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Prioritized Rankings by Catchment - rank of stormwater catchments referred to in this report
(prioritized by overall SCost/Lb of TP removed over 10 years, if all proposed BMPs are implemented in each catchment).




Executive Summary

This analysis provides prioritized recommendations for improving treatment of stormwater from areas
directly draining to Forest Lake along its northern boundary in the most cost-effective manner (herein
described as Forest Lake North Direct Subwatershed Retrofit Analysis. This area is entirely located
within the Comfort Lake Forest Lake Watershed District (CLFLWD) boundary as well as within the City
of Forest Lake.

Although Forest Lake is not considered impaired, annual water monitoring reports reveal pollutant levels
(namely phosphorus) are near thresholds for impairment in deep water lakes. The stormwater retrofits in
this report will aid with alleviating existing water quality problems in Forest Lake.

For this analysis only, 33 sub-catchments were created within Catchment FL-01 in order to rank practices
more effectively by geographic area (totaling 637 acres). Only twenty-one of these sub-catchments were
analyzed for this report (totaling 300 acres) because the remaining 12 sub-catchments were either
landlocked or were predominantly wetland and retrofit Best Management Practices (BMPs) were deemed
ineffective. The existing stormwater management practices within each catchment were analyzed for
annual pollutant loading - Total Phosphorus (TP), Total Suspended Solids (TSS) and Water Quality
Volume (WQV) specifically. Observed existing BMPs and their load reductions were accounted for in
the modeling process. The entire subwatershed was investigated via field reconnaissance. WinSLAMM
was used for the water quality modeling. As modeled, Base Condition loading for the 21 analyzed
catchments was 232.5 lbs/year of Total Phosphorus. Observed existing treatment (swales, street
sweeping, bioretention areas, shoreline restorations) reduced the total phosphorus amount to 196.1 1bs/yr
of TP (16% reduction). Stormwater practice options were compared for each sub-catchment, given their
specific site constraints and characteristics. A stormwater practice was selected by weighing cost, ease of
installation and maintenance, and ability to serve multiple functions. Given the difficulty in
implementing bioinfiltration practices due to high water tables and lack of available space, it was decided
to also document shoreline conditions of each property and prioritize them according to severity of
erosion. Additional TP and TSS loads were factored in for shoreline erosion using the BWSR Pollution
Reduction Estimator spreadsheet tool (BWSR tool only used in the Proposed Treatment Analysis).
Details to this approach of modelling the Priority Shoreline Catchments are given in the Methods Section
on page 13.

A variety of proposed stormwater BMP retrofit practices were identified totaling 72.85 Ibs of total
phosphorus reduction (37% reduction from Existing Conditions modelling). The single most cost-
effective practice identified was to increase street sweeping of all major roads to 4x annually. Concept
designs and cost estimates were drafted for individual BMP Projects identified throughout the analysis
area and are included within each sub-catchment profile as well as Appendix C. See the table on the
following page for a prioritized list of the 64 proposed Best Management Practices.

Identified BMPs include:

Street Sweeping (increased coverage and frequency)

Maintenance of, or alterations to, existing stormwater treatment practices
Residential curb-cut raingardens

Shoreline buffers (enhanced to pond 1" of water over 50% of each buffer footprint)
Iron-enhanced sand filters (IESFs)

Bioswales and filterstrips



Stormwater Retrofit Ranking by BMP Cost Effectiveness

The following table summarizes the assessment results, ascending in rank by $Cost per Lb of TP over 10
years. Reported treatment levels are dependent upon optimal siting and sizing. 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. See Map on
page 9, individual Catchment Profiles, or Appendix D for BMP locations. See Methods Section for how

rankings were determined.
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Stormwater Retrofit Ranking by BMP Cost Effectiveness
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Stormwater Retrofit Ranking by BMP Cost Effectiveness
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Ranking map of locations of standalone projects referred to in this report. This map only includes BMP locations and Priority Shoreline Catchment Locations (ranking table on preceding pages 5-7). Street
Sweeping and Typical Shoreline Restorations are excluded. The ‘Catchment Profiles’ section provides additional detail on these projects. See Appendix C for concept designs of all identified standalone projects.
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About this Document
This Subwatershed Stormwater Retrofit Analysis 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.

Document Organization
This document is organized into three major sections, plus references and appendices. Each section is briefly
described below.

Methods

The methods section outlines general procedures used when analyzing the subwatershed. It provides an overview of
processes involved in retrofit scoping, desktop analysis, retrofit reconnaissance investigation, cost/treatment analysis
and project ranking. See Appendix A for a detailed description of the methods for both the overall analysis as well
as for how Street Sweeping and Priority Shoreline Catchments were factored into the modelling and reporting.

Catchment Profiles

Catchment ID numbers were provided by existing catchment delineation data that was provided by the CLFLWD
and the City of Forest Lake. For this analysis only, 33 sub-catchments were created within the Forest Lake
Catchment FL-01 (the catchment that is considered “direct drainage”) in order to rank practices more effectively by
geographic area (totaling 637 acres). Each sub-catchment was designated with the label FLO1-Nx (X’ representing
the new sub-catchment ID). Only 21 of these sub-catchments were analyzed for this report (totaling 300 acres)
because the remaining 12 catchments were either landlocked or were predominantly wetland and retrofit BMPs were
deemed ineffective. The existing stormwater management practices within each catchment were analyzed for
annual pollutant loading - total phosphorus, total suspended solids and runoff volume specifically. See Appendix B
for a guide to reading the catchment profiles. For each catchment, the following information is detailed:

Catchment Description

Within each catchment profile is a table that summarizes basic catchment information including acres, land cover,
parcels, and estimated annual pollutant and volume loads. A brief description of the land cover, stormwater
infrastructure, and any other important general information is also described. Existing stormwater practices are
noted, and their estimated effectiveness presented.

Retrofit Recommendations

The recommendation section describes the conceptual retrofit(s) that were identified. It includes tables outlining the
estimated pollutant removals by all practices proposed, as well as costs and overall cost-benefit ranking. Following
this Retrofit Recommendations summary page, each practice has its own page which includes a map, individual
cost-benefit analysis, and site specific comments on the individual proposed retrofit.

Retrofit Rankings (included in Appendix C and Appendix D)

This section ranks stormwater retrofit projects across all catchments to create a prioritized project list. The list is
sorted by cost-per-pound of total phosphorus removed for each project over 10 years — typical contract obligation
length for cost-share funded projects. The final cost-per-pound treatment value includes design, installation, and
maintenance costs.

There are many possible ways to prioritize projects, and the list provided is merely a starting point. Other
considerations for prioritizing installation may include:

e Non-target pollutant reductions



e Timing projects to occur with other CIPs

e  Project visibility

e  Auvailability of funding

e Total project costs

e Educational value

e Additional ecological and habitat connectivity value

References

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

Appendices

This section provides supplemental information and/or data used at various points along the assessment protocol. It
also includes Cost Estimates and Concepts for each proposed BMP.



M Et h Od S (specific to this report only)

Priority Shoreline Catchments

Summary

The analysis utilized multiple resources in identifying and modelling BMPs mentioned in the report. Partway
through the field investigations (and after the initial WinSLAMM base load modelling of 33 catchments was
completed), it became very apparent that there was a lack of suitable area to implement traditional infiltration-based
BMPs (eg, raingardens, curb-cut bioinfiltration basins, etc). This was mostly due to spatial constraints, soil
permeability, and close proximity to the water table. It was decided at this point that a more comprehensive analysis
and cost-benefit ranking of existing shoreline conditions on the lake would be a valuable addition to the report and
that soil losses due to erosion should be incorporated into the modelling of proposed practices. Further, amendments
were made to the typical design of a shoreline buffer strip to enhance its ability to capture pollutants before they
reach the lake. This combination of factors has made some shoreline restorations much more representative of their
true cost-benefit value as a BMP. Many eroding shorelines now rank higher than they have in the past when only
the contributing land runoff was considered in the modelling.

Identification and Delineation of “Priority Shoreline Catchments”

A Priority Shoreline Catchment (PSC), as defined in this report, is a shoreline that was observed to be actively
eroding, suffering from major ice heave, or was at risk to become an issue due to site-specific variables (such as
proximity to critical infrastructure, steep slopes greater than 10%, near areas of intense ice heaving or other erosion,
or high-traffic zones exhibiting heavy use). The identified shorelines were grouped by these similar site-specific
variables and then sub-catchments were delineated for each grouping. The catchments were assigned a number 100-
141. Further, each buffer footprint (or Shoreline Segment) was limited to a single parcel and was also labeled with a
separate number on the maps in each Catchment Profile (based on the FID number 0-122 in the GIS file).




M Et h Od S (specific to this report only)

Priority Shoreline Catchments
Pollutant Loads from Erosion Losses

WinSLAMM modelling does not factor in soil losses due to erosion on shorelines and therefore may underestimate
the TP and TSS being added to the lake. The BWSR Water Erosion Pollution Reduction Estimator tool was used as
a way to account for these soil losses. The entire shoreline in the analysis area was observed by boat in the Fall of
2015. Each parcel’s shoreline was photo documented and existing conditions such as shoreline composition
(vegetation, riprap, lawn, or sand) and extent of shoreline erosion were noted. The values were input into the BWSR
tool and these results were combined with the WinSLAMM results to create a composite value of TP and TSS that
was then factored into the cost-benefit rankings.

The BWSR tool was only used for the Proposed Pollutant Reductions and the values were not factored into the
Existing Conditions scenarios. Therefore, the resulting pollution reduction percentages sometimes were in excess of
100% (since it was being compared to WinSLAMM-only values from the base-load models). For the sake of this
analysis, both values are presented in the catchment profiles so one can separate the pollution reduction values if
they choose. All cost-benefit rankings in the report used these composite values. For future analyses, it would be
recommended to use this composite method in the calculation of existing loads to eliminate any confusion in the
final analysis. See example results below.

to
WinSLAMM Reductions BWSR Erosion | TOTAL LOAD REDUCTION
Subcatch  ° s
SubCatch Area
ID #lots  (acres) wav [ TSS P\ 155 TPy wav  Tss TP
110 2 0544 6396 281 0.71 2560 1280 | 6396 2841 1.99 COMPOSITE
m 4 2031 27139 360 0.88 560 0480 | 27139 1320 136 VALUE
112 6 0576 12174 313 0.76 2380 1170 | 12174 2653 193
113 6 1351 25975 458 1.13 3620  1.810 Jib0Rbmmmd(3 254
TOTAL 4.502 W 71684 10892 8.21
Cost/Removal Analysis

10.0
11632
2.2

curb
miles

1,800 | sf 23,610 | sf 0.788 2,360 I sf All Practices




M Et h Od S (specific to this report only)

Enhanced Buffer Strip

(use for Priority Shoreline Catchments and Typ. Shoreline Restorations)
Typical Design

The WinSLAMM model inputs for a buffer were amended beyond what a traditional buffer strip would be input as.
The typical cross-section of a buffer strip is only a planted strip of deep-rooted vegetation that is primarily used for
filtration as water passes through the strip and it only incidentally infiltrates water as quickly as the soil media might
provide. There is no ponding of water typically. Through field experience and modelling various scenarios, it was
decided that an enhanced buffer strip (adding 17 of ponding storage) could be implemented for this analysis.

An Enhanced Buffer Strip is defined in this analysis as a buffer strip that can accommodate up to 1” of ponding over
50% of the proposed buffer area. This minor addition of ponding increases the ability of the buffer strip to reduce
TP and TSS by both intercepting sediment as well as allow for soil infiltration and uptake by plants. Additionally, a
ponding value of 1” deep is important because it is a safe design depth that is similar to many of the compacted lawn
depressions that were observed throughout the watershed; all of which drained with a 48 hour period (which is a
desired target for infiltration practices). All buffers were modelled at 15’ wide and multiplied by the parcel
shoreline length to get a total buffer area. Ponding area (of 1” depth) was modelled at 50% of the total buffer area
for all shorelines proposed as Priority Shorelines.

Infiltration Zone within a Vegetated Buffer Strip Notia;scale

Enhanced Buffer Strip ] [ Cross-section ]

May want to cover berms with
CAT Il or CAT lll Erosion Control Blanket if
heavy flow and scouring likely to occur

Setinlet edge at least 1" higher

than berm/overflow elevation Set all shore edges at same elevation except

where overflow is desired.
i Set overflow 1-2" lower than other edges
RN

i ‘!:‘Jk g

"

Pondingil!

Decompact existing soil under basin o
to promote more infiltration (6" minirnum) OHW g

from drain

orland l Concept Plan

} bufter strip

water's edge




M et h Od S (specific to this report only)

Street Sweeping

Summary

The analysis utilized multiple resources in identifying and modelling BMPs mentioned in the report. The Forest
Lake South Stormwater Retrofit Analysis (FLS report) had identified Street Sweeping as an existing BMP. The FLS
report stated that street sweeping occurred in the area 10x annually on most major roads with the City of Forest
Lake. For this North analysis, project scoping meetings revealed that most major roads were maybe swept twice
annually; once in the Spring and once in the Fall. This is analysis assumed a 2x annual sweeping regime for all
Existing Conditions modelling. An average cost of $150 per curb mile was assumed for the rankings. Street
Sweeping as a Best Management Practice ranks as the most cost-effective BMP to implement in the analysis. Even
if the cost per curb mile were more expensive than what was assumed in this report, it would not change the overall
rankings. Street Sweeping would far and away be the most cost effective practice to implement to reduce TP and
TSS loads to the lake.

Pollutant Loading

In proposing a street sweeping regime that would improve upon the current load reductions, numerous scenarios
were run in WinSLAMM to view how effective street sweeping was if the frequency of sweeping were increased to
4x annually, 8x annually, and every two weeks. In WinSLAMM, it was shown that additional benefits in TP and
TSS load reductions fell by roughly 50% when increasing from 2x to 4x annually, and after that the drop in load
reductions was even greater. In order to provide a conservative estimate for street sweeping benefits and to strike a
balance in cost effectiveness it was decided that a good target would be to increase street sweeping on all roads from
2x annually to 4x annually.

Model and Cost Assumptions

Various reports from local sources were reviewed to make our model assumptions (Prior Lake, RWMWD, MPCA,
MNDOT). All assumptions were conservative values, so any benefits would not be over-exaggerated. It was
assumed that the City of Forest Lake was using (and owned) a Mechanical Sweeper and sweeping was twice
annually. Percent canopy cover of roads was not considered, as it is not a variable in WinSLAMM. If for budgetary
reasons Street Sweeping as a practice had to be prioritized, it is recommended to consider tree canopy cover as a
variable and to follow the prioritization methods presented in the following: Kalinosky, P., L.A. Baker, S. E. Hobbie,
R. Bintner, and C. Buyarski. 2014. User Support Manual: Estimating Nutrient Removal by Enhanced Street Sweeping.
Report to the Minnesota Pollution Control Agency, Sept. 2014

Overall cost per curb-mile was assumed to be $150 per curb mile. This was an intuitive composite of values given
in the RWMWD report, the Prior Lake literature, and other values seen throughout past studies. Cost-per curb mile
can range wildly based on a number of assumptions and it was decided that $150 per curb-mile was a fair estimate
given the limited number of annual trips. Additionally, the analysis tables in each Catchment Profile show $0 for
maintenance costs. This is because maintenance costs were directly accounted for in our cost per curb mile value
and the $0 value in each table is so that these costs are not accounted for twice in our analysis. The final ranked
Cost/Lb TP values appeared to be in line with estimates established in other reports. Even if the cost per curb mile
were more expensive than what was assumed in this report, it would not change the overall rankings. Street
Sweeping would far and away be the most cost effective practice to implement to reduce TP and TSS loads to the
lake.



M Et h Od S (specific to this report only)

Typical Biofiltration, Biolnfiltration, and Ponded Swale Design

Summary

Biofiltration, Biolnfiltration, and Ponded Swales were the three primary BMPs chosen throughout the analysis area.
Typical cross-sections are included below and describe the design assumptions used in the cost estimation process.

Biolnfiltration

Biolnfiltration is a basin that infiltrates into the native soil fast enough to allow for a fully drained basin within 48
hours. There are no underdrains in a Biolnfiltration Basin. All basins of either type in the analysis do not have
pretreatment devices to limit gross solid accumulation and rely on additional tall vegetation upstream to capture

sediment prior to entering the basin.

Biolnfiltration Basin
Infiltration Zone with Vegetated Pretreatment

Setinlet edge at least 1" higher __
than overflow elevations

Tall or unmown vegetation outside of

Ponding elevation and overflow
set to invert elevation of outfall pipe
or rim elevation of receiving catchbasin

May want to cover berms/sideslopes with
CAT Il or CAT Il Erosion Control Blanket if
heavy flow and scouring likely to occur

ponding area for pretreatment X Road
N X culvert or catchbasin with beehive grate
. / / under road to lake
awn/Ditch ' AN <. - 3-6"Ponding —
e W 1 7 k!
e Existing Soil
Decompact existing soil under basin )
to promote more infiltration (12" minimum)
Replacement soils can be used to increase storage capacity
if native soils infiltrate faster than 0.25 in/hr and
bottom of cell is at least 4’ above water table
from ditch
vegetated *._ from ditch
pretreament
zone
—
Road Edge (culvert under road) | T



M Et h Od S (specific to this report only)

Typical Biofiltration, Biolnfiltration, and Ponded Swale Design

Biofiltration and Biolnfiltration

Biofiltration is bioretention basin that requires an underdrain. This is usually required when soils do not infiltrate
fast enough or when there is a need for a liner beneath the cell. Cleanouts and gatevalves will typically accompany
the draintile assembly. All basins of either type in the analysis do not have pretreatment devices to limit gross solid
accumulation and rely on additional tall vegetation upstream to capture sediment prior to entering the basin.

BioFiltration Basin
With Underdrain and Gatevalve Assembly

Size to Project Requirements

]

Bioretention Plants —\

—— Max 3H:1L Slope, typ. Cl t Gateval
3"mulch or CAT Il ECB e e

P S S ——

To Outlet

—_—

- Sphagnum Peat, premixed
/ Solid Pipe

— Fernco series 1070 Flexible Coupling

- =TTr=tl= M -~ 4"HDPrforated Pipe w/Circular Knit Sack

THTET=M=T=T= T THT=TT=—— 6" Clearance,

See Stormwater Manual for Subgrade Preparation

Non-Compacted Subgrade

Concept Plan

from ditch :
' vegetated from ditch

pretreament \|
| zone

¥

Road Edge —
: (catchbasin under road)

tolake

i1
I
w



M Et h Od S (specific to this report only)

Typical Biofiltration, Biolnfiltration, and Ponded Swale Design

Ponded Swales
Ponded swales are essentially a flow-through (or in-line) Biolnfiltration basin. Some sort of detention device will be

installed at the downstream end of the swale to promote ponding at a specified depth (riprap check dam or earthen
berm). The ponding area created allows for increased treatment of TP and TSS, and is a form of volume control as
well. All swales were modelled with 3-6” of ponding and soils infiltrate at 0.2 in/hr (minimum).

Concept Plan

checkdam checkdam

vegetated ditch flow
swale zone

Road Edge (culvert under road)

Checkdam Side View
Scale: NTS

MNDOT SPE

I
I
-2

|
|
L

Checkdam Plan View
Scale: NTS

|
Approx. 6'Wide
Exact size and location
TBD by designer

!

Checkdam Flowline Cross Section
Scale: NTS
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Iron Enhanced Sand Filter (IESF)

Iron Enhanced Sand Filter Pond Bench Retrofit

Iron enhanced sand filters help to remove dissolved phosphorus that typical bioinfiltration practices cannot.
Efficiencies in removal for IESF range from 30% to 90% reduction in dissolved phosphorus. The study chose a
65% removal rate of dissolved phosphorus to account for inefficiencies in removal rates as the practice ages. Below
is a typical section for an IESF pond bench retrofit. There will likely be a deviation from this design to fit site
specific constraints of the IESF proposed in this report.

Valume Treated
by Trenches (Filter
Volume)

Overflow Grate

Water Leval

Normal Water
Control Weir

Surface Elevation

Drain tile IJ

\_‘ Iron Enhanced Sand Filter
media (5% Iron Filings by
weight, premixed with
washed C-33 sand)

Drrain tile

Image courtesy St Anthony Falls
Laboratory, MN (2009)






Existing Catchment Summary

Existing Conditions

Acres 18.73
Dominant Land Cover MDRNA
Volume (acre-feet/yr) 15.87
TP (Ib/yr) 15.18
TSS (Ib/yr) 7,680
CATCHMENT DESCRIPTION

Catchment FLO1-N2 is comprised of primarily medium density, single-family residential land use type as well as a

few acres of multi-family residential and commercial land uses. This catchment is directly connected to Lake 1 of

Forest Lake via multiple stormsewer system inlets and direct runoff.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets and parking lots occur approximately twice annually. There is also a “Dead End

Street” infiltration basin that exists at the end of 2™ Ave SW. Both practices were factored into the existing loads.



FL0O1-N2: RETROFIT RECOMMENDATIONS

RANK 1/64 -
sweeping the private (but easily accessible) parking areas that are adjacent to the main roads.

Typical Shoreline Restorations: Up to 15 properties with 15 shoreline buffers.
Priority Shoreline 135: Disconnect Buried Downspouts from Shore and install buffer

RANK 51/62 -
RANK 52/62 -

Cost/Benefit Analysis
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$7,050.00 $419.30 $77,160.00 $84,629.30
$325 $50 $4,875 $5,250
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$450 50 $6,750 $7,200
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FLO1-N2: Increased Street Sweeping @

Drainage Area — 1.224 curb miles (0.94 curb miles plus 30,000sf of parking lots)

Location — All major roads and parking lots in the catchment

Property Ownership — Mostly Public, some Private Lots

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the sweepings are equally spread throughout the season between the first

Spring sweeping and the final Fall sweeping. A large amount of sediment can be captured if the parking lots that are
adjacent to Lake St S and 1* St SE are included in the street sweeping (fac

tored into the modelling).

Project ID

Cost/Removal Analysis
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FLO1-N2: Typical Shoreline Restorations

Rank

, 51/64
Drainage Area —0.5 acres average.

Location — any 15 Participating Shorelines within FLO1-N2 (in addition to Priority Shorelines)
Property Ownership — Private

Description — About 60% of the FLO1-N2 catchment drainage area is from the rear yard (lake facing) area of each
lakefront residence. At least 50% of these lakefront residences backyards and shorelines are composed primarily of
turfgrass flowing to sandy beaches while the other 50% consists of turfgrass flowing to riprap. Shoreline conditions
devoid of native plant vegetation allow for stormwater runoff, fertilizer, pesticides, and herbicides to enter the lake
without any treatment. Moreover, shoreline erosion occurs much more readily along shorelines without native plant
vegetation. The proposed stormwater BMP for these areas is an enhanced shoreline buffer that can pond up to 1” of
water to more effectively filter stormwater and associated pollutants prior to entering the lake as well as providing
structural stability to the shoreline.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 15 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

Project ID

Cost/Removal Analysis

Treatment

$77,160.00
54,875
$82,035
$6,750
$9,969
$49,845




FLO1-N2: Priority Shoreline 135 Rank
52/64

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 52/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 29/30

Drainage Area—0.214 acres

Location — 2" Ave SW at the lake

Property Ownership — Private

Description — The BMP for this high density residential location includes disconnecting the buried downspout pipes
that are directly outletting into the lake and letting them flow over land into a series of buffer plantings that are 15’
wide. This project has a small load reduction but is a great educational opportunity for lakeside runoff management.

Treatment

$7,050.00
$325
$7,375
$450
$10,064
$32,095




Existing Catchment Summary

Acres 1428

Dominant Land Cover | DOWNTOWN
Volume (acre-feet/yr) 15.55

TP (Ibjyr) 11.55
TSS (Ibjyr) 6,760
CATCHMENT DESCRIPTION

Catchment FLO1-N3 is comprised mostly of Commercial land uses and a highly impervious character. This
catchment is directly connected to lake 1 (west) of Forest lake via direct runoff and pipe conveyance. There were no
existing BMPs discovered. Therefore, most runoff flows untreated to the lake.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets and parking lots occur approximately twice annually. WinSLAMM street sweeping
inputs factored street sweeping taking place outside of the winter season (11/04 — 03/13) once in the Spring and once
in the Fall using a vacuum-assisted sweeper.



RETROFIT RECOMMENDATIONS

RANK 6/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year. This includes
sweeping the private (but easily accessible) parking areas that are adjacent to the main roads.

UNRANKED - Runoff Diversion: Not explored in this report is the option to redirect some runoff from Hwy
61 and the parking lots to existing stormwater facilities west down Broadway Ave, or nearby along Centennial Drive

where space theoretically exists to install a new sub-regional stormwater BMP.

Project ID
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FLO1-N3: Increased Street Sweeping @

Drainage Area — 1.052 curb miles (0.112 curb miles plus 100,000sf of parking lots)

Location — All major roads and parking lots in the catchment

Property Ownership — Some Public, many Private Lots

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the sweepings are equally spread throughout the season between the first
Spring sweeping and the final Fall sweeping. A large amount of sediment can be captured if the parking lots
between the park and Hwy 61 are included in the street sweeping (factored into the modelling).

Project ID

1
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Existing Catchment Summary

Acres 36.66
Dominant Land Cover MDRNA
Parcels
Volume (acre-feet/yr) 17.18
TP (Ib/yr) 22,64
TSS (Ib/yr) 8,768
CATCHMENT DESCRIPTION

FLO1-N5 is mostly comprised of medium density, single-family residential clustered on 50’ wide lots (making

impervious concentrations higher than an average lake lot). There are not many roads that drain into the lake from

this catchment. As of the report’s creation, the existing practice at the green star (near Mattson Funeral Home and

Hwy 61) was suspected to be disconnected from the watershed entirely and drains to the west but it was

undetermined. The results have factored in these the load reduction of the existing practice only. There is a lot of

shoreline ice heave on mostly flat lots, both limiting existing runoff but adding to soil losses on the shore.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets and parking lots occur approximately twice annually. There are two “Dead End
Street” infiltration basins that exist at the end of NE 2™ Ave and NE 4" Ave. There is a filtration basin behind the
Mattson Funeral Home and there is a shoreline buffer at a residence east of 6™ Ave and North Shore Trail

intersection. All practices were factored into the existing loads.



RETROFIT RECOMMENDATIONS

RANK 2/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.
This includes sweeping the private (but easily accessible) parking areas that are adjacent to the

main roads.
RANK Z5/64 - Priority Shoreline 136 to 140: 10 properties with observed heave and erosion

are fair enhanced shoreline restoration candidates.
RANK 55/64 - Typical Shoreline Restorations: Up to 15 non-priority shorelines with 15’

wide enhanced shoreline buffers.

2.15 16 75 1.4 5.1
2,735 315% 599.5 7% 540.0 6% 3875 44%
11 6% 0.0 0% 13 8% 24 14%
10 1 15 26
3,500] sf 1180 curb miles 15,000]sf All Practices

Priority Lakeshore

. Street Sweeping Lakeshore Restoration | Sweeping and Shores
restoration

$58,350.00 541178 577,160.00 5135,921.78
$3,250 $400 $4,875 $8,525
$61,600 $812 $82,035 5144 447
53,825 S0 56,750 510,575
54,655 552 $11,077 $5,261

$7,302 $271 $55,383 520,985




FLO1-N5: Increased Street Sweeping m

Drainage Area — 1.18 curb miles

Location — All major roads in the catchment (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the sweepings are equally spread throughout the season between the first
Spring sweeping and the final Fall sweeping.

Project ID
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FLO1-N5 — Priority Shorelines 136, 137, 138, 139, 140

Drainage Area —4.743 acres (0.473 acre average per property)

Location — 9 private residences and 1 high density residential (see maps)
Property Ownership — Private

Description — 136: High Density Residential with sandy beach front. This site has installed riprap ‘bars’ across the
shoreline to prevent erosion of the beach from their downspouts (it is assumed). With a more robust shoreline buffer
that is strategically placed they may be able to eliminate the riprap and provide a more beneficial buffer that will
help keep the shoreline intact. There is also a large eroded area on the south of the lot that is contributing greatly to
this TP/TSS load reduction.
137, 138, 139, 140: These are all densely arranged, narrow shore lots with signs of erosion. See proceeding profiles
for individual shorelines.

Project ID

Cost/Removal Analysis

1.3

10
8,500/t
Pricrity Lakeshore
restoration

Treatment

$58,350.00

$3,250

$61,600
$3,825
54,655

$7,302

Rank
35/64

PRIORITY CATCHMENT 136 to 140 - SUMMARY

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
Area

SubCatchID  #lots (acres) wav T5S TP TSS TP wav TSS TP
136 i 0.483 9579 52 0.13 600 0.300 9579 652 0.43
137 6 2.745 25018 237 0.57 860 0.430 25018 1097 1.00
138 : 3 0.68 5294 64 0.15 100 0.050 5294 164 0.20
139 1 0.655 3598 23 0.07 100 0.050 3598 123 0.12
140 1 0.18 2364 19 0.06 680 0.340 2364 699 0.40
TOTAL 4.743 TOTAL 45853 2735 2.145

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Methods section for explanation of full methodology.



