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EXECUTIVESUMMARY

This report summarizes an assessment of potential stormwater system improvements for Aitkin,
Minnesota. The assessment evaluated the potential for water quality best management
practices (BMP) retrofits to reduce phosphorous and sediment contribution to the Mississippi
River, or other water bodies of interest within the Upper Mississippi River basin. A tiered approach
was used, which included a desktop analysis, field reconnaissance, and treatment and cost
evaluation. Results of the evaluation were reported in dollars per pound of total phosphorous
removed over a 50 -year project life cycle.

Thepr oj ect consisted of a review of the City6s existing
infrastructure, catch basins, ponds and outfalls), zoning and land use information, and other

records to identify potential locations for stormwater BMP retrofits t hat could reduce total

phosphorous and total suspended solids loading to the Mississippi River, or other water resources

of interest within the watershed . Data and specific areas of interest were reviewed with

Mississippi Headwaters Board ( MHB) and City st aff (when available) to verify field conditions,

identify site -specific issues that would factor into BMP selection, and to assess overall BMP design

and performance limitations. Following the overall evaluation, specific Priority Management

Areas (PMAs) a nd BMP retrofits were selected for analysis.

Water quality modeling was performed to determine existing conditions and to determine sizes
for the BMP retrofits that would achieve various levels of treatment for total phosphorous and
total suspended solids . Costs for each BMP retrofit were determined, and a present value
analysis was performed. The present value analysis included capital (construction) costs, other
project costs (design), regular maintenance costs, and replacement or rehabilitation costs
(where applicable) for a 50 -year period. Costs were then reported as a ratio of present value

dollar per pound of total phosphorous removed. Thisvalue can be used to evaluate BMP cost
effectiveness, and to help the City determine which options could p rovide the highest return on
investment. A summary of the evaluation is provided in the Table 1.

Table 1: Summary of BMP Retrofit Analysis

Total Annual Total Annual Total Present Total Present
. BMP Retrofit BMP Retrofit Capital Value of BMP Value / TP
el Bl Ol TP Removal TSS Removal Costs Retrofit Costs Removal
(Ibs) (Ibs) (6)) ($/Ib)
PMA 1 . .
Bioretention Cell 0.4 64 $25,152 $53,320 $2,666
(51%)
PMA 2-P Extended
) . 0.5 164 $10,626 $52,275 $2,091
(52%) Detention Basin
PMA 2-I . .
Bioretention Cell 2.0 341 $91,302 $172,419 $1,724
(72%)
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1 INTRODUCTION

The Mississippi Headwaters Board (MHB) operates as a joint powers board of Clearwater,
Beltrami, Cass, Hubbard, Itasca, Aitkin, Crow Wing and Morrison Counties to identify and protect
the natural, cultural, scenic, scientific and recreational values of the first 400 miles of the
Mississippi River.The MHB works with municipal and other jurisdictions within these counties on
various projects to enhance water quality and stewardship of the water resources within the
watershed.

In June 2014, MHB contracted wit h HDR to perform an assessment of water quality Best
Management Practices  (BMPs) for the Cities of Little Falls, Grand Rapids, and Bemidji, Minnesota.
These analyses were completed in December 2014. In May 2015, MHB contracted with HDR to
perform similar a nalyses for the Cities of Aitkin, Cass Lake, Cohasset, La Prairie, Palisade, Riverton,
and Walker, Minnesota. This report is a result of the 2015 analysis for the City of Aitkin.
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2 METHODS

The retrofit assessment foll owed an approach based on
Urban Stormwater Retrofit Manual (CWP 2007).  As the steps proceed, a finer resolution method

was used to analyze the potential BMP retrofit performance and value (Figure 1. The BMP retrofit

analysis approach used in this analysis. ). Each step of the process helped refine a list of priority

areas by eliminating areas or sites w here BMP retrofits would likely be ineffective or highly difficult

to install or maintain . A detailed descriptionof t he Center for Watershed Protec
is provided in this section.

