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This report details a subwatershed stormwater retrofit assessment resulting in 
recommended catchments for placement of Best Management Practice (BMP) retrofits 
that address the goals of the Local Governing Unit (LGU) and stakeholder partners. This 
document should be considered as one part of an overall watershed restoration plan 
including educational outreach, stream repair, riparian zone management, discharge 
prevention, upland native plant community restoration, and pollutant source control. 
The methods and analysis behind this document attempt to provide a sufficient level of 
detail to rapidly assess sub-watersheds of variable scales and land-uses to identify 
optimal locations for stormwater treatment. The time commitment required for this 
methodology is appropriate for initial assessment applications. This report is a vital part 
of overall subwatershed restoration and should be considered in light of forecasting 
riparian and upland habitat restoration, pollutant hot-spot treatment, agricultural and 
range land management, good housekeeping outreach and education, and others, 
within existing or future watershed restoration planning. 
 
The assessment’s background information is discussed followed by a summary of the 
assessment’s results; the methods used and catchment profile sheets of selected sites 
for retrofit consideration. Lastly, the retrofit ranking criteria and results are discussed 
and source references are provided. 
 
Results of this assessment are based on the development of catchment-specific 
conceptual stormwater treatment best management practices that either supplement 
existing stormwater infrastructure or provide quality and volume treatment where none 
currently exists. Relative comparisons are then made between catchments to determine 
where best to initialize final retrofit design efforts. Final, site-specific design sets (driven 
by existing limitations of the landscape and its effect on design element selections) will 
need to be developed to determine a more refined estimate of the reported pollutant 
removal amounts reported here-in. This typically occurs after the procurement of 
committed partnerships relative to each specific target parcel slated for the placement 
of BMPs. 
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Executive Summary 
Thirty-one catchments, and their existing stormwater management practices, were analyzed for existing 
annual pollutant loading and stormwater retrofit potential. Stormwater retrofit practice options were 
compared, for each catchment, given their specific site constraints and characteristics. Those 
catchments either in greatest need and/or would be most appropriate to receive additional retrofits 
were then further analyzed.  For these catchments, a general stormwater practice “family” was selected 
by weighing cost, ease of installation and maintenance and ability to serve multiple functions identified 
by the City.  After this review, nine of the initial 31 catchments were selected and modeled at various 
levels of treatment efficiencies. These catchments should be considered the “low-hanging-fruit” within 
the subwatershed.  Once these recommendations are installed, a review of this document’s Catchment 
Profiles section will guide the city in planning further infill of stormwater retrofit practices. 

The following table summarizes the assessment results. Treatment levels for retrofit projects that 
resulted in a prohibitive BMP size, or number, or were too expensive to justify installation are not 
included. Reported treatment levels are dependent upon optimal sighting and sizing which will require 
site-specific analyses. The recommended treatment levels/amounts summarized here are based on a 
subjective assessment of what can realistically be expected to be installed considering expected public 
participation and site constraints for a “first-tier” retrofit effort. 

Catchment 
or Pond ID 

Retro 
Type 

Qty of 
100 ft3 
BMPs  

TP 
Reduction 

(%) 

TP 
Reduction 

(lb/yr) 

Volume 
Reduction 
(ac-ft/yr) 

Overall Est. 
Cost1 

O&M 
Term 

(years) 

Total Est. 
Term 

Cost/lb-
TP/yr2 

HL-28 B 4 10 3.2 1.00 $11,700 30 $356 
HL-23 B 8 10 3.5 2.14 $27,885 30 $686 
HL-17 B 10 10 4.0 2.43 $34,547 30 $757 
HL-26 B, PS 16 10 6.1 4.89 $54,465 30 $784 
HL-22 B 9 20 1.3 0.71 $38,975 30 $1,035 
HL-08 B 2 20 0.3 0.26 $9,384 30 $1,122 
HL-21 B 4 10 1.0 1.30 $14,480 30 $1,233 
HL-12 B 5 50 1.1 0.87 $17,850 30 $1,334 
HL-11 B 5 20 0.9 1.10 $17,850 30 $1,334 

 
B = Bioretention (infiltration and/or filtration) 
F = Filtration (sand curtain, surface sand filter, sump, etc)  
IR = Impervious [cover] Reduction 
PM = Pond Modification (increased area/depth, additional cells, forebay, and/or outlet modification)  
PS = Permeable Surface (infiltration and/or filtration)  
VS = Vegetated Swale (wet or dry) 
WD = New [wet] Detention or Wetland creation 
1Estimated “Overall Cost” includes design, contracted soil core sampling, materials, contracted labor, promotion and administrative costs 
(including outreach, education, contracts, grants, etc), pre-construction meetings, installation oversight and 1 year of operation and 
maintenance costs. 
2”Total Est. Term Cost” includes Overall Cost plus 30 years of maintenance and is divided by 30 years of TP treatment. 
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About this Document 

Document Overview 
This Subwatershed Stormwater Retrofit Assessment is a watershed management tool to help prioritize 
stormwater retrofit projects by performance and cost effectiveness. This process helps maximize the 
value of each dollar spent.  
 
This document is organized into four major sections that describe the general methods used, individual 
catchment profiles, a resulting retrofit ranking for the subwatershed and references used in this 
assessment protocol. In some cases, and Appendices section provides additional information relevant to 
the assessment.  
 
Under each section and subsection, project-specific information relevant to that portion of the 
assessment is provided with an Italicized Heading. 

Methods 
The methods section outlines general procedures used when assessing the subwatershed. It overviews 
the processes of retrofit scoping, desktop analysis, retrofit reconnaissance investigation, cost/treatment 
analysis and project ranking. Project-specific details of each process are defined if different from the 
general, standard procedures. 

NOTE: the financial, technical, current landscape/stormwater system, and timeframe limits and needs are highly variable from 

subwatershed to subwatershed. This assessment uses some, or all, of the methods described herein. 

Retrofit Profiles 
When applicable, each retrofit profile is labeled with a unique ID to coincide with the subwatershed 
name (e.g., SC-001 for Sand Creek catchment 001). This ID is referenced when comparing projects across 
the subwatershed. Information found in each catchment profile is described below. 

Catchment Summary/Description 
Within the catchment profiles is a table that summarizes basic catchment information including acres, 
land cover, parcels, and estimated annual pollutant load (and other pollutants and volumes as specified 
by the LGU). Also, a table of the principal modeling parameters and values is reported. A brief 
description of the land cover, stormwater infrastructure and any other important general information is 
also described here. 

Retrofit Recommendation 
The recommendation section describes the conceptual BMP retrofit(s) selected for the catchment area 
and provides a description of why the specific retrofit(s) was chosen.  

