














Iowa Stormwater Management Manual  
 

 22 Version 2; December 5, 2008 
 

Figure 8:  Site plan for bioretention facility 
 

 
 
 

Figure 9:  Profile of bioretention area 
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Table 5:  WINTR-55 site data description and analysis results 
 
                         --- Identification Data --- 
User:     SEJ                                    Date:        12/28/2006 
Project:  Bucketsville Recreation Center         Units:       English 
SubTitle: Predeveloped                           Area Units: Acres 
State:    Iowa 
County:   Marshould 
Filename: C:\Documents and Settings\Stephen\Application Data\WinTR-55\Bioretention _pre.w55 
 
                             --- Sub-Area Data --- 
Name           Description              Reach        Area(ac)     RCN     Tc   
------------------------------------------------------------------------------ 
DA-1                                   Outlet          6           57    .328       
Total area: 6 (ac) 
                             ------ Storm Data  ------- 
                   Rainfall Depth by Rainfall Return Period 
 
   0.3-Yr      1-Yr        2-Yr        5-Yr        10-Yr       25-Yr       100-Yr 
   (in)             (in)        (in)          (in)            (in)          (in)           (in) 
-------------------------------------------------------------------------------- 
   1.25*        2.38           3.2           4.1            4.7           5.5           6.7      
 
* 1.25 inches is the WQv design storm depth 
 
Storm Data Source:              User-provided custom storm data (Section 2C-2) Bulletin 71, Table 2. 
Rainfall Distribution Type:     Type II 
Dimensionless Unit Hydrograph:  <standard> 
 

-------Sub-Area Land Use and Curve Number Details------ 
Sub-Area                                             Hydrologic   Sub-Area    Curve 
Identifier           Land Use                            Soil                  Area      Number 
                                                         Group               (ac) 
---------------------------------------------------------------------------------------------------------- 
DA-1      Meadow -cont. grass (non grazed)               B              4        58  
            Woods    (good)      B              2        55  
          Total Area / Weighted Curve Number                            6        57 
 

------Sub-Area Time of Concentration Details------- 
 Sub-Area       Flow             Mannings's     End            Wetted                 Travel 
Identifier/    Length    Slope             n            Area           Perimeter             Velocity   Time  
                  (ft)         (ft/ft)                           (sq ft)              (ft)                    (ft/sec)     (hr) 
-------------------------------------------------------------------------------- 
DA-1       
  SHEET                100        0.0150     0.240                                                                          0.267 
  SHOULDOW         500        0.0200     0.050                                                                          0.061 
                                                   Time of Concentration                                 0.328 
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Pre-development runoff and peak discharge from TR-20 summary in WINTR-55 
Storm P Runoff, Qa Peak Discharge, Qp Unit peak discharge,qu Total Runoff Volume 

 inches inches ft3/sec csm ft3 
1-yr 2.38 0.038 0.08 9.01 828 
2-yr 3.2 0.038 1.05 112.17 828 
5-yr 4.1 0.661 3.31 353.05 14,396 
10-yr 4.7 0.948 5.27 561.84 20,647 
25-yr 5.5 1.38 8.29 883.98 30,056 
100-yr 6.7 2.12 13.41 1430.17 46,174 

                                      
--- Identification Data --- 

User:     SEJ                                    Date:        12/28/2006 
Project:  Bucketsville Recreation Center         Units:       English 
SubTitle: Post-developed                          Area Units: Acres 
State:    Iowa 
County:   Marshould 
Filename: C:\Documents and Settings\Stephen\Application Data\WinTR-55\Bioretention _post.w55 
 
                              ----- Sub-Area Data ----- 
Name            Description              Reach        Area(ac)     RCN     Tc   
------------------------------------------------------------------------------ 
DA-1                                        Outlet            6              75      .228       
Total area: 6 (ac) 
                              ------- Storm Data  -------- 
                    Rainfall Depth by Rainfall Return Period 
   0.3-Yr      1-Yr        2-Yr        5-Yr        10-Yr       25-Yr       100-Yr 
   (in)            (in)          (in)          (in)          (in)           (in)            (in) 
------------------------------------------------------------------------------------- 
   1.25         2.38          3.2            4.1         4.7             5.5             6.7      
 
Storm Data Source:              User-provided custom storm data (Section 2C-2) Bulletin 71, Table 2. 
Rainfall Distribution Type:     Type II 
Dimensionless Unit Hydrograph:  <standard>  
 

----------Sub-Area Land Use and Curve Number Details-------- 
 Sub-Area                                                Hydrologic    Sub-Area    Curve 
Identifier           Land Use                                  Soil             Area      Number 
                                                              Group                 (ac) 
---------------------------------------------------------------------------------------------------------------------- 
DA-1       
          Open space; grass cover > 75% (good)         B             1.44        61  
          Paved parking lots, roofs, driveways           B                     2.56        98  
          Woods          (good)              B                    2.00        55  
 
          Total Area / Weighted Curve Number                                6.00        75 
 

--------Sub-Area Time of Concentration Details------- 
 Sub-Area       Flow               Mannings's     End      Wetted                      Travel 
Identifier/    Length       Slope           n         Area       Perimeter   Velocity   Time  
                   (ft)           (ft/ft)               (sq ft)          (ft)          (ft/sec)     (hr) 
-------------------------------------------------------------------------------- 
DA-1       
  SHEET               50          0.0150     0.240                                            0.153 
  SHOULDOW          600        0.0200     0.050                                                                  0.073 
  CHANNEL            50                                                                                    7.250      0.002 

                                                 Time of Concentration                      0.228 
Post-development runoff and peak discharge from TR-20 summary in WINTR55 



 Section 2E-4 – Bioretention Systems 
 

Version 2; December 5, 2008 25  
 

Storm P Runoff,  
Qa 

Peak Discharge, 
Qi 

Peak discharge 
Qi 

Unit peak  
discharge, qu 

Total Runoff Volume 

 inches inches ft3/sec csm csm/in ft3 
1-yr 2.38 0.581 4.11 437.81 754 12,654 
2-yr 3.2 1.092 8.21 875.10 801 23,784 
5-yr 4.1 1.739 13.33 1421.37 817 37,875 
10-yr 4.7 2.205 16.98 1810.27 821 48,025 
25-yr 5.5 2.858 22.02 2347.89 821 62,290 
100-yr 6.7 3.883 29.78 3174.9 818 84,572 
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2E-5 Soil Quality Restoration 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BENEFITS 
Low = <30%    Medium = 30-65%    High = 65-100% 

