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Memorandum 

  
 

 To: Amy Minser, P.E. - Wisconsin Department of Professional Services 

 From: Jeff Felland, P.E. – MSA Professional Services 

 Subject: Memorandum – Updates to the City of Green Lake Stormwater Quality Assessment 

and Improvement Plan 

 Date: June 29, 2018 

     

 
On January 30, 2018 MSA submitted to the Wisconsin Department of Natural Resources (DNR) the City 

of Green Lake Stormwater Quality Assessment and Improvement Plan (Plan) on behalf of the City of 

Green Lake.  The Plan was funded in part by DNR UNPS & SW Grant #USP-USP24231Y16.  DNR provided 

comments on the report on April 9, 2018 and MSA provided a summary of any actions taken to address 

the comments.  This Memorandum summarizes the changes that affect report findings and is attached 

here to the January 30, 2018 version of the Plan to inform any future users of the Plan of these changes.  

 

1. A 278-foot swale with a longitudinal slope exceeding 4% was mistakenly modeled in the 1.1-acre 

watershed PM600a (See Appendix E-Vegetated Swale Data).  Note that this swale was manually included 

by a project engineer. When this swale is included in the model TSS and TP reduction is 11.4% and 6.9%, 

respectively.  When the swale is removed from the model TSS and TP reduction is 9.5% and 5.7%, 

respectively. These decreases in percent reductions equate to 0.09 fewer tons of TSS and 0.4 fewer 

pounds of TP removed annually for the model specific to that portion of the study area.  These values in 

represent 0.34% and 0.22% of the total pounds removed in the study area, respectively.  Tables 1 and 2 

from the Executive Summary have been updated on the following page to reflect the reductions in TSS 

and TP removal after the swale was omitted from the models. Updated values are shown in red text. 
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Table 1 - TSS and TP Reduction Performance for Study Area 

 

Watershed Sub-

Watershed 

Sub-

Watershed 

Area           

(ac) 

TSS Load TP Load 

Load In 

(tons/yr) 

Trapped 

(tons/yr) 
Reduction 

Load In 

(lbs/yr) 

Trapped 

(lbs/yr) 
Reduction 

Green Lake 
Green Lake 746 56.3 11.1 19.7% 544.0 89 16.4% 

Mill Pond 199 14.7 0.5 3.4% 140.0 3 2.1% 

Puchyan 

River 
N/A 870 73.6 14.7 20.0% 613.0 93 15.1% 

Study Area N/A 1,815 144.6 26.3 18.2% 1,297 185 14.2% 

Note:  All % reductions are relative to a “No Controls” condition.  Note that because TSS/TP loads are artificially 

reduced to zero at the City limits (these reductions are not accounted for) these loads are not available for 

reduction by BMPs within the City limits.  As a result, study area results are likely slightly under-predicted. 

 

Table 2 - TSS and TP Reduction Performance within City Limits 

 

Watershed Sub- 

Watershed 

Sub-

Watershed 

Area           

(ac) 

TSS Load TP Load 

Load In 

(tons/yr) 

Trapped 

(tons/yr) 
Reduction 

Load In 

(lbs/yr) 

Trapped 

(lbs/yr) 
Reduction 

Green Lake 
Green Lake 346 30.3 2.3 7.5% 275 20 7.3% 

Mill Pond 199 14.7 0.5 3.5% 140 3 2.1% 

Puchyan 

River 
N/A 604 56.7 13.8 24.3% 435 83 19.0% 

Citywide N/A 1,149 101.8 16.6 16.3% 850 106 12.4% 

Note: All % reductions are relative to a “No Controls” condition. 

 

2. The City of Green Lake has provided revised data regarding leaf collection tonnage values in Table 

11 on page 21.  The updated values are shown in the table on the following page. As credit for TP 

reduction associated with leaf removal programs are not accounted for in the existing overall TP 

removal for the Study Area, these changes in tonnage removed do not affect overall TP removal data.  

Updated values are shown in red text.   

 

Table 11 – Leaf Removal 

Year 
Removed 

Cu yd Ton 

2014 780 195 

2015 610 152.5 

2016 750 187.5 

2017 705 176.5 

1. 4 tons/cu. yd. 
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Memorandum 

  
 

 To: Amy Minser, P.E. - Wisconsin Department of Professional Services 

 From: Jeff Felland, P.E. – MSA Professional Services 

 Subject: Memorandum – Updates to the City of Green Lake Stormwater Quality Assessment 

and Improvement Plan 

 Date: February 18, 2019 

     

 
On January 30, 2018 MSA submitted to the Wisconsin Department of Natural Resources (DNR) the City 

of Green Lake Stormwater Quality Assessment and Improvement Plan (Plan) on behalf of the City of 

Green Lake.  The Plan was funded in part by DNR UNPS & SW Grant #USP-USP24231Y16.  DNR provided 

comments on the Plan on April 9, 2018 and MSA provided a summary of any actions taken to address 

the comments.  While MSA’s June 29, 2018 Memo and responses (attached here for inclusion with the 

Plan) were deemed adequate for many of the initial comments, questions regarding eligibility of TSS and 

pollutant reduction achieved by grassed swales and stormwater management ponds remained. 

