
CHAPTER 15
KEY CONCEPTS
1. Rural Best Management Practices (BMPs) 

Various practices to reduce runoff and pollution from rural landscapes are generally 
described in this chapter. A brief description of the practice is provided as well as a 
source for additional information.

2. Urban Best Management Practices 
Various practices to manage stormwater from developing and redeveloping urban areas 
are generally described in this chapter. Each practice listed is briefly described and 
includes a source for additional information.

HOW DO THESE CONCEPTS INFLUENCE DEVELOPMENT OF THE PLAN? 
Land owners, farmers, suppliers, planners, designers and policy-makers need to 
understand the types of “tools” there are in the “toolbox” to address the water quality 
issues identified in this plan. Many people may not be familiar with these practices. This 
chapter is not intended to be a detailed design guide for such practices. It is intended as a 
resource to help people understand what each practice is, what it is intended to do, where 
they are most likely to be located and where to go for additional information.
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Rural Best Management Practices *

 Practice Description

Nitrogen Management Practices

N Timing There are estimates that indicate over 3 million acres of cropland 
in Iowa have fertilizer applied in the fall. Research indicates that 
there could be an average reduction in nitrate-N concentrations 
in tile drainage water of 6% by moving fall applications of 
nitrogen fertilizer to spring, assuming the same application rate 
is used.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 4 and 24-25

N Sidedress There are different techniques to apply fertilizer after corn 
emergence. The practice applies nitrogen during plant uptake, 
timing applications to reduce the risk of nutrient loss due to early 
spring rainfall / leaching events. Research indicates that there 
could be an average reduction in nitrate-N concentrations in tile 
drainage water of 5% by moving fall applications to spring/split-
applications and 4-7% reduction with sidedress compared to 
spring pre-plant; considering the same application rate is used.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 4-5 and 28

N Source Research indicates that a 4% reduction in nitrate-N 
concentrations may be expected when substituting liquid swine 
manure to fertilizer nitrogen, considering the same crop available 
application rate. Some manure sources high in solids content may 
also have a positive impact on soil organic carbon, soil structure 
and runoff.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 5

N Application 
Rate 

Nitrogen rate varies based on a variety of factors including 
crop rotations and prices. The rate of application does have 
a predictable impact on nitrate-N concentrations leaving the 
root zone and entering tile flow. The online Corn Nitrogen Rate 
Calculator (Iowa State University Agronomy Extension) can be 
used to determine the Maximum Return to Nitrogen (MRTN) for 
corn or corn rotated with soybean acres. This practice involves 
reducing application rates to these values. The estimated load 
reductions from this practice range from 4-15%, depending on 
the MRTN value selected.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 5 and 27. and the Corn 
Nitrogen Rate Calculator—Iowa State University Agronomy Extension website

N Nitrification 
Inhibitor

Inhibitors slow the rate which microbes convert ammonium-
nitrogen into nitrates. This allows more ammonium to remain 
present for crop use. This practice specifically uses Nitrapyrin 
applied with fall anhydrous ammonia, when soil temperatures 
were 50˚F and cooling. An average nitrate-N loading reduction 
of 9% is expected from this practice, with average crop yield 
increases of 6% currently observed in Iowa.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 5 and 28-30

N Nitrogen-Targeted Practice 
P Phosphorus-Targeted Practice 
NP Nitrogen- and Phosphorus-Targeted Practice

* Information adapted from the 2013 version of Iowa's Nutrient Reduction Strategy or other sources listed.

Fertilizer Application

Source:  USDA
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Phosphorus Management Practices

P Soil Test P 
Level

A large portion of phosphorus loss is associated with erosion, as 
phosphorus often binds to soil particles or becomes dissolved in 
surface runoff with suspended sediments. Phosphorus loss can 
be reduced by decreasing total soil P concentrations by limiting 
or stopping applications to soils when testing shows that the 
soil test levels are lowered to optimum conditions. This practice 
does not reduce erosion directly, but reduces the P loading that 
is within the eroded soil. On average, a 17% reduction in loading 
would be expected where this practice is implemented.
More info: Iowa Nutrient Reduction Strategy, Section 2.3—page 5 and 21-22