Cost/Treatment Analysis 
A summary table provides for the direct comparison of the expected amount of treatment, within a 
catchment, that can be expected per invested dollar. In addition, the results of each catchment can be 
cross-referenced to optimize available capitol budgets vs. load reduction goals. 
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Site Selection 
A rendered aerial photograph highlights properties/areas suitable for retrofit projects. Additional field 
inspections will be required to verify project feasibility, but the most ideal locations for retrofits are 
identified here. 

Retrofit Ranking 
Retrofit ranking takes into account all of the information gathered during the assessment process to 
create a prioritized project list. The list is sorted by cost per pound of phosphorus treated for each 
project for the duration of one maintenance term (conservative estimate of BMP effective life). The final 
cost per pound treatment value includes installation and maintenance costs. There are many possible 
ways to prioritize projects, and the list provided is merely a starting point. Final project ranking for 
installation may include: 

• Non-target pollutant reductions 
• Project visibility 
• Availability of funding 
• Total project costs 
• Educational value 
• Others 

References 
This section identifies various sources of information synthesized to produce the assessment protocol 
utilized in this analysis.  

Appendices 
This section provides supplemental information and/or data used at various points along the assessment 
protocol. 

 

 

 

 

 

 

 

 



 
6 Methods 

Methods 

Selection of Subwatershed 
Before the subwatershed stormwater assessment begins, a process of identifying a high priority water 
body as a target takes place. Many factors are considered when choosing which subwatershed to assess 
for stormwater retrofits. Water quality monitoring data, non-degradation report modeling, and TMDL 
studies are just a few of the resources available to help determine which water bodies are a priority. 
Assessments supported by a Local Government Unit with sufficient capacity (staff, funding, available GIS 
data, etc.) to greater facilitate the assessment also rank highly. 

In areas without clearly defined studies, such as TMDL or officially listed water bodies of concern, or 
where little or no monitoring data exist, metrics are used to score subwatersheds against each other. In 
large subwatersheds (e.g., greater than 2500 acres), a similar metric scoring is used to identify areas of 
concern, or focus areas, for a more detailed assessment. This methodology was slightly modified from 
Manual 2 of the Urban Stormwater Retrofit Practices series. 

Subwatershed Assessment Methods 
The process used for this assessment is outlined below and was modified from the Center for Watershed 
Protection’s Urban Stormwater Retrofit Practices, Manuals 2 and 3 (Schueler, 2005, 2007). Locally 
relevant design considerations were also included into the process (Minnesota Stormwater Manual).  

Step 1: Retrofit Scoping 
Retrofit scoping includes determining the objectives of the retrofits (volume reduction, target pollutant 
etc) and the level of treatment desired. It involves meeting with local stormwater managers, city staff 
and watershed district staff to determine the issues in the subwatershed. This step also helps to define 
preferred retrofit treatment options and retrofit performance criteria. In order to create a manageable 
area to assess in large subwatersheds, a focus area may be determined.  

Howard Lake Subwatershed Scoping 
Pollutants of concern for this subwatershed were identified as TP, TSS, and Volume. Goals of the City of 
Howard Lake were considered as well those of the Soil and Water Conservation District. 

Step 2: Desktop Retrofit Analysis 
The desktop analysis involves computer-based scanning of the subwatershed for potential retrofit 
catchments and/or specific sites. This step also identifies areas that don’t need to be assessed because 
of existing stormwater infrastructure. Accurate GIS data are extremely valuable in conducting the 
desktop retrofit analysis. Some of the most important GIS layers include: 2-foot or finer topography, 
hydrology, soils, watershed/subwatershed boundaries, parcel boundaries, high-resolution aerial 
photography and the storm drainage infrastructure (with invert elevations). The following table 
highlights some important features to look for and the associated potential retrofit project. 
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Subwatershed Metrics and Potential Retrofit Project Site/Catchment 
Screening Metric Potential Retrofit Project 

Existing Ponds Add storage and/or improve water quality by excavating 
pond bottom, modifying riser, raising embankment, 
and/or modifying flow routing. 

Open Space New regional treatment (pond, bioretention). 
Roadway Culverts Add wetland or extended detention water quality 

treatment upstream. 
Outfalls Split flows or add storage below outfalls if open space is 

available. 
Conveyance system Add or improve performance of existing swales, ditches 

and non-perennial streams. 
Large Impervious Areas 
(campuses, commercial, parking) 

Stormwater treatment on site or in nearby open spaces. 

Neighborhoods Utilize right of way, roadside ditches or curb-cut 
raingardens or filtering systems to treat stormwater 
before it enters storm drain network. 

Step 3: Retrofit Reconnaissance Investigation 
After identifying potential retrofit sites through this desktop search, a field investigation was conducted 
to evaluate each site. During the investigation, the drainage area and stormwater infrastructure 
mapping data were verified. Site constraints were assessed to determine the most feasible retrofit 
options as well as eliminate sites from consideration. The field investigation may have also revealed 
additional retrofit opportunities that could have gone unnoticed during the desktop search.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 
8 Methods 

The following stormwater BMPs were considered for each catchment/site: 

Stormwater Treated Options for Retrofitting 
Area 

Treated 
Best Management 

Practice 
Potential Retrofit Project 

5-
50

0 
ac

re
s 

Extended Detention 12-24 hr detention of stormwater with portions drying out 
between events (preferred over Wet Ponds). May include multiple 
cell design, infiltration benches, sand/peat/iron filter outlets and 
modified choker outlet features. 

Wet Ponds Permanent pool of standing water with new water displacing 
pooled water from previous event. 

Wetlands Depression less than 1-meter deep and designed to emulate 
wetland ecological functions. Residence times of several days to 
weeks. Best constructed off-line with low-flow bypass. 

0.
1-

5 
ac

re
s 

Bioretention Use of native soil, soil microbe and plant processes to treat, 
evapotranspirate, and/or infiltrate stormwater runoff. Facilities can 
either be fully infiltrating, fully filtering or a combination thereof 

Filtering Filter runoff through engineered media and passing it through an 
under-drain. May consist of a combination of sand, soil, compost, 
peat, compost and iron. 

Infiltration A trench or sump that is rock-filled with no outlet that receives 
runoff. Stormwater is passed through a conveyance and 
pretreatment system before entering infiltration area. 

Swales A series of vegetated, open channel practices that can be designed 
to filter and/or infiltrate runoff. 

Other On-site, source-disconnect practices such as rain-leader 
raingardens, rain barrels, green roofs, cisterns, stormwater 
planters, dry wells or permeable pavements. 