Additional DNR comments regarding these BMPs were received September 14, 2018 (see attached 

email). This Memorandum summarizes the changes made to address both rounds of comments that 

affect Plan findings and is attached here to the January 30, 2018 version of the Plan to inform any future 

users of the Plan of these changes.  

 

1. Eligible/Ineligible Areas.  The study area has been separated into DNR Urban Nonpoint Source 

and Storm Water Program Planning Grant funding eligible and ineligible areas.  A map showing 

these areas along with eligible and ineligible stormwater management BMPs is attached here as 

an amendment to the City of Green Lake Stormwater Quality Assessment and Improvement Plan.   

 

Eligible areas match portions of the City identified in the Grant application as having a population 

density of over 1,000 people per square mile, but also include other areas where stormwater 

runoff passes through storm sewers or existing or proposed Best Management Practices (BMP) 

in eligible areas. 

 

2. Swales.  TSS and TP captured by six swale groups were eliminated due to the swales not meeting 

DNR requirements.  One swale exceeded the maximum allowable longitudinal slope of 4.0%, 
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three swales exceeded a flow velocity of 1.5 ft/sec, and two did not have full grass coverage on 

the bottom and sides.  Five of the six eliminated swales were located in funding eligible areas.    

 

MSA conducted field measurement of all swales within the grant-eligible study area.  As a result 

of slight changes to swale geometries, reported TSS and TP capture rates are slightly different 

than previously reported.  Swale measurements and photos are included in the Vegetated Swale 

Data Summary in Appendix E.     

 

Discarding TSS and TP captured by the six eliminated swales and the 20 modified swales reduced 

the overall amount of TSS removed by swales by 1.34 tons/year (18% reduction in average swale 

system efficiency).  However, because there is now more sediment (and TP) available for capture 

by downstream BMPs, the performance of these BMPs has slightly increased to slightly offset 

reduction in swale performance.  Nevertheless, watersheds where swales were eliminated or 

modified saw a net reduction in captured TSS of 1.3 tons/year and a net reduction in captured TP 

of 7.3 lbs/year. 

 

The revised values are reflected and shown in red in the updated Tables 1 and 2 from the 

Executive Summary of the Plan below and on the following page.  Note, the values presented 

here supersede those provided in MSA’s June 29, 2018 Memo summarizing responses to April 9, 

2018 DNR comments. 

 

Table 1 - TSS and TP Reduction Performance for Study Area 

 

Watershed Sub-

Watershed 

Sub-

Watershed 

Area           

(ac) 

TSS Load TP Load 

Load In 

(tons/yr) 

Trapped 

(tons/yr) 
Reduction 

Load In 

(lbs/yr) 

Trapped 

(lbs/yr) 
Reduction 

Green Lake 
Green Lake 746 56.3 10.8 19.2% 544.0 86.5 15.9% 

Mill Pond 199 14.7 0.53 3.6% 140.0 3.2 2.3% 

Puchyan 

River 
N/A 870 73.6 13.8 18.7% 613.0 87.9 14.3% 

Study Area N/A 1,815 144.6 25.1 17.4% 1,297 177.6 13.6% 
Note:  All % reductions are relative to a “No Controls” condition.  Note that because TSS/TP loads are artificially reduced to zero at the City limits (these 

reductions are not accounted for) these loads are not available for reduction by BMPs within the City limits.  As a result, study area results are likely slightly 

under-predicted. 
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Table 2 - TSS and TP Reduction Performance within City Limits 

 

Watershed Sub- 

Watershed 

Sub-

Watershed 

Area           

(ac) 

TSS Load TP Load 

Load In 

(tons/yr) 

Trapped 

(tons/yr) 
Reduction 

Load In 

(lbs/yr) 

Trapped 

(lbs/yr) 
Reduction 

Green Lake 
Green Lake 346 30.3 2.29 7.5% 275 19.8 7.2% 

Mill Pond 199 14.7 0.53 3.6% 140 3.2 2.3% 

Puchyan 

River 
N/A 604 56.7 12.9 22.8% 435 79.0 18.2% 

Citywide N/A 1,149 101.8 15.8 15.5% 850 102.1 12.0% 
Note: All % reductions are relative to a “No Controls” condition. 