P Source Research has provided little evidence of short-term reductions 
in P loading related to changing the source of this nutrient. 
However, long-term reductions have been observed when using 
manure (when compared to commercial fertilizers) by increasing 
soil organic carbon and improving soil structure. In addition, 
significantly less P loss has been observed on fields where beef 
or poultry manure was used as a source when runoff producing 
rainfall events occur immediately after P application. Research 
has indicated that long-term average loading reductions of 46% 
may be expected where manure is used in place of inorganic 
fertilizer sources.
More info: Iowa Nutrient Reduction Strategy, Section 2.3—page 6

P Placement Subsurface banding of phosphorus or incorporation of surface-
applied fertilizer or manure on sloping ground reduces P loss 
(when compared with traditional surface application) when 
runoff producing events occur within a few weeks of the 
application. Average loading reductions are expected to range 
between 24-36%, depending on the placement method used.
More info: Iowa Nutrient Reduction Strategy, Section 2.3—page 6 and 24-25

Land Use

NP Cover Crops The intent of this practice is to reduce soil erosion and limit 
leaching of nitrate-N from the system. They can be seeded in the 
fall by a variety of methods. Research indicates that an average 
loading reduction of 31% of nitrate-N and 29% of P would be 
expected with use of a winter rye cover crop. 
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 6 and 30-32 and Section 
2.3—page 6 and 27-29

N Living  
Mulches

These are permanent land cover that are grown within a primary 
row crop. This practice may have a steeper learning curve and 
can require a year or two to establish the living mulch before 
the desired row crop can be planted. However, the potential 
nitrate reduction is expected to be 41%. Reduced soil erosion and 
enhanced soil structure are other benefits of this practice. 
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 6

NP Perennial  
(Energy) 
Crops

These crops are grown for the use of biomass as fuel. As of 2014, 
there were few markets for these products. If these markets 
develop, the potential for nutrient reduction is high, with 72% N 
loading and 34% P loading reductions expected where row crop 
acres are converted to this practice. Increased habitat, reduced 
soil erosion and enhanced soil structure are expected additional 
benefits.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 6 and 37-38 and Section 
2.3—page 7 and 30-31

Cover Crops Perennial (Energy) Crops

Source:  USDA Source:  USDA
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NP Perennial 
Cover (CRP)

The Conservation Reserve Program has already been used by 
many landowners to set aside land for long periods of time 
(10-15 years) into conservation plots similar to native prairie 
landscapes. Improved habitat and soil structure are expected in 
these areas. Research has indicated that an average reduction of 
85% of nitrate and 75% of phosphorus loading is expected where 
row crop production is converted to CRP. Similar reductions 
are expected where permanent conservation easements are 
established as an alternative to CRP.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 7 and 36-37 and Section 
2.3—page 7 and 31-33

NP Extended 
Rotations

This practice includes a primary row crop being rotated with at 
least two years of a forage legume crop such as alfalfa. Within 
the Nutrient Reduction Strategy, a corn-soybean-alfalfa-alfalfa 
rotation was assumed. Due to nitrogen fixing, very little if any 
nitrogen would typically need to be applied during the corn 
rotation. Improvements in soil structure and organic matter 
are expected benefits of this practice. This practice reduces P 
losses by reducing the potential for erosion of soils. Research 
indicates that an average nitrate loading reduction of 42% is 
expected in tile drainage water, with annual corn yields improved 
by 10%. Although significant phosphorus loading reductions 
are anticipated to be caused by this practice, there is little data 
available to evaluate what the specific load reductions would be.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 7 and 39-40 and Section 
2.3—page 7 and 33-34

NP Grazed 
Pastures

No pertinent data is available for nitrogen leaching from 
pastureland systems in Iowa. Within the Nutrient Reduction 
Strategy, these systems are assumed to perform similar to the 
perennial crop (CRP) practice. Phosphorus loading reductions 
from this practice are expected to be 59% on average where 
row crop systems are converted to grazed pastures (assuming 
that the conversion is done in a way that provides no new direct 
animal access to streams).
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 7 and 36-37 and Section 
2.3—page 7

P Tillage Reduced tillage increases the ground cover provided by crop 
residue and exposes less soil to erosion. Research shows that 
both conservation tillage and no-till have substantial ability to 
reduce phosphorus losses, with expected average reductions 
ranging from 33-90% depending on which method is used.
More info: Iowa Nutrient Reduction Strategy, Section 2.3—page 6 and 26

Extended Rotations

Reduced Tillage

Source:  USDA

Source:  USDA
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Edge of Field

P Drainage 
Water Mgmt.

