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I. Project Introduction 

A. Purpose 

In June 2012 Carver County Water Resource Management adopted a new ordinance outlining 
stormwater Best Management Practices (BMPs) to improve water quality and reduce water 
volume. The BMP guidelines published in July of 2014 are included in Appendix A. Specifically, 
the BMP guidelines require that for storm events of 1.05 inches or greater, 0.5 inches of water 
per total impervious area must be retained onsite and water quality treatment must be 
performed for 0.55 inches per total impervious area.  
 
Stormwater reuse is one option provided to developers in Carver County, MN to mitigate the 
effects of development on county lands. The purpose of this investigation is to assess the 
current practices of the Carver County Stormwater Reuse program, compare the existing plans 
with collected data and recent research, and provide recommendations for future considerations 
for the county. Carver County requested that climate, soils, vegetation, and irrigation systems 
be researched and reviewed so that the county may properly permit, assess, and assign credit 
to reuse systems. 

B. Background 

Carver County (Figure I.B.1) is located 
in south central Minnesota at the 
western edge of the Minneapolis-St. 
Paul Metropolitan area. The county is 
376 square miles in size and is 
primarily made up of prairie, lakes, and 
river ecosystems. Lakes are scattered 
throughout the county, the largest of 
which is Lake Waconia located in the 
north central portion of the county. The 
southern edge of the county is 
bordered by the Minnesota River. The 
South Fork Crow River flows through 
the county northward on its course to 
the Mississippi River. 

 

Figure I.B.1. Map of Carver County. Google 2016. 
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II. Rainfall and Stormwater Reuse 

A. Introduction 
The current practice for new developments in Carver County is to retain and treat 1.05 inches of 
rainfall over the site impervious area. A rainfall depth of 0.5 inches is required to be retained as 
volume control and 0.55 inches is required to be detained for water quality treatment (BMP 
Guidelines, 2014). 
 
If the site is to utilize stormwater reuse, there are a few additional constraints laid out in the 
Carver County BMP Guidelines. The irrigation rate is limited to a maximum of 2 inches per week 
for 20 weeks during the growing season, from May through September. Higher rates of irrigation 
may only be allowed when the irrigated site is undisturbed or protected upland vegetation or 
when using amended soils. The stormwater pond must maintain a minimum depth of 4 feet after 
the irrigation quantity is used. The pond must also provide at least 4 weeks worth of irrigation 
volume. 
 

B. Methods 
In order to assess the current guidance used for design for stormwater reuse in Carver County, 
a precipitation gauge within the county was analyzed. The selected gauge, located in Chaska, is 
the Chaska 2NW gauge which is part of the Community Collaborative Rain, Hail, & Snow 
Network (CoCoRaHS, 2016). The period of record for rainfall at this location begins in May 2003 
and reports daily values of rainfall through the present. Figure II.B.1 shows the location of this 
gauge within Carver County. 

 
Figure II.B.1. Aerial imagery of Carver County showing the precipitation gauge in Chaska (blue dot). 
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The daily rainfall depths for the Chaska gauge are shown in Figure II.B.2. The average weekly 
rainfall during the growing season months is roughly 1”/week. 

 
Figure II.B.2. Daily rainfall depths (in inches) at Chaska 2NW. 

To evaluate the response of a stormwater reuse project to observed rainfall, the Beise 
Addition/Red Cedar Creek development in Chaska was considered for this analysis. The 
general layout of the site is as follows and shown in Figure II.B.3. A representation of one 
variable for the model is shown in Figure II.B.4. 

● Pond ~ 0.7 acres 
● Irrigated area = 1.8 acres 
● Impervious area is varied 
 

 

Figure II.B.3. Beise Addition/Red Cedar Creek Development Site Layout. 
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Figure II.B.4. Representation of varied Impervious to Irrigated area from 1:1, 2:1, and 4:1 

A simple daily time-series model was developed for the site to quantify the stormwater response 
to the following inflows and outflows for the hydrologic continuity equation: 
 
Change in pond storage = impervious runoff + direct runoff - evapotranspiration - irrigation 
 
The assumptions for the model are as follows: 
 

● Direct runoff over the impervious area and direct rainfall over the pond area 
● No runoff over irrigated area 
● Pond has 1V:2.5H side slopes 
● Assumed typical monthly rates of evapotranspiration for Minnesota, averaged daily 
● 1”, 1.5”, and 2” irrigation rates were modeled using Monday-Wednesday-Friday schedule 

C. Results 
The daily time-series model allowed for the assessment of the pond storage to various runoff 
volumes and various irrigation rates. By varying the impervious to irrigated area ratios and the 
weekly irrigation rates, the times when the pond exceeded the maximum elevation and the 
times when it fell below the minimum required elevation could be evaluated. 
 
One year out of the observed rainfall record, 2011, is highlighted in Figure II.C.1. This model 
simulation assumes the maximum 2”/week irrigation rate for the three different irrigated to 
impervious ratios. 
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Figure II.C.1. Modeled pond elevation routing rainfall during the growing season of 2011 

 
As shown in Figure II.C.1, the three different impervious to irrigated ratios have different 
responses in relation to the maximum pool and minimum pool elevation. When routing the 
largest volume of water with the 4:1 ratio, the pond begins to exceed the maximum elevation in 
August due to two rainfall events in July that exceed 1”. This would adversely impact the 
downstream stormwater network by discharging more water than planned for a stormwater 
reuse system. Conversely, assuming a ratio of 1:1 requires the pool to be drawn down to below 
the minimum pond elevation to meet irrigation needs. This would adversely impact the pond’s 
goal for minimum depth. The 2:1 ratio, however, appears to keep the pond fairly close to the 
normal pool elevation. This makes sense as an average weekly rainfall volume of 1” could be 
applied to half the area with twice the intensity (1”/week of rainfall over 2*irrigated area = 
2”/week irrigation over the irrigated area). For the entire simulation for the growing seasons over 
2003-2015, two summaries were developed to estimate the average annual days where the 
pond is drawn below the minimum depth and where the pond exceeds the maximum pool. 
These summaries, shown in Table II.C.1, look at each of the three different ratios and each of 
the three different irrigation rates. 
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Table II.C.1. Summaries of average annual pond responses to the 9 simulation runs 