 

Step 4: Treatment Analysis/Cost Estimates 

Treatment analysis 
Sites most likely to be conducive to addressing the LGU goals and appear to be simple-to-moderate in 
design/install/maintenance considerations are chosen for a cost/benefit analysis in order to relatively 
compare catchments/sites. Treatment concepts are developed taking into account site constraints and 
the subwatershed treatment objectives. Projects involving complex stormwater treatment interactions 
or pose a risk for upstream flooding require the assistance of a certified engineer. Conceptual designs, at 
this phase of the design process, include a cost estimate and estimate of pollution reduction. Reported 
treatment levels are dependent upon optimal site selection and sizing. 

Modeling of the site is done by one or more methods such as with P8, WINSLAMM or simple 
spreadsheet methods using the Rational Method. Event mean concentrations or sediment loading files 
(depending on data availability and model selection) are used for each catchment/site to estimate 
relative pollution loading of the existing conditions. The site’s conceptual BMP design is modeled to then 
estimate varying levels of treatment by sizing and design element. This treatment model can also be 
used to properly size BMPs to meet LGU restoration objectives.  
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HOWARD LAKE: General WinSLAMM Model Inputs 

Parameter Method for Determining Value 

Total Area Source/Criteria 

Hydraulic Conductivity A composite hydraulic conductivity rate is developed for each 
catchment area based on the average conductivity rates of low and 
high bulk density rates, by USDA soil texture class (Rawls et. al, 
1998), for each soil’s limiting layer within 6 ft of the bottom of the 
practice.  Permanently wet soils are omitted. 

Precipitation  Data MN MPLS 59.  The winter date range was set to November 4th 
through March 13th 

Pollutant Probability 
Distribution File 

WI_GEO01  

Runoff Coefficient File WI_SL06 Dec06  

Particulate Solids 
Concentration File 

WI_AVG01  

Particulate Residue 
Delivery File 

WI_DLV01  

Sweeping Efficiency Unless otherwise noted, street sweeping was not accounted for. 

Street Delivery Files For Residential LU and Other LU: WI_Res and other Urban Dec06 
For all other LU’s: WI_Comm Inst Indust Dec06 

Drainage System Option 4: Curb and Gutter, Valleys or Sealed Swales in Fair 
Condition set to 1.0 

Particle File NURP 

  

Howard Lake Treatment Analysis 
For the Howard Lake treatment analysis, each catchment making this stage of the assessment was first 
assessed for BMP “family” type applicability given specific site constraints and soil types. Each parcel in 
the catchment was reviewed considering pedestrian and car traffic flow, parking needs, snow storage 
areas, obvious utility locations, existing landscaping, surface water runoff flow, project visibility, “cues of 
care” in relation to existing landscape maintenance, available space and several other factors dictated 
the selection of one or more potential BMPs for each site.  
 
WINSLAMM was used to model catchments with a general BMP located at its outfall. The BMP was sized 
starting from the 10% treatment level on up and results were tabulated in the Catchment Profile section 
of this document.  When the 10% treatment level resulted in fewer than the equivalent of 4-100ft3 
BMP’s, or resulted in less than 1.0 LB reduction, the next level exceeding these amounts was considered 
a starting point.  BMP’s were modeled as if spread uniformly throughout the catchment. 
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Cost Estimates 
Each resulting BMP (by percent TP-removal dictated sizing) was then assigned estimated design, 
installation and first-year establishment-related maintenance costs given its ft3 of treatment. In cases 
where live storage was 1-ft, this number roughly related to ft2 of coverage. An annual cost/TP-removed 
for each treatment level was then calculated for the life-cycle of said BMP which included promotional, 
administrative and life-cycle operations and maintenance costs.  

Average BMP Cost Estimates 
BMP Median 

Inst. 
Cost 

($/sq ft) 

Marginal 
Annual 

Maintenance 
Cost 

(contracted) 

O & M 
Term 

Design Cost 
($70/hr) 

Installation 
Oversight 

Cost 
($70/hr) 

Total 
Installation 

Cost 
(Includes 

design & 1-yr 
maintenance) 

Pond Retrofits $3.00 $500/acre 30 140% above 
construction 

$210  
(3 visits) 

$4.21/sq ft 

Extended 
Detention 

$5.00 $1000/acre 30 3$2800/acre $210  
(3 visits) 

$5.09/sq ft 

Wet Pond $5.00 $1000/acre 30 3$2800/acre $210  
(3 visits) 

$5.09/sq ft 

Stormwater 
Wetland 

$5.00 $1000/acre 30 3$2800/acre $210  
(3 visits) 

$5.09/sq ft 

Water Quality 
Swale6 

$12.00 $250/100 ln ft 30 $1120/100 ln 
ft 

$210  
(3 visits) 

$12.91/sq ft 

Cisterns $15.00 5$100 30 NA $210  
(3 visits) 

$15.00/sq ft 

French Drain/Dry 
Well 

$12.00 5$100 30 20% above 
construction 

$210  
(3 visits) 

$14.40/sq ft 

Infiltration Basin $15.00 $500/acre 30 $1120/acre $210  
(3 visits) 

$15.04/sq ft 

Rain Barrels $25.00 5$25 30 NA $210  
(3 visits) 

$25.00/sq ft 

Structural Sand 
Filter (including 
peat, compost, 
iron amendments, 
or similar) 6 

$20.00 $250/25 ln ft 30 $300/25 ln ft $210  
(3 visits) 

$21.47/sq ft 

Impervious Cover 
Conversion 

$20.00 $500/acre 30 $1120/acre $210  
(3 visits) 

$20.04/sq ft 

Stormwater 
Planter 

$27.00 $50/100 sq ft 30 20% above 
construction 

$210  
(3 visits) 

$32.90/sq ft 

Rain Leader 
Disconnect 
Raingardens 

$4.00 2$25/150 sq ft 30 $280/100 sq ft $210  
(3 visits) 

$6.97/sq ft 

Simple 
Bioretention (no 
engineered soils 

$9.00 $0.75/sq ft 30 $840/1000 sq 
ft 

$210  
(3 visits) 

$10.59/sq ft 
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or under-drains, 
but w/curb cuts 
and forebays) 
Moderate 
Bioretention (incl. 
engineered soils, 
under-drains, 
curb cuts, no 
retaining walls) 

$12.00 $0.75/sq ft 30 $1120/1000 sq 
ft 

$210  
(3 visits) 

$13.87/sq ft 

Moderately 
Complex 
Bioretention (incl. 
engineered soils, 
under-drains, 
curb cuts, 
forebays , 2-3 ft 
retaining walls) 

$14.00 $0.75/sq ft 30 $1250/1000 sq 
ft 

$210  
(3 visits) 

$16.00/sq ft 

Highly Complex 
Bioretention (incl. 
engineered soils, 
under-drains, 
curb cuts, 
forebays, 3-5 ft 
retaining walls) 

$16.00 $0.75/sq ft 30 4$1400/1000 
sq ft 

$210  
(3 visits) 

