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Subwatershed Analysis Protocol 
Urban Subwatersheds 

Metro Conservation Districts’ Urban Subwatershed Analysis (SWA) Program  
 
The Subwatershed Analysis (SWA) Program is a collaborative effort between the Metro Conservation Districts 
(MCD), a joint powers governmental entity consisting of eleven Soil and Water Conservation Districts in 
Minnesota’s Twin Cities metropolitan area.  The SWA Program is implemented by Conservation Districts working 
with local cities, watershed districts, watershed management organizations, and other partners to complete 
SWAs for subwatersheds of priority or impaired surface waters.  The goal of these studies is to identify the most 
cost-effective stormwater retrofit opportunities to improve water quality, reduce storm runoff volumes, and 
manage stormwater rates of discharge within priority subwatersheds.  This report will explain the process used 
to meet this goal which includes identifying subwatersheds for analysis, finding locations for retrofit projects, 
modeling potential retrofit projects for pollution reduction estimates, and developing a cost estimate for each 
potential retrofit project.  The final product is a ranked list of retrofit projects that provide the greatest pollutant 
reduction per dollar spent over the life of the project.  The reports can also be amended at a later date to 
incorporate new projects as they are discovered, so long as the new projects are evaluated and ranked using the 
same model and cost criteria that the report had used.  Final reports that adhere to this basic protocol and 
structure can then be used to justify and prioritize one project over another when applying for local, state, 
and/or federal grant funding.   

Project Area and Scope Selection 
 
Many factors are considered when choosing which subwatershed to analyze for stormwater retrofits. The most 
common drivers include TMDL studies, negative trends in water quality monitoring data, non-degradation report 
modeling, local reports and studies, and public pressure.  SWAs that can be performed or supported by a Local 
Government Unit with sufficient capacity (staff, funding, available GIS data, etc.) to greater facilitate the 
assessment also rank highly.  For some communities, a SWA would complement their BMP implementation 
efforts required within their MS4 stormwater permit.  The focus is always on a high priority waterbody.  To 
receive funds from the Clean Water Fund SWA Accelerated Implementation Grant, justification as to how the 
subwatershed was selected must be documented. 

Subwatershed Analysis Process 
 
The process used for a typical SWA 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 incorporated into the process (Minnesota Stormwater Manual).  The urban 
subwatershed analysis process includes these five steps: 

1. Project Scoping – Determine project objectives, meet with local experts, define preferred treatment 
options and criteria, and refine subwatershed focus area. 
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2. Desktop Analysis – Computer-based evaluation of catchments within the subwatershed. 
3. Field Investigation – Evaluate focus areas and specific sites identified during Desktop Analysis. 
4. Treatment/Cost Analysis – Estimate potential benefits of projects, prepare cost estimates, and rank 

projects in terms of cost-benefit. 
5. Reporting – Summarize methods and findings.  Use a report table to list projects with the best cost-

benefit.   
 

Step 1  -   PROJECT SCOPING 
 

Be sure to include at least one meeting with partners/stakeholders into your SWA workplan.  You will want to 
determine the extent of your SWA, the types of retrofits you will potentially target, and uncover any other issues 
that were not considered in the initial scoping of the project.  There are potentially many items to cover during 
a scoping meeting (or series of conversations).  Below is a checklist of typical items to discuss before committing 
to any desktop or fieldwork. 

 
PROJECT SCOPING MEETING CHECKLIST: 
 

1. Review SWA process with stakeholders and provide estimated timeline for SWA process 
a. (Also see Sample Scoping Meeting Document in the Appendix) 

2. TYPICAL SWA TIMELINE  
a. TAC scoping meeting 
b. Desktop analysis 
c. Field investigation 
d. TAC review meeting 1 

i. Review identified retrofit opportunities prior to modeling 
ii. Fill missing gaps 

iii. Revise practices as needed 
e. Treatment/cost analysis 
f. TAC review of draft report 

i. Make final edits and  
g. Final report 

3. Review target area and discuss high priority areas or areas of concern 
4. Review preliminary focus area 

a. Discuss stakeholder planned and potential future projects – should any be included in the 
SWA? 

5. Discuss treatment goals 
6. Identify target pollutant(s) and reduction goal(s) 
7. Discuss preferred retrofit types (e.g. public vs. private property, pond retrofits to increase storage or 

enhance treatment, reuse, underground storage, hydrodynamic separators, bioretention, permeable 
pavement, etc.) 