 
 

When the impervious to irrigated ratio is as low as 1:1, the irrigation rate of 2”/week is too 
demanding on the available storage, resulting in an average of 20 days below the minimum 
required depth of the pond. When the ratio is as high as 4:1, the pond exceeds the maximum 
pool elevation for at least 30 days each year, regardless of the irrigation rate. The required 
discharge for the pond overflow for these scenarios would result in an additional volume of 300-
600 acre-feet to the downstream stormwater system. The ratio of 2:1 seems to be the most 
appropriate for all irrigation rates. For the entire simulation, the 2:1 ratio and the 2”/week 
irrigation rate stay within the normal pond elevations. This is evident in Figure II.C.2, showing 
the entire simulation results for the 2:1 impervious to irrigated area. 

 
Figure II.B.2. Simulation of Irrigated to Impervious ratio of 2:1 for various irrigation rates over the gauge record. 
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III. Soils and Vegetation 

A. Introduction 
Existing Soil Conditions 
When considering irrigation as a stormwater reuse option, a thorough understanding of existing 
soil conditions is crucial. If existing conditions are favorable, engineered soils may be 
unnecessary and the costs of those engineered soils may be avoided.  A favorable existing soil 
would have a low wilting point (point at which plants are unable to take up water from the soil) 
and a high field capacity (ability of soil to hold water).  A moderate hydraulic conductivity would 
also be favorable--this would allow water to move through the soil instead of pooling at the top, 
but prevent it from moving so quickly through the soil that there is no storage.  
 
Engineered/Amended Soils 
Since the purpose for this project is to utilize as much irrigated stormwater as possible, the soil 
must have a high water retention capacity. If this need is not currently met by the existing soil, a 
possible solution would be to use engineered soils with high water capacity, or to amend the 
existing soil with a porous mineral.  Adding porous material improves the soil’s water retention 
and/or infiltration capabilities. Engineered soils are commonly used in bioretention basins, rain 
gardens, and bioswales to provide water storage and infiltration. They can also be used to filter 
pollutants from water.  
 
Vegetation 
On stormwater reuse development sites, preparing vegetation for success is essential.  In the 
majority of instances, the stormwater is being reused only for irrigation of onsite vegetation.  
Applying stormwater to vegetation is the simplest way to keep it onsite and reduce runoff from 
the developed area into the storm sewers.  For several reasons, vegetated areas have much 
greater capacity to catch and store water than bare soil. The increased capacity can be 
attributed to plants’ ability to take up and temporarily store water volume in their roots, stems, 
and leaves the reduce the amount of storage the soil itself must provide. Roots also create 
micropores in the soil, increasing the soil’s storage capability. In addition to supplemental 
storage, plants also help treat stormwater by taking up and using nutrients and other pollutants.  

B. Methods 
Existing Soil Conditions 
Existing soil types in Carver County were determined using two sources: the USDA Web Soil 
Survey and the Minnesota Geological Survey Map 178. 
 
For this study, soil types, depths, water capacities, and hydraulic conductivities were taken from 
the USDA Web Soil Survey’s interactive map, which can be found on their webpage (see: 
Appendix B). This map allows the user to choose an area of interest, then displays data for the 
chosen area (see Figure III.B.1). The ‘Soil Map’ tab displays a soil type map for the chosen 
area, with a list of soil names and descriptions. The ‘Soil Data Explorer’ tab includes many 
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different types of data, including soil chemical properties, erosion factors, physical properties, 
soil classification and water features. GIS shapefiles can also be downloaded from the 
‘Download Soils Data’ tab.  
 
Minnesota Geological Survey Map 178, titled Surficial Geology of the Twin Cities Metropolitan 
Area, Minnesota was also examined for relevant data. This map displays surficial geology units 
for Carver County, including Quaternary till deposits. 
 
Additionally, soil characteristic values from the USDA 1955 Yearbook were used to calculate 
time to ponding. For these calculations, the eight irrigation rates listed on the Red Cedar Creek 
plans and five hydraulic conductivity rates were assumed. Time to ponding is calculated using 
the equation below. (Note: this calculation is only valid when the hydraulic conductivity is less 
than the irrigation intensity.)  
 

 
Where: 
tp = time to ponding 
i = irrigation intensity 
ks = hydraulic conductivity 
θ = water capacity (field capacity - wilting point) 
Ѱ = capillary suction head 
 
The existing soil analysis in this report focuses on the Red Cedar Creek and Founder’s Ridge 
development areas, which are both currently being designed with water reuse methods. 

 
Figure III.B.1. USDA Web Soil Survey Interactive Map. 
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Engineered/Amended Soils 
The Soil Science Society of America was used as a source for determining the proper volume 
ratios of sand, compost, topsoil and amendments as well as each component’s contribution to 
the soil mix (Soil Science Society of America). The US Composting Council was useful in 
identifying the necessary conditions for a good compost (US Composting Council, 2001). The 
University of Florida provided depths of engineered soil for under pavers, asphalt or concrete as 
soil compaction is a common problem in developed areas (University of Florida, 1994). The 
National Sustainable Agriculture Information Service provided relevant information on the ability 
of soil to hold water (Scott and Wood, 1986). An academic article by King (King, 2003), provided 
information about past case studies performed concerning engineered soil in relation to 
stormwater management. A useful study performed by Olson et al., contained information on 
the process of adding a compost amendment by tilling as well as the impact of tilling and 
compost addition on improving infiltration rates (Olson et al., 2003). 
 