Figure 1. The BMP retrofit analysis approach used in this analysis.
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1. Study Area Prioritization
2.1 STUDYAREAPRIORITIZATION
The purpose of the study area prioritization, or retrofit scoping step, was to refine the retrofit
strategy to meet local objectives. Int  his case, the overarching goal of the BMP retrofit project
was to identify projects that would have a positive impact on water quality in the Mississippi
Headwaters basin, including the Mississippi River and other water resources within its watershed.
Discussions with MHB staff and representatives from each of the seven cities involved in this study
helped to identify local goals and priority areas for stormwater BMP retrofits. Local knowledge
was helpful in understanding past, current, and future stormwate r conveyance and treatment

issues. Alignment and coordination with local projects was an important consideration in
evaluating BMP retrofit sites.

2.2 DESKTOPANALYSIS

The purpose of the Desktop Analysis was to gather existing mapping and data, conduct a
desktop search for BMP retrofit s, and prepare base maps for field review. Available data for the
City was reviewed as a first step in identifying areas of interest for BMP retrofits. Data was mainly
geographi c¢ information systems (GIS) -based and included aerial photography, LiDAR, parcel
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information , soils, topography, land use, wetland, stream and lake locations, as well as existing
municipal stormwater pipe and BMP  type and location, when available.

City stormwater infrastructure data were imported into the GIS mapping file and a digital
elevation model (DEM) and  contour s were used to manual ly digitize subwatershed boundaries .
Subwatersheds that were most likely to contribute the majority of pollutant loading to water

bodies of interest , and those that were either non  -contributing or likely to have either significant
treatment in place or less feasible options for BMP retrofit s were identified . The resulting areas of
interest were comprised of pipesheds or subwatersheds that either directly discharged to the
Mississippi River (or water body of interest ), had wetlands or stormwater BMPs that could be
modified to impro ve water quality performance or those that, despite having existing BMPs,
appeared to have poten tial to retrofit additional BMPs with primarily different pollutant removal
processes. This process is outlined in Table 2: Process for Identifying Areas of Interest . Areas of
interest were reviewed with  MHB and City staff, when available, and were  mapped for use in the
field reconnaissance phase.

Each area of interest was reviewed to identify and develop initial concepts for m id- to large -
scale storage -focused BMP retrofits (CWP 2007) . These include:

Modification of e xisting pond s

Areas a bove roadway culverts

Areas b elow stormwater outfalls

Areas w ithin the conveyance system (ditches or daylighting opport unities)
Transportation rights -of-way

Large parking lots

S e o

The areas of interest were then reviewed to develop concepts for on-site BMP retrofits (CWP
2007), including:

Hotspot operations (e.g., gas stations, industrial, chemical/fuel storage yards, etc.)
Small parking lots

Residential streets/blocks

Open space/pervious areas for disconnecting pervious areas

Urban hardscape

Large rooftops

Underground treatment

No ook owbdpRE



FR

Table 2: Process for Identifying Areas of Interest

Step 1: Does the p ipeshed or subwatershed contribute to the water resource of concern?
1. Review stormwater drainage and pipe infrastructure data
2. Evaluate using HydroCAD
3. Incorporate local knowledge

If yes, then move to Step 2.
If no, then exclude from further analysis.

Step 2: Does the pipeshed or subwatershed drain directly to the water resource of concern?

1. Review stormwater drainage or pipe infrastructure data

If yes, then include the area as an Area of interest.
If no, then move to Step 3.

Step 3: Does the pipeshed or subwatershed drain to a wetland?

1. Review stormwater drainage and pipe infrastructure data

If yes, then move to Step 3A.
If no, then move to Step 4.

Step 3A: Is it feasible to modify the wetland or treat the outflow with infiltration or filtration?

1. Review National Wetland Inventory, parcel, soil and topography data, and aerial photography

If yes, then include as an Area of interest.
If no, then exclude from  further analysis

Step 4: Does the pipeshed or subwatershed drain to an existing stormwater BMP?