 

3. Infiltration Rates.  Infiltration rates used in original design calculations were not available for any 

existing infiltration BMPs at the time the City’s original stormwater quality plan was prepared.  

Infiltration rates used in modeling infiltrating stormwater management basins were developed 

by conducting infiltration tests at 16 locations throughout the study area.  WDNR printed 

guidance for adjusting measured infiltration rates for purposes of average infiltration rates from 

field-measured data was followed (geometric mean calculation and application of a reduction 

factor).  This process is detailed in Section 3.5.2 and infiltration test results are presented in 

Appendix F in the Plan.  WDNR review comments indicated that geometric mean infiltration rates 

measured during field tests cannot be used to model stormwater basins and as such, TSS and TP 

captured by these stormwater management basins cannot be credited towards reduction 

requirements that may be required in the future.  Eighteen stormwater management basins were 

modeled with the geometric mean of measured infiltration rates.  Of these, ten were in portions 

of the study area eligible for grant funding and eight were in ineligible areas. 

 

4. Eligible Ponds.  The City of Green Lake is not a regulated MS4 and has no regulatory requirement 

to achieve any specific reduction in TSS or TP.  However, sometime in the future it may be 

required to obtain WPDES permit coverage and TSS/TP reductions may be required.  In 

preparation of this potential, WDNR has indicated the following in their comments, which are 

noted here for the record: 

a. WDNR has indicated that two otherwise eligible basins; Oak Ridge 1 and Oak Ridge 2, may 

not be infiltrating properly as evident by ponded water in a historic aerial photo.  

Maintenance of these ponds will be required to take credit for any TSS and TP capture in the 

future.   

b. WDNR has identified two wet ponds where they feel there is unreliable data describing each 

BMP’s outlet structure.  Even though these BMPs are outside of the grant-funding eligible 

area, no credit for any TSS and TP capture in the future can be taken until the data are 

complete.   

c. WDNR has stated that no credit for TSS or TP captured by a natural pond can be taken.   
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Table 3 below lists the stormwater management basins that cannot be credited for any TSS or TP 

removal without further action taken, and the captured TSS and TP that cannot be credited.   

 

Table 3 - TSS and TP Reduction Performance of Non-Conforming Structural BMPs  

1. No BMPs are located within the Mill Pond Subwatershed. 

2. TSS and TP captured by BMP increase slightly due to modification of upstream swales. 

 

Eliminating the TSS and TP captured by stormwater management basins that are not permissible 

per DNR comments results in an overall reduction in captured TSS of 14.6 tons/year and captured 

TP of 109.7 lbs/year in the overall study area as compared to the revised values provided in Table 

1 above.  Eliminating the TSS and TP captured by these basins results in an overall reduction in 

captured TSS of 6.20 tons/year and captured TP of 43.0 lbs/year within the City as compared to 

Watershed BMP Name 

Located 

within 

City 

Limits 

BMP Type 

TSS TP 

Trapped 

(lbs/yr) 

Trapped 

(lbs/yr) 

Green Lake1 

Deacon Milles Park 

Yes 

Infiltration Basin 12 0.02 

Lawson Lagoon2 Wet Pond 1,945 7.3 

Maplewood Infiltration Basin 889 4.9 

S Lawson East Infiltration Basin 292 1.3 

S Lawson West Infiltration Basin 760 2.9 

Killdeer 

No 

Wet Pond 10,124 36.3 

Lost Creek Wet Pond 2,279 8.3 

Pamenter Dry Detention Basin 4,566 22.2 

Puchyan 

River 

Culligan 

Yes 

Infiltration Basin 6 0.01 

Dollar General 1 Bioretention Basin 42 0.2 

Dollar General 2 Bioretention Basin 468 2.3 

Evensong-2 Infiltration Basin 2,017 6.4 

Flash Infiltration Basin 1,088 1.4 

Justice Center N Infiltration Basin 7 0.03 

Justice Center NW Infiltration Basin 780 3.1 

Justice Center South2 Infiltration Basin 2,560 9.3 

N Lawson Dr Infiltration Basin 378 1.6 

Oak Ridge-1 Infiltration Basin 26 0.1 

Oak Ridge-2 Infiltration Basin 830 1.8 

WWTP Infiltration Basin 75 0.3 

TOTAL  29,216 109.7 
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the revised values provided in Table 2 above.  The revised values are reflected and shown in red 

in Tables 4 and 5 below. 