8. Discuss preferred catchment naming convention(s) to align with previous studies or other stakeholder 
naming and clarify consistent terminology depending on scale (e.g. subwatershed > drainage network 
> catchment > subcatchment > microcatchment) 

9. Discuss data currently available for the analysis and identify any data gaps (e.g. land use, soils, scale of 
catchment delineations, etc.) 
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10. Establish contacts for additional data requests necessary for desktop review (e.g. GIS files for storm 
sewer networks and drainage area delineations, as-built plan sets for storm sewers and existing BMPs, 
and questions that may arise throughout the process) 

 
By this point, you should have a clear idea of which water body you are analyzing, as well as a rough idea of the 
extent of the watershed you will want to model and analyze.  In some cases, the drainage area to your priority 
waterbody may be exceptionally large and will need to be reduced in size.  You will want to work with relevant 
stakeholders (typically watershed district staff and/or city staff) to determine the area to be analyzed.  
Landlocked catchments, or those flowing through pre-existing stormwater pond networks may be considered 
for exclusion from analysis (especially those installed after local stormwater permit rules were enacted).  
Another tactic to reduce project size would be to look at only the direct-draining catchments to a waterbody.  
That is, catchments that receive no pollutant pre-treatment prior to discharging into the waterbody.  But, the 
decision to rule out certain catchments before the modelling phase should be left to the primary stakeholder in 
the SWA.  The goal is to get to a manageable study size that will fit within budget constraints while still delivering 
the majority of the benefits of such a study (e.g., achieving meaningful pollutant reductions to the priority 
waterbody). 

During the Project Scoping process, you will also want to consider the types of retrofits that are best suited to 
the landscape.  Retrofit scoping includes determining the primary goals of the retrofits (volume reduction, TP 
and/or TSS reductions, etc.) and the level of treatment desired.  It involves meeting with local stormwater 
managers, city staff, and watershed management staff to determine the issues in the subwatershed.  This step 
will help to define preferred retrofit treatment options and retrofit performance criteria.  For instance, areas 
with shallow bedrock, drinking water protection areas, or heavy clay soils may not be suitable for infiltration.  In 
some cases, city public works staff may have had good success with one type of BMP and terrible success with 
another.  It is helpful to determine the best alternatives that will suit the needs and skills of those who will be 
maintaining a proposed BMP.  

 

Step 2   -   DESKTOP ANALYSIS 
 

Desktop analysis involves computer-based evaluation of the subwatersheds in the target project area. The 
overall goal of the desktop analysis is to flag sites (using a GIS software) within the project area that may be 
suitable for the installation of water quality BMPs.  GIS data is used to visually look for clues in the landscape 
that may suggest appropriateness for certain forms of stormwater BMP’s.  See the following tables for examples 
of useful data to use in the desktop analysis and appropriate BMPs that would fit with certain landscape features.  
 

Datasets to Gather for Desktop Analysis and their Typical Usage 

Data Description Typical Use or Components 
GIS Basemap Base data for all report imagery: LiDAR (hillshade maps), 2’ contour topography, 

roads, parcel boundaries, municipal boundaries, etc.  

Hydrology National Wetland Inventory (NWI), State or county level Lake and River/Stream 
boundaries, perennial stream flow lines (when avail.) 
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Soils Maps County Soil maps in GIS.  For model inputs, use Hydrologic Soil Group (HSG) and 
notes on general infiltration capacity of soils. 

Stormwater Routing Municipal and/or county drainage networks.  Catchbasins, storm ponds, pipes.  The 
finer the detail the better.  Driveway culverts are not typically marked.  Field ID will 
have to verify these if necessary. 

Stormwater Catchments Catchment and Subcatchment boundaries (from previous partner studies or 
models). HUC-12 boundaries are helpful, but smaller subdivisions will ultimately be 
needed.  Catchment connectivity and outlets to waterbodies are critical.  May have 
to be generated from scratch using other tools such as ArcSWAT or NRCS 
Engineering Tools.  Manual catchment delineation is also an option. 

Landuse and Land Cover Data Minnesota Land Cover Classification System (MLCCS) will be used for pollutant 
modelling.  Land cover types will govern model inputs.  Metropolitan Area Land Use 
and Land Cover maps will also fill this role. 

Modelling Software for Pollutant Loading WinSLAMM or P8 are most typical for urban stormwater pollutant delivery models.  
MIDS calculator can be used for individual BMPs but is not good for catchment-
scale network modelling. 

Data Processing and Report Delivery 
Software 

Microsoft Office suite.  Excel will be used heavily for data processing, sorting, and 
creation of final tables for the report.  Use of Pivot Table function will help easily 
sort soils and land cover data needed for model inputs.  The report can be 
constructed using software such as Microsoft Word or Adobe InDesign.  Word is 
easiest to share across agencies. 