Vegetation 
When selecting vegetation types, there were several desirable attributes that were researched. 
First, the cultivar should be low maintenance (i.e. hearty native vegetation) so that they are 
likely to survive and continue to use stormwater for as long as possible. Since these plants will 
be living in new residential developments, it is also important that they are attractive. Residents 
and developers are more likely to maintain and expand their site’s stormwater reuse if the 
system is a visual asset to the development.  Another important consideration is the ability of 
the vegetation to use water at the rate it is applied by the irrigation system. Compatibility 
between the plants and engineered soils should also be considered.  
 
For the Founder’s Ridge site, stormwater is being reused via grassy boulevard irrigation.  Since 
Minnesota’s boulevards are exposed to a great deal of salt from the roads, salt tolerance is 
another desired quality for boulevard vegetation.  Brian Horgan, Professor and Extension 
Turfgrass Horticulturist for the University of Minnesota, was contacted for his opinion on 
boulevard turf grass varieties. Professor Horgan suggested Tall Fescue or Fine Fescue, both 
cool-season perennials with some salt tolerance. These two cultivars were then researched and 
compared. 
 
At the Red Cedar Creek site, there is an open field being irrigated with stormwater via sprinklers 
for stormwater reuse. For this area, salt exposure is not an issue. The most important 
consideration here is the ability to survive in both wet and dry conditions since this area will not 
be watered if the stormwater storage pond’s water levels are below a certain point.  Again, 
because this area is directly adjacent to newly built residences, the next most important 
consideration is attractiveness. To satisfy both of these constraints, Central/Southeastern 
Minnesotan trees were researched on the University of Minnesota Extension’s My Minnesota 
Woods page (see: Appendix C). 

 
For the remainder of the vegetation at the Red Cedar Creek site, various plants and grasses 
were researched.  Many of the plants given in Table 1 from Carver County’s “BMP Guidelines” 
document were found to be very good options for this site.  
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C. Results 
Existing Soil Conditions 
Figure III.C.1 displays soil units for the Red Cedar Creek and Founder’s Ridge areas (specific 
descriptions are included in Appendix B). Typically the area was found to have loam in the top 
0-10 inches, then a layer of clay loam at a depth of roughly 10-38 inches, underlain by another 
layer of loam at roughly 38-80 inches. Hydraulic conductivity (ks) varied between 0.20 and 2.00 
in/hr, which is considered moderately high to high. Water capacity, the difference between field 
capacity and wilting point, was generally found to be 0.17 (measured as 1 cm of water per 1 cm 
of soil). Wilting point and field capacity data were not available in the USDA survey. 
 
Loam is comprised of 35-60% sand and 40-65% fines (clay and silt). The fines portion is 5-25% 
clay and 75-95% silt. In a clay loam the fines portion is 25-40% clay and 60-75% silt. 
 

 
Figure III.C.1. Soil Types Displayed on the USDA Web Soil Survey Interactive Map. 

 
For a loam, hydraulic conductivity is approximately 0.86 inches/hour, its field capacity is 
generally about 0.30, and its wilting point is about 0.10. A clay loam has a hydraulic conductivity 
of about 0.04 inches/hour (Rawls et al., 1983), a field capacity of about 0.35, and a wilting point 
of about 0.15 (US Department of Agriculture, Yearbook. 1955). The average water capacity 
value of 0.17 found in the USDA web survey for the site is more consistent with a clay loam. 
General values for loam and clay loam are summarized in Table III.C.1. 
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Table III.C.1: Average Soil Characteristics for loam and lay loam (US Department of Agriculture, Yearbook. 1955 and 
Rawls et al, 1983). 

  
Wilting Point 

 
Field Capacity 

 
Water 

Capacity 

Hydraulic 
Conductivity (in/hr) 

Wetting Front Suction 
Head (in) 

Loam 0.1 0.3 0.2 0.86 3.5 

Clay Loam 0.15 0.35 0.2 0.04 8.22 

 
Figure III.C.2 displays the surficial geology for the Red Cedar Creek and Founder’s Ridge 
locations (map is a zoomed-in portion of MGS map 178). Both locations have Qnt surficial 
geology, which is a loamy till, consistent with the USDA soil survey data.  
 

 
Figure III.C.2. Partial MGS Map 178. Displays surficial geology for areas near Chaska. Red Cedar Creek and 
Founder’s Ridge are located in an area with geology type Qnt, description provided below map.  
 
Since stormwater will be irrigated to vegetated areas at Founder’s Ridge and Red Cedar Creek, 
it is important to understand how the soil will respond to irrigated water. Table III.C.1 contains 
calculated values for time to ponding, which describes how long it will take for puddles to form, 
and is dependent on irrigation rates (intensity) as well as soil characteristics (hydraulic 
conductivity, water capacity, and capillary suction head). 
 
Table III.C.2 contains suggested irrigation schedules for Red Cedar Creek. The  inches/week 
schedule should be successful as long as the hydraulic conductivity of the soil is greater than 
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0.8 in/ hr for the 15 in/week schedule and 0.88 in/hr for the 2.0 in/week schedule. If the hydraulic 
conductivity is lower, the 1.65 in/hr rate will likely be too high and will begin to pond before the 
scheduled number of minutes is complete (19 minutes for 1.5 inches/week, 25 minutes for 2.0 
inches per week). All other irrigation rates should be successful with a hydraulic conductivity 
rate of 0.5 in/hr or higher.  
 
Table III.C.1. Time to ponding (tp) values for various irrigation intensity and hydraulic conductivity values. A value of 
0.17 was used for water capacity (consistent with USDA soil survey data) and a value of 3.5 was used for capillary 
suction head (consistent with average values for loams).

 
 
Table III.C.2. Suggested watering schedules for Red Cedar Creek. Top table is for irrigating 1.5 inches a week, the 
bottom is for irrigating 2 inches per week. 