$18.15/sq ft 

Underground 
Sand Filter 

$65.00 $0.75/sq ft 30 140% above 
construction 

$210  
(3 visits) 

$91.75/sq ft 

Stormwater Tree 
Pits 

$70.00 $0.75/sq ft 30 140% above 
construction 

$210  
(3 visits) 

$98.75/sq ft 

Grass/Gravel 
Permeable 
Pavement (sand 
base) 

$12.00 $0.75/sq ft 30 140% above 
construction 

$210  
(3 visits) 

$17.55/sq ft 

Permeable 
Asphalt (granite 
base) 

$10.00 $0.75/sq ft 30 140% above 
construction 

$210  
(3 visits) 

$14.00/sq ft 

Permeable 
Concrete (granite 
base) 

$12.00 $0.75/sq ft 30 140% above 
construction 

$210  
(3 visits) 

$17.55/sq ft 

Permeable Pavers 
(granite base) 

$25.00 $0.75/sq ft 30 140% above 
construction 

$210  
(3 visits) 

$35.75/sq ft 

Extensive Green 
Roof 

$225.00 $500/1000 sq 
ft 

30 140% above 
construction 

$210  
(3 visits) 

$315.50/sq ft 

Intensive Green 
Roof 

$360.00 $750/1000 sq 
ft 

30 140% above 
construction 

$210  
(3 visits) 

$504.75/sq ft 

1Likely going to require a licensed, contacted engineer.  
2Assumed landowner, not contractor, will maintain. 
3LRP would only design off-line systems not requiring an engineer. For all projects requiring an engineer, assume engineering costs to be 40% 
above construction costs. 
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4If multiple projects are slated, such as in a neighborhood retrofit, a design packet with templates and standard layouts, element elevations and 
components, planting plans and cross sections can be generalized, design costs can be reduced. 
5Not included in total installation cost (minimal). 
6Assumed to be 15 feet in width. 

Step 5: Evaluation and Ranking 
The results of each site were analyzed for cost/treatment to prescribe the most cost-efficient level of 
treatment.  

 

Howard Lake Evaluation and Ranking 
In the Howard Lake evaluation and ranking, the recommended level of treatment for each catchment, as 
reported in the Executive Summary table, was chosen by selecting the level of treatment expected to 
get public buy-in and above a minimal amount needed to justify crew mobilization and outreach efforts 
to the area. Should the cumulative expected load reduction of the recommended catchment treatment 
levels not meet LGU goals, moving up one level of treatment (as described in the Catchment Profile 
tables) should then be selected. 
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Catchment Profiles 
The following pages provide catchment-specific information that was analyzed for stormwater BMP 
retrofit treatment at various levels. The recommended level of treatment reported in the Ranking Table 
is determined by weighing the cost-efficiency vs. site specific limitations about what is truly practical in 
terms of likelihood of being granted access to optimal BMP site locations, expected public buy-in 
(partnership) and crew mobilization in relation to BMP spatial grouping. 

Howard Lake Catchment Profiles 
For development of the Howard Lake catchment profile section, 9 out of 31 catchments were selected 
as the first-tier areas for stormwater retrofit efforts. Those catchments receiving modern stormwater 
pond treatment, or which are currently slated for development and therefore subject to modern levels 
of treatment, were not modeled or further analyzed in this assessment. It is recommended that after 
these initial 9 catchments are built out past their recommended reduction levels that a re-evaluation of 
all current catchments and their BMP networks be performed.  

Each Catchment Profile includes a table showing the data relevant to various levels of treatment.  The 
recommended treatment level (or expected success in establishing a certain amount of practices in the 
catchment) is highlighted.  The table below is an example of such a table recommending the 10% 
treatment level, or, in other words, establishing enough BMP’s to equal 2,500 ft2 of footprint. 

   
BMP #1 

 Cost/Benefit Analysis Existing Annual Marginal Treatment Enhancement (amt/%) 

 
Level 1 Level 2 Level 3 

Tr
ea

tm
en

t TP (lb/yr) 42.1 4.0 10% 5.6 13% 7.2 17% 
TSS (lb/yr) 15883 1570 10% 2254 14% 2892 18% 
Volume (acre-feet/yr) 25.28 2.43 10% 3.50 14% 4.47 18% 
Square feet of practice   2500 3750 5000 

  BMP Type   Complex 
Bioretention 

Complex 
Bioretention 

Complex 
Bioretention 

C
os

ts
 

Materials/Labor/Design   $32,800 $49,200 $65,600 
Promotion & Admin 
Costs   $175 $130 $105 

Total Project Cost   $32,975 $49,330 $65,705 
Annual O&M   $1,500 $2,250 $3,000 
Term Cost/lb/yr (30 yr)   $650 $694 $725 
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Catchment Summary  Model Inputs 
Acres 1.7  Parameter Input 

Dominant Land Cover Park  Pervious Curve Number 81 

Parcels 1  
Indirectly connected Impervious 

Fraction 0 

Volume (acre-feet/yr) 0.43  Directly Connected Impervious Fraction 0.85 
TP (lb/yr) 1.0  Hydraulic Conductivity (in/hr) 0.17 

TSS (lb/yr) 310.0  WINSLAMM SLU file Parks_silt 

 

DESCRIPTION 
This catchment is comprised of a small park containing a boat launch, picnic shelters a beach and a 
parking lot.  Runoff from the boat launch drains straight to the lake and no room is available for 
inexpensive treatment in this location.  The parking lot drains via a catch basin in its NE corner which 
also drains directly and untreated to the lake in the vicinity of the boat launch. 

 

RETROFIT RECOMMENDATION 
One or two bioretention cells with curb cuts immediately above the existing catch basin, pre-treatment 
forebays, 2.5-ft of engineered soils and an under-drain is recommended for this catchment.  Only the 
parking lot will be able to be treated with this catchment, thereby reducing the overall efficiency of the 
proposed BMP related to its overall estimated catchment loading.  It is highly recommended that a berm 
be created along the lot’s southern edge to stop sediment wash-off from entering the gardens from the 
adjacent railroad property containing open gravel and ballast.  Although this project is relatively 
expensive in terms of stormwater treatment, other benefits of installing a practice on this location need 
to be weighed; such as educational outreach and park amenity improvement values. 
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BMP #1 

 
Cost/Benefit Analysis Existing 

Annual Marginal Treatment Enhancement 
(amt/%) 