Existing BMP data Existing BMP locations and pollutant load reductions are helpful for existing 
condition models (check Watershed Districts and SWCDs).  As-built plans for BMPs 
are helpful as well (from municipalities and watershed districts). 

 
Landscape Features and their Potential Stormwater Retrofit Opportunities.  

Landscape FeatureFeature Potential Retrofit Project 
Existing Ponds Add storage by excavating pond bottom or expanding pond surface area, modifying 

riser, raising embankment, adding an Iron-enhanced Sand Filter (IESF), stormwater 
reuse, adding pretreatment bay, and/or modifying flow routing, dredge sediment 

Existing Wetlands Dredge of legacy-load sediment to improve pollutant export, expand storage, 
expand buffers. ID wetlands that may need further targeted monitoring. 

Open Space (public or private) New regional treatment (pond, bioretention).  Irrigation reuse. 
Roadway Culverts Add wetland, infiltration, or extended detention upstream of culvert. 
Outfalls Split flows or add storage below outfalls if open space is available. 
Catchbasins Curb-Cut raingardens with underdrains to catchbasins, any BMP that requires an 

underdrain connection, swirl separators and proprietary filtration devices. 
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; stormwater reuse; tree 
pits; impervious reduction; underground storage facilities; swirl separators; 
Proprietary underground treatment units 

Neighborhoods Utilize right of way, roadside ditches, curb-cut rain gardens, or filter systems before 
water enters storm drain network. 

 
The desktop portion of the analysis must also involve at least one of the following approaches before proceeding 
to step 3 – Field Investigation: 
 

Model Approach Typical Reasons for Selection 
1. Model subwatershed existing conditions (using P8 

or WinSLAMM) and select highest ranking 
catchments for further investigation – based on 
potential loading/contribution 

• Base models already exist for subwatershed (provided 
by other partners)  

• Highly complex subwatershed (number of landuse 
types, existing stormwater infrastructure) 

• Available budget 
• User preference 



Urban Subwatershed Analysis       o 5 

2. Prioritize catchments based on proximity and 
estimated delivery to receiving water body (i.e., 
directly connected, landlocked catchments, etc.) 

• Medium to large subwatersheds 
• Land morphology/stormwater infrastructure 

characterized by Isolated catchment areas 
• Available budget 
• User preference 

3. Select all catchments within selected subwatershed 
for further analysis 

• Monolithic landuse types 
• Small to medium subwatersheds 
• Available budget 
• User preference 

 
 

Special Consideration:   Wetland Investigation for Retrofits and Diagnostic Monitoring 
If there is a single wetland in a subcatchment, one could easily model this in WinSLAMM or P8 if its inlet and 
outlet elevations, and live and dead storage depths are known.  But, in this model you will only capture 
particulate and dissolved phosphorus that migrate through the wetland, based on a series of flow calculations.  
The model cannot account for real world issues such as internal loads of sediment within the water body.  If a 
wetland is modelled in this way, understand that there are limits to the model and that the outputs are only 
good when used as relative values to the other catchments modelled in the same way (using WinSLAMM or P8). 

In some instances, a watershed may be dominated by networks of wetlands and inter-connected channels, and 
determining which wetlands are important pollution sources and which are not can be extremely difficult.  
Within these networks, there will be wetlands that you may suspect would be exporting more phosphorus than 
they are receiving.  This could be due to historic presence of feedlots and grazing, or where known activities in 
the past may have contributed to unusually high sediment loading to the wetland.  Historic aerial photo 
comparisons will allow you to see basic trends over time on the landscape that may have impacted the wetland.  
But, this will only tell half the story.  Since there are not many software models that can replicate the pollutant 
delivery of a wetland (without some real-world monitoring data to calibrate your model to), then you may have 
to rely on a system of targeted pollutant and flow monitoring.  

To help solve the problem of accurately representing wetland contributions to a watershed, one could use the 
Sequential Diagnostic Monitoring (SDM) Protocol (see Appendix XXXX).  This protocol is a step-by-step manual 
on how to identify wetlands for targeted diagnostic monitoring, how to perform the tasks in the field, and how 
to quantify and analyze the results.  If this SDM protocol is used for a portion of an Urban SWA, the resultant 
wetland report could be integrated into the same final SWA report if it is declared that two different modelling 
methods were used, and an explanation of methods and assumptions are documented.  Otherwise, it is 
recommended that the areas of wetland focus become a standalone report; but mention of the diagnostic effort 
or report within the SWA is still recommended.  This way, the SWA can still be used to support grant applications 
that may target the wetlands in question. 
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Special Consideration:   Street Sweeping 
Another BMP for modelling consideration is Street Sweeping.  It has been demonstrated that increased and 
targeted street sweeping is by far the most cost-effective tool for managing TSS if a municipality already has a 
street sweeping program in place.  General increases in street sweeping frequency can be modelled in 
WinSLAMM and those results can be considered as their own BMP for consideration in the report.   