 

Table 4 - TSS and TP Reduction Performance for Study Area with Non-Conforming Basins 

Removed 

 

Watershed Sub-

Watershed 

Sub-

Watershed 

Area           

(ac) 

TSS Load TP Load 

Load In 

(tons/yr) 

Trapped 

(tons/yr) 
Reduction 

Load In 

(lbs/yr) 

Trapped 

(lbs/yr) 
Reduction 

Green Lake 
Green Lake 746 56.3 0.37 0.7% 544.0 3.3 0.6% 

Mill Pond 199 14.7 0.53 3.6% 140.0 3.2 2.3% 

Puchyan 

River 
N/A 870 73.6 9.6 13.1% 613.0 61.4 10.0% 

Study Area N/A 1,815 144.6 10.5 7.3% 1,297 67.9 5.2% 
Note:  All % reductions are relative to a “No Controls” condition.  Note that because TSS/TP loads are artificially reduced to zero at the City limits (these 

reductions are not accounted for) these loads are not available for reduction by BMPs within the City limits.  As a result, study area results are likely slightly 

under-predicted. 

 

Table 5 - TSS and TP Reduction Performance within City Limits with Non-Conforming Basins 

Removed 

 

Watershed Sub- 

Watershed 

Sub-

Watershed 

Area           

(ac) 

TSS Load TP Load 

Load In 

(tons/yr) 

Trapped 

(tons/yr) 
Reduction 

Load In 

(lbs/yr) 

Trapped 

(lbs/yr) 
Reduction 

Green Lake 
Green Lake 346 30.3 0.34 1.1% 275 3.4 1.2% 

Mill Pond 199 14.7 0.53 3.6% 140 3.2 2.3% 

Puchyan 

River 
N/A 604 56.7 8.7 15.4% 435 52.5 12.1% 

Citywide N/A 1,149 101.8 9.6 9.4% 850 59.1 7.0% 
Note: All % reductions are relative to a “No Controls” condition. 

 

5. Recommended actions for the City of Green Lake regarding future stormwater quality planning 

include the following: 

a. Confirm existence, and configuration, of engineered outlets for Lost Creek Pond for use 

in updating modeling of potential TSS and TP capture. 

b. Perform maintenance activity on Oak Ridge 1 and Oak Ridge 2 basins as required to 

ensure infiltration can occur per original design. 

c. Obtain Stormwater Management Plans for existing stormwater management basins 

designed to infiltrate runoff to learn design infiltration rates. 

d. Absent of any Stormwater Management Plans for existing stormwater management 

basins designed to infiltrate runoff, perform sub-surface infiltration tests at the BMP. 
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e. Obtain or implement Stormwater Management Maintenance Agreements for all 

stormwater management basins. 

 

This Plan evaluated 12 sites where stormwater management facilities could be implemented to 

increase TSS and TP reduction, and provided estimates for their potential TSS and TP capture. 

These capture values were based on the aforementioned geometric mean of the infiltration rates 

of the field tests, which, according to DNR comments, are not acceptable methods.  Therefore, 

the potential TSS and TP values should only be considered rough estimates, and any site moving 

into a design phase in the future would be required to have infiltration rates determined per 

methods acceptable to the DNR. 
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Memorandum 

  
 

 To: Amy Minser, P.E. - Wisconsin Department of Professional Services 

 From: Jeff Felland, P.E. – MSA Professional Services 

 Subject: Responses to DNR Review Comments on City of Green Lake Stormwater Quality 

Assessment and Improvement Plan 

 Date: June 29, 2018 

     
 

On April 9, 2018 the Wisconsin Department of Natural Resources (DNR) provided review comments on 

the City of Green Lake Stormwater Quality Assessment and Improvement Plan (Plan) authored by MSA 

Professional Services and initially submitted to the DNR on January 30, 2018.  The Plan was funded in 

part by DNR UNPS & SW Grant #USP-USP24231Y16.  MSA responses to all DNR comments are provided 

here to enable final reimbursement to the other study partners and closure of the grant.   

 

1. Drainage areas from outside the Project Area Map which flow through natural conveyance 

areas such as wetlands within the City boundaries before discharging to the river, mill pond, 

or lake should be identified as outside of the scope of the grant-funded work and quantified 

separately.  This includes, but is not limited to drainage basins GL203, GL301, and portions 

of GL300.  Please update the maps to clearly indicate which areas are included in the grant-

funded portion of the study. 

 RESPONSE:  MSA prefers to create a separate map quantifying these areas as this discussion 

is likely to complicate the future use of the Plan.  See attached Funding Eligible Areas Map 

distinguishing areas of the project that are eligible for grant funding and those that are not.  