1. Review stormwater drainage and infrastructure data

If yes, then move to step 4A.
If no, then exclude from Area of interest.

Step 4A: Is it feasible to modify the existing BMP to improve performance or retrofit BMPs upstream
that use different pollutant removal mechanisms than the existing BMP?

1. Review access easement, parcel, soil and topography data and aerial photography

If yes, then include as an Area of interest
If no, then exclude from further analysis.

For each site, consideration was given to several types of BMP retrofit s, or configurations . These
are shown in Table 3: Stormwater treatment options by location (adapted from CWP 2007) ,
which summarizes appropriate stormwater treatment practices for specific site conditions. The

BMP retrofits were selected for specific parcels and identif ied for field reconnaissance.
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Table 3: Stormwater treatment options by location (adapted from CWP 2007)

Stormwater Treatment Option (BMP)

Location Extended Wet Ponds Stormwater Bioretention Filtration Infiltration Swales

Detention Wetlands
Existing pond modification Q Q Q A A
Above roadway culverts Q A Q
Below stormwater outfalls Q Q A A
Within the conveyance A Q Q ' Q
system
Transportation right of ways Q Q Q Q A A
Large parking lots Q Q Q A A A '
Hotspot operations ' ' ' Q Q X
Small parking lots Q Q Q Q
Residential streets/blocks Q A A '
Open space Q A Q Q
Urban hardscape ' ' A Q A A A
Large rooftops Q A Q
Underground treatment A A Q A
Q = P st@rhvaterrtreatinent option
A = Feasible in some circumstances
' = Seldom used for the retrofit
X = Not recommended under any circumstances
2.3 HELDRECONNAISSANCE
The objective of the field reconnaissance was to confirm drainage systems and inv estigate

retrofit feasibility within the area of interest . The field visit allowed HDR , MHB and City staff to
review the retrofit sites together and to investigate the feasibility of retrofit concepts in the field.
This helped identify both potential BMP r etrofit opportunities and non -contributing sites and sites
with limited retrofit potential.

Meeting with the City and MHB staff was important in the evaluati on of field conditions and in
determining which areas should be carried through to the next step in the analysis. Field review

and input from the City helped identify and confirm priority areas, and other potential areas for
improvement that could  have a larger impact on the  water quality within the study area, as well

as rule out certain areas that wer e determined to  have minimal impact or be  difficult to retrofit .

Using the information from the desktop analysis and field reconnaissance of the areas of interest ,
Priority Management Areas (PMAs) were  selected for further analysis. The PMAs represent are as
within the City that were determined to have high potential for water quality treatment and BMP
retrofit installation, will align well with city planning, and have the potential to provide multiple

benefits (i.e. water quality improvement and volume reduction ). For each PMA, the total
drainage area, land use, stormwater infrastructure , existing water quality BMPs and othe r
subwatershed characteristics were assessed. BMP retrofit s were selected for each  location using
the data and information gathered in the field. The process for selecting PMAs is summarized in
Figure 2: PMA Selection Process .




FR

Figure 2: PMA Selection Process

Priority
Manage
ment Area

Study Area Desktop Areas of Field Recon

Prioritization Analysis interest naissance

2.4 TREATMENTANALYSIS

PMAs were analyzed to estimate total phosphorous and total suspended solids loading , the level
of treatment of any existing stormwater BMPs , as well as improved treatment  that could be
achieved with BMP  retrofit s. Water quality modeling  was performed using a stormwater model
developed for designing and evaluating runoff treatment sch emes for urban developments
Thismodel , ¢ a | | Brdgram for Predicting Polluting Particle Passage through Pits, Puddles, and
Ponds 6, or 0P80, predicts the generation and transport of urban stormwater constituents, and has

the ability to model the performance of BMPs placed within the drainage area. It accounts for

both the effects of physical infrastructure, like detention ponds, and operational practices, such
as street cleaning. The model uses estimates of impervious area, pervious land area runoff
coefficients, and sediment -pollutant associations to calculate both volume and water quality of

urban runoff. Continuous water -balance and mass -bala nce calculations are performed on user -
defined drainage system s, runoff storage/treatment areas, and various water quality
components. Simulations are driven by hourly rainfall and daily air temperature values.

