with little
organic matter residing in them). If this is the case make sure you over-dig soils by 6-12 inches
(after rough-grading the rain-garden basin), then till compost and topsoil into these raw clays.
You may also need to minimize the amount of water held in the garden during initial plant
establishment by creating a notch or passageway in the downslope berm, the level-spreader, or
retaining wall, then, as rain-garden vegetation matures, plant roots penetrate into the clays, and
infiltration increases, you can fill in the opening (and possibly raise the downslope berm, levelspreader, or wall to collect even more water).
What is the cost of a rain-garden? Costs could be as little as $500 for a 200-300 square foot
garden (perhaps $2-5 per square foot if you do the work yourself, and use smaller plants, mulch,
and salvaged rock) or perhaps twice as much if you use larger plants and use additional features.
Nevertheless, a rain-garden can pay for itself in landscape value. More important than cost, raingardens add beauty to both the homeowner’s yard and the neighborhood. Imagine driving down
a street and seeing lovely gardens in every yard or on every property. Rain-gardens allow
homeowners to create a perennial garden for a modest cost—and these gardens are well-watered
whenever it rains.
Will my rain-garden look weedy? How can I make my rain-garden look acceptable to
neighbors, homeowner associations, and community officials who want every property
looking neat and tidy? How often should I weed and water my rain-garden? By building in
cues that show you intentionally planned, implemented, and are caring for the rain-garden you
will create a perennial garden that is appreciated by your neighbors and other community
members. Massing certain species (with at least three or more plants clustered together) can help,
as can repeating patterns, relating to nearby architectural features, and the creation of welldefined edges. Placing tall plants in back of smaller plants (in stair-step fashion) and framing the
garden (with a fence, limestone wall, decorative rock, pathway and/or sitting area) can also help
make the garden look very acceptable. Weediness is in the eye of the beholder, but regular
weeding and selective pruning will minimize this concern.
How much time will it take for the rain-garden to establish? If you use live plants and plant
early in the spring then the rain-garden could really take off in the first growing season.
However, it will take at least 2-3 growing seasons for a rain-garden to really fill in.
What about mosquitos? The most common question about rain-gardens are about possible
mosquito breeding. In a properly designed garden, water should be properly soaked away after
24-48 hours. Mosquito larvae will not have enough time to complete their life-cycle before their
potential breeding ground dries up. Although it is unlikely, if water ponds for 3-4 days, then the
surface of your rain-garden has sealed up; it will need to be loosened to allow for infiltration.

Appendices
Case Studies – The KSU-ISC and Rossville rain gardens highlight relatively simple ways to
reduce storm-water runoff and improve the water quality of local streams. Both rain-gardens
were designed by KSU faculty and students in the Department of Landscape Architecture /
Regional & Community Planning. Professor Lee R. Skabelund played a primary role in the
design of both rain-gardens and is the contact at KSU (lskab@ksu.edu).

KSU’s International Student Center (ISC) Rain-Garden
Project Location and Description:
The KSU-ISC Rain-Garden is located near the Campus Creek corridor, upstream from the
Quinlan Natural Area and south of the Vet-Med Campus, at Kansas State University.
Planning, Design & Construction Process:
PROJECT GOAL: Create a rain-garden and streambank improvements along a target area of
Campus Creek at Kansas State University to improve to the environmental setting and reduce
stormwater run-off. Demonstrate specific ways to address urban stormwater runoff to KSU
administrators, staff, faculty, students, and visitors.
METHODS:
1) Develop graphic plans/designs for a rain-garden and streambank improvements along
Campus Creek by hosting introductory integrated stormwater management and design
presentations and holding a one-day design charrette.
2) Engage KSU administrators, staff, faculty, and students in a discussion of water quality
concerns and solutions related to urban stormwater runoff. Work with landscape architects
and other professionals to formulate plans and designs for this area of Campus Creek.
Complete detailed plans/designs for a rain-garden and streambank improvements. Coordinate
basic pre and post-construction water quality monitoring to highlight before and after
conditions.
3) Secure approvals, equipment, materials, and participation; and complete other construction
planning and coordination.
4) Use volunteer labor and donated materials/vegetation to create a rain-garden above Campus
Creek in order to reduce stormwater inputs from a small area of adjacent roadway and
upslope buildings/parking areas.
5) In tandem with method #4, initiate minor streambank improvements along a small, adjacent
portion of Campus Creek.
http://faculty.capd.ksu.edu/lskab/raingarden.html