 

 
 
Engineered/Amended Soil 
For the Carver County stormwater reuse project, engineered soils have a similar purpose to 
those of a rain garden or bioretention basin. The purpose is to infiltrate and store stormwater in 
the Founder’s Ridge boulevards and in the Red Cedar Creek open field. One problem observed 
upon visiting the site was that the soil was compacted on the boulevards as shown in Figure 
III.C.3 by the dirt left behind from runoff on the sidewalk.Clayey soils, like those at the site 
discussed, are more susceptible to compaction (Pitt et al., 2002). Compaction leads to the 
decrease of large pore space as well as the number of pores resulting in the decrease of air and 
water permeability, water-holding capacity and the depth of root penetration into the soil (Craul, 
1994; Gregory et al., 2006). These negative effects can last for decades (Pitt et al., 2002). In 
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order to improve infiltration for future developments, an engineered soil designed for tree-
scaping or structural support could be implemented. The field’s soil should be designed for 
maximum water retention and for being paired with vegetation. In order to improve infiltration 
while also supporting plant life, a compost soil amendment added through tilling is considered.  

 

Figure III.C.3. Impact of compacted soil on infiltration on boulevards at site. 
 
To further increase stormwater usage, the soil for the boulevards could be an engineered soil 
designed for tree-scaping or structural soil. As soil is compacted, infiltration and storage rates 
decrease. A structural soil would be applied during construction within the boulevards and 
underneath the sidewalks. They are typically 80% aggregate based and 20% soil amendments 
(Urban, 2011). The benefit of a structural soil is that it allows for structural support underneath 
sidewalks while also retaining space for plant roots to permeate. There are many companies in 
Minnesota that design a custom engineered soil such as: Minnesota Mulch & Soil, Plaisted 
Companies, Inc. and Engineered Products Co. 

  
Figure III.C.4. Plan view of engineered soil for beneath sidewalks (University of Florida, 1994) 

 
An option for the field currently being used for irrigation is to amend the soil. A soil mix could be 
created for this project using locally available materials for compost and sand. According to the 
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Soil Science Society of America website, a good soil mix consists of 60% sand, 30-40% 
compost, and a varying amount of topsoil depending on the amount of organic matter and 
amendments. The purpose of sand is to produce high infiltration and to resist compaction. It is 
recommended by the Soil Science Society of America that washed, concrete sand be used as it 
is “coarse, clean, and a recycled product available locally in most areas.” The standard compost 
to add as a soil amendment would be the MnDOT Grade 2 compost. The depth most commonly 
applied is 4 inches. As stated by the Inspection & Contract Administration Manual for MnDOT 
Landscape Projects, “Compost from MnDOT approved sources may be accepted on the basis 
of a Certificate of Compliance according to MnDOT 1603”. The representative of the engineers 
must perform a visual test for acceptability upon delivery and the soil must meet the acceptable 
compost requirements provided in the Manual (Inspection & Contract Administration Manual for 
MnDOT Landscape Projects, 2013). 
 
The ability of compost to absorb and slowly release water is beneficial to plant growth. Good 
compost consists of 50-60 percent organic matter content, a moisture content ranging from 40-
50 percent, a pH ranging from 6.0-7.5, a nutrient content of 0.5-2.5 percent nitrogen, 0.2-2.0 
percent phosphorous and 0.3-1.5 percent potassium according to the US Composting Council 
(US Composting Council, 2001). The National Sustainable Agriculture Information Service 
states that for every “one percent of organic matter content, the soil can hold 16,500 gallons of 
plant available water per acre of soil down to one foot in depth” (Scott and Wood, 1986). Topsoil 
provides a growing medium for plants. It is recommended that loamy topsoil be used with 
organic matter and low clay content in order to provide water filtration and a water source for 
plants. Porous minerals such as perlite or vermiculite can be added to increase the water-
holding capacity. Another amendment that could be added, comparable to perlite, is pumice as 
it improves the soil texture and increases the soil’s water retention, filtration as well as 
vegetation health (Jeppsen). 
 
A study was performed by Olson et al.,that investigated the effect of tilling and a compost 
amendment on soils concerning improving infiltration rates (Olson et al., 2003). The performed 
study utilized a subsoiler with two-foot long tines for deep tillage. The tires on the machine were 
large to minimize the amount of soil compaction. Ripping was spaced at one foot intervals to 
approximately 0.55-0.60 m depth. The tree-spading machine was used to mix the soil to a depth 
of 0.40-0.45 m. An average of 70 mm of compost amendment was added to the soil surface 
prior to spading. The compost was a blend of local yard-waste and feedstock material. It was 
determined that adding a compost amendment was more effective at improving infiltration than 
tilling. Tilling improves infiltration rates by causing the soil to dilate and experience tension 
cracks and vertical fissures (Spoor, 2006; Yoo et al., 2006; Chaplin et al., 2008; Meek et al., 
1992; Chen et al., 2005). Deep tilling with compost should be implemented post construction 
(Brander et al., 2004). One of the sites studied was similar to the site discussed in this report as 
there was a loam 0-30 cm with a clay loam 30-91 cm or greater below while the site considered 
in this report consisted of a loam 0-25.4 cm followed by a clay loam from 25-96.52 cm. The 
results for the similar site were that although deep tillage alone was not sufficient in improving 
the infiltration capacity of the soil, the compost amendment was effective. The infiltration rate 
was nearly doubled as the average Ksat value post-treatment was found to be 9.24 in/hr 
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compared to a pre-treatment value of 4.86 in/hr. Compost is subject to degradation over time as 
it loses its bulk density; however, if plants are added to the topsoil, the macropores within the 
root structure of the plants would help the longevity of the compost (Olson et al., 2003). 
 