 Low Med High 
Suspended Solids    
Nitrogen    
Phosphorous    
Metals    
Bacteriological    
Hydrocarbons    
 

Description:  Healthy soils have tremendous capacity for infiltrating and storing water.  Healthy soils 
also have active microbial life that will breakdown and utilize many pollutants moving in urban non-
point runoff.  Soil quality restoration helps urban landscapes absorb, infiltrate and purify runoff.  
Directing stormwater flows onto landscapes with good soil quality reduces the volume of runoff that is 
generated.  Soil quality restoration involves a combination of steps.  Reducing compaction, increasing 
pore space, improving organic matter content, and re-establishment of soil dwelling populations 
(microbes, worms, insects, etc) are the main components of soil quality restoration.  Soil quality 
restoration is most beneficial to soils that have been altered and compacted through recent land-
disturbing activities on construction sites, but almost any urban landscape can benefit from soil quality 
restoration techniques. 
Typical uses: 
• Included in the final grading and stabilization of construction sites. 
• Incorporated into lawn care management practices on established landscapes. 
Advantages/benefits: 
• Reduces stormwater runoff volume. 
• Protects water quality by infiltrating and processing pollutants moving in stormwater runoff. 
• Reduces the need for irrigation by increasing water holding capacity and water availability.  
• Usually reduces the need for fertilizers and pesticides. 
Disadvantages/limitations: 
• Access to soil restoration services may be limited. 
• Access to compost may be limited. 
• May increase landscaping costs initially. 
Maintenance requirements: 
• After restoration practices, the key need is to maintain and increase organic matter content. 
• Annual applications of compost amendments is recommended (but not required). 
• Do not remove lawn clippings; leave to decompose and maintain organic matter content. 
• Minimize pesticide use to maintain healthy populations of earthworms, soil dwelling insects, and 

soil microbes. 
• Native landscaping will maintain and enhance soil quality restoration over time. 
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A. Description 
 

Soil quality is best maintained by minimizing land-disturbing activities.  Design new developments to 
fit the existing topography to the greatest extent possible.  Use a “building envelope” to confine 
grading activities, construction traffic, stockpiling of materials, and other construction activities 
within a cordoned-off area. 

 
Where land-disturbing activities can’t be avoided, perform soil quality restoration as part of the final 
landscaping.  Soil quality restoration generally must be on a lot-by-lot basis in residential 
developments.  Residential development featuring single-family dwellings typically provides 50% to 
70% green space, making the soil profile a potential water management and water storage resource.  
Typically, urban soil gets compacted and altered during construction.  Even though urban green space 
is covered with vegetation, they may actually have post-development curve numbers of up to 90.  
Consequently, urban green space is typically “hydrologically dysfunction,” meaning these landscapes 
can not absorb and infiltrate water.  

 
On commercial or other ultra-urban development (i.e., lake shore development, condo or townhouse 
complexes with limited green space), try to maintain 20% to 30% green space.  Locate this green 
space strategically so that impervious surface runoff can be directed to it in a sheet flow, if possible.  
With 20% green space and good soil quality to a depth of 1.5 feet, the WQv of runoff generated from 
an 80% impervious development can be infiltrated and stored.  If 30% green space can be maintained, 
the WQv from the 70% impervious surface can be managed by good soil quality to a depth of 1 foot.  
Good soil quality is defined as having at least 40% pore space, at least 5% organic matter content, and 
a healthy population of soil microbes and other species of soil dwellers. 

 
If only 10% of a development site can be maintained as green space, install bioretention cells to 
manage the WQv from the 90% impervious surface.  

 
B. Stormwater management suitability 
 

Soil quality restoration is applicable on all developable sites.  Reducing compaction, increasing soil 
permeability, and improving the soils quality by increasing organic content will enhance and maintain 
infiltration and healthy vegetation.  This non-structural practice will improve water quality and will 
improve infiltration.  Some reduction in runoff volume will be achieved through increased infiltration. 

 
C. Pollutant removal capabilities 
 

Good soil quality will generally provide for the capture of most of the major pollutants of concern, 
and would be comparable to a bioretention cell for pollutant removal.  Hydrocarbons, bacteria, 
phosphorous, sediment, metals, etc, are generally captured in the top part of the profile when runoff is 
infiltrated.  A healthy microbial population will break down and utilize many of the pollutants.  A 
pollutant such as nitrogen moving in solution could move past the root zone of turf landscapes with 
high percolation rates.  Incorporating strategic native landscaping along with soil quality restoration is 
recommended for increased evapotranspiration and more nutrient uptake. 
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D. Application and feasibility  
 

Some component of soil quality restoration is applicable to almost all Iowa soils.  Conditions such as 
extended periods of high water table could render soil quality restoration not feasible.  However, such 
sites would typically not be developed.  
 
The model to be emulated with soil quality restoration (and other infiltration-based stormwater 
management practices) is the quality of soil that developed under the native prairie ecosystems that 
existed across Iowa before European settlement.  Most of the prairie soils of Iowa originally had at 
least 45% pore space, and a minimum of 8-10% organic matter content.  Altered and compacted soils 
have higher bulk density and lower porosity.  When soils are compacted the area available for water 
storage in the soil profile is reduced. 
 
A healthy soil profile with 45% pore space should typically be able to infiltrate anywhere from 0.6 
inches to 2 inches of water per hour into the soil profile.  The water-holding capacity of most prairie 
soils should be around 0.2 inches of water per inch of soil profile.  Therefore, a soil with 45% 
porosity should be able to store at least 2.4 inches of rainfall in the first foot of soil profile.  This 
amount of storage capacity is approximately 160% of the water quality volume that SUDAS 
recommends we design our stormwater management systems to treat for water quality protection.  
 