Alternatively, a targeted street sweeping analysis can be performed using the XXX TOOL provided by XXX 
organization.  This method looks at tree canopy cover of your target area and prioritizes the streets with the 
densest canopy covers and highest runoff loads in which to increase street sweeping.  This method can be used 
as a standalone tool, or the results can be integrated into the report.  If the results are integrated, make sure to 
document the assumptions and model methods in the final report. 

Top: Example of potential monitoring locations provided in the Sequential Diagnostic Monitoring Protocol 
Bottom:  Comparison of historic aerials to verify potential sources of wetland degradation 
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Special Consideration:   Shoreline Restoration 
Shoreline restoration can also be included in SWAs.  Historically, modelling shorelines alone will only show 
results for the upland runoff contributions flowing to a shoreline buffer or water body.  Traditional runoff models 
do not account for the erosion that occurs on the immediate shore, as a result of mass-wasting, calving, and 
wave action.  On an average sized lake lot, the pollution from overland runoff does not amount to much, pushing 
the cost-benefit ranking of a shoreline restoration to the bottom of the list.  But, if you are able to capture the 
near-shore erosion contributions, many shoreline restorations will fare better in the overall cost-benefit 
rankings.  This way, especially problematic shorelines will benefit from a better ranking which more accurately 
accounts for their TSS and TP contributions to a lake. 

To capture near-shore contributions, use the “BWSR Water Erosion Pollution Reduction Estimator Spreadsheet” 
(https://bwsr.state.mn.us/water-quality-tools-and-models ).  Using the appropriate tab, you can generate a 
pollution reduction estimate for near-shore losses.  This TSS and TP value can be manually added to the overland 

Above:  Example of Street Sweeping BMP Profile Page. Treatment Summary and Load Reductions 
included. 

https://bwsr.state.mn.us/water-quality-tools-and-models
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runoff estimates generated by P8 or WinSLAMM.  If using this approach, include the methodology and 
assumptions in the SWA report.  See example below for how the data could be organized in the report. 

 

 

 

Desktop Preparations for Field Work 
After desktop analysis is completed, field maps must be prepared for field work.  Depending on the size of the 
subwatershed area and available budget; fieldwork and maps should be focused on the prioritized catchments.  
Prioritize field work by identifying catchments that need the most field verification, that have the most potential 
for retrofitting, that are direct drainage to priority waterbody, etc.   
 
Field maps should include base data layers such as: air photos, topographic contour lines, catchment lines, parcel 
lines (differentiate between public and private ownership), public right-of-way, political divisions, storm sewer 
infrastructure, and land use. Have at least two pages per catchment – having all the data needed for field 
navigation and analysis and another page with basic information (parcel lines, storm sewer infrastructure, roads, 
etc.) to write down field codes/notes.  Often one map set will have contours for visual verification, then the 
other set will be without contours so it is cleaner to write notes on.   

Above:  Example of shoreline catchment that includes both WinSLAMM and BWSR Spreadsheet data. 
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Experienced BMP designers should scan the GIS data looking for clues in the landscape that may suggest certain 
BMP practice locations (see table 1 in Step 2 above).  Potential BMPs should be noted on the maps for field 
verification. It is common to mark these points in GIS so that the point can carry over if the BMP is in fact retained 
as a viable practice. If potential projects are identified within the Right of Way, utility maps can help further vet 
potential project locations. 
 
An alternative to field collection on printed maps includes working with Arc Collector and Survey 123.  This way, 
if you have a mobile device that has cellular data and GIS location capabilities then you can create a field-form 
with standardized presets based on each BMP type and size.  This allows for streamlining of critical modelling 
and design information that will be used in WinSLAMM or P8, later in the process.  Entering data via a mobile 
device can save some time on the back-end and eliminate the need to transcribe handwritten field notes.  Having 
mobile data entry also allows for immediate entry of critical information that may be lost or forgotten, since it 
is common that you may not be able to transcribe your field notes into GIS until a week or two after your field 
visits. 
 
Finally, before entering the field, you may need to send out mailings to inform landowners and residents that 
your organization will be conducting site visits for water quality improvements.  State the reason for the study, 
alert them to the dates, and give relevant contact info for questions.  This is especially important if there are 
multiple sites that are deep within private property boundaries and likely cannot be seen from the road (you 
need to walk onto the property to see the site).  Giving ample time for landowners to respond is critical and 
these mailers should be sent at least 3-4 weeks in advance of your anticipated field visits. 
 