Vegetation 
According to turf grass specialist, Professor Brian Horgan (bphorgan@umn.edu), two varieties 
of turf grass should be considered for the Founder’s Ridge boulevards: Tall Fescue and Fine 
Fescue. Both are cool season grasses with relatively high evapotranspiration rates and salt 
tolerances. Both fescues are also drought resistant, meaning they go dormant for dry periods 
and grow again when water is applied to them. This trait is appealing as it reduces maintenance 
costs. Tall Fescue has a deeper root system then Fine Fescue, with a depth of about 20 inches 
under good soil conditions (Barenbrug, 2015). Its deep root system allows Tall Fescue to absorb 
larger volumes of water from the soil and help prevent the boulevards from pooling water. Deep 
roots also create micropores in the soil which increase the soil’s water storage capacity. Finally, 
roots deeper than 10 inches are valuable since there are clay loams at 10-38 inches depth. 
Since some of the clay loam on the site seems to be closer to clay, breaking into that soil and 
creating micropores would improve drainage. According to the US Golf Association at usga.org, 
Tall Fescue has a very high evapotranspiration rate of over 2.5-3 inches per week under good 
soil conditions, which exceeds Fine Fescue’s moderate evapotranspiration rate of 1.8-2.4 
inches per week under good soil conditions (Huang, 2003). Under normal conditions in 
Minnesota, Fine Fescue is known to grow best when irrigated 1 inch per week, while Tall 
Fescue does well with more water. According to Professor Brian Horgan the salt tolerance of 
Fine Fescue exceeds that of Tall Fescue, as it is the most salt tolerant grass that can survive in 
Minnesota.  
 
For the infiltration field at Red Cedar Creek, trees were considered for their attractiveness and 
ability to consume large volumes of water and very small volumes for short periods of time. 
According University of Minnesota Extension’s “Recommended trees for southeast Minnesota: 
An ecosystem approach”, Carver County is located in the Big Woods ecological zone. In this 
zone Red Oak, Sugar Maple, Basswood, and American Elms grow best and are therefore its 
most dominant trees (Johnson et. al. 2009). According to americanforests.org, one large tree 
can lift up to 100 gallons of water from the ground in one day and release it into the air.  A small 
to medium sized tree can lift up around 16 gallons per day. This would provide significant 
volume control for the site. One issue with trees is that they might grow into the irrigation pipes, 
so that should be considered when choosing their planting locations.  
 
Besides the trees, plants and grasses also had to be chosen for the site. A similar contact to 
Horgan can be used to assess the plants in Table A2 for this site, with tight soils and wet 
conditions. This table from the Carver County BMP Guidelines document and lays out the best 
plant types for various places on the site, such as the basin base, lower side slopes, and the 
upper side slopes & edges. 
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D. Conclusions 
According to the USDA web survey, the soil in the study area has a moderate water capacity 
(0.17) and a moderately high hydraulic conductivity (0.20-2.00 inches/hour), which suggests the 
soil is suitable to hold irrigated water effectively. Actual wilting data for the study area was not 
available. However the top 0-10 inches of soil is loam, which generally has a wilting point of 
approximately 0.10. Additionally, the middle 10-38 inches is a clay loam, which generally has a 
wilting point of approximately 0.15. This indicates that the top 10 inches could be favorable for 
vegetation. In order to improve water capacity of the soil, it may be beneficial to till the area that 
will be irrigated. Tilling would mix the top loam layer with the middle clay loam area and increase 
the field capacity to a greater depth than 10 inches. While the USDA web survey and MGS Map 
178 are useful for a general understanding of soil characteristics, it is important to have more 
specific data to areas of interest. Therefore it is recommended that at least ten site specific soil 
cores be collected per 2 acre area and tested to determine soil characteristics. Once soil 
characteristic data is confirmed, Table III.C.3 can be used to determine the best irrigation rates 
to use. 
 
As the existing soil is not optimal for infiltration and water retention, an engineered or amended 
soil would be a useful option for future developments. A common issue in developments is soil 
compaction as a result of the use of heavy equipment. The issue of compaction may be 
observed along the Founder’s Ridge boulevards. To avoid compaction in future developments, 
an engineered soil designed for structural support under pavers should be implemented. For the 
Red Cedar Creek site, the soil should be tilled and amended with compost for infiltration and 
water storage. The addition of vegetation to the topsoil would then help to mitigate the 
degradation of the compost. The benefits of these actions are that the infiltration rate would be 
increased allowing a larger amount of water to be utilized.  
 
If the boulevards are projected to experience extreme salt levels, it would be most 
advantageous to cultivate Fine Fescue on those boulevards. Even if it does not absorb as much 
water as Tall Fescue (~1” per week maximum), at least it will not have to be replaced following 
each winter. However, if salt levels are only moderate, Tall Fescue is the best selection since it 
is able to consume more water more quickly (>1” per week). Both Tall and Fine Fescues are 
drought resistant, meaning they go dormant for dry periods and grow again when water is 
applied to them. So, drought tolerance is not a deciding issue.  
 
To encourage deep root growth, it is advised not to cut the grass too short, especially in shady 
areas since that may damage its health.  
 
For the open infiltration field at the Red Cedar Creek location, it is recommended that several 
trees be planted where they will not impede the irrigation pipes. Since Red Oak, Sugar Maple, 
Basswood, and American Elms grow best in Carver County’s ecological zone, one or several of 
these four varieties should be chosen for the site.   
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As far as grasses and plants for the Red Cedar Creek site, Table A2 in the Appendix provides a 
list of suitable plants for infiltration areas from the Carver County “BMP Guidelines” and should 
be used as reference for the different slopes and elevations on the site. Since this is a relatively 
large site, vegetation should mostly be planted from seed. 

IV. Irrigation Practices 

A. Introduction 
Two types of irrigation systems are commonly used in water reuse practices: standard spray 
irrigation with sprinkler heads, and subsurface drip irrigation. Each type has distinct advantages 
and disadvantages making each better-suited to specific projects. Determining which system to 
use in specific reuse project is important for both designing and crediting reuse systems in 
Carver County. 