This map will accompany the attached Plan Changes Memo that will be attached to the final 

version of the Green Lake Stormwater Quality Assessment and Improvement Plan.  

 

2. Natural ponds may not be modeled as storm water ponds. 

 RESPONSE:  The City of Green Lake is not a regulated MS4 and is not using this plan as a basis 

for receiving any reduction credits for TSS or TP.  Rather they are interested in working with 

area partners to improve the quality of Green Lake.  If the TSS/TP reductions of natural 
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features which may behave as BMPs are not evaluated, it may overstate the benefit of 

alternative BMPs evaluated in this study. 

 

3. Lost Creek and Killdeer ponds appear to be recreational ponds, not storm water ponds 

based on the presence of piers located along the perimeter.  Therefore, unless there is 

documentation of an outlet engineered to restrict outflow sufficiently to provide a water 

quality benefit and documentation of depth sufficient to prevent resuspension, these 

features may not be assumed to provide water quality treatment.  However, these ponds 

appear to be outside of the grant-funded study area. 

 RESPONSE:  See answer to question #2.  Whether engineered or not, the reduction achieved 

by the ponds is an important consideration of the plan.   

 

 Killdeer pond was inspected and its outlet structure documented and used in the SLAMM 

models.  While the depth of the pond is unknown, contours generated from lidar data were 

used to estimate the water surface area.  Wet pond depth (5 ft for permanent pool) per DNR 

standards was applied to determine pond volume and performance.  See Appendix D for pond 

dimensional data.  The pond is predicted to reduce TSS by 94% and TP by 63%. 

 

 No outlet structure was discernable from review of aerial photos or lidar data for the Lost 

Creek pond.  The pond is surrounded by private homes and property, prohibiting a search of 

the shoreline and surrounding area for an outlet structure.  It is MSA’s opinion that likely no 

outlet structure exists.  Contours generated from lidar data show a normal water surface 

elevation in the pond of approximately 844, and the low point in the surrounding topography 

is 846.  Lidar data indicate a swale is present in southeast corner of the pond that would 

convey overflows from the low point (overflow weir) to an existing culvert passing under State 

Road 23.  Downstream of the culvert runoff continues to Green Lake.  The best available 

information suggests that any outflow from the pond is provided by minor infiltration and/or 

overflows through the low point in the surrounding topography.  This configuration would 

provide the highest level of pollutant reduction.  To be conservative, an outlet structure 

consisting of a 12-inch diameter orifice set at the permanent pool elevation coupled with a 

horizontal weir 3 feet higher in elevation for larger events was assumed to estimate pond 

performance.  Again, while the depth of the pond is unknown, contours generated from lidar 

data were used to estimate the water surface area.  Wet pond depth (5 ft for permanent pool) 

per DNR standards was applied to determine pond volume.  The pond is predicted to reduce 

TSS by 98% and TP by 65%. 
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4. The following models ran with errors and should be revised to run without errors: 

• BL4000-1:  Pond overflows 

• BL4000-2:  Biofilter overflows 

• PM6000-2:  Biofilter overflows 

 RESPONSE:  The models were adjusted to eliminate overflows.  A comparison of percent TSS 

reduction for the specific BMPs as well as the percent TSS and TP reduction for the entire 

model is presented in the table on the following page.  The extremely small differences in 

percent reductions between the initial and updated model versions do not seem significant 

enough to require updates be made to all TSS and TP reduction data in the revised Plan.   

 

Model 

BMP Site 

BMP 

TSS TSS TP 

Initial % 

Reduction 

Updated % 

Reduction 

Initial % 

Reduction 

Updated % 

Reduction 

Difference 

(tons) 

Initial % 

Reduction 

Updated % 

Reduction 

Difference 

(lbs) 

GL4000-

1 

Lawson 

Lagoon 
56.2 56.2 23.2 23.1 0.004 11.95 11.94 0.0 

GL4000-

2 

S 

Lawson 

West 

57.3 56.9 

25.9 25.8 0.02 17.0 16.9 0.2 
S 

Lawson 

East 

59.1 59.7 

PM6000-

2 

Dollar 

General 

2 

40.6 40.5 78.1 78.1 0.0 30.7 30.7 0.0 

   

5. Please provide documentation of swale geometry at representative locations per 

http://dnr.wi.gov/topic/stormwater/documents/GrassSwales080424.pdf and velocity/scour 

checks. 

 RESPONSE:  Per Section 3.5.2 of the Plan, swales within the City were located, visually 

inspected and cross-sectional geometry estimated by MSA staff through field investigations. 