This practice involves installing control structures near tile outlets 
that allow the water table in a field to be raised or lowered. These 
systems reduce nitrate loadings by reducing the volume of tile 
drainage water by an average of 33%. Water is usually released 
before planting and harvest to allow for equipment traffic within 
the field.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 7 and 34-35

P Shallow 
Drainage

Tile drains can be installed more shallow (2.5 feet) and at closer 
spacing than traditional tile systems. Research has shown that 
tile drainage water volume is reduced by an average of 32%, 
which reduces nitrate loadings. This practice is most applicable 
where new tile drainage systems are being proposed or old 
systems need to be replaced.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 7 and 34-35

NP Water Quality 
Wetlands

The Conservation Reserve Enhancement Program (CREP) is 
the primary nitrate reduction wetland program in Iowa. These 
practices are designed to be installed where they can receive 
nitrates and they’ve been shown to reduce nitrate concentrations 
by 52% on average. Additional load reductions can be observed 
due to cropland being taken out of production. Wetlands can 
also help to trap sediments, reduce phosphorus loading and 
provide valuable habitat. The Nutrient Reduction Strategy does 
not project the expected phosphorus loading reduction due to 
wetlands.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 7-8 and 32 and Section 
2.3—page 7

Shallow Drainage

Drainage Water Management System

Source:  USDA–NRCS

Source:  Ontario Ministry of Agriculture, Food and Rural Affairs
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N Bioreactors These are excavated pits, filled with woodchips. Control 
structures are placed on tile drainage lines to divert water into 
these systems. These control structures allow larger flows to 
bypass the system and flow directly to the stream. Bacteria 
growing within the woodchip media convert nitrate into nitrogen 
gas. These practices can treat tile systems which receive runoff 
from up to 100 acres of land. Research indicates that these 
systems can reduce nitrate loading by 43%.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 8 and 33

NP Buffers Located along streams, buffers offer the opportunity to remove 
nitrates in water flowing across the buffer or through its root 
zone. They also provide habitat, reduce sediment transport and 
help to stabilize streambanks. Their benefits for nitrate removal 
may be limited where drainage is diverted around or under the 
buffer by tile drainage. However, the nitrate concentrations in 
water contacting the root zone in the buffer is expected to be 
reduced by 91%. Nitrate removals have been shown to be high for 
a variety of buffer conditions. Average phosphorus reductions of 
58% are expected from the area tributary to the buffer.
More info: Iowa Nutrient Reduction Strategy, Section 2.2—page 8 and 34 and Section 
2.3,—page 8 and 29-30

NP Saturated 
Buffers

Tiles running toward a stream are intercepted into tiles running 
parallel to a stream and diverted to a control structure. This 
forces tile water to percolate through the soils under a buffer 
where it can be used by the roots of the native plants planted 
above.

Buffers

Bioreactors

Source:  Iowa Soybean Association

Source:  Minnesota Department of Agriculture
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P Terraces Terraces have been used for many years as a method to prevent 
gully erosion within fields with steeper grades. They level 
steeper fields out using a set of stepped plateaus and/or dams. 
Runoff is captured at each level and drained through a system 
of subsurface tiles. As this is a well-established practice, little 
additional information is included in the Nutrient Reduction 
Strategy. Where applied, average phosphorus reductions of 77% 
are expected from the area served.

P Sediment 
Basins

Basins can be constructed to capture sediment from fields prior 
to its entry into a stream or wetland. Where applied, average 
phosphorus loading reductions of 85% are expected from 
the area tributary to the practice. These basins could provide 
additional flood reduction and water quality benefits by being 
constructed with multi-stage outlets to provide extended 
detention of small storm events by slowly releasing runoff from 
a 1-year return period storm (2.67” in 24-hours) over a period of 
one to two days.
More info: Iowa Nutrient Reduction Strategy, Section 2.3,—page 7

Terraces

Sediment Basins

Source:  USDA

Source:  USDA
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Other Practices

NP Grass 
Waterways

These are common practices used to prevent erosion through 
fields along paths of concentrated surface flow. The drainage 
path is shaped into a trapezoidal, triangular or parabolic cross-
section and stabilized with perennial vegetation. Deeper rooted, 
native plants may be a good choice for vegetation of these areas, 
as their deeper root structures are more resistant to erosion and 
enhance the ability of the soil to absorb surface runoff. These 
structures do require maintenance, as sediment often builds up 
near the edges of the waterway, which may block runoff from 
entering the practice, leading to erosion as runoff follows a path 
parallel to the waterway. 
More info: Part 650, Engineering Field Handbook—Chapter 7 (USDA / NRCS)