FLO1-N5 — MAP of Priority Shoreline Catchment 136

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 35/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 18/30

Notes: High Density Residential with sandy beach front. This site has installed riprap ‘bars’ across the shoreline
to prevent erosion of the beach from their downspouts (it is assumed). With a more robust shoreline buffer that is
strategically placed they may be able to eliminate the riprap and provide a more beneficial buffer that will help keep
the shoreline intact. There is also a large eroded area on the south of the lot that is contributing greatly to this
TP/TSS load reduction.

PRIORITY CATCHMENT 136 to 140 - SUMMARY

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
Area

SubCatchID  # lots (acres) wav 1SS TP TSS TP wav 1SS L4
136 1 0.483 9579 52 0.13 600 0.300 9579 652 043
137 6 2.745 25018 237 0.57 860 0.430 25018 1097 1.00
138 1 0.68 5294 64 0.15 100 0.050 5294 164 0.20
139 1 0.655 3598 23 0.07 100 0.050 3598 123 0.12
140 1 0.18 2364 19 0.06 680 0.340 2364 699 0.40
TOTAL 4.743 TOTAL 45853 2735 2.145




FLO1-N5 — MAP of Priority Shoreline Catchment 137, 138

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 35/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 18/30

Notes: Densely arranged, narrow 50” wide lots with signs of erosion and some ice heave. Shore Segments 114,
115, and 116 exhibit the greatest losses of 12” lateral recession and 9” vertical loss over an assumed 10 year period.
Shore Segment 119 shows minor losses of 6” lateral recession and 6” vertical loss over an assumed 10 year period.

PRIORITY CATCHMENT 136 to 140 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
Area

SubCatch ID  # lots (acres) wav TP wav 1SS L
136 1 0.483 9579 52 0.13 600 0.300 9579 652 043
@ 6 2.745 25018 237 0.57 860 0.430 25018 1097 1.00
1 0.68 5294 64 0.15 100 0.050 5294 164 0.20
139 1 0.655 3598 23 0.07 100 0.050 3598 123 0.12
140 3 0.18 2364 19 0.06 680 0.340 2364 699 0.40
TOTAL 4.743 TOTAL 45853 2735 2.145




FLO1-N5 — MAP of Priority Shoreline Catchment 139

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 35/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 18/30

Notes: Densely arranged, narrow 50° wide lots with signs of erosion and some ice heave. Shore Segment 120 is

more of a swale draining to the bare shore. Modelling included 17 of ponding behind a shallow berm and a native
shoreline at the outlet.

PRIORITY CATCHMENT 136 to 140 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
Area

SubCatchID  # lots (acres) waQv TP waQv TSS TP
136 1 0.483 9579 52 0.13 600 0.300 9579 652 0.43
137 6 2.745 25018 237 0.57 860 0.430 25018 1097 1.00
138 1 0.68 5294 64 0.15 100 0.050 5294 164 0.20
: | 0.655 3598 23 0.07 100 0.050 3598 123 0.12
140 1 0.18 2364 19 0.06 680 0.340 2364 699 0.40
TOTAL 4,743 TOTAL 45853 2735 2,145




FLO1-N5 — MAP of Priority Shoreline Catchment 140

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 35/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 18/30

Notes: Densely arranged, narrow 50 wide lots with signs of erosion and some ice heave. Shore Segment 121
has exposed geotextile fabric in large swaths along a 3’ high embankment of riprap that is showing some signs of
localized failure. Shore Segment 121 exhibits losses of 12” lateral recession and 2” vertical loss on average over an
assumed 10 year period. Duration of losses is likely shorter than 10 years but cannot be determined without
consultation with landowner.

PRIORITY CATCHMENT 136 to 140 - SUMMARY

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
Area

SubCatchID  # lots (acres) wav TP wav TSS TP
136 1 0483 9579 52 0.13 600 0.300 9579 652 043
137 6 2745 25018 237 0.57 860 0.430 25018 1097  1.00
138 1 0.68 5294 64 0.15 100 0.050 5294 164 020
139 1 0655 3598 23 0.07 100 0.050 3508 123 012
1 0.18 2364 19 0.06 680 0.340 2364 699 040
TOTAL 4.743 TOTAL 45853 2735 2145




FLO1-N5 — Typical Shoreline Restorations m

Drainage Area — 7.11 acres (0.473 acre average per property)

Location — any 15 Participating Shorelines within FLO1-N5 (in addition to Priority Shorelines)

Property Ownership — Private

Description — About 90% of the FLO1-N35 catchment drainage area is direct discharge from the entirety of each
lakefront property. Some minor heave causes pooling and allows for some runoff control on select properties. The
general shoreline character of this catchment is 40% turf mown to edges, 40% turf to riprap, 10% turf to sandy
beach, and 10% mix of weedy vegetation cover or gardened shoreline. Shoreline conditions devoid of native plant
vegetation allow for stormwater runoff, fertilizer, pesticides, and herbicides to enter the lake without any treatment.
Moreover, shoreline erosion occurs much more readily along shorelines without native plant vegetation.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 15 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

Project ID

Treatment

$77,160.00
54,875

$82,035
$6,750
$11,077

$55,383




Existing Catchment Summary

Acres 15.22
Dominant Land Cover MDCRNA
Volume (acre-feet/yr) 5.86
TP (Ibfyr) 9.76
TSS (Ib/yr) 3,685
CATCHMENT DESCRIPTION

FLO1-N7 is mostly comprised of medium density, single-family residential clustered on 50’ wide lots in the south
and up to 100’ wide lots in the north (lots with less % impervious). There are not many roads that drain into the lake
from this catchment except for on the south half. The northern runoff contributions are from large suburban style
backyards that are connected directly to the lake. There is some shoreline ice heave and erosion on a couple isolated
shorelines, both limiting existing runoff but adding to soil losses.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets and parking lots occur approximately twice annually. There are two “Dead End
Street” infiltration basins that exist at the end of 236™ St and 237™ St. There is a mown swale that drains an area at
236™ and North Shore Trail, and there are 5 shoreline buffers (cost share projects) at 5 residences at the Red Star
locations on the map. All practices were factored into the existing loads.



RETROFIT RECOMMENDATIONS

RANK 4/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.

RANK 20/64 - BMP 2b Vegetated Swale: Vegetate currently mown swale

RANK 41/64 - Priority Shoreline 100 and 141: 3 properties with observed heave and erosion are good
enhanced shoreline restoration candidates.

RANK 44/64 - BMP 1a Parking Lot Retrofit: Filtration basin in parking lot of North Shore Apts

RANK 57/64 - Typical Shoreline Restorations: Up to 15 non-priority shorelines with 15> wide enhanced
shoreline buffers.

0.44 . 1.4 14% 2.7 27%
53 540.0 15% 1836 50%
0.8 13% 0.0 1% 0.3 6% 0.0 0% 1.3 22% 2.4 41%
1 1 3 1 15 26
600|sf 1,320 |sf 3,833|sf 0.490 ‘“_"’ 15,000|sf All Practices
miles
Highly Complex | UnmownSwale [ Priority Lakeshore | o o o Lakeshore sio :I‘I‘: :;‘i’::':'.m
BioFiltration Minimal Veg Restoration Restoration Shores
522,181.22 51,489.80 $26,427.72 5293.79 $77,160.00 $127,552.53
$325 $130 5975 $400 54,875 56,705
522,506 51,620 527,403 5694 582,035 $134,258
5450 5132 51,725 50 56,750 59,057
$6,082 52,085 $5,138 $96 $11,077 54,896
$101,910 $11,094 $7,184 $453 §55,383 $35,205




FLO1-N7: Increased Street Sweeping

Drainage Area — 0.49 curb miles

Location — All major roads in the catchment (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the sweepings are equally spread throughout the season between the first
Spring sweeping and the final Fall sweeping.

Project ID

0.7 7%
306.5 8%
0.0 0%
1
0.490|curt| miles

Street Sweeping

$293.79
5400
5694
50
S96
5453




FLO1-N7: BMP 2b Vegetated Swale

0
Drainage Area — 0.873 acres '
Location — Intersection of North Shore Trail and 236" St Ct N

Property Ownership — Public (City of Forest Lake)
Description — Currently a 12” pipe drains the catchment through a mown swale that is approx. 110’ long and

directly outlets to Forest Lake above the Forest Lake outlet dam (Sunrise River). With minimal plantings of native
plugs, some erosion control blanket, and twice yearly maintenance a very inexpensive retrofit can be achieved. This
practice would be even less expensive (increasing its #20 rank) if the area were just left unmown and periodically
checked for noxious weeds. See Appendix C for detailed cost estimates

53

0.0 15
1

1,320[sf

Unmown Swale Minimal Veg

51,489.80
5130
$1,620
5132
$2,085
$11,094




FLO1-N7 — Priority Shoreline Catchments 100 and 141

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 41/64 Rank
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 23/30 41/64

Drainage Area — 1.136 acres

Location — 3 private residences

Property Ownership — Private

Description — Densely arranged, narrow 50°-75° wide lots with signs of erosion and some ice heave. Both 100 and
141 have visual signs of erosion losses across entire width of property and would make a great candidate for
enhanced shoreline restoration.

Project ID

Cost/Removal Analysis

3,833]sf

Priority Lakeshore Restoration

$26,427.72
$975
$27,403
$1,725
$5,138
57,184

PRIORITY SHORELINE CATCHMENT 100 AND 141
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID #lots (acres) wayv 1SS TP T5S TP wav TS5 TP

100 2 0.772 8033 84 0.20 360 0.180 8033 — 0.38

141 1 0.364 6454 39 0.11 760 0.380 64%4 799 0.48
TOTAL 1.136 TOTAL 14527 1243 0.87

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.



FLO1-N7 — MAP of Priority Shoreline Catchment 100

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 41/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 23/30

Notes: Densely arranged, narrow 50° wide lots with signs of erosion and some ice heave. Both Shore Segments
0 and 1 of Priority Shoreline Catchment 100 are showing some signs of bank failure. Shore Segment 100 exhibits
losses of 6” lateral recession and 6” vertical loss on average. Losses likely occurred over a shorter duration than the
typical assumption of 10 years, but actual duration of losses cannot be determined without consultation with
landowner (modelled at 7yrs).

PRIORITY SHORELINE CATCHMENT 100 AND 141
WinSLAMM Reductions BWSR Erosion  TOTAL LOAD REDUCTION

Subcatch
SubCatch Area
ID #lots (acres) wav TSS TP 1SS TP wQv  TSS TP
2 0.772 8033 84 0.20 360 0.180 8033 s 0.38
141 1 0.364 6494 39 0.11 760 0.380 6494 799 0.49

TOTAL 1.136 TOTAL 14527 1243 0.87




FLO1-N7 — MAP of Priority Shoreline Catchment 141

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 41/64%
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 23/30

*1f ranked independently of Priority Shoreline 100; it would cost approximately $2,500/LbTP over 10 years and
would have roughly a #5/30 BMP Only Ranking (or #20/64 overall).

Notes: This lot is 50% impervious and 100° wide shore with signs of major ice heave and erosion, including
large swaths of erosion control blanket or geotextile exposed in patches of failing riprap. Shore Segment 122
exhibits losses of 6 lateral recession and 18 vertical loss on average. Losses likely occurred over a shorter
duration than the typical assumption of 10 years, but actual duration of losses cannot be determined without
consultation with landowner (modelled at Syrs).

PRIORITY SHORELINE CATCHMENT 100 AND 141

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID #lots (acres) wayv 1SS TP TS5 LLd wav TSS TP
100 2 0.772 8033 22 0.20 360 0.180 8033 —— 0.38

1 0366 6494 39 011 760 0380 6494 799 0.9
TOTAL 1136 TOTAL 14527 1243 087




FLO1-N7: BMP 1a Parking Lot Retrofit Rank

_ 44164
Drainage Area — 0.835 acres (90% Impervious)
Location — Intersection of North Shore Trail and Sunrise River/Forest Lake Dam @ North Shore Apts.
Property Ownership — Private
Description — Create a shallow filtration basin with an underdrain and lined bottom. Sod will be the plant media in
the swale zones since these areas are the primary snow storage zone for the parking lot and will need to withstand
harsh conditions and also be easily maintainable and replaceable over the life of the project. Basin will be 600 sf,
will have 6” of ponding, and 1’ of replacement soils (70/30 sand /compost) and will be planted with natives. A level
spreader or multiple pretreatment inlets will have to be installed to intercept gross solids. An overflow of limestone
steppers is also included in the concept. Other ideas beyond this concept could include an expanded footprint
(removing parking stalls), alternative snow storage scenarios, or different vegetation for the basin (sod). The cost of
$22,506 could be substantially lower if alternatives to using a 12” deep channel drain as pretreatment are considered.
All alternatives would change the current cost/benefit ranking up or down. See Appendix C for cost estimate

Project ID

Cost/Removal Analysis

Highly Complex BioFiltration

$22,181.22

$325

$22,506
5450
$6,082
$101,910




FLO1-N7 — Typical Shoreline Restorations m

Drainage Area — 6.0 acres (0.40 acre average per property)

Location — any 15 Participating Shorelines within FLO1-N7 (in addition to Priority Shorelines)

Property Ownership — Private

Description — Even though ranked low, Typical Shoreline properties in this catchment that were not identified as
Priority are still fairly good candidates for outreach and/or buffers. Minor to major ice heave is found frequently.
About 70% of the FLO1-N7 catchment drainage area is direct discharge from the entirety of each lakefront property.
Heaving causes pooling and allows for some runoff control on select properties. The general shoreline character of
this catchment is 20% turf mown to edges, 60% turf to riprap, 10% turf to sandy beach, and 10% mix of weedy
vegetation cover or gardened shoreline. Shoreline conditions devoid of native plant vegetation allow for stormwater
runoff, fertilizer, pesticides, and herbicides to enter the lake without any treatment. Moreover, shoreline erosion and
impacts from ice heave are much more noticeable along shorelines without native plant vegetation or low gradient
riprap. Soil losses due only to ice heave were not factored into the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 15 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

’ro ’
Cost/Removal Analysis
14 14%
540.0 15%
13 22%
15
15,000/ sf

Lakeshore Restoration

$77,160.00
54,875
$82,035
$6,750
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$55,383




Existing Catchment Summary

Acres €.76
Dominant Land Cover MDRNA
Volume (acre-feet/yr) 1.73
TP (Ibjyr) 3.93
TSS (Ibfyr) 1,140
CATCHMENT DESCRIPTION

FLO1-N10 is mostly comprised of medium density, single-family residential clustered on 75-125” wide lots. There

are no roads that drain into the lake from this catchment and all runoff is generated from the lakeside portions of

each parcel. The runoff contributions are from large suburban style backyards that are connected directly to the lake.

There is some minor shoreline ice heave and erosion on a couple isolated shorelines, both limiting existing runoff

but adding to soil losses. Only one yard is exhibiting major shoreline losses that need immediate attention. There is
also a property that appears to be a good example of a non-traditional buffer planting (a ‘gardened’ shoreline that
intercepts runoff, maintains shore stability, and increases pollinator benefits without the ‘wild’ native appearance).

EXISTING STORMWATER TREATMENT

There is no existing treatment of stormwater runoff in this catchment.



RETROFIT RECOMMENDATIONS

- Priority Shoreline 101: 3 properties (parcel 4 is most serious) with observed heave and

erosion. All 3 are good enhanced shoreline restoration candidates.
RANK 55/64 - Typical Shoreline Restorations: Up to 3 non-priority shorelines with 15’ wide enhanced

shoreline buffers.

1.12 0.4 15
1,543 135% 162.0 14% 1705 150%
0.4 24% 0.2 14% 0.7 38%
3 3 6
4,138 sf 4,500 sf All Practices
Priority La k‘_m‘ Lakeshore Restoration Shorelines
Restoration
$28,513.92 $23,295.00 $51,808.92
8975 5975 51,950
529,489 524,270 553,759
$1,862 $2,025 53,887
54,296 510,600 $7,448
$6,236 554,963 530,599




FLO1-N10 — Priority Shoreline Catchment 101 Rank
34/64

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 34/64*
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 17/30

Drainage Area — 1.297 acres
Location — 3 private residences on north shore of Lake 1
Property Ownership — Private

*1f Shore Segment 4 were ranked independently of Shore Segments 2 and 3; it would cost approximately
$1,800/LbTP over 10 years and would have roughly a #3/30 BMP Only Ranking (or #19/64 overall).

Notes: This catchment is 50-60% impervious with 75-110” wide shores, all showing signs of ice heave and
erosion, most notably Shore Segment 4. Shore Segments 2 and 3 exhibit losses of 6” lateral recession and 6”
vertical loss on average. Shore Segment 4 exhibits losses of 18” lateral recession and 18” vertical loss on average.
Losses on Shore Segment 4 likely occurred over a shorter duration than the typical assumption of 10 years, but
actual duration of losses cannot be determined without consultation with landowner (modelled at 10yrs).

1,543 135%
0.4 24%
3
4138 | s
Priority Lakeshore
Restoration

528,513.92
5975

$29,489

51,862

54,296

56,236

PRIORITY SHORELINE CATCHMENT 100 AND 141
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
SubCatch Subcatch
1D #lots  Area (acres) WQV 1SS TP 1SS TP wav 1SS TP

101 3 1.297 18278 163 0.43 1380 0.690 18278 1543 1.12
TOTAL 1.297 TOTAL 14527 1243 0.87

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Methods section for explanation of full methodology.



FLO1-N10 - Typical Shoreline Restorations m

Drainage Area — 1.29 acres (0.43 acre average per property)

Location — any 3 Participating Shorelines within FLO1-N10 (in addition to Priority Shorelines)

Property Ownership — Private

Description — Even though ranked low, Typical Shoreline properties in this catchment that were not identified as
Priority are still fairly good candidates for outreach and/or buffers. Minor to major ice heave is found frequently.
100% of the FLO1-N7 catchment drainage area is direct discharge from the entirety of each lakefront property.
Heaving causes pooling and allows for some runoff control on select properties. The general shoreline character of
this catchment is 20% turf mown to edges, 50% turf to riprap, 15% turf to sandy beach, and 15% mix of weedy
vegetation cover or gardened shoreline. Shoreline conditions devoid of native plant vegetation allow for stormwater
runoff, fertilizer, pesticides, and herbicides to enter the lake without any treatment. Moreover, shoreline erosion and
impacts from ice heave are much more noticeable along shorelines without native plant vegetation or low gradient
riprap. Soil losses due only to ice heave were not factored into the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 3 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

0.2

4500 | sf

Lakeshore Restoration

$23,295.00
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Existing Catchment Summary

Acres 21.99
Dominant Land Cover | MDRNA
Volume (acre-feet/yr) 8.22
TP (Ibjyr) 14.55
TSS (Ibfyr) 4,675
CATCHMENT DESCRIPTION

FLO1-N11 is a mixture of lot types, widths, and character. There are a couple segments of road that drain through
residential lots and to the lake. Most other runoff is generated from the lakeside portions of each parcel. The north
half is dominated by tightly packed 50’ wide lots that all appear to be in a greater state of degradation than the rest
of the lots observed in this SWA (most consisting of bare sand or inconsistent riprap). The south half is a mix of
shoreline-only access lots and 50-75” wide widths.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets occurs approximately twice annually. 1 raingarden and 1 shoreline buffer exist that

were previous cost-share projects.




RETROFIT RECOMMENDATIONS

RANK 11/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.

RANK 19/64 - Priority Shoreline 102 to 105: 15 properties with observed heave and erosion are great
enhanced shoreline restoration candidates. Narrow lots and heavy use make this a prime restoration opportunity.
RANKES/64 - BMP 3¢ Biolnfiltration Mod. Complex: Install infiltration basin adjacent to
catchbasin that drains roadway and discharges under road to lake.

RANK 64/64 - Typical Shoreline Restorations: Up to 10 non-priority shorelines with 15> wide enhanced
shoreline buffers. Small drainage areas in south rank this practice last, but north has good opportunities.

i
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FLO1-N11: Increased Street Sweeping m

Drainage Area — 0.53 curb miles

Location — All major roads in the catchment (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the sweepings are equally spread throughout the season between the first

Spring sweeping and the final Fall sweeping.

et Fbee
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FLO1-N11 — Priority Shoreline Catchments 102 to 105

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 19/64

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 2/30

Drainage Area — 3.949 acres
Location — 15 private residences
Property Ownership — Private

each property and would all make a great candidate for enhanced shoreline restoration.

RETROFIT OPTIONS
Catchment FLO1-N11
Cost/Removal Analysis Priority Shoreline
102,103,104,105
R Net%
trtmt
TP (Ib/yr) 8.69 603
7SS (Ib/yr) 15,449 330%
E Volume (acre-feet/yr) 1.0 12%
[Number of BMP's 15
.E |BMP Size/Description 13,416 <f
Priority Lakeshore
IBMP'I“). Restoration
Materials/Labor/Design $91,975.44
Promotion & Admin Costs 54,875
3 Probable Project Cost $96,850
Annual 0&M 56,037
10-yr Cost/Ib-TP/yr 51,810
10-yr Cost/2,0001b-TSS /yr $2,035
PRIORITY CATCHMENT 102 to 105 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID # lots (acres) wav 1SS TP 155 TP wayv TSS TP
102 3 0.393 7003 45 0.14 1260 0.630 7003 1306 0.77
103 5 0.565 8753 64 0.21 9520 4.760 8753 9584 497
104 3 2.467 19658 261 0.61 1800 0.900 19658 2061 151
105 4 0.524 6174 58 0.22 2440 1220 6174 2498 144
TOTAL 3.949 TOTAL 41588 15449 8.686

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See

Shoreline Methods section for explanation of full methodology.

Description — Densely arranged, narrow 50°-75” wide lots with signs of erosion and some ice heave. This stretch of
parcels all show signs of heavy shoreline use, and many erosion issues appear to be a combination of a lack of
vegetative buffers and intense dock/foot traffic. All Shore Segments in Priority Shoreline Catchment 103 and Shore
Segment 19 (Priority Shoreline Catchment 105) are the most severely eroded and in need of immediate restoration.
All other parcels identified as a Priority have visual signs of minor to moderate erosion losses across entire width of



FLO1-N11 — MAP of Priority Shoreline Catchment 102

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 19/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 2/30

Notes: Densely arranged, narrow 50° wide lots with signs of erosion and some ice heave. All Shore Segments
5,6 and 7 are showing some signs of bank failure. Shore Segment 102 exhibits average losses of 12” lateral
recession and 12” vertical loss. Losses likely occurred over a shorter duration than the typical assumption of 10
years, but actual duration of losses cannot be determined without consultation with landowner (modelled at 10yrs).

PRIORITY CATCHMENT 102 to 105 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID #lots  (acres) wav 1SS TP T5S L4 waQv 1SS TP
102 3 0.393 7003 46 0.14 1260 0.630 7003 1306 0.77
103 5 0.565 8753 64 0.21 9520 4.760 8753 9584 497
104 3 2467 19658 261 0.61 1800 0.900 19658 2061 151
105 4 0.524 6174 58 0.22 2440 1.220 6174 2498 144
TOTAL 3.949 TOTAL 41588 15449 8.686




FLO1-N11 — MAP of Priority Shoreline Catchment 103

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 19/64*
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 2/30

*|f Priority Shoreline Catchment 103 were ranked independently of Priority Shoreline Catchments102, 104 and 105; it would

cost approximately $1,000/LbTP over 10 years and would have a #1/30 BMP Only Ranking (or #17/64 overall).

Notes: Densely arranged, narrow 50° wide lots with signs of severe erosion and some ice heave. All 5 Shore
Segments (8-12) are likely the most degraded stretch in the northern SWA area. Priority Shoreline Catchment 103
exhibits average losses of 24” lateral recession and 24” vertical loss. Losses likely occurred over a shorter duration
than the typical assumption of 10 years, but actual duration of losses cannot be determined without consultation with

landowner (modelled at 10yrs).

PRIORITY CATCHMENT 102 to 105 - SUMMARY
WinSLAMM Reductions BWSR Erosion __ TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID Blots (acres) WQV  TSS ™ 158 ™  wav  TSS ™

102 3 0393 7003 46 014 _ 1260 0630 7003 1306 0.7
5 0565 8753 64 021 9520 4760 8753 9588 497
104 3 2467 19658 261 061 1800 0900 19658 2061 151
105 4 0524 6174 58 022 2480 1220 6174 2498 144
TOTAL 3.949 TOTAL 41588 15449  8.686




FLO1-N11 — MAP of Priority Shoreline Catchment 104

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 19/64

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 2/30

Notes: Densely arranged, narrow 50-75° wide lots with signs of erosion and some ice heave. All Shore

Segments in Priority Shoreline Catchment 104 are showing some signs of bank erosion. This Catchment exhibits
average losses of 12” lateral recession and 12” vertical loss. Losses likely occurred over a shorter duration than the

typical assumption of 10 years, but actual duration of losses cannot be determined without consultation with

landowner (modelled at 10yrs). This Catchment 104 would rank higher if it were ranked independently of the rest

of the Priority Shorelines in FLO1-N11.

NG

PRIORITY CATCHMENT 102 to 105 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID #lots  (acres) wav T5S TP 158 TP wav TSS TP
102 3 0.393 7003 46 0.14 1260 0.630 7003 1306 0.77
0 5 0.565 8753 64 0.21 9520 4.760 8753 9584 497
3 2467 19658 261 0.61 1800 0.900 19658 2061 151
105 4 0.524 6174 58 0.22 2440 1.220 6174 24598 144
TOTAL 3.949 TOTAL 41588 15449 8.686




FLO1-N11 — MAP of Priority Shoreline Catchment 105

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 19/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 2/30

Notes: Densely arranged, 65-100° wide lots with signs of erosion and some ice heave. All Shore Segments of
Priority Shoreline Catchment 100 are showing some signs of bank failure. Shore Segment 16 and 17 exhibit losses
of 6” lateral recession and 6” vertical loss. Shore Segment 18 shows losses of 127 lateral recession and 12” vertical
loss. Shore Segment 19 shows the heaviest losses of 24” lateral recession and 24” vertical loss. Losses likely
occurred over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be
determined without consultation with landowner (modelled at 10yrs). Shore Segment 19 should be one of the
highest priority individual shorelines in the study area.

PRIORITY CATCHMENT 102 to 105 - SUMMARY
WinSLAMM Reductions BWSR Erosion __ TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID #lots (acres) wav 1SS TP 158 P wav TSS P

102 3 0393 7003 3 012 1260 0630 7003 1306 0.7
103 5 0565 8753 64 021 9520 4760 8753 9584 497
104 3 2467 19658 261 061 1800 0900 19658 2061 151
4 0524 6174 58 022 2440 1220 6174 2498 144
TOTAL 3.949 TOTAL 41588 15449  8.686




FLO1-N11: BMP 3c Biolnfiltration Basin Rank
39/64

Drainage Area — 0.879 acres (50% Impervious)

Location — South of Intersection of North Shore Trail and 233™ St N

Property Ownership — Private/Public, in Right of Way

Description — This catchment has a new house built in the northernmost lot in the catchment that was not accounted
for in the analysis, thus increasing the potential runoff and capture opportunities. Catchment may actually be larger
now. Create a shallow Biolnfiltration basin adjacent to the existing catchbasin on the shoulder of North Shore Trail.
Basin ponding area will be 500 sf, will have 3” of ponding, and 1’ of replacement soils (70/30 sand /compost). A
200sf planted zone on the outsides of the basin area will act as a pretreatment device to extend life of the practice.
The overflow will be the invert elevation of the existing pipe under the road. Other ideas beyond this concept could
include an expanded footprint or different vegetation for the basin. The cost of $14,305 could be substantially lower
if alternatives planting design and subsoil replacement are considered. All alternatives would change the current
cost/benefit ranking up or down. See Appendix C for detailed cost estimates

Meoderately Complex
Biolnfiltration
$14,175.00
5130
514,305
$375
54,951
$23,757




FLO1-N11 - Typical Shoreline Restorations

Rank

Drainage Area — 4.0 acres (0.40 acre average per property) 64/64
Location — any 10 Participating Shorelines within FLO1-N11 (in addition to Priority Shorelines) '

Property Ownership — Private

Description — Even though ranked low, Typical Shoreline properties in this catchment that were not identified as
Priority are still fairly good candidates for outreach and/or buffers, especially on the northern half of the catchment.
Minor to major ice heave is found frequently and eroding sandy beaches are common. About 70% of the FLO1-N11
catchment drainage area is direct discharge from the entirety of each lakefront property. Heaving causes pooling
and allows for some runoff control on select properties. The general shoreline character of this catchment is 20%
turf mown to edges, 30% turf to riprap, 30% turf to sandy beach, and 20% mix of weedy vegetation cover or
gardened shoreline. Shoreline conditions devoid of native plant vegetation allow for stormwater runoff, fertilizer,
pesticides, and herbicides to enter the lake without any treatment. Moreover, shoreline erosion and impacts from ice
heave are much more noticeable along shorelines without native plant vegetation or low gradient riprap. Soil losses
due only to ice heave were not factored into the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 10 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

RETROFIT OPTIONS
Catchment FLO1-N11
Cost/Removal Analysis Shoreline Restorations-
Typ Participation Rates
o Net%
trtmt
TP (Ib/yr) 0.8 5%
TS5 (Ib/yr) 320.0 7%
E Volume (acre-feet/yr) 1.0 13%
Number of BMP's 10
»E BMP Size/Description 33,540 <
BMP Type Lakeshore Restoration
Materials/Labor/Design $172,270.20
Promotion & Admin Costs 53,250
3 Probable Project Cost 5$175,520
Annual O&M $15,093
10-yr Cost/Ib-TR/yr $40,806
10-yr Cost/2,0001b-TSS/yr $204,031







Existing Catchment Summary

Acres 10.82

Dominant Land Cover | MDRNA

Volume (acre-feet/yr) | 5.34

TP (Ibjyr) 8.3%
TSS (Ibjyr) 3,001
CATCHMENT DESCRIPTION

FLO1-N12 is a small catchment with North Shore Trail bisecting most of the lots, separating houses from direct
shore access. As a result, all road runoff is redirected under the road from east to west, and outlets to the shoreline
in multiple pipes. There is a fragment pipe at the east end of the catchment and it cannot be determined whether the
pipe is still active (draining the wetland overflows just east of Hayward) or if it has been bypassed after an Iron
Enhanced Sand Filter had been installed on the SW Corner of NST and Hayward Ave.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets occurs approximately twice annually. It appears one non-documented practice may
exist at the northernmost pipe outfall under the road. At the outfall is a patch of riprap an a long native planting for
the runoff to flow through. This could be a good enhancement opportunity for BMP 4d (see 4d discussion page).