Step 3:      FIELD INVESTIGATION 
 
 
After identifying potential retrofit sites through the desktop search, a field investigation is conducted to evaluate 
each site.  In the field, you will test design assumptions and identify factors that can negatively impact the BMP 
design.  Site constraints are assessed to determine the most feasible BMP retrofit options as well as eliminate 
sites from consideration.   Issues with micro-grading, incorrect catchment boundary delineation, conflicts with 
utilities, or catchbasins that are too shallow to plug an underdrain into are all items that can be verified in the 
field and used to eliminate projects from contention.  During the investigation, the drainage area and 
stormwater infrastructure mapping data are verified.  The field investigation may also reveal additional retrofit 
opportunities that could have gone unnoticed during the desktop search.  

Public right-of-way and public land within priority catchments are often used as a starting point for visual 
assessment.  There may be a need for a second and third visit into the field. There are often new BMP locations 
that were identified during the Desktop or Field Analysis steps, but they could not be seen from the road or from 
adjacent public areas.  These landowners should be contacted via mailers to alert them to your desire to visit 
the site at a specified later date.  You can also give the landowner the option of meeting with you personally if 
you determine the project is important enough to garner some early buy-in from the landowner. 
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Field Work Procedures 
 
Materials Needed:  Base maps with required data, field codes (optional), colored pens, camera, GPS (optional), 
100’ tape, 25’ tape, catchbasin grate lifter, flashlight, credentials and business cards, construction-colored field 
vest, marked vehicle 
 
Minimum Data for Field Maps:  Air photos, topographic contour lines, catchment lines, parcel lines (differentiate 
between public and private ownership), public right-of-way, political divisions, storm sewer infrastructure, land 
use, soils information (can be on a subwatershed overview page), areas of interest for field checks. 
 
Field Map Size:  11” x 17” field maps work best for use in the field.   
 
Procedure: 

 
1. Create hardcopy base maps. Base maps are needed for all land area within each priority catchment. Map 

scale should be no greater than 1 inch = 300 feet for proper interpretation of site features (smaller scale 
may be used). Each printed map should display the following: aerial photo, parcels, contours, and roads 
– this map is to be used for taking field notes. An overall large-scale location map is needed, showing 
the area covered by each base map. 
 

2. Identify all potential viewing areas to visit for each base map (typically public roadways and public 
property).  Is it a drive-by of all locations? Or, are there opportune spots on adjacent lands where you 
can view certain sites that are too far from the road to be seen from a vehicle?  Are there locations that 
you had a question about before you could determine if a BMP is feasible.  Mark those as a location to 
visit. 
 

3. Take legible field notes (using a dark-colored pen); record site characteristics, potential BMP locations, 
stormwater infrastructure locations, pour points, and any other pertinent information. Record critical 
locations using GPS (approximate locations by sketching on base maps). 
 

4. Scan field notes and create a digital file for all field-checked areas. 
 

5. Maintain a list of probable high-priority project areas not observable from public roadways or public 
property for individual follow-up site visits. Create a standardized packet of information for landowners 
that includes a description of the project, a map of the site, information about potential BMPs and cost-
share grants available, and other pertinent information. Conduct follow-up site visits with landowners. 
 

6. For all potential BMP locations, evaluate cost-benefit potential. Using simple evaluation methods, staff 
will determine the expected P reduction due to BMP installations. 
 

7. Critical Inputs for BMPs:  BMP Location, BMP Type; BMP footprint area; BMP depth; BMP drainage area;  
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8. Potential Inputs for BMPs:  Underdrain needed for raingardens? Nearby catchbasin depth acceptable 
for connecting underdrains?  Is a wall needed?  Utility conflicts requiring relocation? Other site-specific 
notes that will impact the design? 

a. Many items will determine BMP feasibility and can have a dramatic increase on the cost.  Not 
all raingardens are equal and it will create a more accurate cost-benefit ranking if you consider 
these costs while in the field, before the modelling and ranking phase. 

 

Step 4  -  TREATMENT/COST ANALYSIS 
 
 
It must be decided (prior to this phase) which method of comparison will be most useful for the report structure: 

• Option 1: Compare individual BMPs against each other, regardless of catchment location  
• Option 2: Compare overall catchments and their collective load reductions. 