NP Two-Stage 
Ditches

Recently these practices have been implemented across several 
Midwestern states. They are most commonly used where an 
existing ditch is widened to include two bottom stages: (1) 
a narrow lower channel to convey baseflow and (2) a wider 
secondary flood-plain bench. This system offers many benefits 
over traditional narrow trapezoidal channels. Runoff has more 
area to spread out leading to slower flows, reducing peak flow 
rates downstream and less erosive force within the channel. 
Sediment is transported more effectively, leading to less long-
term maintenance. The section also allows for improved habitat, 
by providing a more natural connection between the stream and 
the adjacent flood-plain. The flood plain bench also allows for 
better development of vegetation, leading to improved filtration 
potential of nutrients. These systems have been shown to reduce 
nitrogen, phosphorus and sediment loadings by significant 
amounts in various studies.
More info: Part 654, National Engineering Handbook—Chapter 10 (USDA / NRCS)

P Culvert 
Modifications

Entrances to existing culverts can be amended to include multi-
stage outlet features. These modifications would allow runoff 
from small storms (those of a 1-year return period or less) to 
be captured and slowly released over a period of one to two 
days. These systems would reduce runoff rates from 98% of 
the rainfall events in Iowa to more natural rates. Such systems 
would also reduce flows during larger storms by capturing and 
holding a significant portion of the runoff volume. This offers 
multiple benefits including sediment capture and phosphorus 
load reduction from the served area, downstream flood peak flow 
reduction and reduced streambank erosion. These systems might 
be best located where crop losses due to excessive moisture 
are present, or where there is room for a constructed wetland or 
sediment basin immediately upstream of the candidate location. 
A system of these facilities distributed through a subwatershed 
could make a significant impact in reducing local flood risk by 
reducing both rates and volumes of flow during all rainfall events.

Grass Waterways

Two-Stage Ditches

Source:  RDG

Source:  RDG
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NP Cattle Stream 
Access

When cattle, sheep or other farm animals are allowed direct 
access to streams the direct manure input to the stream can 
have significant impacts. When given access, animals may spend 
around 90 minutes each day in the water (about 6% of the time). 
Direct access often leads to streambank instability and erosion 
due to overgrazing or soil exposure due to tracking up and 
down the steep slopes adjacent to the stream. Animal manure 
contains high levels of nitrogen, phosphorus and pathogens. 
Where feasible, direct access to the stream should be restricted 
by fencing or other means and other methods provided to get 
water from the stream (or other sources) to the animals for 
drinking. The Water Quality Improvement Plan for the Raccoon 
River (TMDL) identified this a key practice for both nitrate and 
bacteria load reductions. (That study did not analyze phosphorus 
reduction practices).

NP Streambank 
Stabilization

Eroding streambanks and gullies have been shown to be 
significant sources of most of the key pollutants identified 
within this plan. Stabilization methods should be prioritized 
by the severity of erosion, potential impacts to property and 
infrastructure and available access to complete and maintain 
repairs. Stabilization techniques should include comprehensive 
techniques which use soils, plants and rock structures to secure 
the toes of slopes along outer bends, deflect the path of low 
flow toward the center of the stream and make the bank of 
the stream more resistant to erosion. These “bio-engineering” 
techniques should be employed in lieu of use of only stone or 
concrete materials to armor the surface of the streambank. 
Such traditional methods have been shown to offer more limited 
benefits and often have remained less stable over time. Widened 
cross-sections with better connection between the stream and 
flood plain should be created where feasible. Such sections would 
reduce flow velocities, lower erosion shear forces and provide for 
additional flood plain storage.