Rain-Garden Design (Concept Drawings):

KSU-ISC Rain-Garden – Perspective Sketch by Cary Thomsen (January 2007)

KSU-ISC Rain-Garden – Plan View Sketch by Lee R. Skabelund (February 2007)

Rain-Garden Design (Final Drawings):

KSU-ISC Rain-Garden – Section by Cary Thomsen (February 2007)

KSU-ISC Rain-Garden – Plan View by Cary Thomsen (March 2007)

Rain-Garden Construction:
Work included the following construction activities: grade two shallow basins; relocate four
existing shrubs; install nine large pieces of limestone (to respond to ISC architecture, allow
access through the rain-garden, and provide seating); place weed barrier and washed filter-stone
down as the base for two pathways; place three large limestone “splash-pads” atop the three
silted-in dry wells; construct a level-spreader (to minimize concentrated flows as water exits the
rain-garden); haul and place topsoil along the fringe of the basins; rototill soils and beds in
preparation for planting; plant approximately 250 dry to wet prairie and a few wetland plants
(representing, for the most part, species common to the Flint Hills Eco-region); plant additional
perennials and shrubs; mulch all planted areas; and, repair the flagstone path (which was
damaged while under construction by two very heavy May 2007 rain events).

KSU-ISC Rain-Garden – Construction began with rough-grading using a skid loader, placing
limestone, and creating porous pathways (March 2007 photos by Lee R. Skabelund)

Rain-Garden Plant Species Selection:
Given the visibility of this demonstration project 30-40 hours of time was spent determining
what species to use for the KSU-ISC Rain-Garden. This included time to research specific plant
characteristics (including root structure, flowering color, timing, and duration, soil chemistry and
moisture preferences, sun/shade preferences, etc.), to check plant information at various websites
(CritSite/Prairie & Wetland Nursery was especially helpful, as was Prairie Nursery’s list of
plants for heavy clay soils), and then to cross-check findings with the USDA Plants Database (to
see which species were found in Riley County, Kansas). A number of hours were required to
correspond with nurseries about plant availability, to consider specific nursery recommendations,
to adjust and finalize plant lists when preferred species were not available, and to make final
plant orders from Prairie & Wetland Nursery (western Missouri), Kaw River Restoration
Nursery (eastern Kansas), and Bluebird Nursery (central Nebraska).
Additional Plantings – Sun and Shade Perennials, Herbs and Shrubs
Because the scope of the project went well beyond the area within the two rain-garden cells or
pools, additional mulch and plants were obtained to cover, stabilize, and enhance the visual and
experiential quality of the project site. Plants (some native, some cultivars, and a number of
ornamental species) were selected on-site at Blueville Nursery, Riley County’s largest retail
nursery and these were planted in areas surrounding the KSU-ISC Rain-Garden.

KSU-ISC Rain-Garden – Pools Filled with Rainwater (June 2007 photo by Lee R. Skabelund)

KSU-ISC Rain-Garden Plant List:

Ongoing Monitoring & Maintenance:
First year watering and weeding occurred on a regular basis –with 30-gallon garbage cans being
used for several months to catch a portion of rooftop runoff and to simplify watering. A garden
hose was also used to water the garden during drier periods (especially July and August 2007).
Because of the amount of weedy grasses and other herbaceous weeds in the vicinity as well as
the prolific number of berries produced by adjacent honeysuckle and buckthorn, ongoing
monitoring and weeding requirements at the KSU-ISC Rain-Garden have been quite demanding.
Training of students has occurred on several occasions, however the lion’s share of weeding has
been done by Professor Lee Skabelund, who has been attempting to get a detailed and accurate
idea of monitoring and maintenance requirements for this garden. During the period of May to
July 2008 approximately 40 hours of volunteer time were contributed by KSU students and
faculty for weeding, spot watering (discussed below), and branch and debris cleanup (including
work to cleanup the garden, rooftop, and adjacent area after the June 10, 2008 EF1 tornado
moved over the ISC). Fortunately, the 25-foot branch that was tossed into the rain-garden did
very little damage (but highlights the uncertainties of climatic extremes on the Great Plains).
Except for the watering of transplanted vegetation along the fringe of the rain-garden, and
occasionally watering plants in higher and drier settings, no supplemental watering has occurred
within the rain-garden during the 2008 (or second full) growing season. Abundant June 2008
rains created very rapid growth of rain-garden and fringe area prairie species, with some plants
reaching five to six feet in height by late June and July. As of this writing (early August 2008) no
watering of the rain-garden has occurred. It is possible that over time, some of the sedges which
require higher soil moisture levels (and which typically are found in east of Lawrence, Kansas)
will be replaced by the more hardy Flint Hills prairie species, however, time will tell.

KSU-ISC Rain-Garden – August 12, 2007 (photo by Lee R. Skabelund)

Special Features:
Two-Cell Rain Garden with Level-Spreader
The KSU-ISC Rain-Garden has two cells or pools. The pool closest to the ISC’s Taiwan Wing is
shadier (lying partially under the north side of a very large American Sycamore), slightly deeper
(about 12 inches at its deepest), and moister (collecting all the rooftop runoff from very small
storms and receiving the first flows of rooftop runoff from all storms) than the pool closest to
Campus Creek. The second pool was created by scooping out 6 to 8 inches of soil and creating a
level-spreader on the downslope (or Campus Creek) side of the garden. The level-spreader is in
essence a semi-leaky dam, created by using two 2x12-inch treated boards, 10 feet in length,
placed end to end and backed by 50-70 pound pieces of salvaged limestone from the Bayer Stone
Yard in Manhattan). The level-spreader is leaky because it was lowered after its initial
installation (we were concerned that in a major storm water could back up to close to the atgrade foundation of the Taiwan Wing) and the gravel that was placed at the bottom of the levelspreader was intermixed with the sticky clay soils. Because it was surveyed in by its designer
(Professor Dennis Day) it is nearly perfectly level and thus serves its purpose very well (to
spread water out over its entire length in a major storm, thus reducing the chance for
concentrated and higher velocity flows leaving the garden. The two pools are separated by a
several inch rise of earth and three large pieces of cut limestone, which serve as a pathway
through the middle of the garden. Water enters the upper pool by falling from scuppers unto one
of three large cut limestone splash-pads (salvaged from the Bayer Stone Yard) or into one of
three metal rain-bowls (created and installed by Professor Casey Westbrook’s sculpture
students). During larger storm events, surface water also moves from the east (or back) side of
the Taiwan wing, flows through a wide pathway of gravel and limestone path on the south side
of the Taiwan Wing (under the Sycamore), and enters the lower pool at it its southeast corner.
Porous Pathways
Two porous (permeable) pathways were created on either side of the rain-garden.
A more formal pathway was created to reflect the formality of the ISC courtyard and the eightfoot grid of the ISC architecture. This pathway sits on heavy clay, scraped clean of turf by a skidloader. A root barrier/filter fabric was placed atop the clay, then 2-4 inches of washed ½ to ¾
inch gravel was laid down, followed by salvaged cut limestone squares and rectangles, voids
between the cut limestone were filled with smaller limestone gravel (up to about ¼ inch in size).
The pattern, designed in the field after we discovered that we had different sizes of cut stone, has
the feel of an oriental tapestry (at least that is the perception of some visitors to the garden).
An informal flagstone pathway runs along the south side of the Taiwan Wing and rain-garden
and conveys people and stormwater without eroding the underlying soils (which was a problem
prior to rain-garden construction). This pathway was created by digging out a shallow swale,
covering the soil with a root barrier/filter fabric, adding washed ½ to ¾ inch gravel and then
placing irregular-shaped pieces of limestone (called flagstone by the supplier) in a manner that
would lock them together, starting from the bottom (next to the level-spreader) and working up
past the southeast corner of the Taiwan Wing. Once all of the flagstone was securely in place
water flowed through the network of voids. Some gravel is moved during heavy downpours,
which brings concentrated flows of water from KSU’s Derby Dining Complex and the open area
of trees, shrubs, and turfgrass east of the ISC.