Swales outside of the City were identified using aerial photographs, lidar topographic data, 

and Google Street View imaging, and cross-sectional geometry estimated by topographic 

data.  Longitudinal slopes for all swales were estimated using 2 ft contours generated from 

lidar data.  Specifically, longitudinal slopes were estimated using the entire swale length for 

stand-alone individual swales, and the entire length of a series of swale modeled together.  

For all swales a representative cross section was identified and contours used at each location 

to estimate side slopes.    
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 Any swales observed during field investigations to have indications of scour were not included 

in the models.  Similarly, any swales with longitudinal slopes exceeding 4% were not modeled, 

with the exception of one swale in the City in watershed PM600a.  When the swale is removed 

from the model there are to 0.09 fewer tons of TSS and 0.4 fewer pounds of TP removed,   

again for the model specific to that portion of the study area.  These values in represent 0.34% 

and 0.22% of the total pounds removed in the study area, respectively.  See accompanying 

Memo for attachment to the January 30, 2018 version of the Plan. 

 

 Below are screen shots take from Google Earth Street View showing examples of modeled 

swales. 

 

 

GL207 looking northeast 

 

 

GL209.01 looking northeast 
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GL302 & GL300a.01 looking northeast 

 

 

GL403.02 & .03 looking northeast 
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GL403.02 looking northeast 

 

 

GL403.04 looking east 
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PM200a.02 looking west 

 

 

PM601a.01 looking northwest 
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PM617.01 & 618.01 looking north 

 

6. Infiltration basins (ponds with outlet elevated above the surface to promote infiltration) 

should be modeled using the biofilter device in WinSLAMM, not the wet pond device.   The 

static infiltration rate from grass swale infiltration rate testing may not be used.  The native 

infiltration rate should be based on site-specific soils infiltration or onsite infiltration 

testing.  Side infiltration rates should be set to 0.001. 

 RESPONSE:  Please explain the Department’s basis for requiring use of the biofilter device as 

opposed to the infiltration basin device.  It is MSA’s opinion that use of the biofilter device 

requires knowledge about underdrains, engineered soil, and rock storage areas to which we 

do not have access.  Since infiltration basins require application only of geometric data from 

available sources (field inspections, aerial topography), and infiltration rates which were 

physically measured, it would seem that this is a more reasonable application of the model in 

the absence of a strict requirement. Justice Center North, Justice Center South and Flash 

infiltration basins were modeled using a wet pond BMP node as the outlet device 

configurations were more complex than what the biofiltration basin BMP node is capable of 

modeling.  The basin’s outlet configuration was more accurately modeled, and the infiltration 

rate accounted for, using the wet pond node. 

 

 Please explain the Department’s basis for not allowing measured infiltration rates to be used 

throughout the study area.  Testing was completed at 16 sites using double ring infiltrometer 

equipment and a geometric mean rate was determined throughout the City as documented 

in the report appendix.  The measured static infiltration rate was applied to swales by dividing 

by two to determine a dynamic rate as required for swales, differentiating the data from 

horizontal infiltration practices. Conducting infiltration tests at every existing and proposed 
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basin location was outside the scope of work.  Infiltration tests were conducted at 16 locations 

throughout the study area.  Additionally, it is the opinion of MSA that infiltration rates 

generated from geometric means of test data and applied to other locations in the City is 

more reliable than simply applying infiltration rates assigned to soil textures listed and 

mapped by NRCS soil map units.  Experience shows soil characteristics can vary widely within 

an NRCS map unit.  

 

 A sensitivity analysis was performed to evaluate the effects of using a side infiltration rate 

fraction of 0.01 (as modeled) and 0.001 (updated).  The small differences in percent reductions 

between the initial and updated model versions shown in the table below do not seem 

significant enough to require updates be made to all TSS and TP reduction data in the revised 

Plan.   

 

BMP 
TSS % Reduction 

Initial (0.01) Updated (0.001) 

South Lawson East 59.7 59.5 

South Lawson West 56.9 56.6 

Maplewood 13.2 13.4 

 

7. Dry ponds (ponds with the outlet on the bottom), should be modeled as wet ponds with no 

permanent pool and the outlet at the surface of the pond.  In general, these should only 

provide minimal credit but may enhance treatment efficiency downstream due to peak flow 

attenuation. 

 RESPONSE:  The only dry detention basin modeled was the Pamenter dry basin.  Design plans 

showed piped outlets from the basin, indicating a dry detention basin configuration.  