 
LEVEL 1 LEVEL 2 LEVEL 3 

Tr
ea

tm
en

t TP (lb/yr) 1.3 0.1 9% 0.3 23% 0.4 31% 

TSS (lb/yr) 994 120 12% 221 22% 302 30% 

Volume (acre-feet/yr) 2.04 0.12 6% 0.26 13% 0.34 17% 

Square feet of practice   400 700 1,000 

  BMP Type   Moderate 
Bioretention 

Moderate 
Bioretention 

Moderate 
Bioretention 

C
os

ts
 

Materials/Labor/Design   $5,248 $9,184 $13,120 
Promotion & Admin Costs   $200 $200 $200 
Total Project Cost   $5,448 $9,384 $13,320 
Annual O&M   $160 $420 $600 
Term Cost/lb/yr (30 yr)   $2,847 $2,443 $2,610 

 

Potential 
locations for 
bioretention 
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Catchment Summary  Model Inputs 
Acres 24.2  Parameter Input 

Dominant Land Cover Commercial  Pervious Curve Number 81 

Parcels 11  
Indirectly connected Impervious 

Fraction 0 

Volume (acre-feet/yr) 41.00  Directly Connected Impervious Fraction 0.75 
TP (lb/yr) 27.3  Hydraulic Conductivity (in/hr) 0.17 

TSS (lb/yr) 17820.0  WINSLAMM SLU file Commercial 
Downtown_silt 

 

DESCRIPTION 
This site is dominated by impervious cover of commercial use with parking lots and buildings being the 
major constituent.  High maintenance green spaces occur within the landscape and are covered in turf 
grass.  An existing wet swale conveys runoff from the site on its north eastern edge with little to no 
treatment value. 

 
 
RETROFIT RECOMMENDATION 
Retrofitting the existing swale as a bioretention swale with 30-inches of engineered soils with an 
underdrain is recommended.  Planting extensively with a no-mow grass or sweet grass is recommended 
as this will achieve 100% cover in short time, optimal treatment value for lateral, surface flow, high 
evapotranspiration rates and no mowing required for maintenance.  Weeding and watering will be 
mandatory for the first two growing seasons to ensure successful establishment/installation.  Pricing in 
the estimates table is based on this planting option.  Other options include shrub plantings or seeded 
turf.  It is not recommend that seeding be performed here, regardless of cost savings on the installation, 
as this system is on-line making it difficult to successfully establish 100% cover and without extensive 
weed problems for several years.  This will increase overall maintenance and offset installation savings 
making it comparable to planted options as recommended. 
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BMP #1 

 
Cost/Benefit Analysis Existing 

Annual Marginal Treatment Enhancement 
(amt/%) 

 
LEVEL 1 LEVEL 2 LEVEL 3 

Tr
ea

tm
en

t TP (lb/yr) 27.3 2.6 10% 5.3 19% 7.4 27% 

TSS (lb/yr) 17820 1295 7% 1992 11% 3519 20% 

Volume (acre-feet/yr) 41.00 0.7 2% 1.50 4% 2.27 6% 

Square feet of practice   3500 8670 13800 

  BMP Type   Moderate 
Bioretention 

Moderate 
Bioretention 

Moderate 
Bioretention 

C
os

ts
 

Materials/Labor/Design   $45,920 $113,750 $181,056 
Promotion & Admin Costs   $250 $250 $250 
Total Project Cost   $46,170 $114,000 $181,306 
Annual O&M   $1,400 $3,468 $5,520 
Term Cost/lb/yr (30 yr)   $1,122 $1,382 $1,567 

 

Potential 
location for 
bioretention 
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Catchment Summary  Model Inputs 
Acres 5.5  Parameter Input 

Dominant Land Cover Residential  Pervious Curve Number 69 

Parcels 5.0  
Indirectly connected Impervious 

Fraction 0 

Volume (acre-feet/yr) 4.71  Directly Connected Impervious Fraction 0.58 
TP (lb/yr) 5.0  Hydraulic Conductivity (in/hr) 0.51 

TSS (lb/yr) 2248.0  WINSLAMM SLU file 
Multi-Family 

Res No 
Alleys_Silt 

 

DESCRIPTION  
This catchment is comprised of primarily medium-high density, multiple family housing units proximal to 
the lake.  Open space, turf, and obvious entry points to the housing units are ideally suited for formal 
bioretention retrofitting. 
 
Given this catchment’s small size, its loading is low and therefore is relatively expensive to treat on an 
annual cost basis. 
 
RETROFIT RECOMMENDATION 
Five bioretention cells (Level 1 in following table) with curb cuts as close to, and above, existing catch 
basins, pre-treatment forebays and amended soils is recommended for this catchment.  Ponding depth 
should not exceed 9-inches to ensure draw down of no more than 48 hours and dry root zone within 5 
days.  It is estimated that no underdrain be needed at this catchment, but final design will be dependent 
on a soil boring sample at each proposed bioretention site.  A simple palette of ornamental grasses, 
sedges, shrubs and flowers should be designed that formally suits the existing landscape. 
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BMP #1 

Cost/Benefit Analysis Existing Annual Marginal Treatment Enhancement (amt/%) 
LEVEL 1 LEVEL 2 LEVEL3 

TP (lb/yr) 5.0 0.5 10% 0.9 19% 1.5 29% 

TSS (lb/yr) 2248 267 12% 522 23% 760 34% 

Volume (acre-feet/yr) 4.71 0.55 12% 1.10 23% 1.56 33% 

Square feet of practice   500 1250 2,000 

BMP Type   Moderate 
Bioretention 

Moderate 
Bioretention 

Moderate 
Bioretention 

Materials/Labor/Design   $6,560 $16,400 $26,240 
Promotion & Admin Costs   $565 $290 $206 
Total Project Cost   $7,690 $17,848 $27,885 
Annual O&M   $375 $938 $1,500 
Term Cost/lb/yr (30 yr)   $1,223 $1,646 $1,653 
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Catchment Summary  Model Inputs 
Acres 2.3  Parameter Input 

Dominant Land Cover Residential  Pervious Curve Number 69 

Parcels 14  
Indirectly connected Impervious 

Fraction 0 

Volume (acre-feet/yr) 1.70  Directly Connected Impervious Fraction 0.34 
TP (lb/yr) 2.3  Hydraulic Conductivity (in/hr) 0.51 

TSS (lb/yr) 952.1  WINSLAMM SLU file HDR No 
Alleys_Silt 

 

DESCRIPTION 
This catchment is comprised of primarily medium density, single-family residential homes in between 
Mallard Pass and Dutch Lake. The catchment includes areas of open space along the city street and 
residents with suitable outlots.  The topography of the land drains the watershed into a centered 
location. 