RETROFIT RECOMMENDATIONS

RANK 10/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.

RANK 24/64 - BMP 6g, 7f, 8¢ Retention Swales and BiolInfiltration Basin: Treatment train of
vegetated swales with 3” ponding and a 500sf basin at pipe crossing before drainage crosses road to lake.

RANK 27/64 - BMP 4d Biolnfiltration Basin: Infiltration Basin near existing catchbasin treating road
runoff prior to discharging via pipe to lake. Basin area 800sf with 3” ponding.

RANKZE/64 - Priority Shoreline Catchment 106: 3 properties for enhanced shoreline buffers
RANK 61/64 - Typical Shoreline Restorations: Up to 2 non-priority shorelines with 15° wide enhanced
shoreline buffers.

Cost/Removal Analysis

1.14 0.97 0.6 0.2 2% 33 40%
182.0 36% 455.0 15% 1,535 515% 255.5 9% 54.0 2% 2492 83%
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1 3 3 1 2 10
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Ll
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Simple . N N Priority Lakeshore . Lakeshore N N
Biolnfiltration Simple Biolnfiltration Restoration Street Sweeping Restoration Bmlnﬁ;trr;::n, and
$8,645.20 $20,021.68 $26,728.68 5292.08 $13,465.92 $60,508.36
5400 51,000 5975 5400 5650 $3,025
$9,049 521,022 $27,704 $692 $14,116 $63,533
$600 $1,125 $1,745 S0 $1,163 $4,032
$3,322 $2,831 54,674 $116 $16,090 $5,928
$16,538 $14,185 $5,883 $542 $80,450 $25,265




FLO1-N12: Increased Street Sweeping @

Drainage Area — 0.48 curb miles

Location — All major roads in the catchment (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring
cleaning and the final Fall cleaning.

Project ID
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255.5 9%
0.0 0%
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FLO1-N12: BMP 6g, 7f, 8e Swales and Biolnfiltration

Drainage Area — 3.319 acres (25% Impervious)

Location — West of Intersection of North Shore Trail and Hayward Ave N
Property Ownership — Private/Public, in Right of Way

Description — Convert two existing mown turf ditches to Vegetated Swales (max area 500sf each). Swale bottoms
will be excavated 3” below inverts of existing culvert pipes that connect under pedestrian/mower access ramps on
each lot. Create a shallow Biolnfiltration Basin adjacent to the existing catchbasin at end of swale run. Basin
ponding area will be 500 sf, will have 6” of ponding, and 1’ of replacement soils (70/30 sand /compost). Presence
of swales will act as pretreatment for basin. The overflow will be the invert elevation of the existing pipe under the
road. Verify actual catchment area by inspecting whether ditch pipe is still an active overflow for a wetland area
upstream. Currently this area is not being considered as part of the catchment area. Other ideas beyond this
concept could include an expanded footprint, different vegetation for the basin, or just stop mowing the ditches.
There is also the potential to amend the existing swale below the outfall of 8e to increase treatment. The cost of
$21,022 could be substantially lower if alternatives to planting design and subsoil replacement are considered. All
alternatives would change the current cost/benefit ranking up or down. See Appendix C for detailed cost estimates

Wetland

O Overflow .o

____Abandoned

1,500/ sf

Simple Biclnfiltration

$20,021.68
51,000
§21,022
51,125
52,831
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FLO1-N12: BMP 4d Biolnfiltration Basin

Rank
Drainage Area — 3.198 acres (25% Impervious) 27/64
Location — West of Intersection of North Shore Trail and Hayward Ave N
Property Ownership — Private/Public, in Right of Way
Description — Create a shallow Biolnfiltration Basin adjacent to the existing catchbasin on the shoulder of North
Shore Trail. Basin ponding area will be 800 sf, will have 3” of ponding, and 1’ of replacement soils (70/30 sand
/compost). Up to 300sf planted zone on the outsides of the basin area will act as a pretreatment device to extend life
of the practice. The overflow will be the invert elevation of the existing pipe under the road. Other ideas beyond
this concept could include an expanded footprint or different vegetation for the basin. The cost of $9,049 could be
substantially lower if alternatives to planting design and subsoil replacement are considered. All alternatives would
change the current cost/benefit ranking up or down. See Appendix C for detailed cost estimates

Simple Biolnfiltration

58,649.20




FLO1-N12 — Priority Shoreline Catchments 106

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 36/64 Rank
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 19/30 36/64

Drainage Area — 0.606 acres

Location — 3 private residences

Property Ownership — Private

Description — These three parcels are all located on steep slopes and show an abrupt shoreline dropoff into the
water. Erosion decreases in severity of vertical loss from north to south. Shore Segment 22 exhibits 36” of vertical
loss and 12” of lateral recession and accounts for half of the sediment load in this Priority Shoreline Catchment.
Shore Segment 22 should be an immediate target for restoration. Shore Segment 22 exhibits 24” of vertical loss and
12” of lateral recession. Shore Segment 20 exhibits 18 of vertical loss and 6 of lateral recession. All are
candidates for both an enhanced shoreline buffer but also stabilization techniques should be incorporated. Losses
likely occurred over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot
be determined without consultation with landowner (modelled at 10yrs).

Priority Lakeshore
Restoration

$26,728.68
5575

$27,704

§1,745

$4,674

§5,883

PRIORITY SHORELINE CATCHMENT 106
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID #lots (acres) wav T5S TP TSS TP wav TS5 TP

106 3 0.606 8033 84 0.20 360 0.180 8033 - 0.38
TOTAL 0.606 TOTAL 8033 444 0.382

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.



FLO1-N12 - Typical Shoreline Restorations m

Drainage Area — 0.80 acres (0.40 acre average per property)

Location — any 2 Participating Shorelines within FLO1-N12 (in addition to Priority Shorelines)

Property Ownership — Private

Description —About 70% of the FLO1-N11 catchment drainage area is direct discharge from the entirety of each
lakefront property. Minor to moderate heaving causes pooling and allows for some runoff control on the northern
properties. The general shoreline character of this catchment is 20% turf mown to edges, 40% turf or woods to
riprap, 40% mix of weedy vegetation cover from steep slopes (mostly in the south half). Steep slopes on the south
half contribute excessive bank losses. Northern parcels have good opportunities for enhanced buffers. Soil losses
due only to ice heave were not factored into the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 2 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

Project ID

Cost/Removal Analysis

-

.2
.0
.1

2
2,584 |sf

Lakeshore Restoration

§13,465.92

5650
$14,116
51,163
$16,090
$80,450




[ 175 350 700

I N et
Existing Catchment Summary

Acres 11.12

Dominant Land Cover | MDRNA
Volume (acre-feet/yr) 5.47

TP (Ib/yr) 8.51
TSS (Ibfyr) 3,068
CATCHMENT DESCRIPTION

FLO1-N13 is a small catchment that sits between Hayward Ave N and the lake shore. There is a section of Hayward
that drains through the lots to the lake. The northern lots are large homes and very steep slopes. Many northern
parcels have large embankments of stone wall in excess of 20” high (in 3-5 tall terraces). The south 10 lots are
more shallow sloped and only show signs of minor degradation or ice heaving on the shorelines.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets occurs approximately twice annually. There are no other known BMPs in the
catchment although there is a new home being built on the 3" north lot and may be installing a large BMP for permit
requirements (unverified as of report completion).




RETROFIT RECOMMENDATIONS

RANK 8/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.

RANK 59/64 - Typical Shoreline Restorations: Up to 5 non-priority shorelines with 15> wide enhanced

shoreline buffers.

Cost/Removal Analysis

0.6 7% 0.6 75 1.2
260.5 8% 220.0 7% 481 16%
0.0 0% 0.3 6% 0.3 6%
1 5 6
0210 | curbmiles | 7,500 | <f All Practices
Street Sweeping Lakeshore Restoration |Sweeping and Shorelines
524591 538,685.00 $38,930.31
5400 51,625 52,025
5646 540,310 540,956
50 53,375 53,375
5106 512,343 56,225
5436 567,327 $33,912




FLO1-N13: Increased Street Sweeping

Drainage Area —0.21 curb miles

Location — All major roads in the catchment (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring
cleaning and the final Fall cleaning.

Project ID

0.6 7%
260.5 8%
0.0 0%

1

0.210|curbmiles

Street Sweeping

5245.91

5400

5646
S0
$106

$496




FLO1-N13 — Typical Shoreline Restorations m

Drainage Area — 2.0 acres (0.40 acre average per property)

Location — any 5 Participating Shorelines within FLO1-N13 (in addition to Priority Shorelines)

Property Ownership — Private

Description —About 70% of the FLO1-N13 catchment drainage area is direct discharge from the entirety of each
lakefront property. Minor to moderate heaving causes pooling and allows for some runoff control on the northern
properties. The general shoreline character of this catchment is 20% turf mown to edges, 40% turf or woods to
riprap, 40% mix of weedy vegetation cover from steep slopes (mostly in the south half). Steep slopes on the south
half contribute excessive bank losses. Northern parcels have good opportunities for enhanced buffers. Soil losses
due only to ice heave were not factored into the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 2 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

Project ID

Cost/Removal Analysis
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.0
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2
2,584 |sf

Lakeshore Restoration

§13,465.92

5650
$14,116
51,163
$16,090
$80,450




Existing Catchment Summary

Acres 10.63
Dominant Land Cover MDRNA
Volume (acre-feet/yr) 481
TP (Ib/yr) 5.70
TSS (Ibjyr) 2,471
CATCHMENT DESCRIPTION

FLO1-N16 is a small catchment that sits between Hayward Ave N and the lake shore. There is a section of Hayward
that drains through the lots to the lake. The southern half is partially landlocked, wet woods. The northern half
consists of lots 60-90° in width; where shorelines appear to be protected by a mass of aquatic vegetation.

EXISTING STORMWATER TREATMENT
Street sweeping of city streets occurs approximately twice annually. There is a cost-share shoreline restoration that
accounts for a larger than average TP load reduction.



RETROFIT RECOMMENDATIONS

RANK 14/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.
RANK 60/64 - Typical Shoreline Restorations: Up to 4 non-priority shorelines with 15> wide enhanced

shoreline buffers.

0.4 8% 0.5 8% 0.9
1%0.5 8% 160.0 6% 351 14%
0.0 0% 0.3 6% 0.3 6%
1 4 1
0.383 I curb miles 6,000 sf All Practices
Street Sweeping Lakeshore Restoration Sweeping
$275.49 $30,990.00 5$31,265.49
5400 $1,300 $1,700
S675 $32,290 $32,965
S0 52,700 $2,700
5152 $12,352 $6,252
5709 $74,113 §37,411




FLO1-N16: Increased Street Sweeping

Drainage Area — 0.383 curb miles

Location — All major roads in the catchment (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring
cleaning and the final Fall cleaning.

Project ID

0.4
190.5
0.0

$(R|%

1
0.383|curb miles

Street Sweeping

5275.48

5400

$675
S0
$152

$709




FLO1-N16 — Typical Shoreline Restorations m

Drainage Area — 2.0 acres (0.50 acre average per property)

Location — any 4 Participating Shorelines within FLO1-N16 (in addition to Priority Shorelines)

Property Ownership — Private

Description —About 60% of the FLO1-N16 catchment drainage area is direct discharge from the entirety of each
lakefront property. The general shoreline character of this catchment is 40% turf mown to edges, 40% turf or woods
to riprap, 20% mix of weedy or native vegetation. This area is rather protected from heave and wave action as a
result of the large mass of aquatic vegetation in front of the lots and exhibits a stable condition. Soil losses due only
to ice heave were not factored into the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 4 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

$1,300

532,290
$2,700
$12,352

$74,113
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Existing Catchment Summary

Acres 1192

Dominant Land Cover | MDRNA
Volume (acre-feet/yr) 5.76

TP (Ib/yr) 8.98
TS5 (Ibjyr) 3,222
CATCHMENT DESCRIPTION

FLO1-N18 is a medium sized catchment situated on the peninsula that divides lake 1 and lake 2. North Shore Circle
bisects the catchment and the entire eastern half drains to a shallow mowed depression that drains to the lake via a
4” buried pipe. The western half of the catchment drains through the yards to the shore with small pockets of
landlocked wet woods in the north-center of the catchment. Shore frontages are larger throughout this stretch and
homes are very close to the shore, leaving not much room for wide shoreline buffer opportunties.

EXISTING STORMWATER TREATMENT
Street sweeping of city streets occurs approximately twice annually. There were no other existing BMPs found
within the catchment.



RETROFIT RECOMMENDATIONS

RANK 9/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.
RANK 21/64 - BMP 9h Biolnfiltration Basin: Turning a mown depression into an Infiltration Basin

near an existing 4” drainpipe treating runoff prior to discharging to lake. Basin area 750sf with 3” ponding.

RANK 48/64 - Priority Shoreline 107: 10 contiguous properties with high ice heave with opportunity for
15’ wide enhanced shoreline buffers and stabilization.

RANK 63/64 - Typical Shoreline Restorations: Up to 5 non-priority shorelines with 15’ wide enhanced

shoreline buffers.

7% 2.9
185 6% 1,832 57% 267.5 8% 115.0 45 2400 74%
0.3 5% 0.6 10% 0.0 0% 0.3 5% 1.2 205
1 10 1 5 17
750 sf 11,805 sf 0.590 |curb miles| 5,900 sf All Practices
- Sweeping,
P
Simple Biolnfiltration riofity Lak._shor. Street Sweeping Lakeshore Restoration| Biolnfiltration, and
Restoration
Shores
54,242.00 $80,956.20 $310.89 $30,477.00 5$115,986.09
$325 $3,250 5400 $1,625 $5,600
54,567 584,206 $711 $32,102 5$121,586
5563 55,312 S0 $2,655 $8,530
$2,409 $9,077 S114 $16,758 $7,089
$11,018 $14,992 $532 $102,003 $32,136




FLO1-N18: Increased Street Sweeping

Drainage Area — 0.59 curb miles
Location — All major roads in the catchment (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring
cleaning and the final Fall cleaning.

0.6 7%
267.5 8%
0.0 036

1
0.590 curb miles

Street Sweeping

$310.88
5400
$711
S0
s114
5532




FLO1-N18: BMP 9h Biolnfiltration Basin Rank

Drainage Area — 3.042 acres (33% Impervious) %

Location — Tip of Road Loop on North Shore Circle

Property Ownership — Private/Public, partially in Right of Way
Description — Create a shallow Biolnfiltration Basin adjacent to the existing 4” drain pipe on the north side of
North Shore Circle. Basin ponding area will be 750 sf, will have 3” of ponding, and 1’ of replacement soils (70/30
sand/compost). The overflow will be the invert elevation of the existing pipe under the road. Other ideas beyond
this concept could include an expanded footprint or different vegetation for the basin. The cost of $4,567 could be
lower if alternatives to planting design and subsoil replacement are considered. All alternatives would change the
current cost/benefit ranking up or down. See Appendix C for detailed cost estimates

RETROFIT OPTIONS
Catchment FLOI-N18
Cost/Removal Analysis BMP Sh -
Biolnfiltration Simple
New | neess
trtmt
TP (Ib/yr) 0.42 5%
_  |Tssib/yr) 185 6%
g Volume [acre-feet/yr) 0.3 5%
Number of BMP's 1
E BMP Size/Description e
BMP Type Simple Biolnfiltration
Materials/Labor, $4,242.00
Promotion & Admin Costs $325
3 Probable Project Cost 54,567
Annual O&M 5563
10-yr Cost/Ib-TP/yr $2,409
10-yr Cost/2,0001b-TSS /yr $11,018




FLO1-N18 — Priority Shoreline Catchments 107

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 48/64

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 28/30

Drainage Area — 1.589 acres
Location — 10 private residences
Property Ownership — Private

Description — These ten parcels are all located on the east side of the peninsula and all show signs of high ice heave
which have been partially stabilized with large quantities of riprap and stone. All homes are very close to the shore
and there are not many great opportunities for large shoreline projects. All shorelines were given a loose estimate of
6” of vertical loss and 6 of lateral recession since it was hard to discern what was heave and what was erosion.
Losses may have occurred over a shorter duration than the typical assumption of 10 years, but actual duration of
losses cannot be determined without consultation with landowner (modelled at 10yrs).

ItI:'I'ROFI'I'DPI'IOHS
Cost/Removal Analysis Priority Shoreline 107
TP {Ib/yr) 151 17%
1SS (Ib/yr) 1,832 57%
e P
[Number ofEMP's SE
|BMP Size/Description 11,805 |  sf
iy Priority Lakeshore
Imw Restoration
IWMM $80,956.20
I. romotion & Adm $3,250
|Probable Project Cost 584,206
Annual 0&M $5,312
10-yr Cost/Ib-TP/yr_ $9,077
10-yr Cost/2,0001b-TSS/yr 514,992
PRIORITY CATCHMENT 107 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID # lots (acres) wav 1SS TP TSS TP wav TSS TP
107 10 1.58% 25122 232 0.71 1600 0.800 25122 1832 1.51
TOTAL 1.589 TOTAL 25122 1832 1.51

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.




FLO1-N18 — Typical Shoreline Restorations m

Drainage Area — 1.75 acres (0.35 acre average per property)

Location — any 5 Participating Shorelines within FLO1-N18 (in addition to Priority Shorelines)

Property Ownership — Private

Description —About 50% of the FLO1-N18 catchment drainage area is direct discharge from the entirety of each
lakefront property. Minor to major heaving causes pooling but also allows for some runoff control on these
properties. The general shoreline character of this catchment is 20% turf mown to edges, 70% turf to riprap, and
10% mix of weedy or native vegetation. Western parcels have better opportunities and more space for enhanced
buffers but the eastern half may be more in need of ice heave interventions or consultations. Soil losses due only to
ice heave were not factored into the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 5 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

5900 | sf
Lakeshore Restoration

$30,477.00

51,625

$32,102
$2,655
$16,758

$102,003




Existing Catchment Summary

Acres 2.27

Dominant Land Cover MDRNA
Volume (acre-feet/yr) 1.05

TP (Ib/yr) 171
1SS (Ib/yr) 596
CATCHMENT DESCRIPTION

FLO1-N19 is a small catchment situated on North Shore Circle on Lake 2. It is primarily % acre to '2 acre
residential lots. About 50% of this catchment drains into North Shore Circle Park and overflows into the lake via an
unofficial (and eroded) canoe access point. The other half drains over land through each yard and into the lake.
Most lots have riprap on the shore and exhibit minor heave and minimal erosion.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets occurs approximately twice annually. There were no other existing BMPs found
within the catchment.



RETROFIT RECOMMENDATIONS

RANK 17/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.

RANK 22/64 - BMP 10i Biolnfiltration Basin: Regrade west side of park into an Infiltration Basin that
will be covered with turf so that it can still be used as a park except in rain events. Basin area is 1600sf with 3”
ponding and 12” replacement soils.

0.69 0.1 7% 0.8 48%
279 47% 51.0 9% 330 553
0.5 44% 0.0 0% 05 44%
1 1 2
1600 | st 0.088 | curbmiles All Practices
$14,701.30 $225.05 $14,926.35
$325 5400 $725
515,026 5625 $15,651
$200 $0 $200
52,451 5517 51,484
$12,205 52,451 7,328




FLO1-N19: Increased Street Sweeping

Drainage Area — 0.088 curb miles
Location — All major roads in the catchment (as highlighted in Orange)
Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring
cleaning and the final Fall cleaning.

T

Project ID

0.1 7%
51.0 9%
0.0 0%

: |
0.088|curb miles
Street Sweeping
$225.05
5400
$625
50
$517
52,451




FLO1-N19: BMP 10i Biolnfiltration Basin

Drainage Area — 1.16 acres (33% Impervious)
Location — North Shore Circle Park

Property Ownership —Public (City of Forest Lake)
Description — Create a shallow Biolnfiltration Basin on the west side of North Shore Circle Park. Basin ponding
area will be 1600 sf, will have 3” of ponding and 1 of replacement soils (70/30 sand/compost) and will be vegetated
with regular sod. Sod cover is to be used so that park can remain usable in between rain events. The overflow will
be a shallow berm that then will flow towards the restored ‘unofficial’ canoe access point. The basin will be
underdrained, and depending on lake elevation relative to the bottom of the treatment cell, underdrain will either be
a 4” typical underdrain system or just a narrow vein of buried pea rock (dry well) that weeps to the shore. Other
ideas beyond this concept could include an expanded footprint or different vegetation for the basin. The cost of
$15,206 could be lower if alternatives to planting design and subsoil replacement are considered. All alternatives
would change the current cost/benefit ranking up or down. See Appendix C for detailed cost estimates

Cost/Removal Analysis

0.5

1
1,600|sf

Moderately Complex
Biclnfiltration

$14,701.30
5325
$15,026
5200
$2,451
$12,205




Existing Catchment Summary

Acres £.40

DominantLand Cover| MDRNA
Volume (acre-feet/yr) 3.11

TP (Ib/yr) 492
1SS (In/yr) 1,767
CATCHMENT DESCRIPTION

FLO01-N20 is a medium sized catchment at the intersection of North Shore Trail and North Shore Circle. There is a
shallow pocket of ponding in the northeast corner of the catchment that takes a larger rain event in order to overflow
to the shoreline, but otherwise all else is direct drainage to the lake. Shore frontages on the west are relatively stable
with minor heaving. Shore frontages on the east have large areas of bare soil and would benefit from shoreline
interventions. Priority Shoreline Catchment 109 was not originally part of this catchment, but upon further
inspection it will be included with FL0O1-N20 since it has been found to drain directly to the lake. All data presented
reflects this change except the drawn Catchment Boundary.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets occurs approximately twice annually. There were no other existing BMPs found
within the catchment.



RETROFIT RECOMMENDATIONS

RANK 16/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.

RANIK 25/64 - Priority Shoreline 108 and 109: 7 properties with minor to moderate erosion with
opportunity for 15’ wide enhanced shoreline buffers and stabilization. See notes in profile for 109.

RANK 49/64 - Typical Shoreline Restorations: Up to 3 non-priority shorelines with 15’ wide enhanced
shoreline buffers.

Cost/Removal Analysis

2.49 0.3 7% 0.5 3.3
2,588 146% 150 8% 156.0 9% 2854 1643
0.9 28% 0.0 0% 0.2 7% 1.1 35%
7 1 3 11
6578 |  sf 0.272 |curb miles| 4500 | sf All Practices
Priority I.alcelshore Street Sweeping Lakeshore Restoration Shorelines
Restoration
$45,203.52 $256.51 $23,295.00 $68,755.03
52,275 5400 5975 53,650
547,479 $657 524,270 $72,405
$2,960 SO $2,025 54,985
$3,094 5188 $9,275 54,186
$5,957 $878 $57,077 $21,304




FLO1-N20: Increased Street Sweeping

Drainage Area — 0.272 curb miles

Location — All major roads in the catchment (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring
cleaning and the final Fall cleaning

Project ID

0.3 7%
150 8%
0.0 0%

1
0.272|curb miles

Treatment

Street Sweeping

§256.51
$400
5657

S0
5188
5878




FLO1-N20 — Priority Shoreline Catchments 108 and 109

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 25/64

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 8/30

Drainage Area — 2.397 acres
Location — 7 private residences
Property Ownership — Private

Description — These seven parcels are all located adjacent to the intersection of North Shore Trail and North Shore
Circle. All homes are fairly close to the shore and most exhibit light to moderate soil losses as a result of heave and
shoreline practices. All Shore Segments (except within PSC 109) were given a loose estimate of 6 of vertical loss
and 6” of lateral recession. Losses may have occurred over a shorter duration than the typical assumption of 10
years, but actual duration of losses cannot be determined without consultation with landowner (modelled at 10yrs).

Spillway
for FL-45

Cost/Removal Analysis

0.9 28%

6,578 sf
Priority Lakeshore
Restoration

$45,203.52

$2,275

547,479

$2,960

$3,094

$5,957

PRIORITY CATCHMENT 108 and 109 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
Area
SubCatchID  # lots (acres) wav 1SS TP 1SS TP wav TSS TP

108 6 15817 31288 407 0.98 820 0.410 31288 1227 139
108 1 0.48 6374 221 0.53 1140 0.570 6374 1361 1.10
TOTAL 2.397 TOTAL 37662 2588 2491

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See

Shoreline Methods section for explanation of full methodology.




FLO1-N20 — MAP Priority Shoreline Catchment 108

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 25/64 m

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 8/30

Drainage Area— 1.917 acres

Location — 6 private residences

Property Ownership — Private

Description — These six parcels are all located adjacent to the intersection of North Shore Trail and North Shore
Circle. All homes are fairly close to the shore and most exhibit light to moderate soil losses (with minimal heaving),
mostly as a result of shoreline management practices and wave action. All shorelines were given a loose estimate of
6” of vertical loss and 6” of lateral recession. Losses may have occurred over a shorter duration than the typical
assumption of 10 years, but actual duration of losses cannot be determined without consultation with landowner
(modelled at 10yrs).

PRIORITY CATCHMENT 108 and 109 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
Area
SubCatch ID  # lots (acres) wav TSS TP TSS TP wav 1SS P
108 6 1917 31288 407 0.98 820 0.410 31288 1227 139
109 1 0.48 6374 221 0.53 1140 0.570 6374 1361 1.10
TOTAL 2.397 TOTAL 37662 2588 2491

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.



FLO1-N20 — MAP of Priority Shoreline Catchment 109

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 25/64 m

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 8/30

Drainage Area — 0.48 acres
Location — 1 private residence
Property Ownership — Private

Description — This parcel is located adjacent to the intersection of North Shore Trail and North Shore Circle. This
parcel was originally not in the analysis and was included as the report was being written since it does indeed drain
to the lake proper and not to FL-45 as originally delineated. All associated areas and loads are included with
Catchment FLO1-N20. This shoreline was estimated at 24” of vertical loss and 12” of lateral recession. Losses may
have occurred over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be
determined without consultation with landowner (modelled at 10yrs). This parcel is a high ranking candidate if
ranked separate from the rest of Priority Shoreline Catchment 108. Additional treatment opportunities could be

explored (outside of this analysis) along the spillway from FL-45.

PRIORITY CATCHMENT 108 and 109 - SUMMARY

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
Area
SubCatchID  # lots (acres) wav TSS TP 158 TP wav LS TP
108 6 1.917 31288 407 0.98 820 0.410 31288 1227 139

1 0.48 6374 21 053 1140 0570 6374 1361 110

TOTAL 2397 TOTAL 37662 2588 2491

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See

Shoreline Methods section for explanation of full methodology.