However, per City comment, the basin has no pipes draining the basin, and the basin overflows 

from a weir shaped into the berm.   For small storm events (events encompassed by the 

average annual rainfall used for TSS and TP reduction modeling), the basin does not overflow, 

and runoff infiltrates.  It is acknowledged that a more accurate BMP label might be infiltration 

basin as opposed to dry detention basin.    

 

8. On Page 21 of the report, Table 11 lists both cubic yards of leaves collected and tons of 

leaves removed.  The per the note, a conversion of 4 tons per cubic yard was assumed.  As 

this translates to a density of 296 pounds per cubic foot which is approximately twice the 

unit weight of concrete, the Department questions the accuracy of this assumption.  

 RESPONSE:  The City has provided revised data regarding leaf collection tonnage values in the 

table.  The updated values are shown in the table on the following page. 
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Year 
Removed 

Cu yd Ton 

2014 780 195 

2015 610 152.5 

2016 750 187.5 

2017 705 176.5 

 

9. For the existing storm water BMPs which treat area draining to the MS4 system within the 

Project Area Map, it is not clear how much detail regarding the outlets was determined 

from plans and field measurement vs. assumed based on less reliable sources.  Please 

provide this information. 

 RESPONSE:  Please refer to the notations in the HydroCAD data in Appendix D of the 

report.  Notation of source data is included for all BMPs.  Plans for the majority of stormwater 

management ponds were provided by the City.  Additionally, many ponds were investigated 

in the field by MSA staff to gather missing or incomplete outlet structure data.  Pond areas 

were estimated from lidar contour data where construction plans were unavailable. 

 

10. Please provide additional information on the Maplewood and Oak Ridge infiltration basins 

as the actual locations are not clear from a review of aerial photos. 

 RESPONSE:  Maplewood infiltration basin is located off White Oak Street in the southwest 

portion of the City, uphill and west of S. Lawson Drive.  Oak Ridge-1 and 2 are located west of 

Commercial Avenue between County Road A and South St in the northeast portion of the City.  

See screen captures on the following pages. 
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Maplewood 
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11. Two of the proposed ponds, Ernest Street and City Park have some area mapped with 

wetland indicator soils.  If these projects are pursued, a wetland delineation or 

determination should be conducted early in the project planning process. 

 RESPONSE:  Noted.  Should stormwater management projects be proposed at either of the 

sites wetland determinations/delineations will be conducted very early in the project planning 

process so that siting and sizing of ponds can be adjusted as necessary. 

 

 

    

Oak Ridge 
-1 and -2 



  

 
 

 

 
  

 

City of Green Lake Stormwater Quality Assessment and Improvement Plan 
REVISED Appendix E - Vegetated Swale Data Summary  

 

General Notes:  Swales in green shaded Subwatersheds are eligible for grant funding.   

Only eligible swales had side slopes field measured.  

 Side slopes of ineligible swales were estimated using 2-ft contours derived from LIDAR data.   

All swale bottoms widths were zero.  

 

Vegetated Swales Within the City of Green Lake 

 

Swale 

Group ID 

Watershed 

ID 

Subwatershed 

ID 

Drainage 

Area            

(ac) 

Total Swale 

Length                  

(ft) 

Longitudinal 

Slope    

(ft/ft) 

Average of 

Measured Side 

Slopes                  

(H:V) 

Estimated 

Side 

Slopes 

(H:V) 

Velocity 

(ft/sec) 

11 

Green Lake 

GL204a.01 2.7 327  -- 0.016 6:1 N/A 0.69 

21 GL212 11.7 684  -- 0.009 9:1 N/A 0.83 

31,2 

GL213.01 0.2 104  -- 

0.008 

N/A 8:1 

0.48 

GL213.02 0.2 52  -- N/A 8:1 

GL213.03.1 5.9 401  -- 10:1 N/A 

GL213.04 1.1 193  -- 14.7:1 N/A 

GL213.05 0.7 132  -- N/A 8:1 

4 GL403.01 26.5 346  -- 0.009 5.8:1 N/A 0.90 

5 GL403.02 3.0 875  -- 0.031 8:1 N/A 0.68 

6 
GL403.03 0.5 573  -- 0.035 8.7:1 N/A 0.49 

GL403.04 0.5 749  -- 0.035 N/A 8:1 0.49 

7 

Puchyan 

River 

PM200a.01 1.5  -- 289 0.025 N/A 8:1 0.63 

73 PM200a.02 3.9  -- 322 0.025 6.7:1 N/A 0.63 

8 
PM201.01 0.6  -- 122 0.035 14.4:1 N/A 0.50 

PM201.02 0.4  -- 115 0.035 4.4:1 N/A 0.50 

9 PM401.01 2.2  -- 693 0.004 8:1 N/A 0.50 
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PM401.02 2.0  -- 505 0.004 4:1 N/A 0.50 

