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I. INTRODUCTION 
 
In 2008, the Town of Neenah developed a Stormwater Management Plan to assist in 
complying with their WPDES Municipal Stormwater Discharge Permit.  The 2008 
Stormwater Management Plan identified grass swales as a best management practice 
(BMP) that provide water quality credits to the Town.  In 2008, the Town’s grass swales 
were evaluated using the best available information, including WDNR guidance 
documents, NRCS soil survey maps, and design soil infiltration rates.  At that time, the 
design soil infiltration rates were selected from Table 2 of WDNR Conservation 
Technical Standard No. 1002 – Site Evaluation for Stormwater Infiltration.   
 
On November 24, 2010, the WDNR issued a new guidance document that provides a 
basis for assessing and modeling grass swales for water quality credit.  The 2010 
guidance document outlines a procedure for measuring the soil infiltration rate of a grass 
swale in the field using a double-ring infiltrometer test.  The soil infiltration rate is a 
required input variable within the WinSLAMM water quality computer model used to 
evaluate the water quality credits provided by a specific grass swale.  Since the Town 
contains a good amount of well drained soils (HSG B), shallow depth to bedrock, and 
known karst features, it was thought that the measured soil infiltration rates may be 
higher than the design soil infiltration rates provided in Table 2 of WDNR Conservation 
Technical Standard No. 1002 – Site Evaluation for Stormwater Infiltration.  Higher soil 
infiltration rates result in increased water quality credits provided by grass swales within 
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the WinSLAMM water quality model.  The purpose of this report is to summarize the 
results of the double-ring infiltrometer tests and describe how this information was used 
to update the Town’s Stormwater Management Plan.  For reference, a copy of the 2010 
WDNR grass swale guidance document can be found within Appendix B.   
 

II. STUDY AREA 
 

The study area contains approximately 5,122 acres or 8 square miles and is depicted in 
Figure 1 within Appendix A.  It is of note that the double-ring infiltrometer tests were only 
performed along grass swales within the Town’s developed urban area (urban planning 
boundary) within the Study Area.  The urban planning boundary was developed using 
2010 census urban maps and other WDNR guidance.  For reference, the urban planning 
boundary is depicted in Figures 2 and 3 within Appendix A.   

 

III. SOILS 
 

Soil information was obtained from the U.S. Department of Agriculture (USDA) / Natural 
Resources Conservation Service (NRCS) Soil Survey of Winnebago County, Wisconsin.  
The USDA / NRCS Soils information is depicted in Figure 2 within Appendix A.  The 
USDA / NRCS has classified soil types into four hydrologic soil groups (HSG).  The four 
hydrologic soil groups (i.e. A, B, C and D) are classified according to the minimum 
infiltration rate of the soil column. Group A soils have the highest infiltration rate or 
lowest runoff potential, whereas Group D soils have the lowest infiltration rate or highest 
runoff potential.  The infiltormeter tests were performed along grass swales with various 
underlying hydrologic soil textures and HSG’s in order to provide ‘representative’ soil 
infiltration rate results within the developed urban area.   

 

IV.   INFILTROMETER TESTING 
  
The 2010 WDNR grass swale guidance document outlines a procedure for measuring 
the soil infiltration rate of a grass swale in the field using a double-ring infiltrometer test.  
Specifically, the 2010 WDNR grass swale guidance document allows for several 
modifications to the procedures in ASTM D3385.  The purpose of these modifications is 
to provide a more cost-effective approach to obtaining a reasonable estimate of the soil 
infiltration rates within existing grass swales.  For reference, the field test procedure for 
the double-ring infiltrometer tests are described in the 2010 WDNR grass swale 
guidance document found in Appendix B.   
 
A total of 17 double-ring infiltrometer tests were performed along various existing grass 
swales within the Town’s developed urban area.   The locations of test sites are depicted 
in Figure 2 within Appendix A.  
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Double-Ring Infiltrometer Test – Location 6 

 
Per the 2010 WDNR grass swale guidance document, the lowest infiltration rate 
observed at each test location is considered the static soil infiltration rate.  The static soil 
infiltration rate at each test site was then reduced by 50% to represent the dynamic soil 
infiltration rate. The dynamic soil infiltration rate is ultimately used to model a specific 
grass swale within the WinSLAMM water quality model.  For reference, the infiltrometer 
test results and photos for each test location are included in Appendix C.   
 