FLO1-N20 - Typical Shoreline Restorations m

Drainage Area — 1.05 acres (0.35 acre average per property)

Location — any 3 Participating Shorelines within FLO1-N20 (in addition to Priority Shorelines)

Property Ownership — Private

Description —About 35% of the FLO1-N20 catchment drainage area is already designated as Priority Shoreline
Restoration. Eastern parcels have better opportunities and more space for enhanced buffers and the western half is
mostly lawn edges of shoreline but relatively stable. Soil losses due only to ice heave were not factored into the
modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 3 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

Cost/Removal Analysis

Treatment

Lakeshore Restoration

$23,295.00
$975
$24,270
52,025
$9,275
$57,077




Existing Catchment Summary

Acres 15.0e

Dominant Land Cover| MDRNA

Volume (acre-feet/yr) 6.75

TP (Ib/yr) 9.76
TSS (Ib/yr) 3,631
CATCHMENT DESCRIPTION

FLO1-N22 is a larger catchment with North Shore Trail bisecting over half of the lots, separating houses from direct
shore access. As a result, all road runoff in the east is redirected under the road from north to south, and outlets to
the shoreline in a 12” pipe. The western portion of the catchment is direct drainage, with North Shore Trail flowing
through each yard before it reaches the shore. A lot of ponding occurs in several discreet depressions on the north
half of North Shore Trail, right near the road. These were factored into the WinSLAMM modelling for existing
conditions as well as for BMP retrofit implementation.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets occurs approximately twice annually. Acqua Restaurant has several BMPs that were
installed as a permit requirement in 2006/2007. No permitting records were found relating to their sizing
requirements, but each BMP was modelled in WinSLAMM according to the designs. There is also a cost-share
shoreline installed on the western portion of the catchment.



RETROFIT RECOMMENDATIONS

RANK 5/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.
RANIK 22/64 - BMP 11j Biolnfiltration Basin: Infiltration Basin near existing 12” pipe draining to lake.

Second upstream basin also proposed. Basins each 600sf with 3” ponding, amending existing depressions near road.

RANKZ7/64 - Priority Shoreline Catchment 110, 111, 112, 113: 18 properties for enhanced
shoreline buffers

RANK 45/64 - Typical Shoreline Restorations: Up to 2 non-priority shorelines with 15° wide enhanced
shoreline buffers.

Cost/Removal Analysis

0.66 7% 8.21 0.8 8% 0.4 4% 10.0 103%
247 75% 10,892 3003 337.0 9% 156.0 45 11632 320%
0.4 6% 16 24% 0.0 0% 0.2 3% 2.2 33%
2 18 1 2 23
1,800 ot 23610 | sf 0788 r:?l:; 2,360 of All Practices
Moderately Complex Priority Lakeshore Street Sweeping lecsho_rc Bim::_:;:‘:ii:: and
Biolnfiltration Restoration Restoration "
Shores
$17,712.96 $161,699.12 $344.75 $12,316.80 $192,073.62
5400 55,850 5400 5650 $7,300
518,113 $167,548 §745 $12,967 $199,374
51,350 510,624 S0 51,062 513,036
$4,790 $3,334 597 $6,207 $3,607
525,598 55,027 5442 530,239 515,327




FLO1-N22: Increased Street Sweeping

Drainage Area — 0.788 curb miles
Location — All major roads in the catchment (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring
cleaning and the final Fall cleaning.

Cost/Removal Analysis

Street Sweeping

$344.75
$400
$745




FLO1-N22: BMP 11 Biolnfiltration Basins

Drainage Area —2.977 acres (25% Impervious)

Location — North side North Shore Trail, west of Acqua Restaurant
Property Ownership — Private/Public, in Right of Way

Description — Convert two existing mown turf depressions to Vegetated BiolInfiltration Basins. Depres oms
will be excavated 3” below inverts of existing culvert pipes that connect under driveways and roads on each lot.

Basin ponding area will be 600 sf, will have 3” of ponding, and amended with 70/30 sand /compost mix. The
overflow to then lake will be the invert elevation of the existing pipe under the road. Other ideas beyond this
concept include an expanded footprint, different vegetation for the basin, or stop mowing the ditches. The cost of
$18,113 could be substantially lower if alternatives to planting design and subsoil replacement are considered. All
alternatives would change the current cost/benefit ranking up or down. See Appendix C for detailed cost estimates

0.4

1,800 | sf
Moderately Complex
Biolnfiltration
$17,712.96
S400
S$18,113
$1,350
54,790
$25,598




FLO1-N22 — Priority Shoreline Catchments 110 to 113

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 37/64 Rank
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 11/30 87/64

Drainage Area — 4.502 acres

Location — 18 private residences

Property Ownership — Private

Description — These 18 parcels are all located on shallow slopes on residential lots. Erosion is mixed in severity
across the catchment. PSC 110 and PSC 113 are the most heavily degraded shorelines and if they were ranked
independently of the other shores in the catchment they would rank much higher priority. All parcels are candidates
for both an enhanced shoreline buffer as well as improved stabilization techniques. Losses likely occurred over a
shorter duration than the typical assumption of 10 years on some properties, but actual duration of losses cannot be
determined without consultation with landowner (see individual PSC profiles for modelling assumptions).

Cost/Removal Analysis

8.21

84%
10,892 300%
16 24%
18
23610 | st
Priority Lakeshore
Restoration
5$161,699.12
$5,850
$167,549
510,624
$3,334
$5.027
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID # lots (acres) wav TS5 TP TS5 TP wav TS5 P
110 2 0.544 6396 281 0.71 2560 1.280 6396 2841 1.99
111 4 2.031 27139 360 0.88 960 0480 27139 1320 136
112 6 0.576 12174 313 0.76 2340 1170 12174 2653 193
113 6 1.351 25875 458 115 3620 1.810 25975 4078 294
TOTAL 4502 TOTAL 71684 10892 821

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.



FLO1-N22 — MAP Priority Shoreline Catchment 110

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 37/64

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 11/30

Drainage Area — 0.544 acres

Location — 2 private residences

Property Ownership — Private

Description — These two parcels showed 24” of vertical loss and 12” of lateral recession and if they were ranked
independently of the other shores in the catchment they would rank as a much higher priority. Unclear as to whether
ice heave is causing the soil loss as ice heave does not look extreme on adjacent properties and the losses appear in
large localized pockets. Losses appear to have occurred over a shorter duration than the typical assumption of 10
years, but actual duration of losses cannot be determined without consultation with landowner (modelled at 7yrs).

PRIORITY CATCHMENT 110 to 113 |- SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
1D # lots (acres) wav 155 TP 1SS TP wav 1SS TP
110 2 0.544 6396 281 071 2560 1.280 6396 2841 199
111 4 2.031 27139 360 0.88 960 0480 27139 1320 136
112 6 0.576 12174 313 0.76 2340 1170 12174 2653 193
113 6 1351 25975 458 313 3620 1810 25975 4078 294
TOTAL 4.502 TOTAL 71684 10892 8.21

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.



FLO1-N22 — MAP Priority Shoreline Catchment 111

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 37/64

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 11/30

Drainage Area —2.031 acres

Location — 4 private residences

Property Ownership — Private

Description — These four parcels showed a range of 6-12” of vertical loss and 6-12” of lateral recession. Unclear as
to whether ice heave is causing the soil loss as ice heave does not look extreme on adjacent properties. Losses may
have occurred over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be
determined without consultation with landowner (modelled at 10yrs).

PRIORITY CATCHMENT 110 to 113 l- SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID # lots (acres) wav 1SS TP TSS TP wav TSS TP
110 2 0.544 6396 281 0.71 2560 1.280 6396 2841 199
- 2.031 27139 360 0.88 960 0480 27139 1320 1.36
2 6 0.576 12174 313 0.76 2340 1170 12174 2653 1.93
113 6 1351 25975 458 113 3620 1.810 25975 4078 294
TOTAL 4.502 TOTAL 71684 10892 8.21

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N22 — MAP Priority Shoreline Catchment 112

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 37/64

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 11/30

Drainage Area — 0.576 acres

Location — 4 private residences

Property Ownership — Private

Description — These six parcels are purely for shoreline access and have no homes on them and show signs of heavy
use for pedestrian and boat access. Ice heave has left some depressions for pooling behind the ice ridges. All parcels
showed a range of 6-12” of vertical loss and 6-12” of lateral recession. Losses may have occurred over a shorter
duration than the typical assumption of 10 years, but actual duration of losses cannot be determined without
consultation with landowner (modelled at 10yrs).

PRIORITY CATCHMENT 110 to 113 ]- SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID # lots (acres) waQv TSS TP TSS TP wav TSS TP
110 2 0.544 6396 281 0.71 2560 1.280 6396 2841 199
< 2.031 27139 360 0.88 960 0480 27139 1320 136
@ 6 0.576 12174 313 0.76 2340 1170 12174 2653 193
113 6 1.351 25975 458 113 3620 1810 25975 4078 294
TOTAL 4.502 TOTAL 71684 10892 8.21

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N20 — MAP Priority Shoreline Catchment 113

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 25/64

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 8/30

Drainage Area — 1.351 acres

Location — 6 private residences

Property Ownership — Private

Description — These six parcels are all located west of Acqua Restaurant. Two homes are located here and are fairly
close to the shore. The home parcels exhibit moderate soil losses in localized areas, mostly as a result of shoreline
management practices and recreation use. All shorelines were given an average of 12” of vertical loss and 12” of
lateral recession and the losses were heavier near parcels 56, 57, and 58. Losses appear to have occurred over a
shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be determined without
consultation with landowner (modelled at 7yrs on parcel 57).

PRIORITY CATCHMENT 110 to mLsumnm
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID # lots (acres) wav 1SS TP 155 TP wav 155 TP

110 2 0.544 6396 281 0.71 2560 1.280 6396 2841 199

11 4 2.031 27139 360 0.88 960 0480 27139 1320 1.36

112 6 0.576 12174 313 0.76 2340 1170 12174 2653 193
@ 6 1.351 25975 458 1.13 3620 1810 25975 4078 294
TOTAL 4.502 TOTAL 71684 10892 8.21

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N22 - Typical Shoreline Restorations m

Drainage Area — 0.80 acres (0.40 acre average per property)

Location — any 2 Participating Shorelines within FLO1-N22 (in addition to Priority Shorelines)

Property Ownership — Private

Description —Most of the FLO1-N22 catchment drainage area has been identified as a Priority Shoreline Catchment.
The few remaining properties that have not been identified also exhibit some minor erosion, but more intermittently
across portions of the shorelines (as opposed to entire parcel widths). All remaining parcels have good opportunities
for enhanced buffers and have a larger buffer size to drainage area ratio; making a buffer installation more effective
as treating a larger portion of the contributing drainage area. Soil losses due only to ice heave were not factored into
the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 2 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

0.4 45

156.0 4%
0.2 3%
2
2360 | st

Lakeshore Restoration

$12,316.80
$650
$12,967
$1,062
$6,207
$30,239




Existing Catchment Summary |

Acres 8.95

Dominant Land Cover] MDRNA

Volume (acre-feet/yr) 2.88

P (Ib/yr) 4.96
TSS (Ib/yr) 1,595
CATCHMENT DESCRIPTION

FLO1-N23 is a medium sized catchment with North Shore Trail bisecting the southern lots, separating medium
density residential homes from direct shore access. As a result, all road runoff is redirected under the road from
north to south, and outlets to the shoreline in a single 12” pipe. Inman Ave N and 224™ St N are both gravel roads.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets occurs approximately twice annually. Much of the northern and western portion of
the catchment flows through a series of infiltration basins and an infiltration swale at the DNR Public Water Access
parking lot (pre-treating the gravel roads). The DNR PWA launch has an infiltration basin but does not receive
much water. The Acqua Restaurant shoreline has also been maintained as a native buffer at least 15’ wide.
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RETROFIT RECOMMENDATIONS

RANK 15/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.

RANK 18/64 - BMP 15k Biolnfiltration Basin: Retrofit lawn depression to facilitate 3” ponding and a
450sf basin at pipe crossing before drainage crosses road to lake.

RANK 47/64 - Priority Shoreline Catchment 106: 3 properties for enhanced shoreline buffers

Cost/Removal Analysis

0.62 0.4 8% 1.7 35%
102.0 6% 376 24% 143.6 9% 621.6 39%
0.2 7% 0.2 6% 0.0 0% 0.4 13%
1 3 1 S
420 sf 3,659 sf 0.250 |curb miles All Practices
- Sweepin,
Simple Biclnfiltration Priority Lake-shore Street Sweeping Biolnfi Itra‘t,io:: and
Restoration
Sheores
$6,328.00 $25,237.56 $252.75 $31,818.31
5975 $400 $1,775
56,728 $26,213 $653 $33,593
51,647 S0 $1,962
$1,399 $6,884 S164 $2,816
$19,369 $22,701 $909 $14,32¢6




FLO1-N23: Increased Street Sweeping

Drainage Area — 0.25 curb miles

Location — North Shore Trail Only (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring

cleaning and the final Fall cleaning

Project ID

Cost/Removal Analysis

0.4
143.6
0.0

B[R

: §
0.250|curb miles

Treatment

Street Sweeping

$252.75
5400
5653
50
5164
$909
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FLO1-N23: BMP 15k Biolnfiltration Basin

Drainage Area —7.611 acres (30% Impervious) m

Location — East of Intersection of North Shore Trail and Inman Ave N
Property Ownership — Private/Public, in Right of Way

Description — Convert existing mown turf depression to Vegetated BioInfiltration Basin adjacent to the existing 12”
pipe at end of swale run. Basin ponding area will be 500 sf, will have 3” of ponding, and 1’ of ripped soil amended
with 70/30 sand/compost mix. Presence of existing swales will act as pretreatment for basin. The overflow will be
the invert elevation of the existing pipe under the road. Other ideas beyond this concept could include an expanded
footprint, different vegetation for the basin, or just stop mowing the depression. The cost of $6,728 could be
substantially lower if alternatives to planting design and subsoil replacement are considered. All alternatives would
change the current cost/benefit ranking up or down. See Appendix C for detailed cost estimates

&

Cost/Removal Analysis

07
102.0
0.2 7%
1
420|sf

Treatment

Simple Biclnfiltration

$6,328.00
5400
56,728
5315
$1,399
$19,369
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FLO1-N23 — Priority Shoreline Catchments 114

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 47/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 27/30

Drainage Area — 0.466 acres

Location — 3 private residences

Property Ownership — Private

Description — These three parcels are all located on the shore side of North Shore Trail and have no homes built on
this portion of the property. These properties exhibited more erosion than the adjacent Priority Shoreline
Catchments 115, 116, and 117 (albeit minor). More importantly, these high traffic lots on limited footprints warrant
special attention since there is not much room for a substantial buffer but would likely benefit from one in the near
future. Additionally, the eroded areas are localized sections of shoreline, meaning a minor adjustment to landuse
may make a large difference in shoreline stability. Shore Segment 59 exhibits 6” of vertical loss and 6” of lateral
recession while 60 and 61 are half that range. Losses likely occurred over a shorter duration than the typical
assumption of 10 years, but actual duration of losses cannot be determined without consultation with landowner
(modelled at 10yrs).

Project ID

0.62

376 285%
5 02 6%
£ 3

E 3,659t

Priority Lakeshore
Restoration

$25,237.56
5975

§26,213

51,647

56,884

$22,701

PRIORITY SHORELINE CATCHMENT 114 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID # lots (acres) wayv TSS TP L] TP wav TSS P

114 3 0.466 7343 216 0.54 160 0.080 7343 376 0.62
TOTAL 0.466 TOTAL 7343 376 0.62

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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Existing Catchment Summary

Acres 22.3%

Dominant Land Cover MDRNA

Volume (acre-feet/yr) 8.52

TP (Ib/yr) 14.32

TSS (Ibfyr) 4,863
CATCHMENT DESCRIPTION

FLO1-N24 is a medium sized catchment that sits along North Shore Trail, all medium density residential. Irish Ave
is gravel and tends to discharge sediment across the intersection to the lake. Many western parcels have steep slopes
that discharge across the road to a patch of small parcels that all have significant ice heave ridges. The remainder of
the catchment to the east is more shallow sloped, and also has significant ice heave ridges which do not appear to be
losing soil but rather are just pushed and heaved upward.

EXISTING STORMWATER TREATMENT
Street sweeping of city streets occurs approximately twice annually. There are two cost-share BMPs in the
catchment. One is a shoreline buffer and the other is a runoff control project (intercepting house and road drainage).
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RETROFIT RECOMMENDATIONS

RANK 7/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.

RANK 26/64 - BMP 19n Biolnfiltration Basin: Retrofit lawn depression at intersection of Inman Ave
and North Shore Trail to capture gravel road runoff before drainage crosses road to lake. 600 sf basin will pond 3.
RANK 20/64 - BMP 16m Biolnfiltration Basin: Retrofit lawn depression to facilitate 3” ponding and a
600sf basin before drainage overflows roadway to lake

RANK 47/64 - Priority Shoreline Catchment 115, 116, 117: 11 properties for enhanced shoreline
buffers

RANK 59/64 - Typical Shoreline Restorations: Up to 4 non-priority shorelines with 15” wide enhanced
shoreline buffers.

2% 2.04 07 5% 07 5% 4.0
109 2% 105 2% 1,078 22% 3130 6% 285.0 6% 1893.0 39%
0.2 3% 0.2 3% 0.6 7% 0.0 0% 0.2 3% 13 15%
1 1 11 1 4 18
600 | sf 600 | st 5,757 |  sf 0.805 |curb miles] 4400 | st All Practices
. Sweepi
Simple Biolnfiltration | Simple Biclnfiltration | 1oty Lakeshore StreetSweeping | Lakeshore Restoration Biolrrﬁltfa‘:i::: and
Restoration Shores
55,216.00 $5,302.00 566,947.88 5347.66 $22,782.00 $100,595.54
5130 $130 §3,575 5400 51,300 55,535
55,346 55,432 570,523 5748 524,082 5106,131
5450 5450 54,391 50 51,980 57,271
53,620 53,153 55,612 5101 56,453 53,788
518,066 518,918 521,230 5478 $30,474 517,833




FLO1-N24: Increased Street Sweeping

Drainage Area — 0.805 curb miles
Location — North Shore Trail (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring
cleaning and the final Fall cleaning.

Project ID

0.7 5%
313.0 6%
0.0 0%
1
0.805|¢urb miles

Street Sweeping

5347 66
5400
5748

S0
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FLO1-N24: BMP 19n Biolnfiltration Basin

Rank
Drainage Area — 2.658 acres (33% Impervious) 26/64
Location — Intersection of Inman Ave and North Shore Trail

Property Ownership — Private/Public, partially in Right of Way

Description — Convert existing mown turf depression at NW corner of intersection to Vegetated Biolnfiltration
Basin. Basin will act as a filter for gravel runoff from Inman Ave before sediment discharges to lake. Basin
ponding area will be 600 sf, will have 3” of ponding, and 1 of ripped soil amended with 70/30 sand/compost mix.
The overflow will be the crown of the road (ponding may be deeper than proposed). Other ideas beyond this
concept could include an expanded footprint, different vegetation for the basin (sod), or just stop mowing the
depression. The cost of $5,432 could be substantially lower if alternatives to planting design and subsoil
replacement are considered. All alternatives would change the current cost/benefit ranking up or down.

See Appendix C for detailed cost estimates

Simple Biolnfiltration

$5,302.00
5130
$5,432
5450
$3,153
$18,918
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FLO1-N24: BMP 16m Biolnfiltration Basin

Rank

Drainage Area — 2.327 acres (33% Impervious) 30/64

Location — Tip of Road Loop on North Shore Circle

Property Ownership — Private/Public, partially in Right of Way

Description — Convert existing mown turf depression at corner of residential driveway to Vegetated Biolnfiltration
Basin. Basin will act as a filter for runoff from yards and North Shore Trail before sediment discharges to lake.
Basin ponding area will be 600 sf, will have 3” of ponding, and 1’ of ripped soil amended with 70/30 sand/compost
mix. The overflow will be the crown of the road (ponding may be deeper than proposed). Other ideas beyond this
concept could include an expanded footprint, different vegetation for the basin (sod), or just stop mowing the
depression. The cost of $5,346 could be substantially lower if alternatives to planting design and subsoil
replacement are considered. All alternatives would change the current cost/benefit ranking up or down.

See Appendix C for detailed cost estimates

Cost/Removal Analysis




FLO1-N24 — Priority Shoreline Catchments 115, 116, 117

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 42/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 24/30

/} oY
Drainage Area — 1.585 acres

Location — 11 private residences

Property Ownership — Private

Description — All 11 parcels are all located on the shore side of North Shore Trail and have no homes built on this
portion of the property except for Catchment 117. The shorelines in this catchment (except Shore Segments 71 and
72) were chosen for their close proximity to North Shore Trail and their potential to impact the road grade itself if
the shorelines were to degrade. As such, these high traffic lots on limited footprints warrant special attention since
there is not much room for a substantial buffer and would likely benefit from one in the near future. Shore
Segments 71 and 72 (PSC 116 and 117) have localized pockets of soil loss that likely occurred over a shorter
duration than the typical assumption of 10 years, but actual duration of losses cannot be determined without
consultation with landowner (modelled at 5 yrs).

Project ID

2.04

1,078
0.6 7%
11
9,757|sf
Priority Lakeshore
Restoration
$66,947.88
$3,575
$70,523
54,391
5,612
$21,230
PRIORITY SHORELINE CATCHMENT 115, 116, 117
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID #lots (acres) wav TSS ™ TSS Ll wav TSS TP
115 6 0.293 7312 278 0.66 0 0.000 7312 278 0.66
116 4 1127 16217 281 0.68 100 0.050 16217 381 0.73
117 1 0.165 4077 239 0.56 180 0.0QQ 4077 419 0.65
TOTAL 1.585 TOTAL 27606 1078 2.039

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N24 — MAP of Priority Shoreline Catchment 115

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 42/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 24/30

Drainage Area — 0.293 acres

Location — 6 private residences

Property Ownership — Private

Description — All 6 parcels are all located on the shore side of North Shore Trail and have no homes built on this
portion of the property. The parcels in this catchment were chosen for their close proximity to North Shore Trail
and their potential to impact the road grade itself if the shorelines were to degrade. As such, these high traffic lots
on limited footprints warrant special attention since there is not much room for a substantial buffer and would likely
benefit from one in the near future. Erosion losses may have occurred over a shorter duration than the typical
assumption of 10 years, but actual duration of losses cannot be determined without consultation with landowner
(modelled at 10 yrs).

PRIORITY SHORELINE CATCHMENT 115, 116, 117
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area

D #lots (acres) wav TSS P 1SS TP wav TS5 P
115 6 0.293 7312 278 0.66 0 0.000 7312 278 0.66
116 4 1.127 16217 281 0.68 100 0.050 16217 381 0.73
117 1 0.165 4077 239 0.56 180 0.0%0 4077 419 0.65
TOTAL 1.585 TOTAL 27606 1078 2.039

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N24 — MAP of Priority Shoreline Catchment 116

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 42/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 24/30

Drainage Area — 1.127 acres

Location — 4 private residences

Property Ownership — Private

Description — All 4 parcels are all located on the shore side of North Shore Trail and have no homes built on this
portion of the property. The parcels in this catchment were chosen for their close proximity to North Shore Trail
and their potential to impact the road grade itself if the shorelines were to degrade. As such, these high traffic lots
on limited footprints warrant special attention since there is not much room for a substantial buffer and would likely
benefit from one in the near future. Shore Segment 71 has smaller localized pockets of soil loss that likely occurred
over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be determined
without consultation with landowner (modelled at 5 yrs).

PRIORITY SHORELINE CATCHMENT 115, 116, 117
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area

1D #lots (acres) waQv 1S5S TP 1SS TP wav TSS TP
115 6 0.293 7312 278 0.66 0 0.000 7312 278 0.66
4 1.127 16217 281 0.68 100 0.050 16217 381 0.73
117 1 0.165 4077 239 0.56 180 0.080 4077 419 0.65
TOTAL 1.585 TOTAL 27606 1078 2.039

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N24 — MAP of Priority Shoreline Catchment 117

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 42/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 24/30

Drainage Area — .0165 acres

Location — 1 private residence

Property Ownership — Private

Description —This Shore Segment 72 has localized pockets of soil loss on the western portion of the property that
likely occurred over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot
be determined without consultation with landowner (modelled at 5 yrs). Overall pollutant load for this parcel only
will be 0.2 Ibs.

PRIORITY SHORELINE CATCHMENT 115, 116, 117
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area

1D #lots (acres) wav TS5 TP TS5 TP wav 158 TP
115 6 0.293 7312 278 0.66 0 0.000 7312 278 0.66
116 4 1.127 16217 281 0.68 100 0.050 16217 381 0.73
117 1 0.165 4077 239 0.56 180 0.090 4077 419 0.65
TOTAL 1.585 TOTAL 27606 1078 2.039

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N24 - Typical Shoreline Restorations m

Drainage Area — 1.2 acres (0.30 acre average per property)

Location — any 4 Participating Shorelines within FLO1-N24 (in addition to Priority Shorelines)

Property Ownership — Private

Description —About 50% of the FLO1-N24 catchment drainage area is direct discharge from the entirety of each
lakefront property. Moderate to heavy ice heaving is present on most properties. The ridges cause pooling and
allow for some runoff control on the western properties. The general shoreline character of this catchment is 40%
turf mown to edges, 40% turf to riprap, and 20% mix of weedy or native vegetation cover. Eastern-most parcels
have the best opportunities for enhanced buffers. Soil losses due only to ice heave were not factored into the
modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 4 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

Project ID

Cost/Removal Analysis

$22,782.00
51,300
524,082
51,980
56,453
530,474
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Existing Catchment Summary

Acres 1436

Dominant Land Cover MDRNA

Volume (acre-feet/yr) 4.60

TP (Ibjyr) & 1tTe e
7SS (Ibjyr) 3,034
CATCHMENT DESCRIPTION

FLO1-N25 is a larger catchment that sits near the intersection of Jason Ave and North Shore Trail. There is a section
of Jason Ave that drains through the lots to the lake, but otherwise there is not much road within the catchment. The
southern half is partially-landlocked wet woods. The northern shorelines have moderate to heavy ice heave and it
gets less severe moving southward. The southern tip consists of lots 60-90” in width; where shorelines appear to be
protected by a mass of aquatic vegetation. Although heaving is prominent in the north, it appears relatively stable.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets occurs approximately twice annually. There is a cost-share shoreline restoration in
the northern part of the catchment that accounts for a larger than average TP load reduction. There are no other
documented or observed BMPs in the area.



RETROFIT RECOMMENDATIONS

RANK 13/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.
RANI43/64 - Priority Shoreline Catchment 118: 3 properties for enhanced shoreline buffers

RANK 53/64 - Typical Shoreline Restorations: Up to 15 non-priority shorelines with 15° wide enhanced

shoreline buffers.

0.80 9% 0.5 5% 1.8 3.1 35%
593 33% 200 7% 570.0 19% 1763 58%
0.3 7% 0.0 03 16 35% 18 42%
3 1 15 19
3,877 | st 0.272 |curb miles| 19338 | s All Practices
Priority lea_shora Street Sweeping Lakeshore Restoration Shorelines
Restoration
$26,728.68 $256.51 $99,650.95 $126,636.14
5975 5400 $4,875 56,250
$27,704 $657 $104,526 $132,886
$1,745 S0 58,723 510,468
$5,623 $139 $10,565 $5,442
$9,094 $657 $67,282 $25,678




FLO1-N25: Increased Street Sweeping

Drainage Area — 0.272 curb miles

Location — Jason Ave (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring
cleaning and the final Fall cleaning.

Project ID

0.5 5%
200 7%
0.0 0%

1
0.272 | curb miles

Trea tment

Street Sweeping

$256.51
5400
$657
S0
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FLO1-N25 — Priority Shoreline Catchment 118

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 43/64 Rank
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 25/30 43/64

Drainage Area— 1.311 acres

Location — 3 private residences

Property Ownership — Private

Description — All 3 parcels are all located west of the intersection of Jason Ave and North Shore Trail. All three
parcels have eroding sand beaches and are located in an area that experiences higher than average wave action and
ice heaving events. Being that the beaches are sandy and showing short term losses, this catchment should be a
priority for outreach and restoration. Shore Segments 73 and 74 show 12” lateral recession and 6” vertical loss over
50% of each property. Shore Segment 75 is showing 6” lateral recession and 6” vertical loss over 30% of the
property. All shorelines have localized pockets of soil loss that likely occurred over a shorter duration than the
typical assumption of 10 years, but actual duration of losses cannot be determined without consultation with
landowner (modelled at 5 yrs).