City zoning maps were imported into the proje ct GIS file, when available . Each zoned use was

reviewed, along with aerial photography, and compared to land use definitions provided in

WinSLAMM documentation for reclassification purposes (Pitt, et. al., 2014 ). WinSLAMMG6s | and
definitons werethen used to ocali brat ed WRIBgthHe mpidance ipthaP8hedpt er s

file for watershed definition (Walker 2014; Appendix 3 & Parameterization of P8 Inputs to

WIinSLAMM).

2.4.1 Existing Treatment

Existing conditions were modeled using P8  to define baseline water quality condi tions. Pollutant
loading within the drainage area was estimated, including total phosphorous and total
suspended solids. For those PMAs with existing water quality BMPs in place , including wetlands ,
ponds, and buffer strips, the pollutant removal efficiencies of these existing treatment features
were modeled.

For existing ponds and wetlands, a erial photography was used to digitize an approximate
permanent pool footprint. ~ The DEM was used to determine the acreage of potential live storage
above the permanent pool. Pipe size data from the City stormwater infrastructure was used

(when available) to establish outlets for these features, se t at the permanent pool elevation.
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Since no bathymetry data was available, it was assumed that there was 3 feet of permanent

pool depth andthe ponds were constructed with  3:1 side slopes. Dry ponds that were observed
during the field reconnaissance were m odeled based on estimated depths and slopes from the

site visit. Drainage areas connected to these BMPs were defined and a 20 -year, continuous
model was run. The results were designated as existing conditions for the PMA.

2.4.2 Retrofit Treatment

Once exis ting conditions were established, t he BMP retrofits were modeled. The 20-year
continuous model was run in incremental steps , re-sizing the BMP retrofits at each step to
achieve various levels of pollutant removals ( typically 30%, 50%, and 70%). Where the e xisting
treatment exceeded these levels, the BMP retrofits were sized to achieve up to a 90% pollutant
removal. In some cases, the BMP size (and therefore treatment potential) was limited by site
constraints . In these cases, the size of the BMP was optimiz ed and the maximum removal was
noted. The pollutant removal efficiency of the BMP retrofit was considered to  gether with existing
treatment to estimate overall PMA treatment levels

Water quality BMPs evaluated in these assessments included permeable paveme nt, various bio -
retention strategies, extended detention basins , and improved buffer strips . Conceptual
treatment modeling assumed the following for each BMP:

1 Permeable pavement : Asphalt parking stall located within a rebuilt parking lot such that
it receives sufficient flow from the lot to achieve various levels of pollutant removals
Three feet of angular granite with a void space of 40%.

1 Curb-contained (boulevard) bioretention : One high -flow bypass curb -cut inlet to each
50 ft2 bioretention cell.  Vertical side slopes with 6 inches of ponding depth and 2 feet of
infiltration storage depth . Over-excavation of in situ soils. Infiltration material consists  of
sand /MNDOT Grade 2 Compost media  mix (70%/30%).

1 Regional bior etention : Improved grading to drain the subwatershed to a common
location for BMP placement . Vertical side slopes and 1 foot of infiltration storage depth
with overflow draining to the buffer strip or subwatershed outfall , depending on the
downslope landsc ape. Over-excavation of in situ soils. Infiltration material consists of
sand/MNDOT Grade 2 Compost media  mix (70%/30%).

1 Extended detention : New pond with 4-foot long weir overflow . Permanent pool depth of
1 foot , flat bottom, vertical side slopes. Live po ol of 2 feet with vertical sides slopes.

1 Buffer strips: Improved vegetation with tall, native grasses between sources of pollutant
runoff and the receiving surface water. Length, width, and slope consistent with
conditions where short grass vegetation is  already present.