Pore space volume and size of pores will typically decrease as you move down in a soil profile, but 
most upland soils will still maintain the ability to store anywhere from 0.15 to 0.2 inches of water per 
inch of soil profile.  Therefore, a healthy 3-foot soil profile has the potential capacity to store 5.4 to 
7.2 inches of rain.  The intensity of rainfall and the infiltration rates of a soil would determine how 
much rain can actually be infiltrated and stored before runoff is generated.  The potential infiltration 
and storage capacity of healthy soils makes an infiltration-based and groundwater driven hydrology 
seem quite feasible, which was the case back when the prairies and other native ecosystems were 
intact.  If we can mimic this type of a hydrology for 90% or more of rainfall events in Iowa, the 
potential for water quality enhancement and stabilization of stream flows seems quite feasible, as 
well. 
 
The 8-10% organic matter content of the prairie soils added to the feasibility of historic landscapes 
being able to absorb and infiltrate most rainfall events.  Today, Iowa soils typically have 2-4% 
organic matter content, and often less on altered construction sites where topsoil has been stripped 
and exported off-site.  Consequently, modern soils have probably lost 60-80% of their ability to 
absorb, infiltrate, and store rainfall.  Therefore, our modern landscapes initiate runoff sooner and shed 
more total runoff.  Consequently, we have a flashier hydrology and more runoff events that transport 
pollutants to surface waters.  Infiltrated rain on the historic landscape moved slowly through the soil 
matrix to emerge down-gradient as cool, clean groundwater discharge that fed and maintained stable, 
clean flows in streams and rivers, and clean, stable levels of water in lakes and wetlands.  The goal of 
soil quality restoration (and the other infiltration-based stormwater management practices) is to make 
our modern urban landscapes mimic the hydrologic functionality of our historic landscapes, at least 
for the water quality volume (1.25 inches of rain or less). 

 
E. Planning and design criteria 
 

A soil management plan (SMP) should be created for each new development.  Soil management plans 
are needed to treat landscapes as mass grading is completed and infrastructure is installed.  A second 
SMP will usually be needed for individual lots unless land-disturbing activity and traffic are confined 
within a building envelope. 
 
Soil management plans will typically involve a seven-step process: 
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• Determine soil conditions (pre- and post-construction). 
• Identify areas where soils and vegetation will not be disturbed. 
• Determine areas where topsoil will be stripped and stockpiled. 
• Determine tillage needs to address compaction. 
• Determine the porosity and organic matter content needed to manage the WQv. 
• Quantify compost amendments needs and specify methods of amending. 
• Specify methods for establishing vegetative cover (i.e. sodding, seeding rates). 
• Specify erosion control components needed until vegetation is well established. 

  
First and foremost, existing soil quality should be protected.  By minimizing land-disturbing 
activities, soil profiles are left intact and compaction does not occur.  Compaction, which increases 
bulk density and reduces pore space, is a primary culprit in the creation of hydrologically-
dysfunctional landscapes.  Never compact, place fill, or perform deep till under the drip line of trees 
to be saved. 

 
Stripping and removing topsoil is another key aspect of post-construction soil quality problems.  
Topsoil contains the organic matter that is the key to soils being able to absorb water.  High organic 
matter gives soils the ability to absorb water like a sponge.  Low organic matter content means soils 
will be able to absorb less rainfall before runoff is generated.  Topsoil should be stripped, stockpiled 
and returned as part of final grading.  Topsoil will typically need to be amended with compost to 
achieve the desired organic matter content of 5-10%. 

 
Healthy topsoil also harbors microbes that breakdown many of the pollutants transported by 
stormwater runoff.  Replacing topsoil in post-construction and supplementing it with compost to 
achieve a healthy population of soil microbes is a necessary component of soil quality restoration.  If 
topsoil is not available, compost can be substituted at the rate of 1 inch of compost for 3 inches of 
topsoil (see compost blanket standards in Chapter 7). 

 
Where land-disturbing activities can not be avoided, deep tillage should be performed as part of the 
final grading.  Tillage should be done to a depth specified in the soil management plan.  Tillage 
should be specified to ensure that landscapes have at least enough porosity to absorb the WQv.  
Generally, the depth of tillage needed will relate to the amount of green space on a site.  Rules of 
thumb for tillage depth are: 
• 70% green space:  6-inch depth of tillage 
• 50% green space:  8-inch depth of tillage 
• 30% green space:  12-inch depth of tillage 
• 20% green space:  18-inch depth of tillage 

 
If compost-amended topsoil will be spread after tillage, depth of tillage may be reduced by the 
amount of topsoil to be placed; but compacted soils should always be tilled to a minimum depth of 4 
inches before the addition of topsoil.  Apply at least 1 inch of coarse compost (3/4” to 1 inch) and 
incorporate with deep tillage to help prevent re-consolidation of tilled soil.  Do not re-compact the site 
while top dressing or placing a compost blanket.  Use low ground-contact pressure equipment for the 
spreading of topsoil and/or compost.  

 
Perform deep tillage when soil moisture conditions are optimum.  Optimum conditions are when soil 
moisture content is ~ 40%.  Do not use rotary tillage, as this breaks down soil structure, kills worms, 
and creates small pore spaces that can re-consolidate.  Use ripping tillage tools for deep tillage. 
 
Apply compost as specified in the soil management plan to achieve at least 5% organic matter 
content.  Applying some compost before deep tillage is a good way to get some organic matter into 
the soil profile, but earthworms will move organic matter down into the profile with time.  Apply at 
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least a 2-inch compost blanket in conjunction with seeding to provide rapid germination and 
establishment of vegetative cover.  A 2-inch compost blanket will provide erosion control until the 
site is stabilized by vegetation and will typically achieve at least 5% organic matter content. 

 
Incorporate strategic use of native landscaping and direct impervious surface runoff toward areas with 
restored soil quality and native landscaping. 

 
F. Design procedures 
 

1. Review grading, landscaping, and soil management plans to ensure soil quality restoration is 
included as needed. 

 
2. Determine existing soil conditions (bulk density, moisture content, organic matter content). 

 
3. Determine depth and type of tillage needed to achieve 40% minimum pore space to the specified 

depth. 
 