V.     RESULTS 
 
The results from the 17 individual double-ring infiltrometer tests are summarized below 
in Table 1.   

Table 1 
Infiltrometer Test Results 

 

Test No. Landuse 
NRCS/USDA  
Soil Symbol HSG 

1WDNR  
Design 

Dynamic Soil 
Infiltration 

Rate  (in/hr) 

2Measured 
Dynamic Soil 

Infiltration 
Rate (in/hr) 

1 SUBR CeC2 B 0.24 15.00 

2 LDR LzB C 0.07 10.31 

3 LDR We B 0.24 1.88 

4 LDR WhB B 0.24 4.13 

5 LDR MtA C 0.07 20.63 
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Test No. Landuse 
NRCS/USDA  
Soil Symbol HSG 

1WDNR  
Design 

Dynamic Soil 
Infiltration 

Rate  (in/hr) 

2Measured 
Dynamic Soil 

Infiltration 
Rate (in/hr) 

6 LDR HmB B 0.24 0.94 

7 MDR OmB C 0.07 2.25 

8 MDR WnB C 0.07 5.63 

9 SUBR UoA C 0.07 5.63 

10 MEDI Ph A 1.63 1.69 

11 LIGHTI WhB B 0.24 3.00 

12 MEDI YaA C 0.07 0.47 

13 MEDI OmB C 0.07 0.88 

14 CSTRIP NhA C 0.07 0.09 

15 CSTRIP NhA C 0.07 7.50 

16 CSTRIP NhA C 0.07 1.31 

17 FREE NhA C 0.07 0.75 
1Per Table 2 from WDNR Conservation Technical Standard No. 1002 - Site Evaluation for Stormwater 
Infiltration 
2Determined by selecting the lowest  infiltration rate measured at each test location and reducing it by 50%. 

 
As shown in Table 1, the measured dynamic soil infiltration rates are much higher than 
the WDNR design dynamic soil infiltration rates.  In addition, several test locations had 
very high measured dynamic soil infiltration rates (> 3.6 in / hr).   Table 2 of WDNR 
Conservation Technical Standard No. 1002 – Site Evaluation for Stormwater Infiltration 
lists 3.6 in/hr as the design dynamic infiltration rate for a sandy soil.  In order to provide 
more appropriate and representative results, it was determined that any measured 
dynamic soil infiltration rate that was greater than 3.6 in / hr should be removed from the 
data set.  As such, Table 2 summarizes the remaining test results after removing any 
measured dynamic soil infiltration rate higher than 3.6 in / hr.   
 

Table 2 
Infiltrometer Test Results – Final Data 

 

Test No. Landuse 

NRCS/U  
Soil 

Symbol HSG 

1WDNR  
Dynamic Soil 

Infiltration 
Rate  (in/hr) 

2Measured 
Dynamic Soil 

Infiltration 
Rate (in/hr) 

10 MEDI Ph A 1.63 1.69 

3 LDR We B 0.24 1.88 

6 LDR HmB B 0.24 0.94 

11 LIGHTI WhB B 0.24 3.00 
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Test No. Landuse 

NRCS/U  
Soil 

Symbol HSG 

1WDNR  
Dynamic Soil 

Infiltration 
Rate  (in/hr) 

2Measured 
Dynamic Soil 

Infiltration 
Rate (in/hr) 

7 MDR OmB C 0.07 2.25 

12 MEDI YaA C 0.07 0.47 

13 MEDI OmB C 0.07 0.88 

14 CSTRIP NhA C 0.07 0.09 

16 CSTRIP NhA C 0.07 1.31 

17 FREE NhA C 0.07 0.75 
1Per Table 2 from WDNR Conservation Technical Standard No. 1002 - Site Evaluation for Stormwater 
Infiltration 
2Determined by selecting the lowest  infiltration rate measured at each test location and reducing it by 50%. 