0.80

993 33%
5 03 7%
g 3
g 3,877[sf
-

Priority Lakeshore
Restoration

$26,728.68
5975
$27,704
$1,745
§5,623
$9,094
'WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
1D # lots (acres) wav TSS TP 1SS TP wav 1SS TP
118 3 1311 14174 113 0.36 880 0.440 14174 993 0.80
TOTAL 1.311 TOTAL 14174 993 0.803

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N25 - Typical Shoreline Restorations m

Drainage Area — 6.0 acres (0.40 acre average per property)

Location — any 15 Participating Shorelines within FLO1-N25 (in addition to Priority Shorelines)

Property Ownership — Private

Description —About 90% of the FLO1-N25 catchment drainage area is direct discharge from the entirety of each
lakefront property. The general shoreline character of this catchment is 25% turf mown to edges or sandy beach,
60% riprap, 15% mix of weedy or native vegetation. The northern half of the catchment area suffers from moderate
to severe ice heaving and wave action and would benefit from immediate targeted outreach to assist with shoreline
stabilization and restoration methods. The southern half is 90% riprap and is more stable and less heaved in general.
Soil losses due only to ice heavewere not factored into the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 15 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

Project ID

Cost/Removal Analysis

1.8

5700 19%
3 16 35%
8 15
B 19,384[s¢

Lakeshore Restoration

$99,650.95
54,875
$104,526
58,723
$10,565
$67,282




Existing Catchment Summary

Acres 27.15
Dominant Land Cover MDRNA
Volume (acre-feet/yr) 9.67
TP (Ib/yr) 15.90
TSS (Ibjyr) 5,559
CATCHMENT DESCRIPTION

FLO1-N26 is a medium sized catchment situated on the peninsula that is adjacent to the outfall channel of Cranberry
Lake. Jason Ave and Jeffrey Ave are the main roads, and small part of North Shore Trail drains into a wetland area.
Shoreline frontages are larger throughout this stretch and homes are a mixture of sizes and proximities to the shore.
Most shores are stable, but typical non-buffered conditions exist. There is an open channel of drainage flowing off
the north half of Jason Ave and another open swale that discharges the southern-most portion of Jason Ave.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets occurs approximately twice annually. There are 3 parcels with shoreline buffers that
were cost-share projects. There are several small natural depressions throughout the catchment where ponding and
settling of sediment may occur before discharging to the lake.
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RETROFIT RECOMMENDATIONS

RANK 3/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.
RANK 29/64 - BMP 21r Biolnfiltration Basin: Convert an incised mown swale into an Infiltration
Basin (using check dam) above an existing open channel swale. Basin area 250sf with 3” ponding.

- BMP 20q Biolnfiltration Basin: Turning a mown depression into an Infiltration Basin
near an swale, treating runoff prior to discharging to lake. Basin area 500sf with 3”” ponding.

RANK 58/64 - Typical Shoreline Restorations: Up to 6 non-priority shorelines with 15° wide enhanced
shoreline buffers.

Cost/Removal Analysis

1% 2% 0.8 55 0.8 5% 2.1
77.00 1% 137.00 2% 340.5 6% 330.0 6% 8845 16%
0.11 1% 0.18 2% 0.0 0% 0.3 3% 0.6 B3
1 1 1 6 9
250 sf 500 sf 0.819 curb miles 9,000 sf All Practices
Sweeping,
Simple Biclnfiltration | Simple Biolnfiltration Street Sweeping Lakeshore Restoration |  Biclnfiltration, and
Shores
$4,351.36 $6,896.00 $350.05 $46,380.00 $57,977.41
5130 $130 5400 $1,950 $2,610
54,481 57,026 $750 548,330 560,587
5188 5375 S0 $4,050 54,613
$3,739 $3,454 $94 511,388 54,669
$16,510 $15,731 S441 553,836 521,630
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FLO1-N26: Increased Street Sweeping

Drainage Area — 0.819 curb miles

Location — All major roads in the catchment (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring

cleaning and the final Fall cleaning.

0.8 5%

340.5 65

0.0 0%
1

0.819 l curb miles

Street Sweeping

$350.05
5400
$750
S0
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FLO1-N26: BMP 20q Biolnfiltration Basin

Rank

Drainage Area — 1.006 acres (33% Impervious) 29/64
Location — Tip of Road Loop on North Shore Circle

Property Ownership — Private/Public, partially in Right of Way

Description — Create a shallow Biolnfiltration Basin above the existing open swale east of Jason Ave. Basin
ponding area will be 250 sf, will have 3” of ponding, and 1’ of replacement soils (70/30 sand/compost). Incised
channel will be regraded to 4:1 side slopes. The overflow will be a checkdam of riprap, discharging to existing
channel. Other ideas beyond this concept could include an expanded footprint or different vegetation for the basin.
The cost of $4,481 could be lower if alternatives to planting design and subsoil replacement are considered. All
alternatives would change the current cost/benefit ranking up or down. See Appendix C for detailed cost estimates

Cost/Removal Analysis

1%
77.00 1%
0.11 1%
1
250 | sf

Simple Biolnfiltration

$4,351.36
$130
54,481
$188
53,739
516,510
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FLO1-N26: BMP 21r Biolnfiltration Basin

Rank
32/64

Drainage Area — 0.909 acres (30% Impervious)

Location — South end of Jason Ave

Property Ownership — Private/Public, partially in Right of Way

Description — Create a shallow Biolnfiltration Basin above the existing lawn swale north of Jason Ave (between
two driveways). Basin ponding area will be 500 sf, will have 3” of ponding, and 1’ of replacement soils (70/30
sand/compost). The overflow to existing swale will be a berm that will likely have to be armored with riprap since it
is a flow-through basin. There is currently no pretreatment in this design. Other ideas beyond this concept could
include an expanded footprint or different vegetation for the basin. The cost of $7,026 could be lower if alternatives
to planting design and subsoil replacement are considered. All alternatives would change the current cost/benefit
ranking up or down. See Appendix C for detailed cost estimates

Cost/Removal Analysis

Simple Biolnfiltration

$6,896.00
$130
$7,026
$375
$3,454
$15,731
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FLO1-N26 — Typical Shoreline Restorations m

Drainage Area — 2.4 acres (0.40 acre average per property)

Location — any 6 Participating Shorelines within FLO1-N26

Property Ownership — Private

Description —About 50% of the FLO1-N26 shorelines are protected since they are located on a channel off of the
lake front. Most lots in the channel are stable but are still mown to the edge of the lake. The lakeside shoreline
character of this catchment is 20% turf mown to edges, 70% turf to riprap, and 10% mix of weedy or native
vegetation. The southern, lakeside parcels have better opportunities and more space for enhanced buffers. Soil
losses due only to ice heavewere not factored into the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 6 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

0.8

330.0 6%

0.3 3%
5

9000 |  sf

Lakeshore Restoration

$46,380.00
$1,950
548,330
54,050
$11,388
$53,836
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Existing Catchment Summary

Acres 10.82

Dominant Land Cover| MDRNA

Volume (acre-feetfyr)| 3.91

TP (Ib/yr) 7.05
TSS (Ib/fyr) 2,425
CATCHMENT DESCRIPTION

FLO1-N27 is a medium sized catchment situated south of a DNR Public Water Access. It is primarily densely
packed Y acre to ' acre residential lots. 100% of this catchment drains through a lakefront lot and overflows into
the lake. 50% of lots have riprap or sand beaches, while the other 40% is mown lawn to the edge and 10% vegetated
buffer. There are many properties with very steep slopes and minor to moderate stretches of eroded shore. Many
properties in this catchment would be great shoreline restoration candidates.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets occurs approximately twice annually. The DNR PWA has a long swale that flows
into a Biolnfiltration Basin. The overflow weir to this basin has short-circuited and the swale inlets are clogged with
grass and sediment buildup. Both of these BMPs are great retrofit candidates. There were no other existing BMPs
found within the catchment.
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RETROFIT RECOMMENDATIONS

RANK 12/64 - Increased Street Sweeping: Increase Street Sweeping from 2x/year to 4x/year.
RANIK 31/64 - Priority Shoreline Catchment 119, 120, 121, 122, 134: 22 properties for enhanced
shoreline buffers

- BMP 24u Biolnfiltration Basin and Swale Modifications: At DNR PWA, repair
shore-circuited weir on raingarden and repair swale inlets to accept water again.
RANK 40/64 - Typical Shoreline Restorations: Up to 3 non-priority shorelines with 15” wide enhanced
shoreline buffers.
RANK 62/64 - BMP 22s Ponded Swale: Narrow Ponded Swale retrofit on north side of DNR PWA.

0% . 1% 7.03 100% 0.5 7% 0.6 9% 8.2
31 1% 25% 6,914 285% 1248 5% 240.0 10% 7355.8
0.1 1% 0.1 1% 2.0 51% 0.0 0% 0.2 7% 2.4 60%
1 1 22 1 3 28
200 sf 2 Mods 22,172 sf 0.334 |curb miles| 3,024 =f All Practices
. Sweeping,
Water Quality Swale6 Pond Retrofits Priority "‘ke.smm Street Sweeping Lakeshore Restoration| Biolnfiltration, and
Restoration
Shores
§3,234.00 $2,490.00 5$151,866.48 $267.11 $15,723.12 $173,580.71
$130 $120 $7,150 $400 $975 $8,785
53,364 $2,620 $159,016 5667 516,698 5182,366
$150 S0 59,977 $0 51,361 511,488
516,213 53,743 53,683 5135 55,051 55,765
531,381 511,392 $7,486 51,069 525,255 515,317




FLO1-N27: Increased Street Sweeping @

Drainage Area — 0.334 curb miles
Location — North Shore Trail (as highlighted in Orange)

Property Ownership — Public

Description — It is assumed that most major roads in Forest Lake are swept 2x yearly (Spring and Fall). This
cost/benefit analysis factors in existing equipment and staffing and proposes increasing the sweeping regime to 4x
yearly. This will typically result in about a 50% increase in TP/TSS removal rates over the current twice-yearly
regime. This load reduction assumes the cleanings are equally spread throughout the season between the first Spring
cleaning and the final Fall cleaning.

Project ID

0.5 7%

1248 55

0.0 0%
1

0.334|curb miles

Street Sweeping

$267.11
S400
S667
50
$135
51,069
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FLO1-N27 — Priority Shoreline Catchments 119-122 + 134

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 31/64 m

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 14/30

Drainage Area — 6.47 acres

Location — 22 private residences

Property Ownership — Private

Description — All 22 parcels are all located on the eastern shore of Lake 3. The majority of parcels are located on
steep slopes and have minimal buffers. Erosive intensity is highest in Priority Shoreline Catchments 121 and 122.
The general makeup of the shoreline is 50% riprap, 40% lawn mown to the shore, and 10% weedy or native
vegetative buffer. Much of the soil losses likely occurred over a shorter duration than the typical assumption of 10
years, but actual duration of losses cannot be determined without consultation with landowner (modelled at 10 yrs).

Project ID

Cost/Removal Analysis

7.03 100%
€6,914 285%
2.0 51%
22
22,172sf
Pricrity Lakeshore
Restoration
5$151,866.48
$7,150
$159,016
$9,977
$3,683
$7,486
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
1D #lots (acres) wav TSS TP TSS TP wav TSS TP
119 0.55 7207 56 0.16 640 0.320 7207 696 0.48
120 2919 36630 789 192 540 0270 36630 1329 2.19
1 1.499 19357 760 183 1700 0.850 19357 2460 268
122 0.826 14864 101 031 2080 1.040 14864 2181 135
134 0.676 8983 68 0.23 180 0.030 8988 248 0.32

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N27 — MAP of Priority Shoreline Catchment 119

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 31/64

BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 14/30

Drainage Area — 0.55 acres
Location — 2 private residences
Property Ownership — Private

Description —These two parcels show slightly more erosion than the next catchment (PSC 120) and lack any
Shore Segment 77 is
showing 6” lateral recession and 12” vertical loss over most of the property. Much of the soil losses likely occurred
over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be determined

vegetative buffer. Shore Segment 76 shows 12” lateral recession and 12” vertical loss.

without consultation with landowner (modelled at 10 yrs).

PRIORITY SHORELINE CATCHMENT 119 to 122, and 134
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID #lots (acres) waQv 1SS TP 1SS TP wav 158 TP

Z 119) 2 0.55 7207 56 0.16 640 0.320 7207 696 0.48
120 9 2919 36630 789 192 540 0.270 36630 1329 219

121 4 1.499 19357 760 183 1700 0.850 19357 2460 2.68

122 4 0.826 14864 101 0.31 2080 1040 14864 2181 135

134 3 0.676 8988 68 0.23 180 0.050 8588 248 0.32
TOTAL 6.47 TOTAL 87046 6914 7.026

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See

Shoreline Methods section for explanation of full methodology.
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FLO1-N27 — MAP of Priority Shoreline Catchment 120

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 31/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 14/30

Drainage Area —2.919 acres
Location — 9 private residences
Property Ownership — Private
Description — All 9 parcels are located on steep slopes and have minimal buffers. All parcels were chosen together
as a group because they all exhibited equal amounts of minor erosion but also all have very steep slopes leading up
to the shore edge. All Shore Segments average 3” lateral recession and 6” vertical loss. Some of the soil losses
likely occurred over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot
be determined without consultation with landowner (modelled at 10 yrs).

PRIORITY SHORELINE CATCHMENT 119 to 122, and 134
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
1D #lots (acres) wav 1TSS TP 1SS TP wav 1SS TP
119 2 0.55 7207 56 0.16 640 0.320 7207 696 0.48
120 9 2919 36630 789 192 540 0.270 36630 1329 2.19
121 4 1499 19357 760 183 1700 0.850 19357 2460 2.68
122 4 0.826 14864 101 0.31 2080 1040 14864 2181 135
134 3 0.676 8988 68 0.23 180 0.050 8988 248 0.32
TOTAL 6.47 TOTAL 87046 6914 7.026/

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N27 — MAP of Priority Shoreline Catchment 121

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 31/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 14/30

Drainage Area — 1.499 acres

Location — 4 private residences

Property Ownership — Private

Description — All 4 parcels are located on steep slopes and have minimal buffers. All Shore Segments were chosen
together as a group because they all exhibited equal amounts of moderate erosion also all have very steep slopes
leading up to the shore edge. If ranked independently of the rest of FL01-N27, they would likely rank higher in
the cost/benefit analysis. All Shore Segments average 12” lateral recession and 12” vertical loss over the majority
of each shoreline. Some of the soil losses likely occurred over a shorter duration than the typical assumption of 10
years, but actual duration of losses cannot be determined without consultation with landowner (modelled at 10 yrs).

PRIORITY SHORELINE CATCHMENT 119 to 122, and 134
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
ID #lots (acres) wav 1SS TP TSS TP wav T55 TP

119 2 0.55 7207 56 0.16 640 0.320 7207 696 0.48
120 g 2918 36630 789 192 540 0.270 36630 1328 218

4 1.499 19357 760 183 1700 0.850 19357 2460 268

122 4 0.826 14864 101 0.31 2080 1.040 14864 2181 135
134 3 0.676 8988 68 0.23 180 0.090 8988 248 0.32
TOTAL 6.47 TOTAL 87046 6914 7.026

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N27 — MAP of Priority Shoreline Catchment 122

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 31/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 14/30

Drainage Area — 0.826 acres
Location — 4 private residences
Property Ownership — Private
Description — All 4 parcels are located on moderate slopes and have minimal buffers. All Shore Segments were
chosen together as a group because they all exhibited equal amounts of moderate erosion. If ranked independently
of the rest of FL01-N27, they would likely rank higher in the cost/benefit analysis. All Shore Segments average
Some of the soil losses likely
occurred over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be
determined without consultation with landowner (modelled at 10 yrs).

12” lateral recession and 12” vertical loss over the majority of each shoreline.

PRIORITY SHORELINE CATCHMENT 119 to 122, and 134
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area
D #lots (acres) waQv 1SS TP TSS TP wav TSS TP
119 2 0.55 7207 56 0.16 640 0.320 7207 696 0.48
120 9 2919 36630 789 192 540 0.270 36630 1329 2.19
121 4 1.499 19357 760 183 1700 0.850 19357 2460 2.68
122 4 0.826 14864 101 0.31 2080 1.040 14864 2181 135
134 3 0.676 8988 68 0.23 180 0.090 8988 248 0.32
TOTAL 6.47 TOTAL 87046 6914 7.026

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See

Shoreline Methods section for explanation of full methodology.
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FLO1-N27 — MAP of Priority Shoreline Catchment 134

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 31/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 14/30

Drainage Area — 0.676 acres

Location — 3 private residences

Property Ownership — Private

Description — All 3 parcels are located on moderate slopes and have minimal buffers. All Shore Segments were
chosen together as a group because they all exhibited equal amounts of minor erosion also all have sandy beaches.
All Shore Segments average 6” lateral recession and 3” vertical loss over the majority of each shoreline. Some of
the soil losses likely occurred over a shorter duration than the typical assumption of 10 years, but actual duration of
losses cannot be determined without consultation with landowner (modelled at 10 yrs).

i

PRIORITY SHORELINE CATCHMENT 119 to 122, and 134

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
Subcatch
SubCatch Area

D #lots  (acres)  WaQV 155 P 155 ™ waQv  TSS ™
119 2 0.55 7207 56 0.16 640 0320 7207 696 048
120 9 2919 36630 789 192 540 0270 36630 1329 219
121 4 1499 19357 760 183 1700 0850 19357 2460 268
122 4 082 14864 101 031 2080 1040 14864 2181 135
3 0.676 8988 68 0.23 180 0.090 8988 28 032
TOTAL 6.47 TOTAL 87046 6914  7.026

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N27: BMP 24u Basin and Swale Modifications

Drainage Area — 0.943 acres (85% Impervious)
Location — DNR Public Water Access parking lot
Property Ownership —Public (DNR)

Description — Clean out inlets to swale on south side of lot. Replace sod strips that were removed. This wi
swale to receive water again. Fix wood weir at outfall of raingarden at west end of lot. Currently short-circuits and
could hold more water for treatment if repaired. Other ideas beyond this concept could include an expanded
footprint for the raingarden or swale. The cost of $2,620 has been intentionally overestimated since it is not known
if the footings for the weir will have to be replaced or not. The cost could be substantially lower if repairing the
weir only required backfilling of soil and minor replacement of the top wood panels. All alternatives would change
the current cost/benefit ranking up or down. See Appendix C for detailed cost estimates

Project ID

Cost/Removal Analysis

1%

0.07

46 25
0.1 1%
1

2z |Moﬁs

Raingarden Retrofits

$2,490.00
5130
$2,620
S0
$3,743
$11,392
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FLO1-N27 — Typical Shoreline Restorations

Rank

Drainage Area — 0.9 acres (0.30 acre average per property) 40/64

Location — any 3 Participating Shorelines within FLO1-N27 (in addition to Priority Shorelines)

Property Ownership — Private

Description — Not many shorelines were excluded from the Priority designation in this catchment. The northern-
most parcels have the best opportunities for enhanced buffers and rank higher than most other Typical shorelines in
this analysis due to the steep slopes and similar characteristics to the rest of the catchment. Soil losses due only to
ice heavewere not factored into the modelling for Typical Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 3 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

Project ID

Cost/Removal Analysis

0.6 9%
240.0 10%
0.3 7%
3

3024 | st

Lakeshore Restoration

$15,723.12
5975
516,698
51,361
55,051
525,255
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FLO1-N27: BMP 22s Swale with Ponding

Drainage Area — 0.259 acres (33% Impervious)
Location — DNR Public Water Access, north side of lot

Property Ownership — Public (DNR)
Description — Convert existing lawn strip along north edge of lot to a shallow swale that can pond up to 3” of

stormwater runoff and boat drainage. Swale ponding area will be 200 sf (4°x50’), will have 3” of ponding, and 1’ of
ripped soil amended with 70/30 sand/compost mix. The overflow will be a riprap checkdam at the end of the swale
before it discharges directly to the lake. Other ideas beyond this concept could include an expanded footprint,
different vegetation for the basin (sod), or installing a more robust pretreatment device in lieu of an excavated basin.
The cost of $3,364 could be substantially lower if alternatives to planting design and subsoil replacement are
considered. All alternatives would change the current cost/benefit ranking up or down.

See Appendix C for detailed cost estimates
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Project ID

e

Cost/Removal Analysis

0.03
31
0.1 1%
1
200|sf

Water Quality Swale

$3,234.00
5130
53,364
5150
$16,213
$31,381




Existing Catchment Summary

Acres 18.10

Dominant Land Cover |MDRNA

Volume (acre-feetfyr) | 7.56

TP (Ibjyr) 11.73
TSS (Ibjyr) 4,279
CATCHMENT DESCRIPTION

FLO01-N29 is a smaller sized catchment situated at the end of Juniper Ave N. It is primarily wooded lots 5 acre to %
acre in size. 100% of this catchment drains through a lakefront lot and overflows into the lake. 30% of lots have
riprap or sand beaches, while the other 50% is mown lawn to the edge and 20% weedy or native vegetative buffer.
There are a few properties with very steep slopes and minor to moderate stretches of eroded shore. Many properties
in this catchment would be great shoreline restoration candidates.

EXISTING STORMWATER TREATMENT

There is no street sweeping known to occur on the few small segments of roadway in this catchment. There are no
known documented or observed BMPs either.
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RETROFIT RECOMMENDATIONS

- Priority Shoreline Catchment 123 to 133: 12 properties for enhanced shoreline

buffers

RANK 50/64 - Typical Shoreline Restorations: Up to 1 non-priority shorelines with 15° wide enhanced

shoreline buffers.

Cost/Removal Analysis

5.13 0.2 2% 455%
6,106 143% 60.0 1% €166 1445
1.8 23% 0.1 1% 2 25%
12 1 13
21,432 | s 1,786 | sf All Practices
Pﬂ::?tol'::;::“e Lakeshore Restoration Shorelines
5146,804.88 $8,372.18 5156,177.06
$3,900 $325 $4,225
5150,705 $9,697 $160,402
$5,644 5804 510,448
54,822 $9,852 $7,337
$8,095 558,114 $33,605
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FLO1-N29 — Priority Shoreline Catchments 123 to 133

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64 Rank
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30 38/64

Drainage Area — 8.437 acres

Location — 12 private residences

Property Ownership — Private

Description — All 12 parcels are all located on the eastern shore of Lake 3. The majority of parcels are located on
steep slopes and have minimal buffers. Erosive intensity is highest in Priority Shoreline Catchments 124, 125, 128,
132, and 133 all have moderate to severe erosion. There is also a property-wide sheet piling wall on PSC 129 that
may need some stabilization (but was unclear through field investigation) The general makeup of the shoreline is
50% riprap, 40% lawn mown to the shore, and 10% weedy or native vegetative buffer.

Project ID

5.13
6,106 143%
18 235%
12
21,432 | sf
Priority Lakeshore
Restoration
$146,304.88
$3,900
$150,705
59,644
$4,822
58,095
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
SubCatch Subcatch
1D #lots Area (acres) wav 155 TP TS5 TP wav TS5 TP
123 1 0.371 6324 53 0.13 120 0.060 6324 173 0.19
124 1 0.221 2905 23 0.08 520 0.260 2905 543 0.34
125 1 0.484 7354 54 0.17 520 0.260 7394 574 0.43
126 1 1.047 7698 101 0.32 60 0.030 7698 161 0.35
127 : | 0.172 2183 22 0.06 20 0.010 2183 42 0.07
128 1 1.157 7734 120 0.29 860 0.430 7734 980 0.72
129 1 1986 16056 174 0.54 120 0.060 16056 294 0.60
130 1 0.957 11041 98 0.30 60 0.030 11041 158 0.33
131 2 1271 5646 82 0.36 260 0.130 5646 342 0.49
132 1 0.35 4116 30 0.10 520 0.260 4116 550 0.36
133 1 0.421 5246 49 012 2240 1120 5246 2289 124

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N29 — MAP of Priority Shoreline Catchment 123

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area — 0.371 acres

Location — 1 private residence

Property Ownership — Private

Description —This parcel has some patches of vegetation and steep slopes. Shore Segment 98 exhibits minor erosion
with 6” lateral recession and 6” vertical loss. Some of the soil losses may have occurred over a shorter duration than
the typical assumption of 10 years, but actual duration of losses cannot be determined without consultation with
landowner (modelled at 10 yrs).

PRIORITY SHORELINE CATCHMENT 123 to 133 - SUMMARY

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
SubCatch Subcatch

ID #lots  Area (acres) wav 1SS Lld 1SS L1 wav TS5 Lld
Ci) 1 0.371 6324 53 0.13 120 0.060 6324 173 0.19
124 1 0.221 2905 23 0.08 520 0.260 2905 543 0.34
125 1 0.484 7394 54 0.17 520 0.260 7394 574 043
126 1 1.047 7698 101 0.32 60 0.030 7698 161 0.35
127 1 0172 2183 22 0.06 20 0.010 2183 42 0.07
128 1 1.157 7734 120 0.29 860 0.430 7734 980 0.72
129 1 1.986 16056 174 054 120 0.060 16056 294 0.60
130 1 0.957 11041 98 0.30 60 0.030 11041 158 0.33
131 2 12711 5646 82 0.36 260 0.130 5646 342 049
132 1 035 4116 30 0.10 520 0.260 4116 550 0.36
133 1 0421 5246 49 0.12 2240 1.120 5246 2289 124
TOTAL 8437 TOTAL 76343 6106 5.125

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N29 — MAP of Priority Shoreline Catchment 124

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area — 0.221 acres

Location — 1 private residence

Property Ownership — Private

Description —This parcel has some patches of vegetation and steep slopes on a relatively small catchment. Shore
Segment 99 exhibits moderate erosion with 12” lateral recession and 12” vertical loss over a 60’ stretch of shore.
Some of the soil losses may have occurred over a shorter duration than the typical assumption of 10 years, but actual
duration of losses cannot be determined without consultation with landowner (modelled at 10 yrs).

| S

PRIORITY SHORELINE CATCHMENT 123 to 133 - SUMMARY
WinSLAMM Reductions BWSR Erosion  TOTAL LOAD REDUCTION
SubCatch Subcatch

ID #lots Area (acres) wav TS5 TP 1SS TP wav 1SS TP
123 1 0371 6324 53 0.13 120 0060 6324 173 0.19
Ci12) 1 0.221 2905 23 0.08 520 0260 2905 543 0.34
125 1 0.484 7394 54 0.17 520 0260 7394 574 0.43
126 1 1.047 7698 101 0.32 60 0.030 7698 161 0.35
127 1 0.172 2183 2 0.06 20 0010 2183 42 0.07
128 1 1.157 7734 120 0.29 860 0430 7734 980 0.72
129 1 1.986 16056 172 0.54 120 0060 16056 294 0.60
130 1 0.957 11041 98 0.30 60 0030 11041 158 0.33
131 2 1271 5646 82 0.36 260 0.130 5646 342 0.49
132 1 0.35 4116 30 0.10 520 0260 4116 550 0.36
133 1 0421 5246 49 0.12 2240 1120 5246 2289 124
TOTAL 8.437 TOTAL 76343 6106 5.125

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N29 — MAP of Priority Shoreline Catchment 125

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area — 0.484 acres

Location — 1 private residence

Property Ownership — Private

Description —This parcel has some patches of vegetation and steep slopes on a relatively large catchment. Shore
Segment 100 exhibits moderate erosion with undercutting occurring in isolated sections, averaging 12” lateral
recession and 12” vertical loss over a 60’ stretch of shore. Some of the soil losses may have occurred over a shorter
duration than the typical assumption of 10 years, but actual duration of losses cannot be determined without
consultation with landowner (modelled at 10 yrs).

e b’

PRIORITY SHORELINE CATCHMENT 123 to 133 - SUMMARY

WinSLAMM Reductions BWSR Erosion __ TOTAL LOAD REDUCTION
SubCatch Subcatch

D #lots Area(acres)  WQV 155 ° 1SS TP WQV_ TSS TP
123 1 0371 6322 53 013 120 0060 6324 173 019
1 0221 2905 3 008 520 0260 2905 543 034
@ 1 0.484 7304 54 017 520 0260 7304 574 043
126 1 1047 7608 101 032 60 0030 7688 161 035
127 1 0.172 2183 2 0.06 20 0010 2183 &2 007
128 1 1157 738 120 020 80 0430 7734 980 072
129 1 1986 16056 174 054 120 0060 16056 298  0.60
130 1 0.957 11081 %8 0.30 60 0030 11041 158 033
131 2 1271 5646 82 036 260 0130 5646 342 049
132 1 035 4116 30 0.10 520 0.260 4116 550 0.36
133 1 0.421 5246 49 012 2240 1120 5246 2289 124
TOTAL 8437 TOTAL 76343 6106 5.125

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N29 — MAP of Priority Shoreline Catchment 126

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area — 1.047 acres

Location — 1 private residence

Property Ownership — Private

Description —This parcel has wooded steep slopes on a relatively large catchment and then gradually levels out to a
very large mown shoreline. Shore Segment 101 exhibits minor erosion in isolated sections, averaging 6” lateral
recession and 3” vertical loss over a 60’ stretch of shore. The benefit from this restoration would come from the
large area that could be dedicated to volume control (1” ponding over 1,000sf is a significant storage area). Some of
the soil losses may have occurred over a shorter duration than the typical assumption of 10 years, but actual duration
of losses cannot be determined without consultation with landowner (modelled at 10 yrs).