B. Literature Review 
To investigate optimal irrigation systems, a literature review was performed. Based on the 
articles reviewed, there are three distinct categories into which the advantages and 
disadvantages fall: water and soil factors, plant health and growth, and irrigation infrastructure 
(Lamm 2002). These three categories should be heavily considered during the design process 
to choose an optimal irrigation design for a particular reuse site. 
 
The first category is water and soil factors. Subsurface irrigation is much more water efficient 
than sprinkler irrigation (Camp 1998). Since water is delivered directly to the root zone without 
exposure to the atmosphere, evaporation is reduced. When a proper application rate is utilized, 
a subsurface drip irrigation system also eliminates the possibility of surface runoff. Additionally, 
because they can be evenly spaced and do not have to account for wind, subsurface systems 
provide a much more uniform distribution of water when properly designed (Lamm 2002). While 
sprinkler irrigation can cause volatile pollutants to become airborne, subsurface irrigation can 
eliminate this risk, allowing for increased use of slightly degraded water and can also be 
efficiently used to deliver fertilizer to the root zone (Camp 1998). 
 
Subsurface irrigation also has advantages pertaining to plant growth and health. Since irrigation 
can take place throughout the day, plants can receive water constantly during peak daylight 
hours. The amount of fungal growth at the surface is greatly reduced since no water is applied 
above ground, leading to healthier vegetative growth (Lamm 2009). Exposure to disease is also 
reduced with a subsurface system, particularly airborne plant pathogens (Lamm 2002). With 
drier soils than sprinkler irrigation systems, fewer weeds are able to germinate, which is 
beneficial to the site and can reduce site maintenance. With a targeted irrigation schedule, plant 
growth rates are also increased and water is used more efficiently (Lamm 2002).  
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Perhaps the largest differences between the two systems can be seen in the irrigation 
infrastructure category. While both systems can be automated, subsurface irrigation tends to 
have a lower operation and maintenance cost, detailed in Section IV.C (O’Brien et al.1998). 
Subsurface systems tend to be plastic, which is less corrodible than the metal fittings 
sometimes used in sprinkler systems (Lamm 2002). Since the systems are below ground, 
subsurface irrigation systems are less susceptible to damages from lawn mower blades, 
vandalism, or other human interference. Subsurface systems also receive fewer pest-related 
damages (Lamm 2002). Given the reduced potential for damages and the structural design, 
subsurface systems typically last around twenty years, while sprinkler systems have a lifespan 
of about twelve years. This distinct advantage can make subsurface irrigation systems an 
attractive option for developers. 
 
Despite some of the above drawbacks, there are certain water and soil advantages for sprinkler 
irrigation. Due to higher flow volumes, sprinkler irrigation creates a larger wetting zone than 
subsurface systems, providing the opportunity to store more water in the soil (Lamm 2002). 
Sprinkler heads provide an irrigation pattern that is much easier to monitor, as where and when 
water is applied to the area can easily be seen. Sprinkler irrigation is also ideal for areas that 
are uneven, while subsurface irrigation requires levelled land in order to effectively pump water 
to all drip outlets (Lamm 2009). Higher volumes of water can be applied with sprinkler systems, 
allowing developers to utilize higher stormwater volumes in shorter periods of time. 
 
There are several advantages for sprinkler systems concerning plant health and growth as well. 
Sprinkler systems work more effectively than subsurface in areas with trees, especially 
considering root interference (Lamm 2002). Subsurface systems need ring-shaped pipe 
systems around trees to avoid being lifted or pushed down by roots, and adding several of these 
can be expensive and difficult to design. Sprinkler systems have fewer piped components and 
are therefore easier to design in areas with many trees. The larger wetting zone afforded by 
sprinkler systems also allows for a wider variety of plants to be used in a reuse irrigation plot. 
This is particularly useful for systems that utilize native grasses with long roots. Soils will also be 
wetter overall, meaning that plant choice can also be expanded (Lamm 2002).  
 
As for system infrastructure, sprinkler systems have some distinct advantages. Filtration 
requirements for sprinkler systems are less intense and easier to install and maintain (Lamm 
2002). Structural issues such as leaks and cracks are much easier to locate and repair or 
replace in sprinkler systems (Lamm 2009). It is easy to visually determine a broken sprinkler 
head, but it could take a very long time to locate clogged or malfunctioning dripline. The labor 
cost of making such repairs is also less than in subsurface systems, which require some form of 
excavation (O’Brien et al. 1998). According to Bill Monk (2016), sprinkler systems tend outlive 
subsurface systems in current reuse practices despite the usual expected design life. Pipes 
tend to clog over time in subsurface systems and need to be replaced, although technology is 
slowly evening the gap. 
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C. Design and Economic Analysis 
Designing irrigation systems for sites requires several steps. For either spray or subsurface 
irrigation systems, factors such as soil types and conditions, climate, and vegetative cover need 
to be considered. Using the guidelines in Sections II and III for water usage rates, amended 
soils, and vegetative cover, the volume of water applied by the irrigation system is determined. 
This volume is then used to determine the flow rate needed for the irrigation system. Although 
often restricted to early morning hours, sprinkler systems utilize large volumes of water and 
therefore have higher flow rates than subsurface systems. Subsurface drip systems are 
effective throughout the day, reducing the volumetric flow rate necessary for reusing the 
prescribed amount of stormwater. The difference in flow means different size pumps are needed 
for the two systems. Sprinkler systems typically use pumps in the 20 to 45 pounds per square 
inch (psi) pressure range, while drip system pumps are typically 1.5 to 10 psi. 
 
From the United States Environmental Protection Agency (EPA), a cost comparison of the two 
irrigation systems is shown in Table IV.C.1. Note that this comparison is for an irrigation area of 
one acre in size and does not include installation labor. 
 
Table IV.C.1. Cost comparison for subsurface drip and sprinkler irrigation systems (US EPA 2006). 