 
The remaining measured dynamic soil infiltration rates were then sorted and averaged 
based on the HSG.  Since there were no infiltrometer tests performed along a grass 
swale with an underlying HSG D soil, the average measured dynamic soil infiltration 
rates from the other data was compared to each HSG’s representative pervious curve 
number (CN) to project a result for HSG D soils.  Table 3 summarizes the average 
measured dynamic infiltration rate for each HSG.     

 
Table 3 

Average Measured Dynamic Infiltration Rates 
 

HSG 

Average 
Measured 

Dynamic Soil  
Infiltration 
Rate (in/hr) 

Pervious 
CN  

A 1.69 39 

B 1.94 61 

C 0.96 74 

D 0.48 80 
 

Figure 3 within Appendix A depicts the measured dynamic soil infiltration rates (based 
on the HSG) across the urban planning boundary.  Ultimately, this information will be 
used to calculate the average measured dynamic soil infiltration rate for a particular 
grass swale based on the acreage of the underlying HSG(s).  This information will be 
input to the WinSLAMM water quality model to evaluate the water quality credits 
provided by the Town’s grass swales.  
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VI.     SUMMARY 
 
In summary, the double-ring infiltrometer tests have provided a basis for determining the 
representative dynamic soil infiltration rates for grass swales within the Town. The 
dynamic soil infiltration rates determined from this report will be used to update the 
Stormwater Quality section of the Town’s Stormwater Management Plan.  Specifically, 
the average dynamic soil infiltration rates will be used to evaluate the water quality 
credits provided by the Town’s grass swales.  
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FIGURE 1
GRASS SAWLE

INFILTROMETER TESTING
TOWN OF NEENAH

WINNEBAGO COUNTY, WISCONSIN

STUDY AREA

Sources:  Winnebago County, 2009-2012.
Disclaimer:  The property lines, right-of-way lines, and other property
information on this drawing were developed or obtained as part of the
County Geographic Information System or through the County

property tax mapping function.  McMAHON does not
guarantee this information to be correct, current, or complete.  The
property and right-of-way information are only intended for use as a
general reference and are not intended or suitable for site-specific
uses.  Any use to the contrary of the above stated uses is the
responsibility of the user and such use is at the user’s own risk.
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WINNEBAGO COUNTY, WISCONSIN
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Sources:  Winnebago County, 2009-2011; USDA, 2011.
Disclaimer:  The property lines, right-of-way lines, and other property
information on this drawing were developed or obtained as part of the
County Geographic Information System or through the County

property tax mapping function.  McMAHON does not
guarantee this information to be correct, current, or complete.  The
property and right-of-way information are only intended for use as a
general reference and are not intended or suitable for site-specific
uses.  Any use to the contrary of the above stated uses is the
responsibility of the user and such use is at the user’s own risk.
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INFILTROMETER TESTING
TOWN OF NEENAH

WINNEBAGO COUNTY, WISCONSIN

DYNAMIC INFILTRATION RATES

Sources:  Winnebago County, 2009-2012.
Disclaimer:  The property lines, right-of-way lines, and other property
information on this drawing were developed or obtained as part of the
County Geographic Information System or through the County

property tax mapping function.  McMAHON does not
guarantee this information to be correct, current, or complete.  The
property and right-of-way information are only intended for use as a
general reference and are not intended or suitable for site-specific
uses.  Any use to the contrary of the above stated uses is the
responsibility of the user and such use is at the user’s own risk.
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UNPS & SW Planning Grant                                            

Swale Infiltrometer Testing Results

Town of Neenah, WI

McM No.  N0003‐900379.00         

Test Site # 1 Oakridge Road, SE corner of Oakridge Pl.

Date: November 12, 2010

Time (min) Drop (inches)

2 1.25 37.5 Lowest Perm. Rate =  30.00

2 1.25 37.5 Dynamic Rate =  15.00

2 1.125 33.8

2 1.125 33.8

2 1 30.0

2 1 30.0

2 1 30.0

2 1 30.0

2 1 30.0

0.93 0.5 32.1

0.92 0.5 32.7

0.92 0.5 32.7

0.92 0.5 32.7

0.88 0.5 34.0

0.92 0.5 32.7

0.90 0.5 33.3

0.95 0.5 31.6

0.93 0.5 32.1

0.90 0.5 33.3

0.92 0.5 32.7

Test Site # 2 Woodenshoe Rd., 300' south of Woodcrest Dr.