Cattle Stream Access

Streambank Stabilization

Source:  USDA

Source:  Greg Pierce
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Urban Best Management Practices

Practice Description

Better Site 
Design 
and Source 
Reduction

Far too often stormwater issues are first addressed late in the site design 
process, when many site layout decisions have already been made. 
At this point, there is often limited space to install the most effective 
management techniques. A better approach is to incorporate stormwater 
management very early in the planning process. Important features such 
as wetlands, streams, floodplains and high quality soils can be identified 
and protected. Alternative site layouts can be reviewed to orient site 
features in ways that reduce the amount of grading needed and the 
area to be covered by impervious surfaces (buildings, paving, etc.). 
Stormwater management features can be designed at multiple locations 
across sites, attempting to treat runoff as close to the source as possible. 
Preliminary estimates of required treatment volumes can be used to 
properly set aside space for the most efficient and cost effective water 
quality practices. 
More info: Iowa Stormwater Management Manual, Section—“Planning and Design Principles”

Construction 
Site Pollution 
Prevention—
Erosion 
Controls 

Erosion controls are measures that protect the surface of the soil from 
the erosive force of raindrops or running water. Mulches, compost 
blankets, seeding, sodding, rolled erosion control products (RECPs), 
turf reinforcement mats (TRMs) and flow diversions are all methods to 
reduce soil erosion. These measures are often overlooked, but it is more 
effective to prevent erosion than it is to try to trap sediment materials 
once they have been moved by water or wind.
More info: Iowa SUDAS Design Manual, Chapter—“Erosion and Sediment Control”
Iowa Construction Site Erosion Control Manual (Iowa Department of Natural Resources)

Construction 
Site Pollution 
Prevention—
Sediment 
Controls 

Sediment controls are practices that are intended to keep soil materials 
from being carried off site by running water or tracked by construction 
equipment. Stabilized construction entrances, silt fences, filter socks, 
wattles and sediment basins are examples of practices which serve 
these functions. Each of these practices have limitations that designers 
and installers should be familiar with. These practices much be properly 
located, sized, installed and maintained to work effectively.
More info: Iowa SUDAS Design Manual, Chapter—“Erosion and Sediment Control”
Iowa Construction Site Erosion Control Manual (Iowa Department of Natural Resources)

Construction 
Site Pollution 
Prevention—
Other 
Features 

Other forms of pollution prevention such as trash collection, concrete 
washout collection and spill prevention are also important to protecting 
downstream water quality. These features are also required to be 
identified and included in Storm Water Pollution Prevention Plans.
More info: Iowa SUDAS Design Manual, Chapter—“Erosion and Sediment Control”
Iowa Construction Site Erosion Control Manual (Iowa Department of Natural Resources)

Source:  Greg Pierce
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Soil Quality 
Management 
and 
Restoration 
(SQM / SQR) 

Preserving and restoring quality topsoil layers is the first line of defense 
in post-construction stormwater management. Open spaces that have 
healthy, porous surface are able to absorb and store more water. Organic 
material within these soils allows desired vegetation to be supported 
and provides habitat to worms, insects and burrowing animals which 
further increases soil water retention. Healthy soils are necessary to 
support desired landscaping and reduce the need for irrigation. A soil 
management plan (SMP) identifies the methods used at a given site to 
preserve or restore topsoil layers for open spaces. 
More info: Iowa Stormwater Management Manual, Section—“Soil Quality Management and 
Restoration”

Pretreatment 
Practices

Many different management practices can fail when they experience 
heavy sediment loads. Ponds can silt in, losing their storage volume and 
affecting fish habitat. Infiltration practices will not work if their surface 
layers become plugged with deposited sediment. There are several 
alternatives to intercept heavier sediment loads before they can impact 
downstream water quality management practices:
• Concentrated flows can be directed through grass swales to filter 

runoff.
• Where flow can be spread more evenly, it can be directed through 

vegetated filter strips.
• Sediment forebays are depressions used to trap sediment at pipe 

outlets, curb cuts or other places where flow is near entry to a 
practice. These areas usually are a shallow pond or trap that can be 
cleaned out by a backhoe, skid loader or vacuum system.

• Hydrodynamic devices are engineered systems installed 
underground that intercept runoff from storm sewer networks and 
divert it through a chamber where water is forced to swirl. This 
creates a low velocity zone in the center of the structure where 
sediments and debris can settle out and be removed.

• Gravity separators and sumps are engineered systems within storm 
pipe networks which feature low sections or separator walls which 
force different pollutants or trash to fall out of suspension.

• Catch basin sumps and inserts are methods to screen trash and 
debris or force sediment to settle in sections of storm sewer intakes 
that are set below the pipes that they are connected to.