The BMPs were modeled in accordance with the criteria above. Design and construction of the
BMPs may vary to allow for more gradual side slopes, perforated pipe underdrains, and forebays
to support maintenance activities.
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2.5 VALUEANALYSIS

Capital and operations and maintenance (O&M) costs for each BMP retrofit were determined,
and a whole life cost approach was used to generate planning -level costs for the various BMP
options. The cost analysis included capital (construction) costs, other project costs, which
include design and project administration costs, as well as O&M costs, which include regular

maintenance activities and infrequent or corrective costs (where applicable). Costs were
tabulated over a 50-year period, and a present value was determined. Costs were then
reported as aratio of present value dollar per pound of total phosphorous remov ed to compare
the cost effectiveness of various BMP retrofit s, based on the annual total phosphorus treatment
from the 20 -year continuous mo del process described in Section 2.4 above

A whole life cost tool developed by the Water Environment Research Foundation (WERF) was

used to develop the present value of costs for each BMP retrofit option. The tool consists of a set
of spreadsheet sthat c ombine capital costs and ongoing maintenance costs to estimate whole
life costs . Simplified methods were used to determine capital costs for constructing BMP retrofit s.

Maintenance costs included both regular and infrequent maintenance activities. Regular
maintenance included inspection, vegetation management, and trash removal, among other
activities. Infrequent or corrective maintenance activities included any intermittent activities to
rehabilitate or replac e all or portions of the BMP. These might include sediment removal from
detention basins, or replacement of pavement sections, and other intermittent activities.
Schedules (months or years between maintenance periods) were estimated for each activity

Once capital and annual costs were determined, whole life costs were calculated for each BMP

retrofit . A discount rate of 3 percent was used to bring costs accrued over a 50 -year period to a
common present day value. The present value of all costs was then div ided by the estimated

pollutant removal (in pounds of total phosphorus over the 50 -year life) to determine the cost

efficiency of each  BMP retrofit.
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3 CITYWATERSHED
3.1 WATERSHEDC HARACTERISTICS

Aitkin is located along the south side of the Mississippi River. The Ripple River, which is a tributary
to the Mississippi River, flows through the City from the southwest to the northeast. The majority of
t he Cstarmpwater runoff does not directly discharge into the Mississippi River. Most of the
stormwater runoff either flows into the Ripple River or is disconnected from the Mississippi River by
topographic features and vegetated buffer strips . The watershed primarily consists of residential
areas and downtown commercial areas. The downtown area has predomi nantly impervious
land cover and discharges to storm sewer infrastructure that drains to the Ripple River.

3.2 STORMWATERINFRASTRUCTURE

Information on the stormwater infrastructure in Aitkin was obtained from publicly available
information, field reconna issance, and G eographic Information System (G | databases. These
sources were used to determine the locations of outlets, swales and ponds ( Figure 3). The
downtown area of Aitkin has storm sewer which drains to the Ripple River. The residential areas
on the south side of the Ripple River have curb s, and area s northeast of downtown use ditches

to convey stormwater to the Ripple River or outlying areas that are topographically
disconnected from either river. This information was reviewed for flow routing and subsequent
subwatershed delineation.



Figure 3: Overall Map of Potential BMPs
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4 RESULTS
4.1 PRIORITYMANAGEMENT AREAIDENTIFICATION

Within Aitkin, the majority of the drainage area is either disconnected from the Mississippi River or
is offset by at least 100 feet of vegetated buffer prior to discharging into the Ripple River. There
are three potential BMP retrofits locat  ed on the northeast side of the city which include:

PMA 1. The potential BMP retrofit in the residential area would include a series of
bioretention cells within the right  -of-way (see Figure 4).

PMA 2-P. The potential BMP retrofit would involve an extended detention basin upstream
of the drainage area outlet into the Ripple River (see Figure 5).

PMA 2-1. The potential BMP retrofit would involve constructing an infiltration basin
upstream of the drainage area outlet into the Ripple River (see Figure 5).

11



Figure 4: Location of PMA 1
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Figure 5: Location of PMA 2 -1 and PMA 2 -P
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