Date: November 12, 2010

Time (min) Drop (inches)

2 0.75 22.5 Lowest Perm. Rate =  20.63

2 0.75 22.5 Dynamic Rate =  10.31

2 0.75 22.5

2 0.75 22.5

2 0.75 22.5

2 0.75 22.5

2 0.6875 20.6

2 0.6875 20.6

2 0.6875 20.6

2 0.6875 20.6

2 0.6875 20.6

2 0.6875 20.6

Test Site # 3 North/south Harvard Drive, 150' south of BEND

Date: November 12, 2010

Time (min) Drop (inches)

3 0.5 10.0 Lowest Perm. Rate =  3.75

3 0.375 7.5 Dynamic Rate =  1.88

3 0.375 7.5

3 0.1875 3.8

5 0.5 6.0

5 0.4375 5.3

5 0.5 6.0

5 0.5 6.0

5 0.5 6.0

Permeability 

Rate (in./hr.)

Permeability 

Rate (in./hr.)

Permeability 

Rate (in./hr.)



Test Site # 4 S. Fieldcrest Drive, 75' South of CTH II Lowest Perm. Rate =  8.25

Date: November 18, 2010 Dynamic Rate =  4.13

Time (min) Drop (inches)

5 0.875 10.5

5 0.875 10.5

5 0.875 10.5

10 1.5 9.0

10 1.5 9.0

10 1.375 8.3

10 1.375 8.3

Test Site # 5 Dell Court, north of CTH JJ Lowest Perm. Rate =  41.25

Date: November 18, 2010 Dynamic Rate =  20.63

Time (min) Drop (inches)

2 1.75 52.5

2 1.5 45.0

2 1.5 45.0

2 1.5 45.0

2 1.5 45.0

2 1.5 45.0

2 1.5 45.0

2 1.375 41.3

2 1.375 41.3

2 1.375 41.3

Test Site # 6 NE Corner of Woodside Lane & Woodside Court (150' south of CTH JJ)

Date: November 12, 2010 Lowest Perm. Rate =  1.88

Dynamic Rate =  0.94

Time (min) Drop (inches)

4 0.5 7.5

4 0.125 1.9

8 0.4375 3.3

8 0.375 2.8

8 0.375 2.8

8 0.375 2.8

Test Site # 7 Villa Drive, 200' east of South Park Ave. Lowest Perm. Rate =  4.50

Date: November 18, 2010 Dynamic Rate =  2.25

Time (min) Drop (inches)

10 0.75 4.5

10 0.75 4.5

10 0.75 4.5

10 0.75 4.5

10 0.75 4.5

10 0.75 4.5

10 0.75 4.5

10 0.75 4.5

10 0.75 4.5

10 0.75 4.5

10 0.75 4.5

10 0.75 4.5

Permeability 

Rate (in./hr.)

Permeability 

Rate (in./hr.)

Permeability 

Rate (in./hr.)

Permeability 

Rate (in./hr.)



Test Site # 8 Hilltop Dr., 250' west of Nothatch Ln. Lowest Perm. Rate =  11.25

Date: November 16, 2010 Dynamic Rate =  5.63

Time (min) Drop (inches)

3 0.5625 11.3

3 0.5625 11.3

3 0.5625 11.3

5 1.25 15.0

5 1 12.0

5 1.0625 12.8

5 1 12.0

5 1 12.0

Test Site # 9 Limekiln Dr., 75' east of Bayview Rd. Lowest Perm. Rate =  11.25

Date: November 18, 2010 Dynamic Rate =  5.63

Time (min) Drop (inches)

5 1.25 15.0

5 1.0625 12.8

5 1.0625 12.8

5 1.0625 12.8

5 1.0625 12.8

5 1 12.0

5 1 12.0

5 0.9375 11.3

5 0.9375 11.3

5 0.9375 11.3

5 0.9375 11.3

Test Site # 10 CTH CB, 800' north of Radcliff Road Lowest Perm. Rate =  3.38

Date: November 16, 2010 Dynamic Rate =  1.69

Time (min) Drop (inches)