If these features are working properly, they will collect sediment and 
other debris which will need to be removed over time. It is essential that 
such maintenance is properly scheduled and budgeted for. Failure to 
do so may lead to more expensive repairs or sediment removal efforts 
downstream.
More info: Various sections within the Iowa Stormwater Management Manual

Rainfall 
Collection  
and Reuse— 
Green Roofs

Green roof systems are beginning to be used more frequently in Iowa. 
They feature vegetation grown in layers of media or soil. Green roofs are 
an excellent way to address runoff at its source. Buildings featuring green 
roof systems will have runoff properties that are more similar to open 
spaces. In addition to addressing water quality, use of these systems can 
allow downstream water management practices to be downsized (refer 
to ISWMM for more details). 
More info: Iowa Stormwater Management Manual, Section—“Green Roof Systems”

Soil Quality Management and Restoration (SQM / SQR)

Rainfall Collection and Reuse—Green Roofs

Roof Deck
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Source:  RDG

Source:  RDG

Pre-settlement Agriculture Turf Lawns SQR with Nature 
Landscaping
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Rainfall 
Collection 
and Reuse—
Rainwater 
Harvesting

Storm water can also be captured and reused for irrigation and non-
potable uses (i.e. toilet flushing). This can be done by directing roof 
drains or other pipes to rain barrels, storage tanks or cisterns. This 
provides a double benefit of reducing both storm water runoff and the 
use of drinking water for irrigation and other uses.

Native 
Landscaping

Prior to pioneer settlement, Iowa’s landscape was dominated by tall 
grass prairies and savannas. Native plants that lived within these systems 
are naturally tuned to our climate. Most of these plants can survive 
and thrive without becoming invasive or having other unanticipated 
negative effects on the environment. They also provide important habitat 
for pollinators (bees, butterflies), many of which have seen massive 
population losses. These systems developed deep root systems which 
extended many feet into the soil. Their root action combined with other 
biological activity to create the deep, rich topsoil which is the foundation 
for Iowa’s agricultural economy. These roots also made these plant 
systems much more resistant to erosion than turf grass lawns. Using 
native landscaping in open spaces has great potential to reduce runoff 
volumes. It can also be incorporated within streambank restoration 
projects to create surfaces that are more resistant to streambank 
movement. 
More info: Iowa Stormwater Management Manual, Section—“Native Landscaping”

Infiltration-
Based 
Practices—
Tree Filter 
Systems

Tree filter systems are most often constructed within parking areas and 
along urban streetscapes. Planter boxes are created by building walls 
or fabricated vaults from concrete or other materials. These vaults 
are usually filled with an aggregate (small rock material free of small 
particles) layer set below engineered soils. Stormwater enters from 
adjacent streets, walks and other impervious areas through curb cuts, 
pipes or intakes. The runoff is used to support trees, shrubs or other 
landscape material that are planted on the surface of filter system. 
Sometimes a series of these systems can be connected by subsurface 
soil and aggregate layers to expand tree root growth zones and provide 
additional stormwater storage volume.

Infiltration-
Based 
Practices—
Infiltration 
Trenches

These systems are constructed by excavating an area and filling it with 
aggregate materials. The open space between the rocks allows water 
to infiltrate through the surface and be stored within the rock chamber. 
Stormwater can percolate out through subsoil layers or be drained out 
much more slowly by a subsurface drain system. Any water entering the 
drain system has been cooled and filtered, removing pollutant loads.
More info: Iowa Stormwater Management Manual, Section—“Infiltration Trenches”

Native Landscaping

Infiltration-Based Practices—Tree Filter Systems

Source:  Greg Pierce

Source:  RDG
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Infiltration-
Based 
Practices—
Bioretention 
Systems

These features are constructed shallow depressions used to capture 
and filter runoff. An excavation is made and filled with a base layer 
of aggregate material, an engineered soil layer (a prescribed mix of 
compost, sand and topsoil) above and a mulch layer at the surface. The 
system is designed to have a surface that is level from end to end and 
side to side. The lowest surface drain outlet within the cell is set 6-9” 
above the level surface. Stormwater spreads across the level surface 
and, because of the elevated inlet, is forced to infiltrate into the soil. 
From there it will percolate through the soil and aggregate layers into 
subsoils. If water can’t move quickly enough into the subsoils, it is able 
to be drained out through a subdrain system. The surface outlet is used 
to allow an overflow so that larger events don’t overload the system. The 
outlet can be sized to control the rate of surface outflow to more natural 
levels.
More info: Iowa Stormwater Management Manual, Section—“Bioretention Systems”