 
Option 1:  This is the preferred strategy overall, regardless of TMDL status of the waterbody.  Often, there is no 
specific load reduction target other than the goal of overall, measurable improvement in the waterbody.  This 
method is also useful for areas that are extremely limited in good locations for BMPs.  Downtown Stillwater, 
Minnesota would be a great example of an area with limited BMP opportunities.  There are tight lots, odd ROW 
boundaries, poor soils, steep slopes, DWSMA and wellhead protections areas, and karst geology.  There are not 
many opportunities to implement BMPs so you essentially take what you can get; and then compare them 
against each other to see which BMPs rank as the best cost for the most pollution reduction. 
 
Option 2:  This option is most beneficial if a TMDL has been assigned to the waterbody and multiple cities are 
involved; where each city has been assigned their own individual wasteload allocations.   If the TMDL states that 
the individual community needs 100lbs of TP reduction to the waterbody, then the goal should be to find the 
largest offending catchments, and then model scenarios of alternative levels of BMP implementation that allow 
you to achieve 100lbs of TP reduction.  Then you would rank the overall cost/benefit of implementing those 
BMPs in each catchment collectively.   Using this approach does not rule out the need to compare the benefits 
of individual BMPs.  Even though the report will be structured in response to the TMDL and catchment wide 
goals, the accompanying table of ranked individual BMPs will still be vital.  There may be a situation where a 
great BMP is located in a catchment that may not be ranked very high itself.  Nevertheless, the BMP would still 
be of a great cost-benefit to the waterbody.  For this type of report, the individual BMP ranking table can reside 
in the Appendix.  See examples below: 
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The cost/benefit analysis and modelling must be based on a comparison of pre-BMP installation versus post-
BMP installation scenarios (choose P8 or WinSLAMM).  There will be an Existing Conditions model with existing 
BMPs and waterbodies included.  Then there will be a Proposed Conditions model that integrates all of the 
proposed BMPs you have identified. 
 
Rank catchments or BMPs using cost/benefit analysis (cost table provided; can be modified to use local cost 
data).  Estimated costs should include design, installation, and maintenance - annualized across a 10 or 30-year 
period (chosen by the most common BMP).  Estimated benefits can be pounds of phosphorus removed, total 
suspended solids removed, volume removed, or another pollutant of concern.  Most commonly it is TSS or TP.  
Also, even if the primary target is perhaps TSS, it is good to include alternative rankings by TP or volume in the 
Appendices.  This decision is left to the primary partner on which cost-benefit rankings they would like to see 
in the final report.  

Top: Example of Catchments ranked against each other if ALL BMPs were to be implemented in each catchment. 
Bottom:  Example of BMPs (and their associated drainage areas) ranked by BMP cost-benefit.  Here the color of each BMP 
catchment matches the ranked list, where groupings of BMPs are further categorized in groups ranging from High to Low 

priority. 
Below: Ranked list of BMPs that supports the map in the Bottom Image (above) 
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Treatment analysis 
Each proposed project’s pollutant removal estimates must be estimated using a water quality stormwater model 
such as P8 or WinSLAMM.  Both models are useful for determining the effectiveness of proposed stormwater 
control practices, but they are slightly different in how they are built and operate.  WinSLAMM has been 
preferred by Twin Cities SWCD’s because it uses an abundance of stormwater data from the upper Midwest and 
elsewhere to quantify runoff volumes and pollutant loads from urban areas.  It has detailed accounting of 
pollutant loading from various land uses and allows the user to build a model “landscape” that reflects the actual 
landscape being considered.  The user is allowed to place a variety of stormwater treatment practices that treat 
water from various parts of this landscape.  It also uses rainfall and temperature data from a typical year, routing 
stormwater through the user’s model for each storm. 

An Existing Conditions model should be constructed to estimate pollutant loading from each catchment in its 
present-day state, considering existing stormwater treatment.  To accurately model runoff volumes and 
pollutant loading and runoff, you have to consider the impervious and pervious makeup of each catchment.  
WinSLAMM utilizes different Standard Land Uses to model these different impervious to pervious ratios.  P8 
utilizes Curve Numbers to help define these ratios.  In both situations, assigning either a Land Cover classification 
or delineating impervious and pervious cover across your entire project area in GIS will be a necessary step in 
order to construct your stormwater model. 

If the project area is in Minnesota, making use of the Minnesota Land Cover Classification System (provided by 
the MN Dept of Natural Resources) can assist in assigning Land Cover Classifications to your project area.  The 
dataset has predefined CN values that you can use for inputs into P8.  The MCD also has an amended MLCCS GIS 
dataset (available through the Washington Conservation District) where portions of the metro area have been 
reassigned to reflect WinSLAMM’s Standard Land Use codes.  This makes modelling much easier since the land 
uses have already been recategorized for use in WinSLAMM.   