5 0.5 6.0

10 0.625 3.8

10 0.5625 3.4

10 0.5625 3.4

10 0.5625 3.4

Test Site # 11 S. Fieldcrest Dr., 400' south of CTH II Lowest Perm. Rate =  6.00

Date: November 16, 2010 Dynamic Rate =  3.00

Time (min) Drop (inches)

3 0.75 15.0

3 0.5 10.0

3 0.625 12.5

3 0.5 10.0

5 0.5 6.0

5 1 12.0

5 1 12.0

5 0.875 10.5

5 1 12.0

5 1 12.0

5 1 12.0

Test Site # 12 CTH O, 100' NW of CTH CB Lowest Perm. Rate =  0.94

Date: November 15, 2010 Dynamic Rate =  0.47

Time (s.) Drop (inches)

40 0.625 0.9

20 0.3125 0.9

20 0.3125 0.9

20 0.3125 0.9

Permeability 

Rate (in./hr.)

Permeability 

Rate (in./hr.)

Permeability 

Rate (in./hr.)

Permeability 

Rate (in./hr.)

Permeability 

Rate (in./hr.)



Test Site # 13 NE Corner of CTH CB & Strohmeyer Drive Lowest Perm. Rate =  1.75

Date: November 15, 2010 Dynamic Rate =  0.88

Time (min) Drop (inches)

15 0.4375 1.8

15 0.4375 1.8

15 0.4375 1.8

15 0.4375 1.8

Test Site # 14 Muttart Road, 100' west of Dixie Road Lowest Perm. Rate =  0.19

Date: November 16, 2010 Dynamic Rate =  0.09

Time (min) Drop (inches)

60 0.1875 0.2

20 0.25 0.8

20 0.5 1.5

20 0.1875 0.6

Test Site # 15 CTH CB, 200' north of CTH JJ Lowest Perm. Rate =  15.00

Date: November 18, 2010 Dynamic Rate =  7.50

Time (min) Drop (inches)

2 1.0625 31.9

2 0.9375 28.1

2 0.9375 28.1

2 0.875 26.3

2 0.875 26.3

2 0.875 26.3

2 0.8125 24.4

2 0.8125 24.4

2 0.75 22.5

2 0.75 22.5

2 0.75 22.5

2 0.75 22.5

2 0.75 22.5

10 2.625 15.8

10 2.625 15.8

10 2.625 15.8

10 2.625 15.8

10 2.625 15.8

10 2.5 15.0

10 2.5 15.0

10 2.5 15.0

Test Site # 16 W. Frontage Rd. (USH 41), 400' north of "Stars"

Date: November 16, 2010 Lowest Perm. Rate =  2.63

Dynamic Rate =  1.31

Time (min) Drop (inches)

10 0.5 3.0

10 0.4375 2.6

10 0.4375 2.6

10 0.4375 2.6

10 0.4375 2.6

Test Site # 17 W. Frontage Road, 1000' North of CTH G (1649 Bergstrom Rd.)

Date: November 16, 2010

Time (min) Drop (inches) Lowest Perm. Rate =  1.50

10 0.25 1.5 Dynamic Rate =  0.75
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Photo 1.  Viewing west at Sample Point 1

Photo 2.  Viewing south at Sample Point 2
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Photo 3.  Viewing south at Sample Point 3

Photo 2.  Viewing north at Sample Point 4
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Photo 5.  Viewing south at Sample Point 5

Photo 6.  Viewing west at Sample Point 6
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Photo 7.  Viewing east at Sample Point 7

Photo 8.  Viewing east at Sample Point 8
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Photo 9.  Viewing east at Sample Point 9

Photo 10.  Viewing south at Sample Point 10
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Photo 11.  Viewing north at Sample Point 11

Photo 12.  Viewing northwest at Sample Point 12
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Photo 13.  Viewing north at Sample Point 13

Photo 14.  Viewing east at Sample Point 14
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Photo 15.  Viewing north at Sample Point 15

Photo 16.  Viewing north at Sample Point 16
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Photo 17.  Viewing north at Sample Point 17
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