4. Calculate amount of compost amendment needed  
 
G. Inspection and maintenance requirements 
 

Monitor the site after rainfall events to ensure no erosion is occurring.  Monitor weekly and after rains 
of 0.5 inches until vegetation is well established. 

 
Long-term maintenance involves maintaining organic matter content.  Do not remove lawn clippings.  
Leave clippings on the yard to decompose and recycle nutrients and organic matter.  Annual 
applications of ¼ to ½ inches of compost will maintain or increase organic matter. 

 
If earthworms are not present, inoculate the green space with worms in conjunction with a compost 
application. 

 
H. Design example 
 

1. Calculating pore space/available storage in tilled soil profiles.  These calculations assume 
impervious surfaces will have a runoff coefficient of 1, or 100% runoff onto green space. 

 
a. Example 1:   

1) 30% impervious and 70% green space (6-inch depth of tillage) 
2) One acre = 43,560 sq ft. x 70% green space = 30,492 sq ft of green space 
3) Available storage:  30,492 sq ft x 0.5 ft (6-inch) depth of tillage x 0.4 (40% pore space) = 

6,098 cu ft of pore space in 6 inches of tilled soil profile 
4) Required pore space for WQv:  (4,538 cu ft – same for all examples).  27,152 gals/ac/1 

inch of rain.  27,152 x 1.25 inch (WQv) = 33,940 gals x 0.1337 cu ft per gal = 4,538 cu ft 
of pore space needed vs. 6,098 cu ft of available pore space. 

 
b. Example 2:  

1) 50% impervious and 50% green space (8” depth of tillage) 
2) One acre = 43,560 sq ft. x 50% green space = 21,780 sq ft of green space 
3) Available storage:  21,780 sq ft x 0.67 ft (8 in) depth of tillage x 0.4 (40% pore space) = 

5,837 cu ft of pore space in 8 inches of tilled soil profile. 
4) Required pore space for WQv:  4,538 cu ft needed vs. 5,837 cu ft of available pore space. 
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c. Example 3:   
1) 70% impervious and 30% green space (12-in depth of tillage) 
2) One acre = 43,560 sq ft. x 30% green space = 13, 068 sq ft of green space 
3) Available storage:  13,068 sq ft x 1 ft (12-in) depth of tillage x 0.4 (40% pore space) = 

5,227 cu ft of pore space in 12 inches of tilled soil profile. 
4) Required pore space for WQv:  4,538 cu ft needed vs. 5,227 cu ft of available pore space. 

 
d. Example 4:  

1) 80% impervious and 20% green space (18-in depth of tillage) 
2) One acre = 43,560 sq ft x 20% green space = 8,712 cu ft of green space 
3) Available storage:  8,712 sq ft x 1.5 ft depth of tillage x 40% pore space = 13,068 cu ft of 

storage in pore space in 1.5 foot of tilled soil profile. 
4) Required pore space for WQv: 4,538 cu ft needed vs. 5,227 cu ft of available pore space.  

 
2. Equation for calculating compost application rates.  To achieve a target soil organic matter 

content, the following equation can be used to calculate compost application rates: 
 

%)%(%)%([
%)]%([

FOMCOMCBDFOMSOMSBD
FOMSOMSBDDxCR

−−−
−

=  

  
where: 
CR = Compost application rate (inches) 
D = Depth of incorporation (inches) 
SBD =  Soil bulk density (lb/cubic yard dry weight) 
SOM%  = Initial soil organic matter (%) 
FOM%  = Final target soil organic matter (%) 
CBD =  Compost bulk density (lb/cubic yard dry weight) 
COM% = Compost organic matter (%) 

 
Source:  Technical Memo for Puget Sound Stormwater BMP Manual 
http://www.psat.wa.gov/Programs/LID/PSAT_TechMemo3.pdf. 

 
An additional method to achieve a desired organic matter content of about 10% would be to add 1 
part compost to 2 parts topsoil (or 25-35% compost amendment by volume).  To achieve 5% 
organic matter content, add 1 part compost to 5 parts topsoil (or about 15-20% compost 
amendment by volume).  These simplified methods assume compost will have an organic matter 
content of 40-60%. 

 
An Excel compost amendment rate spreadsheet is available for download at 
http://www.soilsforsalmon.org/resources.htm. 
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2E-6 Native Landscaping 
 

 
 

BENEFITS 
Low = <30%    Medium = 30-65%    High = 65-100% 

 Low Med High 
Suspended Solids    
Nitrogen    
Phosphorous    
Metals    
Bacteriological    
Hydrocarbons    
 

Description:  Native plants are those that grew naturally in Iowa before European settlement, and 
therefore are well-adapted to this environment.  The tallgrass prairie ecosystem developed in Iowa 
over 10,000 years ago.  It was an extremely diverse habitat that consisted of grasses, forbs (flowering 
plants), insects, and other animals.  It adapted to survive conditions that ranged from hot and dry to 
moist and boggy in any given year; in addition to severe winters, frequent high winds, grazing by 
buffalo, and routine fire.  The response to this ever-changing environment was the development of 
deep, fibrous root systems commonly reaching 6-12 inches deep.  These root systems led to the 
development of Iowa’s fertile soils, and can still contribute significantly to soil quality enhancement.  
Carefully chosen native plants can be used in a wide variety of infiltration and filtration practices to 
increase water quality.  Landscaping with native plants provides color and habitat, and is an important 
component for engineered practices to capture and treat the water quality volume and the first flush of 
runoff from larger storms.  
Typical uses: 
• Used in conjunction with engineered water management practices. 
• Used for runoff management from residential, commercial, and institutional sites. 
• Used in rain gardens, bioretention areas, vegetated swales, and basins. 
Advantages/benefits: 
• Reduces runoff rate and volume from impervious areas in infiltration practices. 
• Removes sediment and pollutants to improve water quality. 
• Plants are beautiful, hardy, drought-resistant, and low-maintenance. 
• Provides aesthetic value and habitat for beneficial insects and animals. 
• Reduces the need for inputs from fertilizers, pesticides, water, and mowing. 
Disadvantages/limitations: 
• Maintenance techniques are not as widely-known as for turf grass. 
• Establishment takes longer than turf grass, especially with seeded areas. 
Maintenance requirements: 
• Annual removal of vegetation growth through burning, or mowing and baling/raking. 
• Plantings need to be watered and weeded regularly during establishment. 
• Maintenance goes down after establishment (2-3 years). 
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A. Description 
 

Landscaping with native plants is a simple way to obtain multiple benefits while mimicking the native 
ecosystems of the tallgrass prairie, oak savannas, woodlands, and wetlands.  Native species are low-
maintenance once established because they are adapted to Iowa temperatures, wind, and rainfall 
patterns.  Properly-designed native landscaping can improve the value of the site, improve aesthetics, 
support wildlife, increase soil and water quality, and absorb noise.  