 
RETROFIT RECOMMENDATION 
Bioretention cells (3 to 9 each) with curb cuts as close to, and above, existing catch basins, pre-
treatment forebays and amended soils is recommended for this catchment.  Ponding depth should not 
exceed 9-inches to ensure draw down of no more than 48 hours and dry root zone within 5 days.  It is 
estimated that no underdrain be needed at this catchment, but final design will be dependent on a soil 
boring sample at each proposed bioretention site.  A simple palette of ornamental grasses, sedges, 
shrubs and flowers should be designed that formally suits the existing landscape. 
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BMP #1 

 
Cost/Benefit Analysis Existing 

Annual Marginal Treatment Enhancement 
(amt/%) 

 
LEVEL 1 LEVEL 2 LEVEL 3 

Tr
ea

tm
en

t TP (lb/yr) 2.3 0.6 26% 1.1 50% 1.4 60% 

TSS (lb/yr) 952 262 28% 502 53% 601 63% 

Volume (acre-feet/yr) 1.70 0.45 26% 0.87 51% 1.05 62% 

Square feet of practice   500 1250 1,750 

  BMP Type   Moderate 
Bioretention 

Moderate 
Bioretention 

Moderate 
Bioretention 

C
os

ts
 

Materials/Labor/Design   $6,560 $16,400 $22,960 
Promotion & Admin Costs   $565 $290 $227 
Total Project Cost   $7,690 $17,848 $24,546 
Annual O&M   $375 $938 $1,313 
Term Cost/lb/yr (30 yr)   $1,052 $1,334 $1,533 
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Catchment Summary  Model Inputs 
Acres 50.7  Parameter Input 

Dominant Land Cover Residential  Pervious Curve Number 69 

Parcels 136  
Indirectly connected Impervious 

Fraction   

Volume (acre-feet/yr) 25.28  Directly Connected Impervious Fraction 0.28 
TP (lb/yr) 42.1  Hydraulic Conductivity (in/hr) 0.50 

TSS (lb/yr) 15883.0  WINSLAMM SLU file MDR No 
Alleys_Silt 

 

DESCRIPTION 
This catchment is comprised of primarily medium density, single-family residential homes and an 
elementary school.  Topography of this area is generally higher than the remainder of the City of 
Howard Lake.   

 
RETROFIT RECOMMENDATION 
Bioretention cells (10 to 20 each) with curb cuts as close to, and above, existing catch basins, pre-
treatment forebays and amended soils is recommended for this catchment.  Ponding depth should not 
exceed 9-inches to ensure draw down of no more than 48 hours and dry root zone within 5 days.  It is 
estimated that no underdrain be needed at this catchment, but final design will be dependent on a soil 
boring sample at each proposed bioretention site.  A simple palette of ornamental grasses, sedges, 
shrubs and flowers should be designed that formally suits the existing landscape. 
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BMP #1 

 
Cost/Benefit Analysis Existing 

Annual Marginal Treatment Enhancement 
(amt/%) 

 
Min Optimal Max 

Tr
ea

tm
en

t TP (lb/yr) 42.1 4.0 10% 6.2 15% 8.6 20% 

TSS (lb/yr) 15883 1570 10% 2514 16% 3475 22% 

Volume (acre-feet/yr) 25.28 2.43 10% 3.90 15% 5.36 21% 

Square feet of practice   2500 4250 6250 

  BMP Type   Moderate 
Bioretention 

Moderate 
Bioretention 

Moderate 
Bioretention 

C
os

ts
 

Materials/Labor/Design   $32,800 $55,760 $82,000 
Promotion & Admin Costs   $175 $119 $90 
Total Project Cost   $34,547 $57,777 $84,240 
Annual O&M   $1,875 $3,188 $4,688 
Term Cost/lb/yr (30 yr)   $757 $819 $873 
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Catchment Summary  Model Inputs 
Acres 10.5  Parameter Input 

Dominant Land Cover Commercial  Pervious Curve Number 69 

Parcels 10  
Indirectly connected Impervious 

Fraction   

Volume (acre-feet/yr) 15.80  Directly Connected Impervious Fraction 0.41 
TP (lb/yr) 10.9  Hydraulic Conductivity (in/hr) 0.51 

TSS (lb/yr) 7126.0  WINSLAMM SLU file Commercial 
Downtown_silt 

 

DESCRIPTION 
Commercial area is occupied by multiple small businesses with extensive parking area.  Impervious 
surfaces dominate the landuse with minimal natural area that has not been previously disturbed.  This 
area is heavily traveled and would be highly visible to the public. 

RETROFIT RECOMMENDATION 
Bioretention cells (4 to 14 each) with curb cuts as close to, and above, existing catch basins, pre-
treatment forebays and amended soils is recommended for this catchment.  Ponding depth should not 
exceed 9-inches to ensure draw down of no more than 48 hours and dry root zone within 5 days.  It is 
estimated that no underdrain be needed at this catchment, but final design will be dependent on a soil 
boring sample at each proposed bioretention site.  A simple palette of ornamental grasses, sedges, 
shrubs and flowers should be designed that formally suits the existing landscape. 
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BMP #1 

 
Cost/Benefit Analysis Existing 

Annual Marginal Treatment Enhancement 
(amt/%) 

 
LEVEL 1 LEVEL 2 LEVEL 3 

Tr
ea

tm
en

t TP (lb/yr) 10.9 1.0 9% 1.6 15% 2.1 20% 

TSS (lb/yr) 7126 694 10% 1074 15% 1433 20% 

Volume (acre-feet/yr) 15.80 1.30 8% 2.00 13% 2.70 17% 

Square feet of practice   1000 2000 3,500 

  BMP Type   Moderate 
Bioretention 

Moderate 
Bioretention 

Moderate 
Bioretention 

C
os

ts
 

Materials/Labor/Design   $13,120 $26,240 $45,920 
Promotion & Admin Costs   $341 $206 $137 
Total Project Cost   $14,483 $27,885 $47,834 
Annual O&M   $750 $1,500 $2,625 
Term Cost/lb/yr (30 yr)   $1,233 $1,518 $1,974 
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Catchment Summary  Model Inputs 
Acres 6.2  Parameter Input 

Dominant Land Cover Institutional  Pervious Curve Number 83 

Parcels 6  
Indirectly connected Impervious 

Fraction   

Volume (acre-feet/yr) 5.64  Directly Connected Impervious Fraction 0.78 
TP (lb/yr) 6.6  Hydraulic Conductivity (in/hr) 0.11 

TSS (lb/yr) 3326.0  WINSLAMM SLU file Schools_Silt 

 

DESCRIPTION 
This site is primarily school (institutional) grounds in nature with a little residential cover type.  It is 
highly impervious, comprised of large parking lots and buildings.  Catch basins currently exist along the 
bounding streets and within the northern parking lot.  There is somewhat limited open space to work 
with, but those available areas, in particular on the north side of the school, is nicely positioned to treat 
stormwater. 