Project Cost:
Financial support for the ISC Rain-Garden Design/Build Project was provided by WaterLINK
and KDHE Clean Water Neighbors grants. In-kind donations and volunteer labor were provided
by KSU’s College of Architecture, Planning and Design, KSU Facilities & Grounds, KSU
faculty, students and staff, KSU’s Art Department, The Civitas Group, Bayer Stone, Midwest
Concrete Materials, Higgins Stone, Coonrod Construction, Atwood Rentals, Blueville Nursery,
CritSite Prairie & Wetland Nursery, Bluebird Nursery, Kaw River Restoration Nurseries, and
Three Rivers Engraving. In-kind volunteer time likely exceeds $10,000 for the project.
ISC Rain-Garden Project (Spring 2007 - Summer 2008) - WaterLINK Expenses
Purchases made for the ISC Rain-Garden Design/Build Project
The Civitas Group (preliminary grading of rain-garden basins) - $78.75
Bayer Construction (delivered washed filter stone & topsoil) - $362.46 + $85.00
Higgins Stone (delivered flagstone and Dover shell limestone strips) - $1,217.00 + $221.00
Atwood Rentals (work gloves & rental of tools) - $23.60 + $61.48
Horticultural Services (weed barrier & metal pins) - $150.95
Crit Site Prairie & Wetland Nursery (rain-garden plants & mycorrhizal inoculum) - $1,014.39
Applied Ecological Services/Kaw River Restoration Nurseries (prairie plants) - $240.00
Blueville Nursery (plants, stone & mulch) - $196.89 + $157.78
Bluebird Nursery (supplemental prairie grasses) - $98.17
KSU Motor-Pool (van rental transportation of plants from CritSite) - $123.48
Three Rivers Engraving (long-lasting bronze tone rain-garden sign) - $800.00
Lee Skabelund purchases & reimbursements (Home Depot – lumber; Blueville Nursery - plants) - $84.49
(Westside Market - plants) - $67.42
Total Expenses - $4,982.86
Rain Bowl Material Costs (Spring 2008) - $2,059.12
Donations made to the ISC Rain-Garden Design/Build Project
The Civitas Group (tools & consultation time) - $407.50
Bayer Stone (stone & consultation time) - $3,000.00
Midwest Materials & Concrete (loading & hauling stone from Bayer Stone Yard) - $450.00
Coonrod & Associates Construction Company (off-loading stone at the ISC) - $295.00
Atwood Rentals (donation of tools for multiple work-days) - $745.00
Kaw River Restoration Nurseries (prairie plants) - $50.00
Blueville Nursery (5 cubic yards of mulch) - $200.00
Three Rivers Engraving (rain-garden sign) - $58.00
KSU Facilities & Grounds (use of skid-loader for nine days, in-kind time by several Grounds personnel, and
consultation time by J. Toburen, M Taussig, J. Myers, and D. Berner) - $1,250.40
Total Donations (by external partners and non-academic departments): $6,455.90
Addt’l Donations by KSU College of Architecture, Planning & Design, Dept. of Art, and other departments:
Use of truck and tools for multiple workdays; use of four garbage cans)
Volunteer time by ~75 KSU students, staff & faculty between January and July 2008
Note: A $10,000 KDHE Clean Water Neighbors Grant covered a small portion of salary for Lee Skabelund and a
small amount of wages for Cary Thomsen (for work accomplished during Spring and Summer 2007).