PRIORITY SHORELINE CATCHMENT 123 to 133 - SUMMARY

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
SubCatch Subcatch

ID #lots  Area (acres) wav TSS L4 TSS LLd wav TSS P
123 1 0.371 6324 53 0.13 120 0.060 6324 173 0.19
124 1 0.221 2905 23 0.08 520 0.260 2905 543 0.34
1 0.484 7394 54 0.17 520 0.260 73984 574 043
1 1.047 7698 101 0.32 60 0.030 7698 161 0.35
127 1 0.172 2183 22 0.06 20 0.010 2183 42 0.07
128 1 1.157 7734 120 0.29 860 0.430 7734 980 0.72
129 1 1.986 16056 174 054 120 0.060 16056 294 0.60
130 1 0.957 11041 98 0.30 60 0.030 11041 158 0.33
131 2 1271 5646 82 0.36 260 0.130 5646 342 0.48
132 1 0.35 4116 30 0.10 520 0.260 4116 550 0.36
133 1 0.421 5246 49 0.12 2240 1.120 5246 2289 124
TOTAL 8437 TOTAL 76343 6106 5.125

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N29 — MAP of Priority Shoreline Catchment 127

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area —0.172 acres

Location — 1 private parcel at end of Juniper Ct N

Property Ownership — Private (Juniper Hills Lake Association)