RETROFIT RECOMMENDATION 
A combination of various forms of bioretention at several locations is recommended in this catchment.  
Opportunity exists to install a curb cut and drop structure/pre-treatment cell along the property’s 
Eastern boundary that drains and treats the street via a proposed bioretention facility on the North side 
of the school.  A second location would capture roof and lawn runoff next to that area on the eastern 
side of the northern parking lot, or the previously mentioned cell could be expanded to incorporate that 
volume.  Stormwater Tree Box Planters could be located on the property’s Southwestern boundary 
along the street, treating the street’s runoff in the boulevard area.  Lastly, a bioretention cell could be 
located on the north parking lot’s Northeastern corner that intercepts runoff directed towards the catch 
basin. 
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BMP #1 

 
Cost/Benefit Analysis Existing 

Annual Marginal Treatment Enhancement 
(amt/%) 

 
LEVEL 1 LEVEL 2 LEVEL 3 

Tr
ea

tm
en

t TP (lb/yr) 6.6 0.6 9% 1.3 20% 2.0 30% 

TSS (lb/yr) 3326 756 23% 1029 31% 1305 39% 

Volume (acre-feet/yr) 5.64 0.45 8% 0.71 13% 1.02 18% 

Square feet of practice   2250 3750 5,750 

  BMP Type   Mod. Complex 
Bioretention 

Mod. Complex 
Bioretention 

Mod. Complex 
Bioretention 

C
os

ts
 

Materials/Labor/Design   $23,265 $38,775 $59,455 
Promotion & Admin Costs   $200 $200 $200 
Total Project Cost   $23,465 $38,975 $59,655 
Annual O&M   $50 $50 $50 
Term Cost/lb/yr (30 yr)   $1,440 $1,035 $1,019 

All pricing assumes school volunteer planting, mulching and edging installation, plants consisting of mostly plugs 
and small pots, volunteer maintenance and a maximum of three pre-design meetings for SWCD staff and school. 
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Catchment Summary  Model Inputs 
Acres 40.6  Parameter Input 

Dominant Land Cover Res./Inst.  Pervious Curve Number 69 

Parcels 32  
Indirectly connected Impervious 

Fraction   

Volume (acre-feet/yr) 20.25  Directly Connected Impervious Fraction 0.25 
TP (lb/yr) 33.8  Hydraulic Conductivity (in/hr) 0.51 

TSS (lb/yr) 12722.0  WINSLAMM SLU file MDR No 
Alleys_Silt 

 

DESCRIPTION 
This catchment is comprised of primarily medium-high density, single family housing units on quarter of 
an acre lots.  Open space and turfs are ideally suited for formal bioretention retrofitting if willing 
landowners can give up these ideal locations and install landscaping. 
 

RETROFIT RECOMMENDATION 
Bioretention cells (8 to 29 each) with curb cuts as close to, and above, existing catch basins, pre-
treatment forebays and amended soils is recommended for this catchment.  Ponding depth should not 
exceed 9-inches to ensure draw down of no more than 48 hours and dry root zone within 5 days.  It is 
estimated that no underdrain be needed at this catchment, but final design will be dependent on a soil 
boring sample at each proposed bioretention site.  A simple palette of ornamental grasses, sedges, 
shrubs and flowers should be designed that formally suits the existing landscape. 
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BMP #1 

 
Cost/Benefit Analysis Existing 

Annual Marginal Treatment 
Enhancement (amt/%) 

 
Min Optimal Max 

Tr
ea

tm
en

t TP (lb/yr) 33.8 3.5 10% 5.0 15% 6.6 20% 

TSS (lb/yr) 12722 1378 11% 1977 16% 2656 21% 

Volume (acre-feet/yr) 20.25 2.14 11% 3.07 15% 4.10 20% 

Live Storage Volume (cubic feet)   2000 3000 4250 

  BMP Type   Moderate 
Bioretention 

Moderate 
Bioretention 

Moderate 
Bioretention 

C
os

ts
 

Materials/Labor/Design   $26,240 $39,360 $55,760 
Promotion & Admin Costs   $206 $153 $119 
Total Project Cost   $27,885 $41,196 $57,777 
Annual O&M   $1,500 $2,250 $3,188 
Term Cost/lb/yr (30 yr)   $686 $728 $770 
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Catchment Summary  Model Inputs 
Acres 68.2  Parameter Input 

Dominant 
Land Cover Residential  Pervious Curve Number 72 

Parcels 4  
Indirectly connected Impervious 

Fraction   

Volume 
(acre-feet/yr) 55.74  Directly Connected Impervious Fraction 0.82 

TP (lb/yr) 61.6  Hydraulic Conductivity (in/hr) 0.45 
TSS (lb/yr) 30138.0  WINSLAMM SLU file (41.2 ac) MDR No Alleys_Silt 

   

WINSLAMM SLU file (16.34 ac) Commercial 
Downtown_Silt 

   
WINSLAMM SLU file (10.7 ac) INST_Silt 

 

DESCRIPTION 
This catchment contains a large portion of medium-high density, single family housing units.  There are 
multiple homes available with exceptional soils and plenty of open space to take stormwater runoff 
offline from the storm sewer system.  There is also a relatively large commercial component which 
contains large tracts of impervious surfaces between rooflines and pavement.  However, areas like 
banks and churches often times offer good locations for stormwater restoration locations. 
 

RETROFIT RECOMMENDATION 
A combination of various forms of bioretention at several locations is recommended in this catchment 
as well as one or two locations appropriate for [permeable pavement.  Bioretention cells (16 to 38 each) 
with curb cuts as close to, and above, existing catch basins, pre-treatment forebays and amended soils is 
recommended for this catchment.  Ponding depth should not exceed 9-inches to ensure draw down of 
no more than 48 hours and dry root zone within 5 days.  It is estimated that no underdrain be needed at 
this catchment, but final design will be dependent on a soil boring sample at each proposed bioretention 
site.  A simple palette of ornamental grasses, sedges, shrubs and flowers should be designed that 
formally suits the existing landscape.  Stormwater Tree Box Planters could be located in tight boulevard 
areas along the street in a few locations if not enough simple curb-cut cells (described earlier) are able 
to be installed.  Lastly, at least one location in this catchment is a candidate for replacing asphalt parking 
lot area with permeable asphalt.   
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BMP #1 

 
Cost/Benefit Analysis Existing 

Annual Marginal Treatment Enhancement 
(amt/%) 

 
LEVEL 1 LEVEL 2 LEVEL 3 

Tr
ea

tm
en

t TP (lb/yr) 61.6 6.1 10% 9.5 15% 12.4 20% 

TSS (lb/yr) 30138 2898 10% 4549 15% 5736 19% 

Volume (acre-feet/yr) 55.74 4.89 9% 7.97 14% 9.78 18% 

Square feet of practice   4000 6750 9,500 

  BMP Type   Moderate 
Bioretention 

Moderate 
Bioretention 

Moderate 
Bioretention 

C
os

ts
 

Materials/Labor/Design   $52,480 $88,560 $124,640 
Promotion & Admin Costs   $124 $85 $66 
Total Project Cost   $54,465 $90,847 $127,149 
Annual O&M   $3,000 $5,063 $7,125 