Project Team:
Project Manager: Professor Lee R. Skabelund, ASLA (KSU-LA/RCP)
Lead Designers: Professor Lee R. Skabelund and Cary Thomsen (KSU-MLA 2007)
Level Spreader Designer: Professor Dennis Day
Construction Workers: KSU-LA/RCP faculty and students—working with other KSU
volunteers and local businesses. For example, Midwest Concrete Materials hauled stone from the
Bayer Stone Yard to the ISC, and Coonrod Construction provided personnel and machinery to
move the stones off the trucks and position the nine large pieces of cut limestone into place.
ISC Rain-Garden design and construction was completed west of the Taiwan Wing over a period
of about six months in the spring and early summer of 2007. Volunteer labor was provided by
approximately 60 K-State students from at least five different disciplines. Monitoring and
maintenance has been completed primarily by Professor Lee Skabelund, with assistance from
staff and students at various times between May 2007 and August 2008.
ISC Staff and several international students have assisted with rain-garden monitoring and
maintenance during the summer and fall of 2007 and summer of 2008. KSU Facilities and
Grounds staff played a role in construction and maintenance. A number of Professor Skabelund’s
LAR 322 (Environmental Issues & Ethics) students assisted with rain-garden planting and
maintenance in Spring 2007 and Spring 2008.
The entire KSU-ISC Rain-Garden project was sponsored by the KSU Department of Landscape
Architecture/Regional and Community Planning and K-State’s Student Chapter of the American
Society of Landscape Architects – with invaluable help from the College of Architecture,
Planning and Design by allowing use of its old trusty pick-up truck, tools, and garbage cans.
Project Contact: Lee R. Skabelund, 785-532-2431, lskab@k-state.edu

KSU-ISC Rain-Garden – Second Growing Season (July 23, 2008 photos by Lee R. Skabelund)

Appendix B: Selected Web Sites (Rain-Gardens, Stormwater, Etc…)
North American Eco-Regions Map & USDA Plant Hardiness Zones
http://www.cas.vanderbilt.edu/bioimages/ecoframe-map.htm
http://www.usna.usda.gov/Hardzone/hzm-sm1.html
Kansas Wildflowers & Grasses, USDA Plants Database & Weeds of Kansas
http://www.kswildflower.org/index.html http://plants.usda.gov/index.html
http://www.oznet.ksu.edu/weedmanagement/weedid.asp
Kansas City’s 10,000 Rain Gardens, Green Topeka & Kaw River Restoration Nursery
http://www.rainkc.com/ http://www.greentopeka.org/ http://www.appliedeco.com/krrn/
http://www.appliedeco.com/Projects/Rain%20Garden.pdf
Rain-Garden Information from Minnesota, Wisconsin, West Michigan & Illinois
http://www.maplewoodmn.govoffice.com/vertical/Sites/%7BEBA07AA7-C8D5-43B1-A7086F4C7A8CC374%7D/uploads/%7BA83C0D69-A14F-4340-8504-18CB2F52BBC6%7D.PDF
http://dnr.wi.gov/runoff/rg/ & http://sueellingson.com/raingardens/
http://www.raingardens.org/Index.php
http://www.raingardennetwork.com/
USEPA Low Impact Development (LID)
http://www.epa.gov/owow/nps/lid/
Artful Rainwater Design
http://www.artfulrainwaterdesign.net/projects
Water Conservation, Conservation at Home & Natural Garden Care
http://www.savingwater.org
http://www.seattle.gov/util/Directory/Conservation_Index/
http://dnr.metrokc.gov/yardtalk
Water-wise Landscaping
http://www.ext.vt.edu/pubs/envirohort/426-713/426-713.html
Invasive Species Information & Invasive Plant Management
http://www.invasivespeciesinfo.gov/ http://tncweeds.ucdavis.edu/ http://www.weedcenter.org/
Portland Stormwater Solutions
http://www.portlandonline.com/bes/index.cfm?c=43110
Stewardship Gardening & Soils, Planting and Composting Guides
http://gardening.wsu.edu/stewardship & http://www.soilsforsalmon.org/how.htm
http://cru.cahe.wsu.edu/CEPublications/misc0337/misc0337.pdf
http://cru.cahe.wsu.edu/CEPublications/eb1784/eb1784.pdf
Seattle’s Natural Drainage Systems & Low Impact Development in the Puget Sound
http://www.seattle.gov/util/naturalsystems
http://www.psp.wa.gov/stormwater.html
http://www.pierce.wsu.edu/Water_Quality/LID/index.htm