 Subsurface Drip Sprinkler 

Initial Cost $10,000-$12,000 $9,250-$13,500 

Annual Maintenance and Repair $1,000 $2,000 

Total First Year Cost $11,000-$13,000 $11,250-$15,500 

Estimated 3-Year Cost $16,000-$18,000 $25,400-$30,400 

Estimated 10-Year Cost $33,000-$36,500 $76,800-$84,000 

 
The large increase in cost for sprinkler systems is due mainly to the shorter lifespan of the 
system. By year ten, many sprinkler systems need to be replaced or require larger repairs.  

D. Summary 
 
Table IV.D.1 summarizes the key factors that should be considered when designing stormwater 
reuse irrigation systems in Carver County. 
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Table IV.D.1. Summary of design parameters for subsurface drip and sprinkler irrigation systems.  

 Subsurface Drip Sprinkler 

Topography Level (<2% slope) Any 

Vegetative Cover Plants with similar root zones Any 

Water Usage Advantages Higher efficiency; reduced 
evaporation and runoff; 
eliminates airborne 
pollutants; uniform pattern 

Higher volume; larger wetting 
zone; easier to monitor 
pattern 

Infrastructure Less corrosion; less 
human/pest interference; 
longer lifespan 

Less filtration required; easier 
to find malfunctions 

Cost (First Year) $10,000-$12,000 $9,250-$13,500 

Annual Maintenance Cost $1,000 $2,000 

 
Based on the findings above, either irrigation system could be useful to Carver County. For 
example, the Red Cedar Creek site has a somewhat hilly topography and has a low runoff 
concern, making it better suited to sprinkler irrigation. The Founder’s Ridge site, however, has 
level boulevards which could make use of a cheaper and more water efficient subsurface drip 
irrigation system. Since the goal of reuse systems is to reduce runoff volume, subsurface 
systems will be the most effective on boulevards, which have small areas and are more likely to 
have runoff if high volumes of water are applied, especially near impervious surfaces. 

V. Key Points and Final Recommendations  
● If impervious area to irrigated area ratio is greater than 2:1, consider increasing the 

irrigation rate to above 2”/week and increasing the infiltration rate through 
amended/engineered soil and prescribed vegetation. 

● Existing soil is loam in top 0-10 inches, underlain by a layer of clay loam roughly 
between 10-38 inches in depth.  

● Water capacity of soil is 0.17 and hydraulic conductivity is 0.2-2.0 in/hr. 
● Site specific soil cores should be taken and analyzed. 
● Site specific soil characteristics should be used in conjunction with Table III.C.3 to 

determine time of ponding and appropriate irrigation rates.  
● Engineered soils such as structural soils may be the best option for boulevards in future 

developments. 
● Amended soils may be most beneficial when used in compacted or clay-rich areas used 

for infiltration and/or water storage.  
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● Trees and rain garden plants are best vegetation for fields and open areas.  
● For boulevards, tall fescue plants should be used for moderately salted areas, fine 

fescues for highly salted areas.  
● An irrigation rate of 2.0 in/week is appropriate, provided hydraulic conductivity value is 

0.88 in/week or greater. If hydraulic conductivity is higher than 0.88 in/week, irrigation 
rates can be increased.  

● Subsurface irrigation should be used for small, open areas with less than 2% slope. This 
is particularly useful for boulevards 

● Sprinkler irrigation should be used for trees and uneven surfaces. These areas are 
difficult to irrigate with drip systems and can be more expensive. 
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VII. Appendix A 

Current Practice for Stormwater Reuse in Carver County 

Rates and Frequency of Rainfall Stormwater 

 
The treatment volume is a storm event of 1.05 inches (the 90th percentile storm for the 
Minneapolis- St. Paul area). The treatment is divided into volume reduction and water quality 
treatment as described below. 
 

1. Volume Retained. The requirement is 0.5 inches from the site impervious area. 
 

2. Water Quality Treatment. The requirement is 0.55 inches from the site impervious. 
 

Volume Requirement – Use stormwater reuse to meet the volume requirement, the volume 
retained (0.5 inches from the site impervious area) must be utilized on site once per week for a 
period of 20 weeks during the growing season. 

 
Water Quality – Use stormwater reuse to meet the water quality requirement, the required water 
quality treatment volume (0.55 inches from the site impervious area) must be utilized on site 
once per week for a period of 20 weeks during the growing season. 
 
Irrigation Rate. The accepted irrigation rate is a maximum of 2 inches per week for a period of 
20 weeks during the growing season (May through September). Higher or more frequent 
irrigation rates may be allowed when irrigating undisturbed or protected upland vegetation, or 
when irrigating on areas with amended soils. 
 
Pond Calculations. Pond calculations must be submitted to verify a minimum depth of four feet 
remains after irrigation quantity is used. The pond shall provide for the storage of at least 4 
weeks of irrigation at the average weekly irrigation rate. The stormwater reuse plan sheet shall 
also include a cross section or otherwise indicate what the drawdown elevation will be for the 
pond.” 
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Existing Soil Conditions 
Table A1. Concept-level infiltration rates for surficial geologic map units. 

 
 
Figure A1. Carver County surficial Geology.
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Amended Soils 
Purpose 
 
The purpose of amending soil is to decrease the volume and rate of runoff by enhancing soil 
absorption and plant uptake capacity. A secondary benefit of amending soils with compost is 
that the need to fertilize turf at compost amended sites is reduced or eliminated. The methods 
below were created after a review of information from Iowa Stormwater Manual, Minnesota 
Stormwater Manual, EPA office of Research and Development, Seattle, WA literature and 
existing MNDOT specifications. 
 
Calculation Method 
 
The volume reduction is calculated using a maximum of 0.5 inches over the amended area. The 
rate of runoff reduction for the amended area can be reduced by upgrading the Hydrologic Soil 
Group (HSG) condition of the soil group from Type C to B. This adjustment under model runs for 
proposed conditions may reduce the “bounce” in the pond for the site. 
 