Term Cost/lb/yr (30 yr)   $784 $852 $915 
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Catchment Summary  Model Inputs 
Acres 56.8  Parameter Input 

Dominant Land Cover Park  Pervious Curve Number 72 

Parcels 10  
Indirectly connected Impervious 

Fraction  0 

Volume (acre-feet/yr) 14.52  Directly Connected Impervious Fraction 0.5 
TP (lb/yr) 33.7  Hydraulic Conductivity (in/hr) 0.41 

TSS (lb/yr) 10501  WINSLAMM SLU file Parks_Silt 

 

DESCRIPTION 
This catchment is almost entirely consumed by the Wright County Fairgrounds and public land.  These 
grounds could be a prime location to treat stormwater runoff, educate the public, and attract wildlife.  
Some medium density single family residential homes are located within the subcatchment and the 
public ball field is nearby. 
 
 
RETROFIT RECOMMENDATION 
Bioretention cells (4 to 15 each) could be placed in the landscape with amended soils at various 
locations.  Treatment of rooftop, lawn and gravel roads would be optimized with further detailed 
assessment of the catchment.  It will be imperative that final design considerations include one or two 
forms of pretreatment from the gravel source areas.  Ponding depth should not exceed 6-inches to 
ensure draw down of no more than 48 hours and dry root zone within 5 days.  It is estimated that no 
underdrain be needed at this catchment, but final design will be dependent on a soil boring sample at 
each proposed bioretention site.  A simple palette of ornamental grasses, sedges, shrubs and flowers 
should be designed that formally suits the existing landscape, perhaps complimenting the existing 
Master Gardener plantings on-site. 
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BMP #1 

 
Cost/Benefit Analysis Existing 

Annual Marginal Treatment Enhancement 
(amt/%) 

 
LEVEL 1 LEVEL 2 LEVEL 3 

Tr
ea

tm
en

t TP (lb/yr) 33.7 3.2 9% 4.9 15% 6.8 20% 

TSS (lb/yr) 10501 678 6% 1388 13% 2106 20% 

Volume (acre-feet/yr) 14.52 1.00 7% 2.02 14% 11.49 79% 

Square feet of practice   1000 2250 3,750 

  BMP Type   Simple 
Bioretention 

Simple 
Bioretention 

Simple 
Bioretention 

C
os

ts
 

Materials/Labor/Design   $10,340 $23,265 $38,775 
Promotion & Admin Costs   $341 $189 $130 
Total Project Cost   $11,703 $24,963 $40,725 
Annual O&M   $750 $1,688 $2,813 
Term Cost/lb/yr (30 yr)   $356 $511 $616 
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Retrofit Ranking 
The following ranks catchments in order of least annual cost per LB of TP treated at the recommended 
retrofit starting point identified in the Catchment Profiles section.  It is important to understand that 
these are rough estimates of pollutant load reductions given an even distribution of BMP’s throughout 
the catchment area, most often.  In addition, assumptions were made on hydraulic conductivity of soils 
given the best data available short of soil borings and a generalized BMP design was used.  Actual 
pollutant load reductions will likely differ once build-out conditions exist given changes to these 
assumptions and designs. 

 

Catchment 
or Pond ID 

Retro 
Type 

Qty of 
100 ft3 
BMPs  

TP 
Reduction 

(%) 

TP 
Reduction 

(lb/yr) 

Volume 
Reduction 
(ac-ft/yr) 

Overall Est. 
Cost1 

O&M 
Term 

(years) 

Total Est. 
Term 

Cost/lb-
TP/yr2 

HL-28 B 4 10 3.2 1.00 $11,700 30 $356 
HL-23 B 8 10 3.5 2.14 $27,885 30 $686 
HL-17 B 10 10 4.0 2.43 $34,547 30 $757 
HL-26 B, PS 16 10 6.1 4.89 $54,465 30 $784 
HL-22 B 9 20 1.3 0.71 $38,975 30 $1,035 
HL-08 B 14 10 2.6 0.70 $46,170 30 $1,122 
HL-21 B 4 10 1.0 1.30 $14,480 30 $1,233 
HL-12 B 5 50 1.1 0.87 $17,850 30 $1,334 
HL-11 B 5 20 0.9 1.10 $17,850 30 $1,334 

 
B = Bioretention (infiltration and/or filtration) 
F = Filtration (sand curtain, surface sand filter, sump, etc)  
IR = Impervious [cover] Reduction 
PM = Pond Modification (increased area/depth, additional cells, forebay, and/or outlet modification)  
PS = Permeable Surface (infiltration and/or filtration)  
VS = Vegetated Swale (wet or dry) 
WD = New [wet] Detention or Wetland creation 
1Estimated “Overall Cost” includes design, contracted soil core sampling, materials, contracted labor, promotion and administrative costs 
(including outreach, education, contracts, grants, etc), pre-construction meetings, installation oversight and 1 year of operation and 
maintenance costs. 
2”Total Est. Term Cost” includes Overall Cost plus 30 years of maintenance and is divided by 30 years of TP treatment. 
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Appendices 

Appendix 1—Catchments not included in Ranking Table and Further Considerations 
Catchments not included in ranking table were excluded for a number of reasons, mainly involving their 
indirect connectivity to the receiving water. After BMPs are installed within the priority catchments, it is 
recommended that the watershed revisit the entire subwatershed to determine other catchments that, 
while they may be conducive to retrofitting, were not considered a high priority for this report.  Once all 
catchments are brought up to the same level of treatment (cost/Lb TP for 30-yr amortized unit cost), 
revisiting each catchment to in-fill additional treatment is recommended until the desired level of 
surface runoff-related maximum average annual loading goals are met.  It is also recommended that 
water quality sampling is employed at each outfall to the lake to calibrate subwatershed models for 
truthing and continued management of water quality within the subwatershed. 

Appendix 2—Summary of Protocol 
This protocol attempts to provide a sufficient level of detail to rapidly assess sub-watersheds or 
catchments of variable scales and land-uses. It provides the assessor defined project goals that aid in 
quickly narrowing down multiple potential sites to a point where he/she can look a little more closely at 
site-specific driven design options that affect, sometimes dramatically, BMP selection. We feel that the 
time commitment required for this methodology is appropriate for most initial assessment applications 
and has worked well thus far for the Lily Lake Assessment. 

Appendix 3—Overall Catchment Map 
See the following map showing the entire subwatershed and its catchments (next page). 
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