Appendix C – Kansas City Metro BMP Manual Excerpts
Per the Kansas City Mid-America Regional Council’s Manual of Best Management Practices For
Stormwater Quality (March 2008) rain-gardens are an important part of urban stormwater management.
Excerpts from the Executive Summary and almost the entire chapter on rain gardens (excepting images
and several deletions of text that do not square with the author’s views on rain-garden design) are copied
below. Readers should refer to Chapter 4 of the manual for a discussion of BMP selection criteria.
http://kcmetro.apwa.net/kcmetro/specs/APWA_BMP_Manual_Mar08.pdf
Note: In discussing rain-gardens (Chapter 8.1) the Kansas City Metro BMP Manual defines these as
using native soil. They suggest using amendments to enhance porosity and more rapid root growth and
improve rain-garden infiltration in the first year, with a 1:1 sand/compost mix (which may not be needed
or helpful). If appropriate plants are selected (so that plants chosen fit the regional climate, site
specific soils, and microclimate) and they receive enough water to get established they should do
well, especially since heavy clay soils retain water well. Rain-gardens do not need an engineered soil
mix (as shown in the cross section—Fig. 20 in the Kansas City Metro BMP Manual). LRS – July 2008
EXECUTIVE SUMMARY (pages ES-1 & ES-2)
The Kansas City Mid-America Regional Council (MARC) and the Kansas City Metro Chapter of the
American Public Works Association (APWA) developed this manual as a guide for applying stormwater
Best Management Practices (BMP) to land development within the Kansas City Metropolitan Area and
the MARC planning region. The manual addresses the need to control the volume and quality of
stormwater discharges from developed sites, both of which are crucial requirements for protecting human
life and property, maintaining overall water quality, and creating environmentally sensitive site designs.
The manual furnishes clear, understandable guidance for planning and implementing BMPs. It describes
how to determine potential water quality impacts and how to select BMPs most appropriate for mitigating
those impacts. The manual is based on widely-accepted water quality protection, BMP design, and BMP
application guidance from sources throughout the U.S. It adapts this information for use in the Kansas
City region. Information in the manual includes:
• Definitions for BMPs and water quality treatment concepts
• Stormwater management goals and concepts
• A regionally based procedure for selecting and applying BMPs for a development
• A recommended program of minimum BMPs for all municipalities
• Methods of performing hydrologic calculations for design of water quality treatment
• BMP descriptions and design guidance
• Complete design specifications and standard details for several widely applicable BMPs.

A basic goal for all developments is to maintain predevelopment peak flows, runoff volumes, and water
quality. In other words, development should maintain the velocity and quantity of runoff and the amount
of pollutants leaving the site.
Stormwater management proceeds from thorough site analysis to planning and site design, and is unique
for each site and development project. The first step in water quality management is to maintain or
reduce the amount of runoff generated within a watershed by maintaining watershed hydrology and
cover. Treatment is then applied to the remaining runoff to remove some of the pollutant load. BMPs are
the key to both approaches and may be non-structural (preserved soils; preserved or established open
space and native vegetation; stream buffers) or structural (infiltration, filtration, and extended detention
practices designed specifically for water quality treatment).

Chapter 8.1 – Rain Gardens (pages 94-98)
8.1.1 Description
A rain garden is an infiltration device consisting of a small excavated area that is covered with a mulch
layer and planted with a diversity of woody and herbaceous vegetation. Stormwater directed to the device
percolates through the mulch and into the native soil, where it is treated by a variety of physical, chemical
and biological processes. Generally, a rain garden is a small depression planted with native wetland and
prairie vegetation (rather than a turfgrass lawn) where stormwater runoff collects and infiltrates. Runoff
can be from sheetflow or from direct discharge from rain spouts, swales, or directed drainage from
impervious areas on a property. Rain gardens function similar to larger-scale bioretention areas, providing
collection and infiltration of rainwater, reducing runoff into the common stormwater system. Rain
gardens can provide effective contributions to stormwater runoff reduction if they are sufficient in number
and common throughout an area. Individual gardens also aid in controlling the volume of runoff from
individual lots that would otherwise combine with and contribute to runoff from other properties into the
stormwater sewer system.