Infiltration-
Based 
Practices—
Bioswales

Bioswales are similar in construction to bioretention cells. The 
main difference between the two is that while bioretention cells are 
constructed level, bioswales are constructed with a slight grade from 
one end to the other. Water passes through the bioswales at low speeds, 
allowing pollutants to settle out, be filtered or absorbed by the native 
plant material within the swales. Check dams are also used to control 
runoff rates, and water ponded behind each dam is able to infiltrate into 
the soil layers below. Bioswales can treat runoff from larger drainage 
areas than bioretention cells. However, they need to have enough length 
to give water enough travel time to be treated.
More info: Iowa Stormwater Management Manual, Section—“Bioswales”

Infiltration-
Based 
Practices—
Infiltration 
Basins

These large, flat basins use natural soil profiles to infiltrate runoff, 
so their application is usually limited to areas with soils with high 
percolation rates. They rely on creating a basin with a relatively flat 
bottom which allows captured runoff to be infiltrated into soils over a 
larger area. It can be difficult construct large basins with a level bottom 
(low areas tend to be created) or without compacting soils during 
construction (which reduces infiltration and percolation rates). For 
these reasons, bioretention systems or bioswales may be a more reliable 
option at many locations. Use of native landscaping in these areas can 
maintain or increase their ongoing ability to absorb runoff. 
More info: Iowa Stormwater Management Manual, Section—“Infiltration Basins”

Infiltration-
Based 
Practices—
Rain Gardens

These features are similar in shape to a bioretention cell. However, they 
do not include subsurface layers of engineered soils and aggregate and 
do not include a subdrain. They are most applicable on individual home 
or commercial sites where they serve small drainage areas. Subsoils 
must not have been disturbed extensively by construction and have 
adequate percolation rates for them to be able to absorb the water that 
they intercept.
More info: Iowa Rain Garden Design and Installation Manual

Infiltration-Based Practices—Bioretention Systems

Infiltration-Based Practices—Rain Gardens

Source:  RDG

Source:  RDG
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Permeable 
Pavement
Systems

Pavement systems are now available which allow water to pass through 
the surface. Runoff can be stored in a subsurface rock layer where it can 
be allowed to percolate through subsoil layers or released through a 
subdrain system at more modest rates. Permeable concrete, asphalt and 
pavers are available to be used for the surface of the pavement system. 
What makes these surfaces different from standard paving is that sands 
and other fine grained materials have either been left out of their mix 
design (concrete and asphalt) or not used as filler material between 
paver units. This allows water to flow more freely through the surface 
material into the rock storage below. Some of these systems have unique 
installation methods that installation contractors should be familiar with. 
These systems require routine maintenance by a vacuum truck or other 
methods to avoid clogging of the surface openings. It is very important 
that runoff from unprotected active construction sites or material storage 
areas not be allowed onto the pavement surface (this will quickly clog 
the pavement’s ability to infiltrate water).
More info: Iowa Stormwater Management Manual, Sections—“General Information for Pavement 
Systems,” “Pervious Concrete Pavement,” “Porous Asphalt Pavement” and “Permeable Pavers”

Stormwater 
Detention—
Constructed 
Wetlands

Stormwater wetlands have been shown to be very effective at removal 
of bacteria, nutrients and sediments from storm water. A constructed 
wetland is basically a stormwater maze, forcing runoff to take a much 
longer path through a series of shallow depressions and pools of various 
depths. They can be used to address management needs for both small 
and large storm events. The proportion of shallow and deep water zones 
are set by different “recipes” for wetland designs set forth in ISWMM. 
These areas provide important habitat for many species including ducks, 
frogs, dragonflies and fish.
More info: Iowa Stormwater Management Manual, Sections—“General Information for Stormwater 
Wetlands” and “Design of Stormwater Wetlands”

Stormwater 
Detention—
Standard Dry 
Detention

Dry detention basins have historically been the most common form of 
stormwater management employed in Central Iowa. These areas are 
intended to be dry between rainfall events. Outlets are designed to limit 
the rate at which runoff can leave the basin. When larger storms occur, 
the rate of inflow is larger than the rate that water can get out of the 
basin. This causes water to back up within the basin or be “detained.” 
Dry detention basins lack adequate methods such as infiltration, 
ponding or plant uptake to provide significant water quality benefits. For 
this reason, standard dry basins are not usually considered water quality 
practices. They need to be paired with other management practices 
located upstream to address water quality.
More info: Iowa Stormwater Management Manual, Sections—“General Information for Detention 
Practices” and “Dry Detention”