PM401.03 3.3  -- 784 0.004 7.4:1 N/A 0.50 

10 PM406.01 1.1  -- 342 0.016 N/A 8:1 0.50 

11 
PM407.01 24.6  -- 1,387 0.006 26.9:1 N/A 0.72 

PM407.02 12.6  -- 741 0.006 20:1 N/A 0.72 

12 
PM409.01 0.8  -- 245 0.003 23.3:1 N/A 0.20 

PM409.02 3.7  -- 288 0.003 10.7:1 N/A 0.20 

13 PM411.01 0.2  -- 200 0.038 N/A 12:1 0.36 

14 PM501 0.7  -- 87 0.022 N/A 10:1 0.50 

154 

Puchyan 

River 

PM600a 1.1  -- 278 0.050 9.6:1 N/A 0.72 

16 PM601a.01 0.5  -- 387 0.013 N/A 10:1 1.13 

17 PM607b 1.1  -- 309 0.012 N/A 4:1 0.43 

185 PM611.01 3.2  -- 429 0.018 23.3:1 N/A 2.08 

193 PM612 1.8  -- 112 0.020 4.7:1 N/A 0.93 

20 PM613.01 0.7  -- 475 0.020 9.3:1 N/A 0.34 

215 PM614.01 11.2  -- 1,539 0.010 16.4:1 N/A 1.60 

22 PM618.02 0.5  -- 283 0.018 6.7:1 N/A 0.35 

23 PM619 3.9  -- 1,449 0.013 8.7:1 N/A 1.02 

Subtotal  -- 4,436 11,378  

TOTAL 134.6 15,814 

1. Swale group located in Mill Pond Subwatershed. 

2. Swale group includes reaches within and outside of the City and therefore includes 505 ft of swales from watersheds GL213.01 and GL213.03.01 

outside of the City. 

3. Side slope not grassed.  No TSS or TP reduction credit. 

4. Longitudinal slope exceeded 4%. No TSS or TP reduction credit. 

5. Velocity exceeded maximum allowable velocity of 1.5 ft/s. No TSS or TP reduction credit. 
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Vegetated Swales Outside the City of Green Lake 

 

Swale 

Group ID 

Watershed 

ID 

Subwatershed 

ID 

Drainage 

Area            

(ac) 

Total Swale 

Length (ft) 

Longitudinal 

Slope    

(ft/ft) 

Average of 

Measured Side    

Slopes                

(H:V) 

Estimated 

Side Slopes 

(H:V) 

Velocity 

(ft/sec) 

241 

Green Lake 

GL201.01 1.6 633  -- 0.011 N/A 4:1 0.81 

GL201.02 2.1 594  -- 0.011 N/A 4:1 0.81 

251 GL205.01 0.8 323  -- 0.020 N/A 8:1 0.33 

261 GL206 0.5 167  -- 0.003 N/A 4:1 0.10 

271 GL207 13.2 2,210  -- 0.004 N/A 4:1 0.93 

281 

GL209.01 0.8 357  -- 0.016 N/A 4:1 0.99 

GL209.02 0.5 209  -- 0.016 N/A 4:1 0.99 

GL209.03 0.9 618  -- 0.016 N/A 4:1 0.99 

29 GL300a.01 3.0 688  -- 0.005 N/A 4:1 0.51 

303 GL302 27.6 1,183  -- 0.022 N/A 4:1 1.64 

31 

Puchyan 

River 

PM411.02 0.6  -- 685 0.027 N/A 12:1 0.21 

322 
PM601b.01 3.2  -- 1,171 0.019 N/A 8:1 1.27 

PM601b.04 0.6  -- 385 0.019 N/A 8:1 1.27 

33 PM613.02 0.6  -- 290 0.010 6.7:1 N/A 0.17 

34 PM617.01 9.0  -- 1,185 0.026 5:1 N/A 1.38 

35 PM618.01 143.5  -- 3,434 0.015 N/A 40:1 1.18 

36 PM620.01 28.4  -- 1,069 0.005 N/A 24:1 0.70 

Subtotal  -- 6,982 8,218  

TOTAL 396.3 15,200 

1. Swale group located in Mill Pond Subwatershed. 

2. Swale group includes reaches within and outside of the City and therefore includes 385 ft of swales from watershed PM601b.04 within the City. 

3. Velocity exceeded maximum allowable velocity of 1.5 ft/s. No TSS or TP reduction credit. 
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