 
Through plant uptake, plants can bind nutrients and other pollutants, and remove water through 
evapotranspiration.  Pathways for rainfall infiltration will be created through root development, which 
also contributes to a healthy soil structure.  Each year, a part of the deep root mass of native plant dies 
off and decomposes.  This annual organic matter deposition helps build soil organic carbon, which in 
turn helps the soil absorb more water.  Soil microbes help bind together particles of sand, silt, and 
clay, along with organic matter, creating a more granular soil structure, which increases porosity and 
water holding capacity.  An additional benefit of the deep root system is seen when native plants also 
resist local pests and disease.  Natives do not get as stressed as typical non-native species during 
droughts or other severe environmental conditions common in Iowa.  

 
Native species bloom at a variety of times throughout the growing season and attract butterflies and 
birds often not seen in non-native landscapes.  Native plants attract this variety of beneficial birds, 
butterflies, insects, and other wildlife by providing diverse habitats and food sources.  Conversely, 
closely-mowed lawns are of little benefit to most wildlife.  

 
B. Stormwater management suitability 
 

Native plants are used in many areas that are designed to infiltrate and temporarily store the water 
quality volume (WQv).  

 
C. Pollutant removal capabilities 
 

Native plants do not require fertilizers or pesticides, and will eliminate their use when replacing sod 
lawns.  Typically, lawns also require significant amounts of watering to survive, which often results 
in additional runoff of water and pollutants.  Weekly emissions from lawn mowing equipment used 
on typical sod lawns also contribute to air pollution.  Native plants remove carbon from the air and 
sequester it in the soil.  Sequestered atmospheric carbon increases soil organic matter, which 
increases the soil’s ability to absorb water.  Deeply-rooted native plants increase the soil’s capacity to 
store water and reduce water runoff.  

 
D. Application and feasibility  
 

Native landscaping plants can be used in most of the infiltration and filtration practices.  They can 
also be used as a landscape amenity.  Application and feasibility are dependent on the type of 
application.  Various native plants were adapted to dry, mesic, or wet landscapes.  Consider your 
landscape or type of practice and choose plant species that will work best. 

 
1. Dry soils.  Dry soils are typically found in well-drained, exposed areas.  They are more common 

on south-facing slopes where it is warmest and driest during the summer. 
 

2. Mesic soils.  Mesic refers to areas that are well-drained, yet moist like a typical vegetable garden.  
Mesic sites are not overly wet or dry. 
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3. Wet soils.  Wet sites often occur low on the landscape and have a high water table.  Lists of 
recommended species and those to avoid are available on the Iowa Native Lands website 
(http://www.prrcd.org/inl/recommended_plants.htm).  Additional guidance is provided in the 
SUDAS Landscaping Specification (Section 9010).    

 
E. Planning and design criteria 
 

Native prairie plantings can be established from seed or plugs (young, rooted plants).  Plugs are better 
than seed in smaller projects in residential areas because they are easier to establish and maintain.  
Natives can be incorporated into an existing garden bed, or a new bed can be made by removing sod 
and loosening the soil.  Try to avoid putting native plants in soils that have been fertilized, as this 
often results in overly tall growth far beyond typical for that species. 

 
In residential settings, it is usually best to use shorter native plants to create an aesthetically-pleasing 
landscape.  This means avoiding species that grow more than 4 feet tall, such as big blue stem, Indian 
grass, compass plant, and cup plant.  Native plants can be designed into any sunny landscape, but 
rarely do well in deep shade.  Woodland species can tolerate shade but often do not have deep root 
systems.  

 
Native plants can be intermingled in more formal beds and borders, or incorporated as a more natural 
informal prairie garden.  Turf borders should be left to define the area or provide a path through the 
planting.  

 
Strategically-placed native species plantings can function similarly to engineered infiltration- and 
filtration-based practices.  Choose plants based on site considerations for light, moisture, and soil.  
Vary plant structure, height, bloom succession, and flower color for seasonal appeal and butterfly 
habitat.  After planting, a shredded-wood mulch layer helps establish natives by retaining moisture 
and discouraging weeds, but may float if water pools.  A few small rocks can help overcome this 
problem during the establishment phase. 

 
F. Design procedures 
 

Design procedures generally involve matching plant or seed mix selection to the soils, moisture 
regimes, and aspect of a site.  Plant height, color scheme, and shade or open sun tolerance all come 
into play in plant selection for a site.  A number of native nurseries have pre-selected mixes for 
various conditions; care should be taken with those mixes to ensure the species are appropriate for the 
site and don’t get overly tall.  Native seed supplies often provide information on preferences of 
various species if you want to create your own blend.  Species lists for plant suitable for Iowa native 
landscaping are online at:  http://www.prrcd.org/inl/recommended_plants.htm.  See the SUDAS 
Seeding Specification (9010) for more information. 

 
Always plant mowed turf borders or low-growing native turf around native landscaping in an urban 
setting to provide a border and kept appearance.  In plantings such as bio-retention areas, consider a 
border planting of shorter prairie grasses, such as prairie dropseed, just inside the turf border.  Border 
plantings increase social acceptance of native landscaping sites.  Design the planting to accommodate 
fire management whenever possible. 