The Proposed Conditions model should use the Existing Conditions model as its base.  Then there are two ways 
in which you can enter proposed BMPs into your Existing Conditions model.  1) Insert BMPs directly into the 
Existing Conditions model, where the proposed BMP catchments have already been considered in the 
construction of the Existing Conditions model.  This means that either you have anticipated all of your proposed 
BMPs and catchment areas ahead of this step, or you will have to rebuild the Existing Conditions model to reflect 
your new proposed BMP catchments and locations.  This can be time consuming in a large model, but it is a 
viable method.  2) If the proposed BMP catchments have not been considered and previously built into in the 
Existing Conditions model, then it would be appropriate to model the BMPs individually (in separate WinSLAMM 
models).  Then, the pollutant load reductions can be deducted from the Existing Conditions model in Excel.  This 
way you do not have to rearrange your Existing Conditions model in order to accommodate your proposed BMPs 
and their respective catchment areas.  Rearranging the model can easily over-complicate and corrupt your 
model, especially in WinSLAMM.  If using this approach, ensure that both the BMP and the Existing Conditions 
models are equally constructed so that they both accurately reflect the real-world conditions of the proposed 
BMP catchment area (percent impervious area cover and soil types are the most critical).   

Cost Estimates 
Cost estimates should be based on annualized costs that incorporated design, installation, installation oversight, 
and maintenance over a 10 or 30-year period (depending on lifecycle of BMPs proposed).  In cases where 
promotion to landowners is important, such as rain gardens, those costs should be included as well.  In cases 
where multiple, similar projects are proposed in the same locality, promotion and administration costs can be 
estimated using a non-linear relationship that accounts for savings with scale.  Design assistance from an 
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engineer is assumed for practices in-line with the stormwater conveyance system, involving complex stormwater 
treatment interactions, or posing a risk for upstream flooding.  Cost estimates should reflect the level of design 
that is being considered, and assumptions should be documented in the report.  For instance, you can choose 
to model cost on a conceptual design level; where costs may not consider the intricacies of a specific site.  While 
this is not the best option for evaluating BMPs, it is often the budget-conscious choice for the SWA if there are 
large project areas or where hundreds of BMPs are being considered.  The other option is to model costs based 
on construction feasibility; where essential design parameters have already been considered and it is possible 
to know whether an underdrain is technically feasible, a utility needs to be relocated, or wall is needed due to 
steep grades.  This allows for more accurate cost estimation and becomes a much more helpful tool for making 
implementation decisions down the road.  In general, if a more detailed design and cost estimate for each BMP 
can be attained within the SWA scope and budget then it should be pursued. 

Evaluation and Ranking 
A table that ranks each BMP based on its cost benefit value is a required component of the SWA report.  For 
instance, you have determined that the cost per pound of phosphorus treated is the most important for your 
report. Your table will include a ranked list of BMPs, their ID number or name, the BMP type, the total project 
cost (including design, O+M annualized costs), and the cost/lb of TP removed per year.  See table below for an 
example of what information should be included, as well as what optional data could be included depending on 
what deliverables your partners would like to see.  Notice that this table ranks by cost per pound of TP removed, 
but also includes the cost per ton of TSS removal (which is not ranked).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Above:  Table ranked by total cost per pound of TP removed annually over 10 years.  Highlighted fields are minimally required fields to include in the 
ranking table of a SWA report. 
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Step 5  -  SUBWATERSHED ANALYSIS – FINAL REPORT 
 
 
The SWA Final Report is a physical document that is assembled to act as a stand-alone report including all 
pertinent information to conduct the analysis and install prioritized BMPs.  The report must have a structure 
containing the following information: 
 

1. Executive summary - Include Map of BMPs and Catchments and the Ranking Table as part of the 
executive summary.  Briefly describe existing conditions of watershed, what pollutants are being 
targeted, mention any TMDLs or LGU planning documents that are driving the process for improving the 
waterbody.  Describe brief summary of findings such as number of BMPs, difficulties in locating BMPs, 
unique features that drove key decisions.   

 
2. Required maps – Project Area Map showing all subcatchments and catchment connectivity (one map or 

diagram showing flow routing between all catchments and receiving water).  Can be separate maps or 
one single map.  Include in the Executive summary as well as in the Appendix or body of report (as 
appropriate).   

 
3. Catchment and associated BMP descriptions- One Catchment Profile for each priority catchment must 

include pertinent catchment characteristics, written description of existing conditions, catchment 
overview map showing potential BMP locations, and description of potential BMPs.  Include a short 
description of each BMP and pollution reduction benefit.  Table of key model outputs should be included 
in catchment summary, and each BMP profile should have a table describing the BMP’s individual cost, 
cost-benefit value (rank is optional), and pollutant reductions.  
 