Description —This parcel is a narrow strip of private access at the end of Juniper Ct N owned by an HOA. Shore
Segment 105 exhibits very minor erosion with 3” lateral recession and 3” vertical loss. This restoration would likely
be combined with PSC129. Some of the soil losses may have occurred over a shorter duration than the typical
assumption of 10 years, but actual duration of losses cannot be determined without consultation with landowner
(modelled at 10 yrs).

~~~~~

PRIORITY SHORELINE CATCHMENT 123 to 133 - SUMMARY
WinSLAMM Reductions BWSR Erosion __ TOTAL LOAD REDUCTION
SubCatch Subcatch

ID #lots Area(acres)  WaQV LES ™ 58 TP wav_ 1SS 113
123 1 0371 6324 53 0.13 120 0.060 6324 173 0.19
124 1 0.221 2905 23 008 520 0260 2905 543 034
125 1 0.484 7394 54 017 520 0260 7394 574 0.43
126 1 1.047 7698 101 032 60 0030 7698 161 035
1 0.172 2183 2 0.06 20 0010 2183 a2 007
128 1 1157 7734 120 029 860 0430 7738 980 072
129 1 1.986 16056 174 054 120 0060 16056 294  0.60
130 1 0.957 11041 %8 030 60 0030 11041 158 033
131 2 1271 5646 82 036 260 0130 5646 342 049
132 1 0.35 4116 30 0.10 520 0260 4116 550 0.36
133 1 0.421 5246 49 012 2240 1120 5246 2289 124
TOTAL 8437 TOTAL 76343 6106  5.125

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N29 — MAP of Priority Shoreline Catchment 128

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area — 1.157 acres

Location — 1 private residence

Property Ownership — Private

Description —This catchment is fairly large with a mix of steep wooded slopes, large amounts of impervious surface,
and a large lawn area draining directly to the lake. This Shore Segment is a great candidate for restoration as it
could be a 0.72 Ib TP load reduction with an enhanced buffer restoration. Shore Segment 104 exhibits moderate
erosion with 12” lateral recession and 12” vertical loss in the form of rills and small gullies in localized areas. This
is likely due to the large amount of runoff flowing between the homes and from the private access drive. Some of
the soil losses likely have occurred over a shorter duration than the typical assumption of 10 years, but actual
duration of losses cannot be determined without consultation with landowner (modelled at 6 yrs).

PRIORITY SHORELINE CATCHMENT 123 to 133 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
SubCatch Subcatch
ID # lots Area (acres) wav TSS P 1SS TP wav TS5 TP
123 1 0.371 6324 53 0.13 120 0.060 6324 173 0.19
124 1 0.221 2905 23 0.08 520 0.260 2905 543 0.34
125 1 0.484 7394 54 017 520 0.260 7394 574 043
126 1 1.047 7698 101 0.32 60 0.030 7698 161 0.35
1 0.172 2183 22 0.06 20 0.010 2183 42 0.07
1 1.157 7734 120 0.29 860 0.430 7734 980 0.72
129 1 1.986 16056 174 0.54 120 0060 16056 294 0.60
130 1 0.957 11041 98 0.30 60 0.030 11041 158 0.33
131 2 1271 5646 82 0.36 260 0.130 5646 342 0.49
132 1 0.35 4116 30 0.10 520 0.260 4116 550 0.36
133 1 0421 5246 49 0.12 2240 1.120 5246 2289 124
TOTAL 8.437 TOTAL 76343 6106 5.125

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N29 — MAP of Priority Shoreline Catchment 129

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area — 1.986 acres

Location — 1 private residence

Property Ownership — Private

Description —This catchment is fairly large with a mix of steep wooded slopes, large amounts of impervious surface,
and a large lawn area draining directly to the lake. There is also a contiguous wall made of metal sheet piling for the
length of the property. It is unclear when it was installed, for what reason, and how stable it is currently.
Nevertheless, a vegetative buffer behind the wall (or in lieu of the wall) would be a good way to protect the wall or
the remaining slope. This Shore Segment is a great candidate for restoration as it could be a 0.60 1b/yr TP load
reduction with an enhanced buffer restoration (based mostly on catchment size alone). A conservative estimate of
3” lateral recession and 3” vertical loss was modelled since erosion conditions could not be precisely verified in the
field. Some of the soil losses likely have occurred over a shorter duration than the typical assumption of 10 years,
but actual duration of losses cannot be determined without consultation with landowner (modelled at 10 yrs).

PRIORITY SHORELINE CATCHMENT 123 to 133 - SUMMARY

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
SubCatch Subcatch
ID #lots  Area (acres) wav TS5 P TS5 P wav TS5 TP
123 1 0.371 6324 53 0.13 120 0.060 6324 173 0.19
124 1 0.221 2905 23 0.08 520 0.260 2905 543 0.34
125 1 0.484 7384 54 0.17 520 0.260 7394 574 043
126 1 1.047 7698 101 0.32 60 0.030 7698 161 0.35
127 1 0.172 2183 22 0.06 20 0.010 2183 42 0.07
B 1 1157 7734 120 0.29 860 0.430 7734 980 0.72
1 1.986 16056 174 0.54 120 0.060 16056 284 0.60
130 1 0.957 11041 98 0.30 60 0.030 11041 158 0.33
131 2 127 5646 82 0.36 260 0.130 5646 342 0.49
132 1 0.35 4116 30 0.10 520 0.260 4116 550 0.36
133 1 0.421 5246 49 0.12 2240 1.120 5246 2289 1.24
TOTAL 8.437 TOTAL 76343 6106 5.125




FLO1-N29 — MAP of Priority Shoreline Catchment 130

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area — 0.957 acres

Location — 1 private residence
Property Ownership — Private
Description —This large catchment has steep slopes and some patches of trees and on mostly mown turf. Shore
Segment 109 exhibits minor erosion with 3” lateral recession and 3” vertical loss. The combination of large
shoreline size and large catchment size make this buffer beneficial. Some of the soil losses may have occurred over
a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be determined
without consultation with landowner (modelled at 10 yrs).

PRIORITY SHORELINE CATCHMENT 123 to 133 - SUMMARY
WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
SubCatch Subcatch

ID #lots  Area (acres) wav 185 P TSS P wav TSS TP
123 1 0.371 6324 53 013 120 0.060 6324 173 0.19
124 1 0.221 2905 23 0.08 520 0.260 2905 543 0.34
125 1 0.484 7394 54 0.17 520 0.260 7394 574 043
126 1 1.047 7698 101 0.32 60 0.030 7698 161 0.35
127 1 0.172 2183 22 0.06 20 0.010 2183 42 0.07
128 1 1.157 7734 120 0.29 860 0.430 7734 980 0.72
1 1.986 16056 174 0.54 120 0.060 16056 294 0.60
@ 1 0.957 11041 98 0.30 60 0.030 11041 158 0.33
131 2 1.2 5646 82 0.36 260 0.130 5646 342 049
132 1 0.35 4116 30 0.10 520 0.260 4116 550 0.36
133 1 0.421 5246 49 0.12 2240 1120 5246 2289 124
TOTAL 8.437 TOTAL 76343 6106  5.125

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N29 — MAP of Priority Shoreline Catchment 131

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area — 1.271 acres

Location — 2 private residences

Property Ownership — Private

Description —These parcels have steep slopes and a long natural swale draining the catchment. Parcel 107 exhibits
moderate erosion with 12” lateral recession and 6” vertical loss. Parcel 108 exhibits minor to moderate erosion with
6” lateral recession and 6” vertical loss. Both parcels show erosion in 40’ patches. Some of the soil losses may
have occurred over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be
determined without consultation with landowner (modelled at 10 yrs).

PRIORITY SHORELINE CATCHMENT 123 to 133 - SUMMARY

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
SubCatch Subcatch

ID #lots  Area (acres) wav 1SS TP 1SS P wav 1SS P
123 1 0.371 6324 53 0.13 120 0.060 6324 173 0.19
124 1 0.221 2805 23 0.08 520 0.260 2905 543 0.34
125 1 0.484 7394 54 0.17 520 0.260 7394 574 043
126 1 1.047 7698 101 0.32 60 0.030 7698 161 0.35
127 1 0.172 2183 22 0.06 20 0.010 2183 42 0.07
128 1 1.157 7734 120 0.29 860 0430 7734 980 0.72
129 1 1.986 16056 174 054 120 0.060 16056 294 0.60
1 0.957 11041 98 0.30 60 0.030 11041 158 0.33
® 2 1.271 5646 82 0.36 260 0.130 5646 342 049
132 1 0.35 4116 30 0.10 520 0.260 4116 550 0.36
133 1 0421 5246 49 0.12 2240 1.120 5246 2289 124
TOTAL 8.437 TOTAL 76343 6106 5.125

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.



FLO1-N29 — MAP of Priority Shoreline Catchment 132

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area — 0.35 acres

Location — 1 private residence

Property Ownership — Private

Description — This parcel has steep partially wooded slopes dropping down to a shallow sloped mown lawn. Parcel
102 exhibits moderate erosion with 12” lateral recession and 12” vertical loss. Some of the soil losses may have
occurred over a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be
determined without consultation with landowner (modelled at 10 yrs).

PRIORITY SHORELINE CATCHMENT 123 to 133 - SUMMARY
WinSLAMM Reductions BWSR Erosion ___TOTAL LOAD REDUCTION
SubCatch Subcatch

1D #lots _Area(acres)  WQV 155 T 185 TP wav__ TsS ™
123 1 0371 6324 53 013 120 0060 6324 173 019
124 1 0221 2905 23 008 520 0260 2905 543 034
125 1 0.484 7304 54 017 520 0260 7394 574 043
126 1 1.047 7698 101 0.32 60 0.030 7698 161 0.35
127 1 0172 2183 2 0.06 20 0010 2183 82 007
128 1 1157 7734 120 029 80 0430 7734 980 072
129 1 1986 16056 174 0.54 120 0.060 16056 294 0.60
130 1 0957 11041 98 030 60 0030 11081 158 033
1 2 1271 5646 82 036 260 0130 5646 342 049
@ 1 0.35 4116 30 0.10 520 0.260 4116 550 0.36
133 1 0421 5246 49 012 2240 1120 5246 2289 124
TOTAL 8.437 TOTAL 76343 6106  5.125

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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FLO1-N29 — MAP of Priority Shoreline Catchment 133

Overall Rank (incl. Street Sweeping and Typ. Shorelines): 38/64
BMP Only Rank (Priority Shorelines and Non-Shoreline BMPs only): 21/30

Drainage Area — 0.421 acres

Location — 1 private residence

Property Ownership — Private

Description — This parcel should be a very high priority since it appears that a large portion of the sand beach has
been lost over a very short period of time and would greatly benefit from a shoreline buffer or stabilization practice.
Shore Segment 103 would qualify as the single largest amount of soil loss observed in the analysis area. This
parcel has a steep mown lawn flowing directly over a sand beach front. Shore Segment 103 exhibits major erosion
losses with 36” to 48” of lateral recession and 6” vertical loss. Some of the soil losses appear to have occurred over
a shorter duration than the typical assumption of 10 years, but actual duration of losses cannot be determined
without consultation with landowner (modelled at 5 yrs).

WinSLAMM Reductions BWSR Erosion TOTAL LOAD REDUCTION
SubCatch Subcatch
1D #lots  Area (acres) wav 188 P 188 L1 wav 1SS TP

123 1 0371 6324 53 0.13 120 0.060 6324 173 0.19
124 1 0.221 2905 23 0.08 520 0.260 2905 543 0.34
125 1 0.484 7394 54 017 520 0.260 7394 574 0.43
126 1 1.047 7698 101 0.32 60 0.030 7698 161 0.35
127 1 0172 2183 22 0.06 20 0.010 2183 42 0.07
128 1 1.157 7734 120 0.29 860 0430 7734 980 0.72
129 1 1.986 16056 174 0.54 120 0060 16056 294 0.60
130 1 0957 11041 98 0.30 60 0030 11041 158 0.33
131 2 1271 5646 82 0.36 260 0.130 5646 342 0.49
132 1 0.35 4116 30 0.10 520 0.260 4116 550 0.36

1 0421 5246 48 012 2240 1.120 5246 2289 124

***NOTE - All Priority Shoreline pollutant reduction values are a composite of WinSLAMM modelling and the
BWSR Water Erosion Pollution Reduction Estimator tool. Percent Reductions may exceed 100% as a result. See
Shoreline Methods section for explanation of full methodology.
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Existing Catchment Summary

Acres 11.57

Dominant Land Cover MORNA
Volume (acre-feet/yr) 3.20

TP (Ibjyr) 5.25
TSS (Ib/yr) 1,788
CATCHMENT DESCRIPTION

FLO1-N31 is a larger sized catchment situated along Karoline Ct N. The 2013 aerial shows 1 home, but as of the
report completion, the development is almost fully built out with 17 lots in the catchment. It is primarily wooded on
the north half, while the north and south edges of the road are all lawns that are fully sodded.

EXISTING STORMWATER TREATMENT

There is no street sweeping known to occur in this catchment. 100% of this catchment drains through a series of
stormponds and bioinfiltration basins, then outlets to a shallow wooded wetland before it drains to the lake.
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RETROFIT RECOMMENDATIONS

RANK 23/64 - BMP 25v IESF Bench Retrofit: Iron Enhanced Sand Filter retrofit on existing

Biolnfiltration Basin

0.8
15 1% 15.0 1%
0.0 0% 0.0 0%
1 1
60 | I All Practices
Perimeter Sand Filter IESF Retrofit
$17,939.28 $17,939.28
5400 5400
$18,339 $18,339
$500 $500
$2,812 $2,812
$311,190 $311,1%0
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FLO1-N31: BMP 25v IESF Bench Retrofit

Drainage Area —9.25 acres (30% Impervious) m

Location — Biolnfiltration Basin at end of Karoline Ct N

Property Ownership —Private (HOA)

Description — Install a 60 x 4’ Iron Enhanced Filter Bench on north side of Biolnfiltration Basin. Bench Elevation
should be set according to invert elevation of outlet pipe to allow for both the ability to be submerged during a rain
event as well as to be completely dry in times between rain events. The cost of $18,339 has been intentionally
overestimated since it is not known how deep or wide the soil replacement media can go before having to consider
permanent soil saturation and typical ponding elevations. The cost could be substantially lower if smaller amounts
of enhanced media will need to be used. All alternatives would change the current cost/benefit ranking up or down.
See Appendix C for detailed cost estimates

Treatment

so[if

Perimeter Sand Filter

$17,939.28
$400
$18,339
5500
$2,812
$311,190




Existing Catchment Summary

Acres 3.47

Dominant Land Cover MDRNA
Volume (acre-feet/yr) 1.18

TP (Ib/yr) 2.52
TSS (Ib/yr) 790
CATCHMENT DESCRIPTION

FLO1-N32 is a small sized catchment situated along 210" St Ct N. It is primarily residential shoreline lots with
minimal road drainage making it to the lake. Parcel widths along the lake range from 50’ to 125°. Most shores are
mown directly to the edge of the water and most lots have very shallow slopes.

EXISTING STORMWATER TREATMENT
There is no street sweeping known to occur in this catchment. 100% of this catchment directly drains to the lake,
untreated, through each parcel. There are no documented or observed BMPs in this catchment
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RETROFIT RECOMMENDATIONS

RANK 54/64 - Typical Shoreline Restorations: Up to 8 non-priority shorelines with 15° wide enhanced
shoreline buffers.

11 445 11 443
344.0 445 344.0 443
0.5 445 0.5 443
8 8
12000 | s All Practices
Lakeshore Restoration Shorelines
$61,770.00 $61,770.00
$2,600 $2,600
$64,370 $64,370
$5,400 $5,400
$10,569 $10,569
$68,820 $68,820
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FLO1-N32 - Typical Shoreline Restorations m

Drainage Area — 2.4 acres (0.3 acre average per property)

Location — any 8 Participating Shorelines within FLO1-N32

Property Ownership — Private

Description —About 80% of the FLO1-N32 shorelines are stable but are still mown to the edge of the lake. The
lakeside shoreline character of this catchment is 70% turf mown to edges, 20% turf to riprap, and 10% mix of weedy
or native vegetation. The northern parcels with larger lot sizes appear to be better opportunities and have more
space for enhanced buffers. Soil losses due only to ice heavewere not factored into the modelling for Typical
Shoreline Restorations.

Participation Rates: Considering typical landowner participation rates and the number of remaining parcels that
were not designated for other Priority Shorelines, it is estimated that 8 individual properties would be a reasonable
estimate of participation. This is assuming homeowners were given 75-100% cost share and if maintenance for the
first two years was also covered by the cost share funds.

Project ID

1.1
344.0 44%
0.5 44%
)
12,000|sf

Lakeshore Restoration

$61,770.00
$2,600
$64,370
$5,400
$10,569
$68,820
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Appendix A:
Methods

Forest Lake South Subwatershed Retrofit



Methods

Selection of Subwatershed

Many factors are considered when choosing which subwatershed to analyze 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. Stormwater retrofit analyses
supported by a Local Government Unit with sufficient capacity (staff, funding, available GIS data, etc.)
to greater facilitate the process also rank highly. For some communities a stormwater retrofit analysis
complements their MS4 stormwater permit. The focus is always on a high priority waterbody.

For this analysis, areas draining directly to Forest Lake with little or no pretreatment of runoff were
chosen for study. Forest Lake is not listed on the EPA’s 303(d) list of impaired water
bodies but it is a high priority for the watershed district because annual water monitoring reports
reveal that pollutant levels in the lake (namely phosphorous) are near thresholds for impairment in deep
water lakes. ldentifying areas that receive little to no pretreatment become a priority as these areas
typically have a large impact on lake water quality.

Stormwater runoff from impervious surfaces like pavement and roofs can carry a
variety of pollutants. While stormwater treatment to remove these pollutants is
adequate in some areas, other areas were built before modern-day stormwater
treatment technologies and requirements or have undersized

treatment devices.

Forest Lake South Subwatershed Retrofit
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Stormwater Retrofit Analysis Methods

The process used for this analysis is outlined in the following pages 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).

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 management organization members 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 analyze in large subwatersheds, a focus area may be determined.

In this analysis, the focus area was all areas that drain directly to Forest Lake. Included are areas of
residential, commercial, industrial, and institutional land uses. The subwatershed was divided into 33
catchments using a combination of existing subwatershed mapping data, stormwater infrastructure maps,
and observed topography. This study prioritized only 22 of 33 catchments since the remaining 11
catchments were either landlocked or they were predominantly wetland and traditional BMP retrofits
were deemed ineffective for the catchment.

The targeted pollutant for this study was total phosphorus, though total suspended solids and volume
were also modeled and reported. Total phosphorus (TP) was chosen as the primary target pollutant
because long term water quality monitoring has identified elevated levels in Forest Lake. Total
suspended solids (TSS) was also reported because many other pollutants, such as heavy metals, are
transported by these particles. Volume of stormwater was tracked throughout this study because it is
necessary for pollutant loading calculations and potential retrofit project considerations.

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 analyzed because of
existing stormwater infrastructure or disconnection from the target water body. 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 stormwater drainage infrastructure (with invert
elevations).

Desktop retrofit analysis features to look for and potential stormwater retrofit projects.

164

Feature Potential Retrofit Project

Add storage and/or improve water Add storage and/or improve water quality
by excavating pond bottom, modifying riser, raising embankment, and/or

Existing Ponds
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.

Forest LdKe Soutn Subwatersned Retrojit
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Add or improve performance of existing swales, ditches and non-perennial
Conveyance system streams.

Large Impervious

Areas Stormwater treatment on site or in nearby open spaces.
(campuses,
commercial, parking)

Utilize right of way, roadside ditches, curb-cut rain gardens, or filter systems

Neighborhoods before water 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 and identify additional opportunities. 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.

Step 4: Treatment Analysis/Cost Estimates

Sites most likely to be conducive to addressing the cities’ and watershed district’s goals and appear to
have simple-to-moderate design, installation, and maintenance were chosen for a cost/benefit analysis.
Estimated costs included design, installation, and maintenance annualized across a 10-year period.
Estimated benefits included are pounds of phosphorus and total suspended solids removed, though
projects were ranked only by cost per pound of phosphorus removed annually.

Treatment analysis

Each proposed project’s pollutant removals were estimated using the stormwater model WinSLAMM.
WinSLAMM uses an abundance of stormwater data from the upper Midwest and elsewhere to quantify
runoff volumes and pollutant loads from urban areas. It is useful for determining the effectiveness of
proposed stormwater control practices. 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

uses rainfall and temperature data from a

typical year, routing stormwater through the - .\,.. ol /
Jrmn

user’s model for each storm.

The newest version of WinSLAMM (version

10.2), which allows for routing of multiple on FE By oy e }./.
catchments and stormwater treatment J——— = I,
practices, was used for this analysis because FAT‘ r";,*~ /I
of the unique connectivity amongst the l-if,' B grie - f—

. . . gr—
catchments identified in the focus area. '/f Losppmal=
Theinitial step was to create a “base” o
model which estimated pollutant loading ',{;,
from each catchment in its present-day state Example WinSLAMM model ’

without taking into consideration any existing schematic for the existing and

stOrmwater treatment. 10 accuratery moaer . proposed conditions G\\- »
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the land uses in each catchment, we

delineated each land use in each catchment

using geographic information systems (specifically, ArcMap), and assigned each a WinSLAMM standard land
use file. A site specific land use file was created by adjusting total acreage and accounting for local soil types
(all soils were modeled as silt in this analysis). This process resulted in a model that included estimates of
the acreage of each type of source area (roof, road, lawn, etc.) in each catchment. For certain source areas
critical to our models we verified that model estimates were accurate by calculating actual acreages in
ArcMap, and adjusting the model acreages if needed.

Once the “base” model was established, an “existing conditions” model was created by incorporating
any existing stormwater treatment practices in the catchment. For example, street cleaning with
mechanical or vacuum street sweepers, rain gardens, stormwater treatment ponds, and others were
included in the “existing conditions” model if they were present in the catchment.

Given the difficulty in identifying bioinfiltration practices due to high water tables and lack of available
space, it was decided to also document shoreline conditions of each property and prioritize them according
to severity of erosion. Additional TP and TSS loads were factored in for shoreline erosion using the BWSR
Pollution Reduction Estimator spreadsheet tool (BWSR tool only used in the Proposed Treatment Analysis)
Details to this approach of modelling the Priority Shoreline Catchments are given in the Methods Section in
the beginning of this report.

Finally, each proposed stormwater treatment practice was added to the “existing conditions” model and
pollutant reductions were generated. Because neither a detailed design of each practice nor in-depth
site investigation was completed, a generalized design for each practice was used. Whenever possible,
site-specific parameters were included. Design parameters were modified to obtain various levels of
treatment. It is worth noting that we modeled each practice individually, and the benefits of projects
may not be additive, especially if serving the same area. Reported treatment levels are dependent upon
optimal site selection and sizing.

WInSLAMM stormwater computer model inputs

Parameter File/Method
Land use acreage ArcMap
Flow/Routing Municipal Stormsewer data

-Approximately 90% complete
Precipitation/Temperature Minneapolis 1959 — the rainfall year that best approximates a

Data typical year.

Winter season Included in model. Winter dates are 11-4 to 3-13.
Pollutant probability WI_GEOO01.ppd

distribution

Runoff coefficient file WI_SL06 Dec06.rsv

Particulate solids WI_AVGO01.psc

concentration file

Particle residue delivery WI_DLVO1.prr

file

Street delivery files WI files for each land use.

Forest Lake South Subwatershed Retrofit



Cost Estimates

Allestimates were developed using 2015 dollars. Costestimates were annualized
costs that incorporated design, installation, installation oversight, and maintenance over a 10-year
period. In cases where promotion to landowners is important, such as rain gardens, those costs were
included as well. In cases where multiple, similar projects are proposed in the same locality,
promotion and administration costs were estimated using a non-linear relationship that accounted for
savings with scale.  Design assistance from an engineer is assumed for practices in-line with the
stormwater conveyance system, involving complex stormwater treatment interactions, or posing a risk for
upstream flooding. It should be understood that no site-specific construction investigations were done as
part of this stormwater retrofit analysis, and therefore cost estimates account for only general site

considerations.
s/lb
The costs associated with several different pollution &1500
reduction levels were calculated. Generally, more or E $1000 -
larger practices result in greater pollution removal. £ $800
However the costs of obtaining the highest levels g gigg
of treatment are often prohibitively expensive (see ; $200 -
figure). By comparing costs of different treatment & $0 T
levels, the cities and watershed district can best § 0 10 20 30 40 50 60 70 80 90 100
choose the project sizing that meets their goals. Treatment Level (% TP removed)

Step 5: Evaluation and Ranking
The cost per pound of phosphorus treated was calculated for each potential retrofit project. Only projects

that seemed realistic and feasible were considered. The recommended level was the level of treatment
that would yield the greatest benefit per dollar spent while being considered feasible and not falling below a
minimal amount needed to justify crew mobilization and outreach efforts. Local officials may wish to revise
the recommended level based on water quality goals, finances, or public opinion

Forest Lake South Subwatershed Retrofit
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Appendix B:
How to Read Catchment Profiles

Forest Lake South Stormwater Retrofit Analysis
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Appendix B — How to Read Catchment Profiles

Catchment Profiles and How to Read Them
The analysis contains pages referred to as “Catchment Profiles.” These profiles provide the most
important details of this report, including:
e Summary of existing conditions, including existing stormwater infrastructure, and estimated
pollutant export to Forest Lake
e Map of the catchment
e Recommended stormwater retrofits, pollutant reductions, and costs.

Following all of the catchment profiles (also in the executive summary) is a summary table that ranks all
projects in all catchments by cost effectiveness.

To save space and avoid being repetitive, explanations of the catchment profiles are provided below.
We strongly recommend reviewing this section before moving forward in the report.

The analyses of each catchment are broken into “base, existing, and proposed” conditions.
They are defined as follows:

Existing conditions - Volume and pollutant loadings after already-existing stormwater practices are taken into
account.

Proposed conditions - Volume and pollutant loadings after proposed stormwater retrofits.

Analyses were performed at one of two geographic scales, “catchment or network.” They are defined as
follows:

Sub-catchment level analyses - Volume and pollutant loads of all BMPs proposed in an entire sub-

catchment. Sub-catchments are then ranked on a Scost/Lb Tp/10years as if all proposed BMPs are
implemented in each sub-catchment. Example: If all BMPs were installed, then Sub-catchment FLO1-N24
would rank higher than all BMPs in FLO1-N11 and would be a good target neighborhood/sub-catchment
for targeted outreach.

BMP Sub-catchment level analyses - Volume and pollutant loads exiting the sub-catchment of the
proposed BMP or the proposed Priority Shoreline Catchment. BMP Sub-catchments are then ranked on a
cost/Lb Tp/10years and compared to all other proposed practices. This method highlights best BMPs
overall, irrespective of sub-catchment location (example; BMP 15k is more cost effective than BMP 3c).

The example catchment profile on the following pages explains important features of each profile.

Forest Lake South Stormwater Retrofit
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Appendix B — How to Read Catchment Profiles

Acres 58.90
Dominant Land Cover Residential
Parcels 237
Volume (acre-feet/yr) 18.37
TP (Ib/yr) 25.00
TSS (Ib/yr) 6461.00
DESCRIPTION

Example Catchment is primarily comprised of

EXAMPLE Catchment FLO1-Nxx

JW 74

medium- density, single-family residential development...

EXISTING STORMWATER TREATMENT

Existing stormwater treatment practices within
Catchment consist of street cleaning with a me
sweeper in the spring and fall and a network of stor
treatment ponds...

Catchment ID banner.

Example
chanical
mwater

Volume and pollutants generated from
this catchment under existing conditions,
and includes existing network-wide
treatment practices

Forest Lake South Stormwater Retrofit
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Catchment Specific Existing Conditions

W

Catchment-level analysis of
existing conditions.

Existing Conditions

25.2 0.2 1% 25.0

7,186 725.0 10% 6,461

18.4 0.0 0% 18.4
1

Street clganing, stgrmwater pond

Volume of water and pounds of
pollutants generated from the
catchment without any stormwater
management practices (base
conditions).

Pollutants and volume removed by
existing stormwater management

practices (existing conditions).

Pollutants and volume exiting
the catchment after accounting
for existing practices.

Percent reductions by existing

practices.

Forest Lake South Stormwater Retrofit



Appendix B — How to Read Catchment Profiles

Map shows sub-catchment
boundaries and the locations of
all proposed stormwater BMPs
and their respective drainage
areas

Forest Lake South Stormwater Retrofit



Ranking Summary Page

FLO1-N2Z: RETROFIT RECOMMENDATIONS

RANK 1/64 - Increased Street Sweeping: Increase Street Sweeping from 2wyear to 4x'year. This mclude|
sweeping the private (but easily accessible) parking areas that are adjacent to the main roads.

RANK 52/62 - Priority Shoreline 135: Disconnect Buried Downspouts from Shore and inseall buffer coded by ranking group.
RANK 51/62 - Typical Shoreline Restorations: Up to 15 properties with 15" shoreline busfers.

Appendices

Ranking summary of BMPs
proposed in this catchment, color

Map of all BMPs proposed in
catchment. Color masses indicate
catchment areas of ranked BMPs,
Priority Shoreline Catchments, or
Street Sweeping locations

RETROFIT OPTIONS TABLE:
- — ™ — — summarizes each individual BMP
= I W W L7} e and last column always shows total
01 1% Qo 0% 13 % 14 % . .

v 1 15 7 load reduction and cost benefit if
so0 | v [ e Jombeiniseos] o > all BMPs were implemented in
'":;"“""m‘"' . StreetSweeping | Lokeshore Restoration | Sweeping and thores catchment.

$7.050 00 41930 $77.160.00 £84,629.30
5315 550 S4875 $5.250
$7.375 469 582,035 589879
5450 $0 $6.750 57,200
$10,004 346 $9.909 $6,093
$32,09% $180 $49,84% 737

Forest Lake South Stormwater Retrofit



Appendices

PROPOSED BMP MMW

priority (red highest,

Individual Catchment Project Overall Rank. Ma
Profile Page Color coded rank by ”

green lowest)

FLO1-N7: BMP 2b Vegetated Swale gank . | Project Title and Brief Summary

. ) | of site-specific parameters.
Drainage Area - 0.873 acres . ..
Location - Intersection of Nord: Shore Trail and 236% St CtN Includes details related to existing

Property Ownership — Public (City of Forest Lake) . . 1;
Description — Cuirently a 127 pipe drams the carchment through a mown swale that is approx. 110° long and dralnage IS?ueS’ constructab1hty,
directly outlets to Forest Lake/Sunrise River above the Forest Lake outlet dam With minimal plantings of native | cOSt Of proj ect, and alternatives to
plugs, some erosion control blanket, and twice yearly maintenance a very inexpensive retrofit can be achieved This . .
practice would be even less expensive (increasing its #20 rank) if the area were just left unmown and periodically design to lower cost or improve
checked for noxious weeds. See Appendix XXX for detailed cost estimates practice outcomes.

Map of proposed BMP. Color
mass indicates catchment area of
ranked BMP, Priority Shoreline
Catchment, or Street Sweeping
location.

Cost/Removal Analysis
Individual Practice analysis,
including percent removal of
pollutants, design, install, and
promotion costs, and final
cost/removal of TP and TSS.

See Methods section at
front of report for how to
interpret shoreline
analysis

Forest Lake South Stormwater Retrofit
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Appendix C:
Cost Estimates for Non-Shoreline BMP
Projects
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BMP 1a — Cost Estimate and Concept Plan

Cost Estimate
COMFORT LAKE FOREST LAKE WATERSHED DISTRICT
CLFLWD Cost-Shore PSR T [ S i N T
, CWATERSIICED DISTRICST
FOMEST LAaKE
Catchment N7_BMP 1a
Project Addness: FLK SW
Hewd S Yenar B W oasy
ace Shear St Ha oA
[ TR L | v ]
! L. e sl
lob Description Cost Summary
Apartment BMF 13, & x 40 = 240eq7t BMP, 3° Deep, plant only | project Cost= § 1927271  Phosphorus Reduction (Ibs/yr)
b m et s OVERALL  BMFP ONLY TP= 0.44
Rank=44 Rank=2%
lob Estimate
Ty Unit it Coat et
SECUTNG SEpIes (8, 1000k i carion 5 =Em § 3500
Ercecion Controd Blankat SC-1508M Bloket &0 By 5 110 % BE.00
Ercabon Confrol Subtofal § 12300
and Rock
Fasota " Flagstone, appoox 207 45" wide 12 =qit § 659 § To.08
Trench Dwain (Drive Alsle, ADS heavy duty, 127 grabe, Incl dellver a0 Ir 5 0.0 § 4 20000
Compoest Mulch and Rock Subtotal 5 427008
|Dalna0e Accgsgodges:
Drainage Subtotal ™3 -
and Tress
Malive plug | by berm) 36 aach 5 100 § 3500
36 2ach 5 4m § 26800
4~ Pot 35 2ach 3 3omd § 10500
Plants Subtotal ™% F kel s 1]
Excavation and Grading
Grading ] hrs 5 15000 § 1,200.00
Oiff-Site Disposal of Sed (37) 3 cy 5 500 § 200
Sod (boih swales) 53 sy 3 250 132 50
Excavation and Grading Subtotal
Lo
Wataring 1 oty 5  S00.00 § 500,00
Soll Dielhvery Jot 3 iom % -
Fock Delvery 1 Job 5 0000 § 10000
Mulch Dellvery [1acyhad) Joty 3 D000 % -
Piamt Delivery 1 Job 3 100.00 i 100,00
Misc Subfotal
|ADDIMOMAL HOTES PROJECT SUBTOTALS
Materials § 4 402 08
Flams ¥ 432100
ExcavationiGradng ¥ 135250
Msc § 70000
Materials Estimate §
Labor Esimate  § 12 687 46
10% 1,752 16
Project Estimate 19, 273.71
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BMP 1a — Cost Estimate and Concept Plan
FLO1-N7: BMP 1la Parking Lot Retrofit

/' Rank
Drainage Area - 0.835 acres (90% Impervious) —

Property Ownership —Private
Description — Craate a shallow filtration basin with an underdrain and linad bottom. Sod will be the plant madia in
the swale zones since these areas are the primary snow storage zone for the parking lot and will nead to withstand
harsh conditions and also b2 2asily masintsinsble and replacesble over the life of the projact. Basin will b2 600 f
will have 6" of pording, and 1° of replacement s0ils (70/30 sand /compost) and will b2 plantad with natives. A leval
spreader or multiple pretragtment inlats will kave to be installad to intercapt groas solids. An overflow of limestona
steppars is also includad in the concspt. Other ideas beyond this conoapt could include an expandad footprint
(removing pardking stalls) altemative snow storage scenarios, or differsnt vegstation for the basin (sod). The cost of
$22,506 could b2 substantially lower if altematives to using a 12" dasp channsl drsin as pratreatment are considaerad.
All altematives would changs the cumrsnt cost/benafit ranking up or down. See Appendix C for cost estimate

1
600] st

Highty Complan BetFritration

si1i81 2

$328

$22.506
$450
$6.082

$100.910
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BMP 2b — Cost Estimate and Concept Plan

Cost Estimate

CLALWD Cost-Share COMPORT LaKE
WATERSIIED DISTRICT -

FOREST LAFRKE

Catchment N7_BMP 2b Swale

Project Address: FLN SWA

PrraT Tang Ve Wiaie Wesnasong

Al tmhew 5 h, ittt A

Job Description Cost Summary

Tmmum_naa—lm':ﬁn'-mamm . Cenler of Swale mm: $ 1,18525 Phosphorus Reduction jine}
e T OVERALL  BMP ONLY TP- 014

Rank = 20 Rank=3

l_ Job Estimate
Eroeion Confrol Mafenals oy Uit Onif Cost Amount
Eroslon Control Subiotal 5 -
Compoat, Mulch, and Rock
Compost Mulch and Rock Subfotal 3 -
DIaingng Accosgories

Dralnage Subiotal 5 -

Plants, Shnubs, and Trees

Mative plug [ Z0.C.) 165 each 3 100 5 165,00
Mative plug [3' 0.C.) [+ 7] each 3 1.00 § 56,00
Plante Subiotal § 231.00
Excavation and Grading
Excavation and Grading Subfotal 3 -
J::1:1e
Soll Dellvery a |0t 5 10000 5 -
SigRs S3ying 0ont mow 4 each 5 S000 § 200,00
W ataring 1 joor 5 S00.00 § 200.00
Fock Dellvery a Joir 5 100,00 § -
Muich Dallvery (14cmody a Jotr 5 100,00 5 -
Plant Dellvery 1 Job ] 10000 § 100.00
Misc Subtofal 3 S00.00
ADDITI}MAL NOTES PROJECT SUBTOTALS
Materals 3 -
Planis 3 231.00
Excavation/Grading 3 -
Misz § S00.00
Maierials Estimate § 231.00
Labar Estimate § B46.50
Comingency 10%. 3 107.75
Project Estimate 1,185.25

Forest Lake South Stormwater Retrofit



Appendices
BMP 2b — Cost Estimate and Concept Plan

FLO1-N7: BMP 2b Vegetated Swale

Rank