 
Develop all mixtures based on pure live seed.  Exclude or keep aggressive grasses like switchgrass or 
other cultivars to a minimum, or eliminate entirely.  If the site is within one mile of an existing native 
prairie (not a reconstructed prairie), local ecotypes are recommended.  
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1. Using live plants.  On small urban plantings, it is usually best to buy live plants.  Plants should 
be spaced 12-18 inches apart.  Live plantings will establish more quickly than seed, and provide 
an aesthetically-pleasing site, usually in the first year. 
 

2. Seeding recommendations.  When seeding a mix of native plants, plan on it taking about three 
years to get good establishment (ground cover).  Native plants spend the first year or two 
developing deep root systems before putting much energy into above-ground growth.  Therefore, 
a good maintenance plan is essential to keep the site mowed and/or weeded, to protect plants 
from weedy competition, and avoid unsightly-looking areas that can turn public opinion against 
native landscaping.  
 

3. Native turf.  A new alternative showing promise for certain settings is the use of a native turf 
mix.  A native turf features a blend of low-growing native grasses that would provide more a 
lawn-like appearance, while providing deep, fibrous root systems that will help build and 
maintain soil quality.  Mowing on native turf plantings could be eliminated, and the height of the 
vegetation would stay in the 8 to 18-inch range.  Or, mowing could be done on a limited basis 
(once a month or less).  It should be noted that native grasses are warm-season grasses, which 
means they respond to the increased sunlight as days grow longer and hotter.  Therefore, native 
turf will not break dormancy and green up as early in the growing season as cool season sod 
lawns.  However, they will be green and growing during the long, hot days of summer when non-
native cool season turf often goes dormant in response to the hot, dry conditions.  Native turf will 
not need fertilization or watering after the root systems are established.  A way to irrigate should 
be provided the first, and possibly the second, year to ensure good establishment; but after root 
development has been achieved, no more irrigation will be necessary. 

Location Guidelines 
G. Inspection and maintenance requirements 
 

Native prairie plantings require less maintenance than turf grass and non-native gardens, but still need 
routine weeding and watering until established.  Fertilizer is not recommended for prairie plantings, 
as it can stimulate excessive growth and cause plants to flop over.  Dead vegetation should be 
removed in the fall or spring.  Delaying this step until spring will allow winter landscape interest and 
provide seed and cover for over-wintering birds.  Remove dead vegetation by burning, mowing, 
raking, and/or baling the residue.
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2E-7 Soils Testing Requirements for Infiltration 
Practices  
 
(Note:  The following procedures are adapted from the Wisconsin DNR Conservation Practice Standard 1002, and are 
recommended for use along with the design guidance provided in Section 2E-1 for confirming the suitability of site soils for 
infiltration practices.) 
 

A. Definition 
 
The requirements in this section define the site evaluation procedures to:  
 
1. Perform an initial screening of a development site to determine its suitability for infiltration. 

 
2. Evaluate each area within a development site that is selected for infiltration. 

 
3. Prepare a site evaluation report. 

 
B. Purpose 

 
1. Establish methodologies to characterize the site. 

 
2. Establish requirements for siting an infiltration device and the selection of design infiltration 

rates. 
 

3. Define requirements for a site evaluation report that ensures appropriate areas are selected for 
infiltration and an appropriate design infiltration rate is used. 

 
C. Conditions where practice applies 

 
These requirements are intended for development sites being considered for stormwater infiltration 
devices.  Additional site location requirements may be imposed by other stormwater infiltration 
device technical standards.  
 

D. Criteria 
 
The site evaluation consists of four steps for locating the optimal areas for infiltration and properly 
sizing infiltration practices.  Steps 1 and 2 are completed as soon as possible in the approval process. 
• Step 1:  Initial screening 
• Step 2:  Field verification of information collected in Step 1 
• Step 3:  Evaluation of specific infiltration areas 
• Step 4:  Soil and site evaluation reporting 

 
The steps should coincide, as much as possible, for when the information is needed to determine the 
following:  
• Potential for infiltration on the site 
• Optimal locations for infiltration devices 
• Final design of the infiltration device(s) 
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1. Step 1:  Initial screening.  The initial screening identifies potential locations for infiltration 

devices.  The purpose of the initial screening is to determine if installation is limited by any of the 
general restrictions for infiltration practices (Section 2E-1), and to determine where field work is 
needed for Step 2.  Optimal locations for infiltration are verified in Step 2.  Information collected 
in Step 1 will be used to explore the potential for multiple infiltration areas versus relying on a 
regional infiltration device.  Smaller infiltration devices dispersed around a development are 
usually more sustainable than a single regional device that is more likely to have maintenance and 
groundwater mounding problems.  The initial screening should determine the following: 
 
a. Site topography and slopes greater than 20%. 

 
b. Site soil infiltration capacity characteristics as defined in NRCS county soil surveys. 

 
c. Soil parent material. 

 
d. Regional or local depth to groundwater and bedrock.  Use seasonally high groundwater 

information where available. 
 

e. Distance to sites identified as closed remediation sites within 500 feet from the perimeter of 
the development site. 
 

f. Presence of endangered species habitat. 
 

g. Presence of floodplains and flood fringes. 
 

h. Location of hydric soils based on the USDA county soil survey and wetlands within or 
adjacent of the project area. 
 

i. Sites where the installation of stormwater infiltration devices would not be recommended due 
to the potential for groundwater contamination as described below: 
1) An area within 250 feet of a private well. 
2) An area within 1000 feet of a municipal well. 
3) An area within 300 feet upslope or 100 feet downslope of karst features. 
4) A channel with a cross-sectional area equal to or greater than 3 ft2 that flows to a karst 

feature. 
5) An area where the soil depth to groundwater or bedrock is less than 2 feet. 
6) Potential impact to adjacent property. 
7) A point system for initial evaluation of a site for infiltration practices is presented in 

Section 2E-1. 
 