4. Appendix 
a. Local cost assumptions and documentation – Provide a description of costs used for each BMP 

in the appendix.  Any other cost assumptions should be documented as well, especially those 
that may be useful to a user who reads the report years later. 

 
b. Protocol for analysis (field and desktop) - Modelling methodology and basic design assumptions 

of each BMP described in the report, and references. 
 
 

SEE BELOW FOR GRAPHIC EXAMPLES OF KEY REPORT REQUIREMENTS 
 
 

1. Executive summary - Include Map of BMPs and Catchments and the Ranking Table as part of the 
executive summary (SEE “2. Required Maps”).  Briefly describe existing conditions of watershed, what 
pollutants are being targeted, mention any TMDLs or LGU planning documents that are driving the 
process for improving the waterbody.  Describe brief summary of findings such as number of BMPs, 
difficulties in locating BMPs, unique features that drove key decisions.   
 

2. Required maps – Project Area Map showing all subcatchments and catchment connectivity (one map or 
diagram showing flow routing between all catchments and receiving water).  Can be separate maps or 
one single map.  Include in the Executive summary as well as in the Appendix or body of report (as 
appropriate).  See examples below. 
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Catchment Map - Required:  Show each catchment boundary analyzed in the study. 

Optional: Rank each catchment by pollutant capture potential if all proposed BMPs were to be installed (shown here), 
Rank each catchment by existing pollutant loading (which catchments were most important for pollutant load reduction 
and BMP consideration), etc. 
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BMP Location Map - Required: BMP point with BMP Name at approximate location  

 

BMP Location Map – Optional: ranking of BMP which is color coded by rank -or- BMP point is 
replaced with BMP catchment boundary (shown below, to better illustrate rank and location of each BMP) 
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3. Catchment descriptions- One Catchment Profile for each priority catchment must include pertinent 
catchment characteristics, written description of existing conditions, catchment overview map showing 
potential BMP locations, and description of potential BMPs.  Include a short description of each BMP 
and pollution reduction benefit.  Table of key model outputs should be included in catchment summary, 

BMP Ranking Table - Required: BMP Name, Catchment in which it resides, BMP Cost-Benefit Rank, 
Pollutant being ranked, Project Cost used for ranking,  

Optional: Additional pollutants of concern (for reader reference), maintenance costs, # of projects identified (if 
multiples of same BMP type), page number where BMP is located in the report, etc.  
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and each BMP profile should have a table describing the BMP’s individual cost, cost-benefit value (rank 
is optional), and pollutant reductions.  

 
 
 
 
 
 
 
 

 

Catchment Summary Page (below) - Required: Catchment Map (w/Flow Arrows connecting adjacent 
catchments), Catchment Existing BMPs and existing load summaries, brief description of catchment cover, conditions, 
and existing BMP treatment. 

Optional: Describe unique features that would impact design of BMPs such as DWSMA and groundwater protection 
rules, karst features, bedrock outcrops, excessive slopes, poor soils, etc.   
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BMP Summary Page (below) - Required: BMP Name and BMP Type, brief description of BMP 

Optional: BMP rank that correlates with BMP ranking table (for ease of report navigation) 
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BMP Profile Page (below) - Optional:   Individual BMP profile pages describing BMP design and site conditions 
in detail (budget permitting), BMP rank that correlates with BMP ranking table (for ease of report navigation), design 
assumptions and issues that may affect participation or cost, items for additional consideration to increase BMP 
effectiveness that may need additional feasibility studies or soil borings, etc.    
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4. Local cost assumptions and documentation – Provide a description of costs used for each BMP in the 
appendix.  Any other cost assumptions should be documented as well, especially those that may be 
useful to a user who reads the report 10 years later.  Also, it will be helpful to reference a recently 
completed SWA in your region for the most up to date cost projections.  These can then be edited to fit 
your particular regional construction market or local cost assumptions. 

 

Excerpt from a cost table used for a SWA.  There are many more columns included that are not shown (admin cost/design cost/other 
lifecycle costs as necessary). 

 
 
5.  Appendix - Protocol for analysis (field and desktop), modelling methodology and basic design 

assumptions of each BMP described in the report, and references.  
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Appendix  
 

1.  Example Project Scoping Document 
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2:  WinSLAMM and P8 Screenshots: 
 

Example WinSLAMM 10 Catchment Routing View: 

 

Image from Golden Lake Subwatershed Analysis – Anoka Conservation District 
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P8 Mass Balance Terms: 

P8 online help guide 
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3.  Example Field Investigation Codes
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