Eligible Areas 
 
Areas of passive green space are eligible for the amended soils volume credit. Areas of active 
green space (yards, playing fields, etc) are not eligible. 
 
Design Guidance 
 
Approved Construction Materials 
 
Compost: Mature compost from yard waste is preferred over manure compost for increasing soil 
infiltration rates. Table 1 from the Minnesota Stormwater Manual summarizes recommended 
compost qualities. 
 
Topsoil: imported topsoil should meet MnDot Spec 3887 
 
Construction Methods 
 
Amended soils can be achieved either by modifying existing soil and/or importing equivalent. 
Soil testing may necessary to document the qualities of the amendment. It is prohibited to use 
on site topsoil, or offsite borrow without providing testing results prior to spreading. 
 
a. Amending of in-place, (undisturbed) soils. Till soil to a depth of 10-16 inches using rip-type 
tillage equipment. During tilling, installation must stop if smearing and compaction is occurring. 
Apply 2-3 inches of compost to existing top soil and re-till to a depth of 8 inches. 
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b. Amending of stripped areas using onsite topsoil. 
 
i. Prepare subgrade -- Before replacement of topsoil, apply 1 inch of compost over subsoil. Till 
 
ii. Amended Soils -- Incorporate compost in the replaced topsoil at a rate of 2 inches of to a 
minimum depth of 6 to 10 inches using rip-type tillage equipment. compost per 6 inches total of 
topsoil. Any additional imported topsoil should meet MnDot Spec 3887. 
 
c. Imported soil. 
 
i. Prepare subgrade -- Before replacement of topsoil, apply 1 inch of compost over subsoil. Till 
to a minimum depth of 6 to 10 inches using rip-type tillage equipment. Carver County BMP 
Guidelines (2014) Page 10 of 14 
 
ii. Amended Soils -- Incorporate compost in the replaced topsoil at a rate of 2 inches of compost 
per 6 inches of topsoil meeting MnDOT Spec 3887. Provide test results to Soil and Water prior 
to beginning work.” 

Vegetation Plans 

 
Selecting appropriate vegetation is essential for proper functioning of a stormwater BMP. Table 
2 (below) contains a list of suitable plants for infiltration/filtration areas based on soil moisture 
level.  
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Table A2. List of suitable plants for infiltration and filtration areas.

 

Irrigation of Stormwater 

The vast majority of reuse systems rely on irrigation as the means of reusing stormwater. 
Current stormwater irrigation systems in Carver County utilize pump-fed sprinkler irrigation 
systems that use detention ponds or a similar catchment as a water source. These systems 
typically are used on outlots, boulevards, ball fields, or other open spaces and can quickly 
transport a large volume of water to irrigate such areas. Currently, the county requires permit 
applications to include the area being irrigated, the location of system components, 
maintenance access locations, verifications of pond drawdown, and water quality and volume 
reduction. 
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VIII. Appendix B 
Soil Descriptions from USDA Web Soil Survey (from: http://websoilsurvey.sc.egov.usda.gov/): 
CO 

● 0 to 10 inches: clay loam 
● 10 to 38 inches: clay loam 
● 38 to 79 inches: loam 
● Water Capacity = 0.19 cm water/cm soil 
● “Capacity of the most limiting layer to transmit water (Ksat):” Moderately high 

(0.20 to 2.00 in/hr) 
 
KB 

● 0 to 8 inches: loam 
● 8 to 40 inches: clay loam 
● 40 to 60 inches: loam 
● Water Capacity = 0.17 cm water/cm soil 
● “Capacity of the most limiting layer to transmit water (Ksat):” Moderately high 

(0.20 to 2.00 in/hr) 
KB2 

● 0 to 11 inches: loam 
● 11 to 35 inches: clay loam 
● 35 to 60 inches: loam 
● Water Capacity = 0.17 cm water/cm soil 
● “Capacity of the most limiting layer to transmit water (Ksat):” Moderately high 

(0.20 to 2.00 in/hr) 
KC2 

● 0 to 9 inches: loam 
● 9 to 53 inches: clay loam 
● 53 to 80 inches: loam 
● Water Capacity = 0.17 cm water/cm soil 
● “Capacity of the most limiting layer to transmit water (Ksat):” Moderately high 

(0.20 to 2.00 in/hr) 
KD 

● 0 to 7 inches: loam 
● 7 to 38 inches: clay loam 
● 38 to 80 inches: loam 
● Water Capacity = 0.17 cm water/cm soil 
● “Capacity of the most limiting layer to transmit water (Ksat):” Moderately high 

(0.20 to 2.00 in/hr) 
KF 
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● 0 to 5 inches: loam 
● 5 to 34 inches: clay loam 
● 34 to 80 inches: loam 
● Water Capacity = 0.17 cm water/cm soil 
● “Capacity of the most limiting layer to transmit water (Ksat):” Moderately high 

(0.20 to 2.00 in/hr) 
ND3 

● 0 to 7 inches: loam 
● 7 to 38 inches: clay loam 
● 38 to 80 inches: loam 
● Water Capacity = 0.17 cm water/cm soil 
● “Capacity of the most limiting layer to transmit water (Ksat):” Moderately high 

(0.20 to 2.00 in/hr) 
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IX. Appendix C 
Useful links: 
 The following link to a lawn maintenance site was used for Vegetation research: 
http://www.seedland.com/mm5/merchant.mvc?Screen=CTGY&Store_Code=Seedland&Categor
y_Code=FES 
 
Another informative site for Tall and Fine Fescues is:  
www.fescue.com  
 
Central/Southeastern Minnesotan trees were researched on the University of Minnesota 
Extension’s My Minnesota Woods page: 
http://www.myminnesotawoods.umn.edu/2008/11/recommended-trees-for-minnesota-by-region/ 

 
 A list of approved companies that sell MnDOT Grade 2 compost is provided at: 
http://www.dot.state.mn.us/products/erosioncontrolandlandscaping/compost.html 