2. Step 2:  Field verification of the initial screening. 
 
a. Field verification is required for areas of the development site considered suitable for 

infiltration.  This includes verification of Steps 1a, 1b, 1c, 1d, 1i3, 1i4 and 1i5. 
 

b. Sites should be tested for depth to groundwater, depth to bedrock and percent fines 
information to verify any exemption and exclusion found in Steps 1l and 1m.  The following 
is a description of the percent fines expected for each type of soil textural classification:  
Several textural classes are assumed to meet the percent fines limitations for both 3- and 5-
foot soil layers.  These classifications would include the sandy loams, loams, silt loams, and 
all the clay textural classifications.  Coarse sand is the only soil texture that, by definition, 
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will not meet the limitations for a 3-foot soil layer consisting of 20% fines.  Other sand 
textures and loamy sands may need the percent fines level verified with a laboratory analysis. 

 
c. Borings and pits should be dug to verify soil infiltration capacity characteristics and to 

determine depth to groundwater and bedrock. 
 

d. The following information should be recorded for Step 2: 
1) The date or dates the data was collected. 
2) A legible site plan/map that is presented on paper that is no less than 8 ½ x 11 inches in 

size and: 
• Is drawn to scale or fully-dimensional 
• Illustrates the entire development site 
• Shows all areas of planned filling and/or cutting 
• Includes a permanent vertical and horizontal reference point 
• Shows the percent and direction of land slope for the site or contour lines.  Highlight 

areas with slopes over 20%. 
• Shows all floodplain information that is pertinent to the site 
• Shows the location of all pits/borings included in the report 
• Location of wetlands as field delineated and surveyed 
• Location of karst features, private wells within 100 feet of the development site, and 

public wells within 400 feet of the development site 
3) Soil profile descriptions are written in accordance with the descriptive procedures, 

terminology and interpretations found in the Field Book for Describing and Sampling 
Soils, USDA, NRCS, 1998.  Frozen soil material must be thawed prior to conducting 
evaluations for soil color, texture, structure and consistency.  In addition to the data 
determined in Step B, soil profiles must include the following information for each soil 
horizon or layer: 
• Thickness, in inches or decimal feet 
• Munsell soil color notation 
• Soil mottle or redox feature color, abundance, size, and contrast 
• USDA soil textural class with rock fragment modifiers 
• Soil structure, grade size, and shape 
• Soil consistence, root abundance, and size 
• Soil boundary 
• Occurrence of saturated soil, groundwater, bedrock, or disturbed soil 

 
3. Step 3:  Evaluation of specific infiltration areas.  This step is to determine if locations 

identified for infiltration devices are suitable for infiltration, and to provide the required 
information to design the device.  A minimum number of borings or pits should be constructed 
for each infiltration device (Table 1).  The following information should be recorded for Step 3: 

 
a. All the information under Step 1. 

 
b. A legible site plan/map that is presented on paper no less than 8 1/2 x 11 inches in size and: 

• Is drawn to scale or fully dimensional 
• Illustrates the location of the infiltration devices 
• Shows the location of all pits and borings 
• Shows distance from device to wetlands 

 
c. An analysis of groundwater mounding potential is required as per Table 1.  The altered 

groundwater level, based on mounding calculations, must be considered in determining the 
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vertical separation distance from the infiltration surface to the highest anticipated 
groundwater elevation.  References include, but are not limited to Bouwer (1999), Guo (1998, 
2001), Hantuch (1967). 
 

d. One of the following methods should be used to determine the design infiltration rate: 
1) Infiltration rate not measured.  Table 2 should be used if the infiltration rate is not 

measured.  Select the design infiltration rate from Table 2 based on the least-permeable 
soil horizon 5 feet below the bottom elevation of the infiltration system. 

2) Measured infiltration rate.  The tests should be conducted at the proposed bottom 
elevation of the infiltration device.  Two procedures are recommended for the infiltration 
testing:  Infiltration test column and double ring infiltrometer.  The procedure of the 
infiltration test column is summarized below.  If the infiltration rate is measured with a 
double-ring infiltrometer, the requirements of ASTM D3385 should be used for the field 
test.  

e. Procedure for infiltration test column. 
1) Install casing (solid 5-inch diameter, 30-inch length) to 24 inches below proposed BMP 

bottom (see Figure 1). 
2) Remove any smeared soiled surfaces, and provide a natural soil interface into which 

water may percolate.  Remove all loose material from the casing.  Upon the tester’s 
discretion, a 2-inch layer of coarse sand or fine gravel may be placed to protect the 
bottom from scouring and sediment.  Fill casing with clean water to a depth of 24 inches, 
and allow to pre-soak for 24 hours. 

3) After 24 hours, refill casing with another 24 inches of clean water, and monitor water 
level (measured drop from the top of the casing) for 1 hour.  Repeat this procedure 
(filling the casing each time) three additional times, for a total of four observations or 
until there is no measurable change in the readings.  Upon the tester’s discretion, the final 
field rate may either be the average of the four observations, or the value of the last 
observation.  The final rate should be reported in inches per hour. 

4) May be done through a boring or open excavation. 
5) The location of the test should correspond to the BMP location. 
6) Upon completion of the testing, the casings should be immediately pulled, and the test pit 

should be backfilled. 
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Figure 1:  Infiltration testing requirements 

 
The measured infiltration rate should be divided by a correction factor selected from Table 3.  
The correction factor adjusts the measured infiltration rates for the occurrence of less-
permeable soil horizons below the surface and the potential variability in the subsurface soil 
horizons throughout the infiltration site. 
 
A less-permeable soil horizon below the location of the measurement increases the level of 
uncertainty in the measured value.  Also, the uncertainty in a measurement is increased by the 
variability in the subsurface soil horizons throughout the proposed infiltration site. 
 
To select the correction factor from Table 3, the ratio of design infiltration rates must be 
determined for each place an infiltration measurement is taken.  The design infiltration rates 
from Table 2 are used to calculate the ratio.  To determine the ratio, the design infiltration 
rate for the surface textural classification is divided by the design infiltration rate for the 
least-permeable soil horizon.  For example, a device with loamy sand at the surface and a 
least-permeable layer of loam will have a design infiltration rate ratio of about 6.8 and a 
correction factor of 4.5.  The depth of the least-permeable soil horizon should be within 5 feet 
of the proposed bottom of the device or to the depth of a limiting layer. 
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Table 1:  Evaluation requirements specific to proposed infiltration devices 
 

BMP type 
Design 
manual 

reference 
Tests required 1 Minimum number of 

borings/pits required 

Minimum drill/test depth 
required below the 

infiltration surface (bottom of 
BMP) 

Rain garden  2E-4 Pits or borings NA 2 5 feet or depth to limiting 
layer, whichever is less. 
 