8.1.2 General Application
Rain gardens can be used to enhance stormwater runoff quality and reduce peak stormwater runoff rates
from small sites. Rain gardens can be used to improve the quality of urban/suburban runoff coming from
roof tops, driveways, and lawns of residential neighborhoods, small commercial areas, and parks. They
are typically most effective for catchments less than one acre. They can be used as an onsite BMP that
works well with other BMPs, such as upstream onsite source controls and downstream
infiltration/filtration basins.

8.1.3 Advantages/Disadvantages
8.1.3.1 General
Rain gardens are promoted and designed as native landscapes that add to aesthetic appearances of
properties while reducing peak runoff rates and improving water quality. In residential application, they
are intended to provide the enjoyment of gardening and observing native plants and wildlife as well as
serving an important drainage and stormwater function for the homeowner. They are effective in
removing particulate matter and the associated heavy metals and other pollutants. As with other BMPs,
safety issues need to be addressed through proper design.
8.1.3.2 Physical Site Suitability
Normally, the area required for rain garden may be from 10 to 40 percent of it’s catchment area,
depending on the amount of impervious area, soil conditions, and types of plants used. Site specific soil
testing to check infiltration is appropriate to determine the design requirements of the rain garden. If
infiltration rates are less than 0.10 inch per hour2 (typical of a clay loam soil), the soil is not suitable for a
rain garden, or the site may need an engineered soil mix to promote infiltration. Rain gardens using an
engineered soil mix should use a 1:1 sand/compost mix to a depth of approximately two feet if the soil is
deep enough. Rain gardens should be placed near the end of a runoff area before stormwater leaves the
site, or in a low area of the property where water collects. Factors limiting the effectiveness of rain
gardens include slope, depth and type of soil, and available area for the rain garden.
8.1.3.3 Pollutant Removal
Rain gardens are effective in removing from 30 to 90 percent of nutrients (such as nitrogen and
phosphorus) and 80 percent of sediments as well as reducing runoff volumes. The pollutant removal range
of a rain garden is presented in Table SQ-6 in the STORMWATER QUALITY MANAGEMENT chapter
of this volume. Removal of suspended nutrients, solids, and metals can be moderate to high.

A major factor controlling the degree of pollutant removal is the volume and rate of stormwater runoff
captured by the rain garden that filters through the vegetation and infiltrates into the soil. The rate and
degree of removal may depend on the amount of time that the garden remains saturated, with varying
degrees of nitrate and phosphorus removal depending on the buildup of organic materials in the rain
garden, and plant uptake. Metals, oil and grease, and some nutrients have a close affinity for suspended
sediment and will be removed partially through sedimentation.
8.1.3.4 Aesthetics and Multiple Uses
Rain gardens should be designed to drain within 24- to 48-hours. It’s not unusual, however, for rain
gardens to be inundated frequently. Vegetation planted in parts of the rain garden that are frequently
inundated should be species that can survive both frequently wet or often dry conditions. In this respect,
native wetland or mesic wetland species can be planted that facilitate both excellent drainage as well as
aesthetic qualities.
Because rain gardens are intended to be aesthetically pleasing components of residential or small
commercial properties, proper selection and placement of native species that are attractive and acceptable
to land owners is important. Native species that are deep-rooted perennials are used to achieve the desired
function of stormwater runoff capture and infiltration. Species selection for the rain garden should
consider the drier portions of the garden (elevated berms to catch runoff) as well as the lower, wetter
areas of the garden.
8.1.4 Design Considerations
Rain gardens can be designed to function individually or as part of a larger stormwater treatment system.
Also, whenever possible, consider the recreational and aesthetic factors of gardening, and the wildlife
function that can be served in a rain garden, even in urban areas. Main design components should include:
• The ponding depth of a rain garden is typically 4 to 6 inches. Some rain gardens, however, have deeper
ponding depths that drain completely within two days.
• Limit ponding in the depressional area to 2 days or less to avoid nuisance insects.
• Clay soil will typically require amendments such as compost to enhance porosity and more rapid root
growth, and to improve infiltration during the first year.
• A layer of rich organic material and/or mulch should be placed over the soil in the depressional area.
The organic material and/or mulch holds moisture and aids in the removal of metals.
• Rain gardens should be placed a minimum of 10 feet away from building foundations.
• Placement of the rain garden and overflow path should not interfere with adjoining property drainage
patterns.
• Rain gardens should not be located in areas where ponded water may create problems for surrounding
vegetation or land use.
• Construction and planting should be as early in the spring as possible to take advantage of spring rains.
Watering as needed during dry periods during the first year may be necessary until the vegetation is
established.