Permeable Pavement Systems
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Stormwater 
Detention—
Extended Dry 
Detention

Dry detention basins can be designed or modified to provide for 
extended detention of small storm events. This involves designing outlets 
which are staged to release runoff during small storms much more slowly 
than was done in the past. Most standard dry detention basins release 
the runoff they receive in minutes or a few hours after a rain event. 
Extended detention basins capture and hold runoff longer, releasing it 
over a period of no less than 24 hours. Extended dry detention basins 
can be used to address the Channel Protection Volume (runoff caused 
by a 1-year, 24-hour event—2.67” in Central Iowa). Since water will be 
present more often in these basins, native plants chosen for wetter soil 
conditions are better suited than traditional turf grass lawns to provide 
permanent vegetation.
More info: Iowa Stormwater Management Manual, Sections—“General Information for Detention 
Practices” and “Dry Detention”

Stormwater 
Detention—
Wet 
Detention 
Ponds

Wet ponds are a feature that can provide aesthetic benefits, recreational 
opportunities, and improved habitat while meeting stormwater 
management goals. These systems retain a permanent pool of water 
which allows pollutants to drop out of solution, be absorbed by shoreline 
vegetation or broken down by other natural processes. Outlets can be 
designed to draw water out a few feet below the surface to keep the 
more oxygen rich water in the pond. Ponds can be designed to address 
water quality, provide extended detention and limit runoff for larger 
events to pre-settlement levels. Safety shelfs along the shoreline reduce 
drowning risk while provided better habitat for wetland vegetation. 
Maintenance access and pretreatment methods are important to 
consider in the design process. Outlets should feature a multi-stage 
design, to effectively manage runoff from both small and large storm 
events.
More info: Iowa Stormwater Management Manual, Sections—“General Information for Detention 
Practices” and “Wet Detention”

Increase Flood 
Plain Storage

Grading can be completed along major streams to excavate collected 
sediments or other earth materials from within flood prone areas. This 
can increase the cross-sectional area of the stream or adjacent flood 
plain, which can reduce flow velocities. It also provides greater volume 
available for storage during larger flood events. These effects reduce 
flood hazard elevations and slow the downstream movement of flood 
waves. Such grading can often improve habitat by providing a more 
natural connection between the stream and the adjacent flood plain 
(often this connection is an abrupt slope due to years of downcutting 
or streambank erosion). There is a potential to reduce flow velocities to 
a level that would actually lead to higher levels of deposition, or create 
flow patterns that could be more erosive. Planning and design of such 
removals should be done by professionals familiar with patterns of 
stream movement (fluvial geomorphology). Environmental and flood 
plain construction permitting is usually required.

Stormwater Detention—Wet Detention Ponds

Stormwater Detention—Extended Dry Detention

Source:  Greg Pierce

Source:  ISWMM manual
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Water Quality 
Outlet 
Modifications

Larger ponds or detention facilities may offer opportunities to modify 
outlets to improve their capacity for extended detention. In some 
cases this could be as simple as changing the width or elevation of 
water entry points at the top of the outlet structure or adding a low 
flow pipe outlet. More detailed analysis of each basin could determine 
if such a modification could be made without significant additional 
risk to surrounding properties or structures during large storm events. 
Such modifications can usually be made with a smaller investment, 
yet could provide a measurable improvement in pollutant removal and 
downstream channel protection.

Stream 
Corridor 
Restorations

This plan has identified that very few urban small stream corridors 
are considered stable. Ongoing erosion can directly impact public 
infrastructure and private property. Streambank materials displaced by 
erosion is estimated to be the largest contributor of sediment to Walnut 
Creek. Stream corridor restorations can make streams able to withstand 
flow rates with less erosion. Rock riffles can be used to slow downcutting 
and mimic natural pool systems. Toe protection can reduce the potential 
for erosion along outer stream bends. Native vegetation improves 
aesthetics and provides more erosion resistant permanent vegetation. 
In addition to reduced channel erosion, stream corridor restoration 
improves water quality through filtration and deposition of pollutants. 
Habitat for a variety of wildlife is greatly improved. The final product is a 
stream system which is much healthier and accessible to the public.

After

Before

Stream restoration 
techniques can be used to 
repair and restore eroded 

stream corridors.

Source:  Greg Pierce

Source:  Greg Pierce
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