Infiltration 
trenches  
(<2000 ft2 
impervious 
drainage area) 

2E-2 Pits or borings 1 test/100 linear feet of 
trench 
with a minimum of 2, 
and 
sufficient to determine 
variability 

5 feet or depth to limiting 
layer, whichever is less 

Infiltration 
trenches  
(>2000 ft2 
impervious 
drainage area) 

2E-2 Pits or borings 
 
Mounding potential 
 

1 pit required and an 
additional 1 pit or boring 
per 100 linear feet of 
trench, and sufficient to 
determine variability 

Pits to 5 feet or depth to 
limiting layer 
 
Borings to 15 feet or depth to 
limiting layer 

Bioretention 
systems  

2E-4 Pits or borings 1 test per 50 linear feet 
of device with a 
minimum of 2, and 
sufficient to determine 
variability 

5 feet or depth to limiting 
layer, whichever is less 

Swales used 
for infiltration 
(dry or 
enhanced 
swale)  

2I-3 Pits or borings 1 test per 1000 linear 
feet of swale with a 
minimum of 2, and 
sufficient to determine 
variability 

5 feet or depth to limiting 
layer, whichever is less 

1  Continuous soil borings should be taken using a bucket auger, probe, split-spoon sampler, or Shelby tube.    
    Samples shall have a minimum 2-inch diameter.  Soil pits must be of adequate size, depth, and construction to  
    allow a person to enter and exit the pit and complete a morphological soil profile description. 
2  Information from Step 2 is adequate to design rain gardens. 

 
4. Step 4:  Soil and site evaluation report contents.  The site’s legal description and all 

information required in Steps 2 and 3 should be included in the Soil and Site Evaluation Report.  
These reports are completed prior to the construction plan submittal. 
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Table 2:  Design infiltration rates for soil textures receiving stormwater 
 

Soil Texture1 Design infiltration rate without measurement2 
(inches/hr) 

Coarse sand or coarser 3.60 
Loamy coarse sand 3.60 

Sand 3.60 
Loamy sand 1.63 
Sandy loam 0.5 

Loam 0.24 
Silt loam 0.13 

Sandy clay loam 0.11 
Clay loam 0.09 

Silty clay loam   0.063 
Sandy clay 0.05 
Silty clay 0.04 

Clay 0.02 
1  Use sandy loam design infiltration rates for fine sand, loamy fine sand, very fine sand, and 
   loamy fine sand soil textures. 
2 Infiltration rates represent the lowest value for each textural class presented in Table 2 of 
   Rawls, 1998. 
3 Infiltration rate is an average based on Rawls, 1982. 

 
Table 3:  Total correction factors divided into measured infiltration rates 

 
Ratio of design infiltration rates1 Correction factor 

1 2.5 
1.1 to 4.0 3.5 
4.1 to 8.0 4.5 
8.1 to 16.0 6.5 

16.1 or greater 8.5 
1 Ratio is determined by dividing the design infiltration rate (Table 2) for the textural 
  classification at the bottom of the infiltration BMP by the design infiltration rate 
  (Table 2) for the textural classification of the least permeable soil horizon.  The least 
  permeable soil horizon used for the ratio should be within five feet of the bottom of the 
  BMP facility or to the depth of the limiting layer. 

 
E. Additional considerations 

 
Additional recommendations relating to design that may enhance the use of, or avoid problems with 
infiltration practices, but are not required to ensure its function are as follows: 
 
1. Groundwater monitoring wells can be used to determine the seasonal high groundwater level.  

Large sites considered for infiltration basins may need to be evaluated for the direction of 
groundwater flow. 
 

2. Cation exchange capacity (CEC) of the soil can indicate the number of available adsorption sites.  
Sandy soils have limited adsorption capacity and a CEC ranging from 1-10 meq/100g.  Clay and 
organic soils have a CEC greater than 20, and have a high adsorption rate. 

3. Soil organic matter and pH can be used to determine adsorption of stormwater contaminants.  A 
pH of 6.5 or greater is optimal.  A soil organic content greater than 1 percent will enhance 
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adsorption.  (See SUDAS Section 2E-5). 
 

4. One or more areas within a development site may be selected for infiltration.  A development site 
with many areas suitable for infiltration is a good candidate for a dispersed approach to 
infiltration.  It may be beneficial to contrast regional devices with onsite devices that receive 
runoff from one lot or a single source area within a lot, such as rooftop or parking lot. 
 

5. Stormwater infiltration devices may fail prematurely if there is: 
 
a. An inaccurate estimation of the design infiltration rate 

 
b. An inaccurate estimation of the seasonal high water table 

 
c. Excessive compacting or sediment loading during construction 

 
d. No pretreatment for post-development and lack of maintenance 

 
e. No construction erosion should enter the infiltration device.  This includes erosion from site 

grading, as well as homebuilding and construction.  If possible, rope off areas selected for 
infiltration during grading and construction.  This will preserve the infiltration rate and 
extend the life of the device. 
 

6. The development site should be checked to determine the potential for archeological sites.  This 
search may be conducted by state staff for projects required or funded by the state. 
 

7. Slopes 20% or greater are inappropriate for some infiltration devices. 
 

8. Expect to complete the preliminary design work (Steps 1 through 3) before the approval process 
(platting).  Once required information is compiled, the initial design work for an infiltration 
device can begin. 
 

9. The approval process requirements for development sites vary across the state, and may also vary 
within the jurisdiction, depending on the type of project (residential/commercial) or number of 
lots being developed.  The timing of Steps 1, 2, and 3 will need to be adjusted for the type of 
approval process.  Step 1 should be completed before the preliminary plat, and Step 2 should be 
completed before the final plat is approved.  For regional infiltration BMP facilities, and for 
BMPs constructed on public right-of-ways, public land or jointly-owned land, Step 3 should be 
completed before the final plat approval. 

 