8.1.5 Design Procedure and Criteria
The following steps outline the design procedure and criteria for a rain garden.
• Determine an appropriate area for constructing the rain garden. Rain gardens should be placed near the
lowest point of a catchment area, on slope not exceeding two percent. The location selected should have
sufficient area available for the rain garden.
• Examine existing soil conditions and perform percolation tests if necessary. A simple percolation test
involves excavating a hole approximately six inches deep and 12 inches in diameter and filling it with
water. If the water does not drain within 24 hours, the soil may not be suitable for a rain garden…

Depending on location, size of the rain garden, and local requirements, a professional engineer may be
required to conduct a percolation test of the selected site.
• Size the rain garden to intercept runoff from a water quality storm event. Sizing calculations must
include runoff coefficients for the type of groundcover within the rain garden catchment area. The
“footprint” area of the rain garden can vary depending on the amount of rain fall runoff intercepted, and
the depth of the type of soil. Ponding depth of the rain garden should be restricted to six inches or less.
• If possible, the soil should be native topsoil or similar, with at least two- to five-percent organic material
(brown to near black coloration). Tight, clayey soils (typical of subsoils left as the soil surface in many
residential areas) should be amended with organic supplements to increase porosity. Sandier soils may not
need amendments. Using native soils are preferred for the rain garden.
• A small berm may be included in the design of the rain garden on the down-hill side. The berm [may] be
at least 12 inches wide and constructed of the native topsoil.
• A filter strip of grass (native preferred but not necessary) is recommended for reducing velocity and for
filtering fine sediments before water enters the rain garden. For rain gardens collecting runoff from
parking lots or paved areas, a buffer strip of river rock, at least 12 inches wide, is recommended to reduce
flow velocity.
• A planting soil composed of topsoil and compost [should be incorporated into] the surface of the rain
garden. Above the planting soil, a two- to three-inch layer of mulch should be placed after vegetation is
planted.
• Include native species that are tolerant of both wet and dry cycles [to] achieve the highest level of
success in a rain garden. Other non-native species can be added. Deep rooted perennials are encouraged.
Trees and shrubs [may be] used in rain gardens.

8.1.6 Maintenance & Inspections
Rain gardens should be weeded weekly until native plants are established. Surface mulch will aid in
reducing the growth of unwanted vegetation. Fertilizer applications should be avoided, and minimized
near the rain garden. After the rain garden is established, dead vegetation should be removed each spring
by mowing or burning (if allowed). Allowing vegetation that goes dormant in the fall or winter to remain
provides food for birds through the winter. After the rain garden is established, periodic maintenance to
remove non-native invasive or un-desired plants, or to cut back excessive growth is appropriate. The
following table provides general maintenance guidance:

Typical Maintenance Activities for Rain Gardens
Activity
Frequency
Water Plants
As necessary during first growing season
Water as necessary during dry periods
As needed after the first growing season
Re-mulch void areas
As needed
Treat diseased trees and shrubs
As needed
Inspect soil and repair eroded areas
Monthly
Remove litter and debris
Monthly
Add additional mulch
Once per year
[Note by LRS - Weeding is very important during the first two years and should lessen after that. Some rain-gardens
may require weekly weeding if the rain-garden is large and surrounded by many sources of weeds.]