Drainage Area —0.873 acras
Location - Intersaction of North Shore Teail and 236 StCtN
Property Ownership —Public (City of Forast Laks)

Descripdon — Curmently a 12" pipe deains the catchment through a mown swale that is approx. 110" long and
diractly outlets to Forast Lake/Sunsise River above the Forast Lake outlet dam. With minimal plantings of native
plugs, some erosion control blanket, and twice yearly maintenance a very inexpensive retrofit can b2 achieved. This
practice would b2 even lass expansive (incraasing its =20 rank) if the area wers just laft unmown and pericdically
chackad for noxious weads, See Appendix C for detailed cost estimates

(%]

00 1%
1

1320w

Jrrroan Yuple Vmiwal Vog

$1.459 80
$130
SLA20
3132
$2.08%
$11.0%¢
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Appendices
BMP 3c — Cost Estimate and Concept Plan

Cost Estimate

CLFLWD Cost-Shore A OET AR
WEBTERSHIED CISTRIST

FOREST LAKE

Catchment N12_3c Bioinfiltration Basin
Froject Address: FLN 5WA
ot oo d Cat g Hrrmaw Bliadeor Wogimasang:
M Lmvm Sroemk Snim, Sae A
Povgul L P Db
LB L

lJob Description Cost Summary
"THIS COST ESTIMATE REFLECTS CHANGES TO THEDESIGN | project Cost Phasphorus  Reduction (Ibs/yr
THE REDORT WAS COMPLETED. This estimaie lowers the = % 77138 TP=0.36 ( )
cost by 55,457 and Increases s OVERALL RAdk n#zcang eve  |Owerall Rank = BMP Only =
LY rank o #11. Pollutant load reductions do not change. BMP 3g* Rank = 22*
Sizng - SO0 Sq7t BMP + 300 5q7t planting oulsios basin a5
Job Estimate
iy Tnit Tnlt Coet
Eroslon Controd Blanket SC-150BM Blobet 124 BY 5 110 5 136.40
SECUrK SEpIes [, 100edn) 1 carion 5 B[00 5 35.00
Eroedon Control Sublotal 5 171.40
Ediging {Buliet Paver Edger- Ineroe 3.375x11.757) 150 each 5 120 5 150.00
(i ¥ 5 000 5 -
Compost Mulch and Rock Subtotal § 160.00
\Drainage Accocnorios
Drainags Subiotal™ 3 -
Mative plug 125 each 5 100 5 125.00
#1 Pol 125 gach 5 8O0 5 1,000.00
4~ Pot 100 5 3 3 300.00
Plants Subfotal 5 TAn
\Excavation apd Grading
Grading 4 hrs 5 15000 5 £00.00
Dff-Site Disposal of Sodl { 3" ponding andy in 500 sqft o) 5 oy " BOD § 411,00
Sod 35 BY 5 250 B7.50
Excawation and Grading Subfotal f il
(lleg
Wabaring 1 ol 5 50000 5 500.00
Soll Delivery 0 i ] 10000 § -
Rock Deltvary i oty 5 10000 5 -
Muich Dellvery [1achoad) 1} Joiy 5 10000 3 -
Plant Dedtvery 1 Jiok 5 10000 5 100.00
Misc Subtofal 5 600.00
| ADDITIOMAL HOTES PROJECT SUBTOTALS
Maleldds 3 351.40
Planks 3 1,425.00
Excavation'Gradng 3 T27.50
MisC 60000
Labor Estimate 5 5,235.58
%ﬂm i T01.20

Forest Lake South Stormwater Retrofit



Appendices
BMP 3¢ — Cost Estimate and Concept Plan

FLO1-N11: BMP 3c Biolnfiltration Basin Rank

- 39/%4
Drainage Area —0.879 acras (50% Impenvious) u
Locartion - South of Intersaction of North Shore Trail and 233% S$tN
Property Ownership — Privata Public, in Right of Way
Description - This catchment has a new house built in the nosthemmoast lot in the catchment that was not accountad
for in the snalysis, thus increasing the potantial runoff and capture opportunities. Catchment may actuslly be larger
now. Create a shallow Biolnfiltration basin adjacent to the existing catchbasin on the shoulder of North Shore Trail.
Basin ponding area will be 500 sf will have 3" of ponding, and 1' of replacement s0ils (70/30 sand /compost). A
200af plantad zone on the outsides of the basin area will act as a pretrearment device to extend life of the practica.
The overflow will be the invert elevation of the existing pipe under the road. Other ideas bayond this concept could
include an expandad footprint or different vegatation for the basin. The cost of $14,305 could be substantially lower
if altematives planting design and subsoil replacement are considerad. All altematives would change the cument
cost/benefit ranking up or down. See Appendix C for detailed cost estimates

$14.378.00
$130

$33,7%7
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Appendices

BMP 4d - Cost Estimate and Concept Plan

Cost Estimate
COMPORT LAKE FOREST LAKE WATERSHED DISTRICT
CLFLWD Cost-Shave ELEMMARERHT LA KR

FOREST LAaKE

Catchment N12_4d Bioinfiltration Basin

Projinsy Addoia: FLM SWA

Eor e g e BAR R s

lob Description
BOO sqft BMF + 300 sqit planting oulside basin as pretrestment P'I'*ﬂ'l:ﬂ.lll 5 1'53?__13 hmm:lw
Rank BMP ONLY TP= D45
7 Ramk = 10
Job Estimate
T ] aly Uni Unif Cost Ameount
124 =¥ ¥ 110 § 136.40
1 ‘Erion E ] Emm F 3a5.00
Ercclon Contrel Bubtotsl § 171.40
150 ench 3 120 § 150.00
Enginoared Sodl Mix B (7074 ASTM C-33 Coarss Wash Sand amd

30% Sphagmem Paat, MO TOPSCIL) (5 replacensant’) o cy E 5240 § -
Compoct Muloh and Rook Bubtotal § 180.00

\ElaniE. 2hobe and Troes

Malive piug =0 each £ 100 3 250,00

=1 Pot 90 Each ¥ BDOD F T20.00

4" Poi 120 each ¥ 00 % 360,00
Flanits Subtotal § 1,330.00

|El'.'.li'll|;| 4 hrs 3 1s0.00 § ‘&00.00

OE-Site Disposal of Sodl | 37 pomding + 6 roons for replacemant sozl,

onky in BO0 sqft mp) 13 oy 5 EDD § 184,00
Sod = ] 5 250 87.50
Exoavation and Grading Subtoksl § B71.50
Wabering 1 kb §  SODOD § 500.00
Soll Deltvery ] kb § 10000 § -
Fuock Delvery ] kb § 10000 § -
Muich Deivery [lacylead) ] kb § 10000 § -
Plant Delvery 1 kb §  10ooo 100,00
Miso $ubtotal

|soomoNAL HoTESR PROJECT SUBTOTALE
Materais § 351.40
Planis § 1,330.00
Excavation'Gradng  § 871.50
Mo § 500,00
Materizis Estimate § 1,681.40
Labor Estmate § 5,170.58
10% 58520
753718

Forest Lake South Stormwater Retrofit



Appendices Bk

BMP 4d — Cost Estimate and Concept Plan

FLO1-N12: BMP 4d Biolnfiltration Basin

Rank

Drainage Area —3.198 acres (25% Impenvious) - 27/64
Location - Wast of Intersaction of North Shors Trail and Hayward Ave N -

Property Ownership — PrivataPublic, in Right of Way

Description —. Cr2at2 a shallow Biolnfiltration Basin adjscent to the existing catchbasin on the shoulder of North
Shore Trail. PBasin ponding area will b2 800 3f will have 53" of ponding, and 1° of replacement soils (70/30 sand
/compost). Up to 300sf plantad zone on the outsides of the basin area will act as a pretrestment device to extend life
of the practice. The overflow will b2 the invert elevation of the existing pip2 under the road. Other ideas bayond
this concapt could includs an expandad footprint or different vegetation for the basin. The cost of $9,049 could b2
substantislly lower if altematives to planting design and subsoil replacement are comsiderad. All altematives would
changs the current cost'bensfit ranking up ordown. See Appendix C for detailed cost estimates

0.3

00| s
Simple Bicinfiltration

$8,649.20
$400
$9.049
5600
$3,322
$16.538
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Appendices

BMP 6g, 7f, 8e — Cost Estimate and Concept Plan

Cost Estimate

COMARDIRT LAKE FOREST LAKE WATERSHED [NSTRICT
CLFL WD Do = S

Catchment N12_6g, 7f, 8e Combined Swale
and Biolnfiltration

Project dddresa- FLA WA

COMFORT LAKE

CWMWATERSIICOD DISTRICT
FIRE=T LAKE

Femigadid gy Yo e Rindes Sehaolicas

44 cabe Dimtt 2anit, cwsbe A

Job Description Cost Summary
E:ﬁﬂ?mﬂm“?mmm ProjectCost = $  17.211.08  Phosphorus Reduction |lbsfyr)
OWVERALL BEMP OHLY TP=1.14
Rank = 24 Rank =7
Job Estimate
C . Gy unit Unif Cost Amount
Eroslon Comimd Blanket Cal-3 MAG B-150 480 17 ¥ o400 ¥ 200
Securing Siapies oF, 1000 3 carion 5 I5on F 10500
Eroelon Conirol Subtotal § 17700
Edging [Bulkzt Paver Edger- Interioc 23757 E11.757) I =mch ¥ 120 F 32400
Engincared Soil Mix B (70% ASTH C-33 Coarse Wash Sand and
30%: Sphagmm Poat, N0 TOPSCIL) § doop a oF 5240 § 43470
Fleidsions: Boulders 4 (112 2 fon ¥ Ao 145.00
Compost Mulch and Rk Subtotal
Dvainage 3ubtotal § -
ard Tress
Matve piug 225 sach ¥ 100 ¥ =00
=1 Pot 225 sach ¥ 800 ¥ 1,200.00
4" Fot 225 sach ¥ m ¥ &r=0a
Planis Subtotal § 2,700.00
Sradng 12 Frs ¥ 15000 § 1500000
(OHE-Gite Dhisposal of Sail { 67 ponding ) 0 oy 1 00§ 150,00
Sod 50 =¥ ¥ 2=0 22500
Excavation and Grading Subbotal 5 215500
Mico
W aiering 1 ok 5 45000 F 450,00
Herbichde 1 mach 5 15000 § 1s0.00
Sol Deilvery a ok 5 10000 § -
Rnck Delvery 1 ok ¥ o0omo § 300.0a
Muich Delivery [Tacyloed a oy ] iom ¥ -
Plant Delvery 1 ok ¥ 30000 300,00
Mico Sulrtoksl 1.200.00
|ADDNTIOHAL HOTES PROJECT SUBTOTALE
Mierisls ¥ 1,134.70
Flantz ¥ 2,700.00
Excawvation'Grading § 218500
Miisc i 121!]
Makerials Esimaie § 353170
Labor Esfimate § 11.594.74
Contingency 10% § 1,554 68
| Project Ealima % 1721106

Forest Lake South Stormwater Retrofit



Appendices
BMP 6g, 7f, 8e — Cost Estimate and Concept Plan

FLO1-N12: BMP 6g, 7f, 8e Swales and Biolnfiltration

Drainage Area -3.319 acres (25% Impenvious) - Rank

Location - West of Intersaction of North Shore Trail and Hayward Ave N

Property Ownership - Privata’Public, in Right of Way

Description —.. Conyet two existing mown tuf ditches to Vagetatad Swales (max area 500sf each). Swals bottoms
will b2 excavatad 3" balow inverts of existing culvert pipas that connact under padestrisn/mowes access famps on
each lot. Create a shallow Biolnfiltration Basin adjacent to the existing carchbasin at end of swale run. Basin
ponding area will ba 500 3f will have ¢ of ponding, and 1 of replacement soils (70/30 sand /compost). Presence
of swales will act as pretreatment for basin. The overflow will b2 the invert elevation of the existing pipe under the
road. Verjfi actual carchmenr area by iuspecting whether ditch pipe is still an active overflow for a wetland area
wstream.  Cwrrently this area is nor being considered as part of the carchment area Other ideas bayond this
concapt could include sn expandad footprint, different vegetation for the basin or just stop mowing the ditches.
Thers is also the potential to amend the existing swale balow the outfsll of 82 to increass treatment The cost of
$21,022 could b2 substantislly lower if altematives to planting design and subsoil seplacement are considerad. All
altematives would change the cument cost/benefit ranking up or down. Ses Appendix C for detailed cost estimates

-~

Wetland

Oy erflow, . X
Aba nt‘i;gg_eﬂi‘!f;:_':—f-%
Inspect_.gipgl :m

15

$:0.021 68
$1.000
$11L012
51.13%
$2.831
$14.185
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Appendices

BMP 9h — Cost Estimate and Concept Plan

Cost Estimate

COMFORT LAKE FOREST LAKE WATERSHED DISTRICT
CLFLWD Cost-Share COMFORT LakKE

FOREST LAKE
Catchment N18 _9h Biolnfiltration Basin
Project Address: FLM SWa

Malling Address: Same AT AT T e Vel T L
Fropery PIN: A7 e Siraar 1.'\.17.‘: qT”’
213016 .'.' :'\.'.r.' |:: |-..:\.-'\.'-'.¥||.'.'.
Job Description Cost Summary
750 sqft BMP Project Cost= § 386791  Phosphorus Reduction sl
OWVERALL BMIP DMLY TP= 0.43

Rank =21 Rark =4

l_ Job Estimate
C M afy Unit Unif Coaf amount
Enoslon CONn Blanket Cat-2 NAG 575 B 5y 5 028 § 23.52
Securing Staples o, 10 1 caton 5 3500 5 3500
Ercalon Controd Subtotal ™ 3 R
Compost, Mulch, and Rock
Edging {Bullet Paver Edges- Interios 2.3757%11.757) 120 each 5 120 § 144.00
Compost Mulch and Rock Subtotal 5 124.00

Matlve plug 235 aa3ch 5 100 § 236.00
#1 Pot 1] each -3 500 5 -
& Pat 112 aach 5 300 % 33600
Plants Subtotal ! el 1]
Excavation and Grading
Grading 4 s 5 15000 3 60000
(Oif-5ite Drispasal of Sodl T cy £ 500 % 56.00
Sod 40 EY 5 250 § 100,00
Excavation and Grading Subtotal
Misc
Soll Dellvery [V Job 5 100,00 5 -
Fnck Dellvery [V} Job 5 0000 5 -
Muich DeIVErY [14cpeed) o Jot 5 10000 5 -
Plant Dellvery 1 Jobs 5 100,00 3§ 100,00
Misc Subtotal 5 10000
ADMMTIONAL HOTES PROJECT SUBTOTALS
Maledals 3 12 52
Planis § 57200
Exavaion'Grading 3 T56.00
Misz & 100,00
Labhor Estimate 255094
1% 33345
Project Estimate 3,667 91

Forest Lake South Stormwater Retrofit



Appendices

BMP 9h — Cost Estimate and Concept Plan

FLO1-N18: BMP 9h Biolnfiltration Basin

Rank
21/64

Drainage Area —3.042 acres (33% Impervious)

Location - Tip of Road Loop on North Shore Circle

Property Ownership — PrivataPublic, partially in Right of Way

Description .. a2 a shallow Biclnfiltration Basin adjacent to the existing 47 deain pip2 on the ponth side of

North Shore Circle. Basin ponding area will b2 750 3f will have 3" of ponding, and 1" of replacement soils (7030

sand/compost). The overflow will b2 the invert slevation of the existing pipe under the road. Other ideas bayond

this concapt could include an expandad footprint or differsnt vegetation for the basin. The cost of $4,567 could be

lower if sltematives to planting design and subsoil replacement are considersd. All altematives would change the

cument cost/benafit ranking up or down. Seg Appendix C for detailed cost estimates
o i /LN YA g

b3

6%

03 5%
1

% | s

Limple Biolrfiltration

54,242 .00
$325
54,567
$563
$2.409
$11,018

Forest Lake South Stormwater Retrofit



Appendices

BMP 10i — Cost Estimate and Concept Plan

Cost Estimate
COMFORT LAKE FOREST LAKE WATERSHED MSTRICT
CLFL WD D e S COMFORT LA R
FOREST LAKE
Catchment N19_BMP 10i
mml mﬂ' Frafpsling T Wadee Qeasecad
frruper sy Fike susmsammaans i
2[AHE Phiras 301 IRNETS
Job Deseription Cost Summary
1500 sqft basin at Morth Shore Cirde Fark. Project Cost = § 1226258  Phosphones Reduction |bsfyr)
OVERALL BMP OMLY TP= D.E3
Rank =22 Rank=5
Job Estimate
B aty [T ; Unit Cost Amount
Securing Staples (w000 1 carion 3 =00 § 3500
Eroclon Condrol Subtotal § 3500
|Compost, Mulch, and Rook
Engineared Soi M B (8% ASTM C-33 Comrse Wash Sand
amd 4% Sphagnum Peat, MO TOPS0IL) (40x40 x5 pit phns 4
x40 x & strip) 3 of ¥ 524D 3§ 17290
Emsion Confrol Blanket 5C-1508H Biokiet 24 =y E 110 2640
Compoct Bulsh and Rook 2ubioksl § 175560
Cakchbasin [NDE)- 12012 1] each ¥ 4185 3§ -
Crainile, HOFE Perforabed wio sock- 4" 50 ) ¥ 03 3§ 3510
T Conneclor- 4™ 1 ek ¥ 528 § B8
G, Alrum Grale 1 ek ¥ 1400 F 1400
ot Wi 1 enh ¥ Amnn § 40000
Phag-4° 2 [ =] ¥ 221 3 £42
Clean Ot Parnts 1 Ls ¥ 15000 _§ 150.00
Drainags Subiotal § eaE0
[ Hatve piug | by berm) Eil each E 1003 5000
&1 Pot 1] =] E aD0 § -
4" Bot 1] [ "a ] E 1 3o § -
Plandc Subiotsl §
=radng B hrs. ¥ =000 § 1,200.00
OfF-Site Disposal of Soil [ 37) + Undardrin trench 1B of ¥ 200 § “amn
Sod s = + 250 § Sh2 =0
Exnavation and Cradng Subiotsl § 1,806 50
Fix berm wilh out solls 1 Joh ¥ SoO.00 § =00.00
W& alering 1 ko ¥ SoO.00 § =00.00
Sol Dehvery 3 ot 5 1Doo0 § 30000
Rk Cedvery o ot 5 D000 § -
Kiulich Dedhveny [14oyiond o ] ¥ 00nn 3§ -
Plant Delvery 1 ot 5 10000 40000
Mo Bubdotal  § 1,400.00
|ADDITIOHAL NOTES PFROJECT EUBTOTALE
Maferials § 240040
Flanis § 5000
Excavation'Grading § 1,906.50
ME=c § 1,400.00
Materials Estimaie § 245040
Labor Estirabe § B,BEOT 3=
1% 1, 11478
12 262 56

Forest Lake South Stormwater Retrofit



Appendices

BMP 10i — Cost Estimate and Concept Plan

FLO1-N19: BMP 10i Biolnfiltration Basin

Rank
Drainage Area —1.16 acres (33% Impenvious)
Locarion - North Shore Circle Padk
Property Ownership -Public (City of Forast Lakes)
Descripdon —. . Cs=a2 a shallow Biolnfiltration Basin on the west side of North Shore Circle Padk. Basin ponding
area will b2 1600 sf will have 3" of ponding, and 1 of replacement soils (70/30 sand/compost) and will be
vegatated with reguler sod. Sod cover is to b2 usad 30 that park can remain usshle in between rain events. The
overflow will be a shallow berm that then will flow towards the restored “unofficial’ camos access point. The basin
will b2 underdinad, and depending on lake elevation relative to the bottom of the trestment cell, underdsain will
either b2 a 4" typical underdrain system of just a namow vein of buriad pea rock (dry well) that wesps to the shore.
Other ideas bayond this concapt could include an expandad footprint or different vegetation for the basin. The cost
of §15,206 could b2 lower if altematives to planting design and subsoil replacement are considerad. All altematives
would changs the current cost/bensfit ranking up or down. See Appendix C for detailed cost estimates

. e ; ’

279
085 a4

1,600 st

Moderately Complas
Bioinfiltration

$14,701. 30
5325
$15.026
5200
52451
$12.205
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Appendices

BMP 11j — Cost Estimate and Concept Plan

Cost Estimate

COMFORT LAKE FOREST LAKE WATERSHED DISTRICT
CLFLWD Cost-Shore CHAMFSRT LARE

FOREST LAKE

Catchment N22 BMP 11j Biolnfiltration Basins

Project Addrass: FLK SWA

P Pl ¥omar WiBler Wi s s s

- lokw Sewwl

Job Description Cost Summary
500 sqft BMP x 2 Basins = 1200 sqft - Prefreaiment plantings of 300 55 |Project Cost = k1 15.458.56 Phosphorus Reduction [Ibs/y
Rank =37 Rank =20
Job Estimate
M afy Unit Unif Coet Amount
Ercesion Conirl Blanket SC-1508M BloMet 134 By ¥ 110 3 147.40
SECUrng StapIes (#, 1600 2 cartan 5 3500 5 TO.00
Eroaion Controd Subtotal™ 5 3|
\Compost Mulch, and Rock
Eriging {Buliet Paver Edger- Infeoc 3.3757%11.757) 200 each 5 120 5 24000
Compeest (27) B cy 5 510 5 Z80.50
Compost Mulch and Rock Subtotal™S e 3200
DINS0e ACEosaories
Dralnage Subtotal 5 -
Maiive plug 360 sach 5 100 5 330.00
#1 Pol 180 aach -1 D0 F 1,440.00
4= Pot 350 each 5 300 § 1,140.00
Piants Subtotal™ 3 gl
Grading B hrs ¥ 15000 5 1,200.00
Oiff-Site Disposal of 5ol { 3" ponding + 2 remosal for compost) 18 cy 5 500 5 144.00
Sod Tl By 3 250 § 175.00
Excavation and Grading Subtotal § 1,5159.00
MIZC
Wataring 1 Job 3 S0000 § o00.00
Soll Delivery 0 Jeb 5 10000 5 -
Feock Dellvery (i Jeb 5 10000 § -
Mulch Dielvary (1-4cpes) o ol 3 10000 5 -
Piant Dedivery 1 Job 5 200.00 200.00
Mzt Subtodal i TOIE
|ADDNTIOMAL HOTES PROJECT SIUMBTOTALS
Waierals 3 T38.20
Plants 3 2,560.00
Excavalon'Grading 3 1,515.00
Misc 3§ TO0.00
Maierials Estimate § 3,608.20
Labor Eslimate 5§ 10,355.04
0% 3 1 410532
| Project Estimate [] 15,458 56

Forest Lake South Stormwater Retrofit



Appendices

BMP 11j — Cost Estimate and Concept Plan

FLO1-N22: BMP 11 Biolnfiltration Basins

Drainage Area -2.977 aceas (25% Impanvious) Rank
Location - North side North Shore Trail, west of Acqua Restaurant - 28/64
Property Ownership — Private Public, in Right of Way
Description —..Convett two existing mown turf deprassions to Viagstatad Biolnfiltration Basins. Daprassion bottoms
will b2 excavated 3" below inverts of existing culvert pipes that conmact under drivewsys and roads on each lot.
Basin ponding area will be 600 sf will have 3" of ponding, and smendad with 70/30 sand /compost mix. The
overflow to then lake will b2 the invent elevation of the existing pipe under the road. Other ideas beyond this
concapt could include an expandad footprint, different vegetation for the basin, or just stop mowing the ditches. The
cost of $18,113 could be substantislly lower if sltematives to planting design and subsoil replacement are
considerad.  All alternatives would change the cument cost/bemefit ranking uwp or down.  Se Appendix C for
detailed cost estimates

Moderately Complax
Beolnfitration
$17,712.96
$400
518,113
$1,350
54,790
525,598
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Appendices

BMP 15k — Cost Estimate and Concept Plan

Caost Estimate

COMFORT LAKE FOREST LAKE WATERSHED DISTRICT
CLFLWD Cost-Shore

Catchment N23_BMP 15k

Frojoct Address: FLN SWA

b Pl R e A

MATERZIICO DISTRICT
FOREST LAKE

Preramdir g P ilades Feasmr g
g e Sreee D, Suie S
Aaczal dodae, AN Bal2h
[RL L - LNEL oS L

Job Description Cost Summary
FMWMMMIA'RJT-MMMTM mMmt: sﬁlmm wm‘mﬂ
i Rank BMP ONLY TP=0.70

1B Rank=1
Job Estimate
M. oy Unit Unif Cosf Amount
Ercesion Conirod Blankst SC-1508M BloMet 50 BY 3 110 § 5500
Saguring Staples e, 10006k 1 carton 1 3500 5 35.00
Eroabon Control Subbotal ! ]
(Compoet Mulch, and Rock
Exiging {Buliet Paver Edger- Inenos 3.375%11.757) o0 aach 1 120 § 108,00
mmmmmm T T
Draina0e Acceescdios
Dralnage Subtotal 5 -
\Plants. Shruts, and Trees
Mative plug %] each 5 100 5 63,00
#1 Pol B3 aach 5 EDD % S04.00
4" Pot B3 aach ¥ 300 § 162,00
Plants Subtotal™ 3 RO |
[Excavation and Graging
Grading a hrs 5 15000 % 1.200.00
Sod a0 BY 5 250 § s0.00
Excavation and Grading Subbotal 5 1.250.00
LA
Wabaring 1 Jotx 5 50000 § 500.00
Herbickde: a aach k1 5000 % -
Soll Delivery a Joty 5 10000 5 -
Fiock Delvary a Jobr 1 10000 5 -
Mulch Dedlvary [1doon) a Jotx 5 10000 % -
Plart Delvery 1 ot 5 10000 5 100.00
Misc Subtotal ! m
|ADDIMOMAL HOTES PROJECT SUBTOTALS
Materials 18500
Plants % TSE.DD
Excavation'Gradng § 125000
Misc § 600,00
kiaterals Esfimate : L]
LaborEstimate 5 3,948 B0
10% 200 35
Project Estimate 539308

Forest Lake South Stormwater Retrofit



Appendices

BMP 15k — Cost Estimate and Concept Plan

FLO1-N23: BMP 15k Biolnfiltration Basin

Rank
Drainage Area —7.611 acras (30% Imparvious) '
Location—East of Intersaction of Nosth Shore Trail and Inman Ave N
Property Ownership — PrivataPublic, in Right of Way

Description — Conyart existing movwnturf depression to Vegetated BioInfiltration Basin adjacent to the existing 127
pipa atend of swale nm. Basinpondingarea willbe 500 sf willhava3” of ponding, and 1’ ofrippad soil amended
with 70/30 sand'compost mix. Presance of existing swales will act as pratreatment forbasin. Theoverflow will ba
the invert elevation ofthe existing pipe undar theroad Other ideas bavondthis concept couldincluda an expandad
footprint, different vegatation for the basin, or just stop mowing the depression. The cost of $6,728 could ba
substantially lowerif altarnatives to planting design and subsoil replacement ara considerad. All alternatives would
changs the current costbenafit ranking up or down. See Appendix C for detailed cost estimates

Forest Lake South Stormwater Retrofit



Appendices

BMP 16m — Cost Estimate and Concept Plan

Cost Estimate

COMPORT LAKE FOREST LAKE WATERSHED DISTRICT
CLFLWD Cost-Share

Catchment N24_BMP 16m
Project Address: FLM SWA

COMFSRET LARE

FOREST LAKE

P ST Vi L W ey g

A4 Maka fromar Sk, Sure d
I 5 -

Share D520 5050

Job Description Cost Summary
500 sqit, 37 ponding dep ProjectCost= % 434324  Phosphorus Reduction [Ibs/yr)
OVERALL  BMP Only TP=027
Rank=30 Rank=13
Job Estimate
C M. ety Uit Unif Cost Amount
Emosion Conirol Blanket Cal-3 NAG 5-150 a0 BY 3 040 3 36,00
‘SECANNG SISHES (&, 1000isin) 1 canon 5 3500 3 35.00
Ercalon Control Subbotal ™3 T
Compost, Mulch, and Rock
Edging (Bullet Faver Edger- Intesioe 3.375°%11.757) a0 gach 5 1.2 5 56.00
Compost Mubch and Rock Subtotal 5 0 00
|Drainades ACCERSIeE
Dralnage Subbotal § -
Elants, Shiubs, and Trees
Hatlve plug 125 each 5 1.00 5 125.00
#1 Pod 40 each 5 800 §F 320,00
4 Pot 100 each 3 30 3J 300.00
Plants Subtotal™3 Tao N
Excawation and Grading
Grading 4 i 13 5 150.00 5§ 600.00
(Of-Site Diisposal of Soil { 3" ponding ) 5 cy 5 800 § 40.00
Sod 16 BY 5 250 _§ 40,00
Excavation and Grading Subtotal 3 660000
[Mlisg
Watesing 1 ok 5 500.00 5 250,00
Herbicide [1] each 5 S0 3 -
Soil Dellvery o o 3 100.00 3 -
Fock Delivery [/ Joky 5 100.00 § -
MLich DElVERY (iécplend) [/ L] 5 100.00 § -
Plant Dellvery 1 Joi 5 100.00 100.00
Miec Subfotal ]
ADDITIOMAL HOTES PROJECT SUBTOTALS
Matedals § 167.00
Plamts 3 745,00
Excavation/Grading 3 680.00
Misc 3 350.00
Mafterals Estimate 3 912,00
Labor Estimate 3 3.036.40

Forest Lake South Stormwater Retrofit



Appendices
BMP 16m — Cost Estimate and Concept Plan

FLO1-N24: BMP 16m Biolnfiltration Basin -

Drainage Area —2.327 acres (33% Imparvious) \ 30/64
Location—Tip ofRoad Loop onNorth Shora Circle ‘
Property Ownership — Privata Public, partiallyin Right of Way

Descripaon — Convyeart existing mownturfdeprassion at comer of residantial devewayto Vagetatad BioInfiltration
Basin. Basin will act as a filter for runoff from vardsand North Shore Trail before sediment dischargeas to lake.
Basin ponding area will be 600 5£, will have 3" of ponding and 1’ of rippad soil amendad with 70/30 sand'compost
mix. The overflow will be thecrown of theroad (ponding may be deeparthanproposed). Otherideas bevond this
conceptcould induds an axpandad footprint, diffarent vagatation for the basin (sod), or just stop mowing the
depression. The cost of $5,346 could be substantially lowar if altarnatives to planting design and subsoil
replacament are considered. All altamatives would changs the current cost’benafit ranking up or down.

See Appendix C for detailed cost esumates
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BMP 19n — Cost Estimate and Concept Plan

Cost Estimate

COMFORT LAKE FOREST LAKE WATERSHED DISTRICT
CLFLWD Cost-Shore DM FORT L RRE

FOREST LAKE
Catchment N24_BMP 19N

Froject Address: FLN SWA

W e Menor Mlafe Wapmeacag

44 Lobw Sirrar X0,

Job Description Cost Summary
GO0 sqit, 3 ponding depth Project Cost= § 434324  phosphons Reduction (lbs/yr)
OVERALL  BMP ONLY TP=0.32
Rank=26 Rank=9
Job Estimate
M, afy Umif Uit Coeat 2mount
Ercsion Conirnd Blankst Cat-3 MAG S-150 og =1 5 040 § 36.00
Securing Staples [, 1) 1 carton 5 =00 § 35.00
Eroaion Control Subtoka™8 o0 |
|Compost. Mulch, and Rock
Edging {Buliet Paver Edger- Infero: 3.375%11.757) &0 aach 5 120 § 96.00
Compost Mulch and Rock Subtotal™F ]
|DIaina0s AcchssoTies
Drainage Subtofal § -
Malive plug 125 each 5 100 § 125.00
#1 Poi 40 each 5 800 § 20,00
4= Pot 100 aach 5 300 § 300,00
Plants Subtotal ™} L]
|Gﬁ:l1g 4 hrs § 15000 5 0000
(OfF-Site Disposal of Seil ( 3" ponding ) 5 oy H 800 5 40,00
Sod 16 = 5 250 § A0.00
Excavation and Grading Subtbotal 5 GA0L00
stz
Wabaring 1 Jo 5 SO000 § 250,00
Herblcide o aach 5 000 § -
Soll Dellvery a Jot 5 10000 § -
Fock Delivery ] jotx 5 10000 § -
Mulch Dellvery [14eyhessd] ] Jot 3 10000 § -
Plant Delivery 1 jotr 5 10000 § 0000
Misc Subtotstl "% LoD |
| ADDIMIOMAL HOTES PROJECT SUBTOTALS
Matertals  § 167.00
Planis § TAS.00
ExcavationiGrading 5 680,00
Misc § 350,00
Materials Estimate % 100 |
Labor Esimate § 3.036.40
1P 334,84
Project Estimate 43300
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BMP 19n — Cost Estimate and Concept Plan

FLO1-N24: BMP 19n Biolnfiltration Basin -

Drnisage Aron 2658 ncres (33% hnpueviow) 2664
Locadon - Intessaction of Inman Ave and North Shose Trail

Property Ownership — PrivataPublic, partiallyin Right of Way

Descripaon — Copveart existine mownturfdeprassion at NW comer of intarsaction to Vagatatad Biolnfiltration
Basin. Basinwill act as a filter for gravel runoff from Inman Ave bafore sediment discharges to lake. Basin
ponding araa will be 600 3£, will have 3" of ponding, and 1’ of ripped soil amendad with 7030 sand/compost mix.
The overflow will be the crown of the road (ponding may be deeper than proposed). Other ideas beyond this
concaptcould includs an expandad footprint, different vegatation for the basin (sod), or just stop mowing the
depression. The cost of $5,432 could be substantiallv lowar if altamatives to planting desizn and subsoil
replacament ara considerad. All altemmatives would change the current cost’/banefit ranking up or down.

See Appendix C for detatled cost esumates

$18.918
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Appendices
BMP 20q — Cost Estimate and Concept Plan

Cost Estimate

COMFORT LAKE FOREST LAKE WATERSHED DISTRICT
CLALWD Cost-Shore LM LR LAR

WRATERSZIIED DISTRICT

FOREST LAKE

Catchment N26_20q Ponded Swale

Froject Address: FLK SWA
Pt d e Yeras fladir Frseeaiceg
A ke St S by Suite d
Soraloiws, MY EL0ZE
oo S i-Al-odn

Job Description Cost Summanry
Taaie Amendement. KNIt and re-grace Incised channg! 1o 4:1 Project Cost= & 350589 Phosphores Reduction (Ibs/yr)
slope. Barm downhill edge of swaie o fadiiabe pondng. Eroslon BMP ORLY TP= 017
Conitral Slanket In basin and o protect overfiow Derm. k=33 & = 15
Job Estimate
Tt TRl Coeat Avoaunt
Encsdon Conirol Blankst Cat-3 NAG ABEC Wood Flber Curiex Il Doul a0 By 3 056 % 2240
SECUTY SEpEs (f, 1000y 1 caron 5 Imm 5 3500
Ercalon Conkrol Subtotal § 5740
(Compost, Mulch, and Rock
Exiging (Baliet Paver Edger- Intero: 3.375%11.757) 100 each 5 120 § 12000
Ccompoat Mulch and Rock Subtofal 5 12000
(Drainags Accessoiies
Drainags Subtotal™F -
(Elants, Shrubs, and Treas
Matiie plug &l each 3 100 5 GO0
#1 Pot &0 each 5 a0 § 460100
4" Pot [ H each 5 3m % 16000
Plants Subtotal ™ T
|mmm
Grading 3 s g 150.00 % 45000
S Repalr 15 &y 5 250 § 37.50
Excavation and Grading Subtofal § 487 50
ll=s
Wabering 1 ] § 25000 § 25000
Misc Subiotal 5 25000
|ADMNMOMAL HOTES PROJECT SUBTOTALS
Malerlals § 17740
Plams % T2H.00
Excavation'Gradng ¥ 48750
Misc & 250100
Materials Estimate ™% A0
Labor Esimate & 230795
10% 32054
Project Estimate 252589
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Appendices
BMP 20g- Cost Estimate and Concept Plan

FLO1-N26: BMP 20qg Biolnfiltration Basin i

Dvuinagoilinve 1005 acows (535 Enpuovion) - 2964
Location - Tip ofRoad Loop onNorth Shora Circle
Property Ownership — Privata Public, partiallyin Right of Way

Descripaion — Creata a shallow Biolnfiltration Basin above the axisting open swala sast of Jason Ave. Basin
ponding arsa will be 250 sf, will have 3" of ponding, and 1’ of replacement soils (70/30 sand/compost). Incised
channal will ba ragradadto 4:1 sida slopas. The overflow will be a checkdam of riprap, discharging to existing
channel. Other ideasbevond this concept couldincludean expandad footprint ordiffarent vegatation for the basin.
Thecostof $4 481 could belower if altamativesto plantine dasign and subsoil replacement are considerad. All
altematives would change thecurrentcostbenefitrankinsup ordown.  See Appendix C for detailed cost estimates

e

250

Sample Baolrfiltration

$4,351.36
$130
$4,481
5188
$3.739
$16,510
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BMP 21r — Cost Estimate and Concept Plan

Cost Estimate

COMFORT LAKE FOREST LAKE WATERSHED DISTRICT
CLFLWD Cost-Shore

Catchment N26_21r Biolnfiltration

Project Address: FLK SWA

L rR LR A
YMeAaTERISIIED OISTRICT

FOMEST LARKE

P o D v Blador Mo g cane

A 7l TroeeT Scw

lob Description

west of city parced at sie between houses 2 and 3 from

Project Cost= $ 551130 Phosphorus Reduction {Ibs/yr]

TR R E SRR ST OVERALL  BMP ONLY TP=0.31
Rank =29 Rarnk = 12
Job Estimate
Tty Tnit nit Cosl Nt
Ercesion Contro Elanket  SC-1508M BloMet 50 BY 5 110 § 55.00
Sacuring Stapies &, 100 1 carton 1 3500 § 35.00
Eroslon Control Subfotal 5 5000
| Compoat, Mulch, and Rock
Edging {Buliet Paver Sdges- Irfaros 3.375%11.757) 100 aach 1 120 120,00
Compost Mulch and Roeck Subiotal
|mm
Dwalnage Subbotal 3 -
{Plants, SHrus, and Treos
Mative plug BS each i 100 5 B5.00
#1 Pot 70 aach 5 BDD § 560.00
4" Pot 70 mach 5 g § 20,00
Plants Subtotal™ S oLzt
Excavation and
|Gm:l1g ] (13 5 15000 5 1.200.00
Sod 30 1 250 75.00
Excavation and Grading Subbotal 5 1.275.00
151124
Wabering 1 Jots [ 1 0000 5 500.00
Herbickde ] aach 5 5000 5 -
Soll Delivery o Job ¥ 10000 5 -
FRock Dellvary ] ot 5 10000 5 -
Muich Dellvery (14 o Job ¥ 10000 5 -
Flant Dellvary 1 Job 1 100.00 100.00
Misc Subtotal
| ADDIMOMAL HOTES PROJECT SUBTOTALS
Materials S 210,00
Plats 5 855.00
Excavallon'Gradng 5 1.275.00
Msc § 500.00
Materials Estimate ™8 TO0o.00 |
Labor Estimais § 471500
FHIA 538 30
Project Estimate S811.30
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BMP 21r — Cost Estimate and Concept Plan

FLO1-N26: BMP 21r Biolnfiltration Basin -

Drainage Area —0.909 acres (30% Impearvious) ; 32/64
Locadon—Southend of Jason Ave b
Property Ownership — Privata Public, partiallvin Right of Way

Description— Creaate a shallow Biolnfiltration Basinabove the existing lawn swale north of Jason Ave (betwean
two driveways). Basin ponding area will ba 500 sf will have 3" of ponding, and 1’ of replacement soils (70/30
sand/compost). The overflowto existing swals will ba a bermthat will likelyhave to be armored with riprap since
is a flow-through basin. Thers is cumrently no pretreatment in this dasign. Other ideas beyond this concapt could
include an expandad footprint or different vegetation for thebasin. Thecost of $7,026 couldbe lowerif alternatives
to planting design and subsoil replacament are considerad. All altarnatives would changs the current costbenafit
ranking up or down. See Appendix C for detailed cost esumates

Forest Lake South Stormwater Retrofit



Appendices

BMP 22s — Cost Estimate and Concept Plan

Cost Estimate

COMFORT LAKE FOREST LAKE WATERSHED DISTRICT
CLFLWT Cost-Shore

Catchment N27 BMP 22s Ponded Swale

Froject Address: FLK SWA
Maling Address: Same
Froparty PIN! o000
2016

LIPS e
WeATERIZIICEOD OISTRICST

FOREST LARE

Fremoad Dage v llades Bigeears
5 aa =
T imim Sromar m, Sute A
wwcnl Lahe, %08 DT
e, ERZ-A-REE

Job Description Cost Summary
22 L, pre-freatment system, vegetsted swale Project Cost= % 270899  Phosphorus Reduction (Ibs/fyr)
OVERALL BMP OMNLY TP= 0.03
Rank=62 Rank=30
Job Estimate
Gty TOnit TRl ot BaTeount
Ercesion Control Blankst Ca-3 MAG S-150 g = 5 040 § 350
SACUNNG STPES (17, 1000k 1 carton 5 s § 3500
Ercalon Confrol Subtotal 5 660
(Compoet, Mulch, and Rock
wmmmm'i_-
Dialnags ACossoaes
FipRap Limestons j+o} 1 fon 5 6525 § 6535
Drainage Subtolal "} s
Malive piug 63 eath 5 100 % 63.00
#1 Pot 0 gach 5 am § -
4" Pot 63 aach 5 im § 182.00
Plants Subtotal § 25200
Excavation and Grading
Grading 4 hrs 5 15000 § G00L00
Oif-Site Diisposal of Sod ([ 3" clean ouf) 3 cy 5 am § 400
—_—
Excavation and Grading Subtotal § 62400
[z
Wataring 1 Joty 5 50000 § SO0L00
Herbicide [} each 5 5100 § -
Soll Deltvery ] Jatx ] ionom ¥ -
Fock Dielvary 1 Jot 5 10000 § 100,00
RAUICN Dellvery (1-bcphd) [ 1] 3 10000 § -
Piant Delvary 1 jot 5 100.00 § 100.00
Misc Subfotal 5 TOOLOD
| ADDIMOMAL HOTES PROJECT SUBTOTALS
Materias § 10385
Planis § 25200
Excavation/Gradang 5 624.00
Misc § 70000
Materials Estimate ™% oo as |
Labor Esimate § 210687
10% 245,27
Estimate T899
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BMP 22s — Cost Estimate and Concept Plan

FLO1-N27: BMP 22s Swale with Ponding

Rank

Drainage Area —0.239 acres (33% Imparvious)

Locaton—DNR Public Water Accass, northsida of lot

Property Ownership — Public (DNR)

Descripaon— Convart existing lawn strip along north adge of lot to a shallow swals that can pond up to 3" of
stormwaterrunoff and boat dminage. Swale pondingarsa willbe 200 sf(4'x30"), willhava 3” of ponding and 1’ of
rippad soilamended with 70/30 sand/compost mix. The overflowwill be a riprap checkdamat the end of the swals
before itdischarges directlyto the lake Other ideas bevond this concapt could include an expandead footprint,
different vagatation forthe basin(sod), orinstalling a mora robust pratreatmeant davice in lisu of an excavatad basin.
The cost of $3 364 could be substantially lower if altematives to planting design and subsoil replacement are
considerad. All altematives would changs the currant cost’benafit ranking up or down.

See Appendix C for detatled cost estimates

3
=Ha e

BRI

Project ID
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BMP 24u - Cost Estimate and Concept Plan

Cost Estimate

COMFPORT LAKE FOREST LAKE WATERSHED DISTRICT
CLFLWD Cost-Shore COMFPORT LAKE

FOOREST LAKE

Catchment N27_24u

Froject Address: FLN SWA

e g Ve ML @ ifaledr g

A s Sheeer S th, it A

el L, BA 5
Flags o 395 3850

Job Description Cost Summary
(Claan out swale Iniels and replace sod (Bx3 sections X 4). Repal  |projectCost= § 262000  Phosphorus Reduction {lbs/yr)
wood welr In raingantien o siop shork-circult of raingamen overiow. Bank BMP OMLY TP= 0.07
Esfimate accounts for fiex In weir repalr since It s unknow IF minor a1 Rank = 16
and some wood will £ 1t or IF Soolings and enire welr nead b be
repiaced
Job Estimate
Tty Tinit Uit o=t Amount
Ercabon Control Subtotal™F -
(Compest Mulch and Rock
o, fix wiar 1 |c §  GOOOO § 60000
Compoat Mulch and Rock Subtolal § G000
|RIEINS0S ACLESSoTios
Drainape Subtotal % -
[Plants, Shrubs, and Treos
Mative phig 100 gach 5 100 § 10000
Pants Subtotal™ T |
(Excavation and Grading
Sod REplacamare at Iniets Fi] 5y 5 600 § 24000
(OHfF-Site Dtisposal of Sodl (3" clean ouf) 4 Y 5 apn § 3200
; -
Excavation and Grading Subtotal § 27200
{Mlles
Wataring 1 ol § 0om § 20000
Herbicide o oy 5 s000 § -
Zoll Delhvery o i ] oo 5 -
Fock Dellvary o oo ] 0000 ¥ -
Muich Delivary (1-4epoad) 1] joly 3 0o % -
Plant Deltvary o ot 5 1m.m_iﬂ-m_
Milac Subiotal
|ADDIMOMAL HOTES PROJECT SUBTOTALS
Matesials 5 G000
Planis § 10000
ExcavationiGrading 5§ ZT2 0
MisC § 20000
Materials Estimate § 70000
Labor Estmate § 1,607.00
10% ZI3 0
Project Estimate 2620100
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BMP 24u - Cost Estimate and Concept Plan

FLO1-N27: BMP 24u Basin and Swale Modification_s

Drainage Area — 0.943 acres (85% Imparvious) . Rank
Locaton—DNR Public Water Accass parking lot . 3364
Property Ownership —Public(DNR)

ow

Description — Clean outinletsto swale onsouthsida of lot Replace sod strips that were removed. This w

swale to receive wateragain. Fix woodweir at outfall ofraingarden at west end oflot. Currently shost-circuits and
could holdmore water for treatment if rapairad. Other ideas bevond this concept could include an axpanded
footprint for theraingarden orswale The cost of $2,620 has been intantionally overastimated since itis not known
if the footings fortha weir will have to ba replaced ornot The cost could be substantially lower if repairing the
weir only requirad backfilling of soil and minorreplacemeant of the topwoodpanals. All altermativaswould changs
the currant cost’benafit ranking up or down. See Appendix C for detailed cost estimates

+ =P & "_ 0 » -
8 [ g A Y

il il 4
SN SRR,

. ,\‘ ?.\:‘ ‘\‘ \:\‘; \ "\ “\'! N ‘\ ‘\
SRR
C . - ‘. A" ) o) TR
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BMP 25v - Cost Estimate and Concept Plan

Cost Estimate

COMFPORT LAKE FOREST LAKE WATERSHED DISTRICT
CLA WD Cost-Share

Catchment N31_25v IESF bench

Prope Address: FLM SWA

COMFORT LAKE

FORERET LAKE

et feygs Yondr e S e i
da babe dreeset Spawa S
Yot lake, BN 2SI
Btmisr 50

LR e

Job Description

&0 LF Iron Enhanced Sand Fiter, 5% Iron by weight. 60x1.5x6

Cost Summary
Project Cost = § 1555384 Phosphorus Reduction (lbsfyr)

OVERALL BMP ONLY TP=0.83
Rank = 23 Rank = &
Job Estimate
ﬁmhmm aly Ui Unit Cost Amount
Emsion Conirol Blanket Cal-2 MAG 5-75 100 5y 3 033 3 33.00
‘Sacurng SEpies &, 1000k 1 canon - 300 § 35.00
Eroebon Control Subtotal ™5 L]
IMM
Iron Enhanced sand 5% by welght, premixed | oy 5 7500 § 1,500.00
Compost Mulch and Rock Sulbrbotal T
| Drainage Accossorias
drainle and cleanoun assamblles 1 unit -1 40000 § 40000
galevaive assembly 1 unit 5 X000 § 350000
25 mill geomemirane ner far trench, 10 wide Ta T 5 1051 783.70
Dralnage Sulbrbotal E Toa
|mptgqmmmmmnmaumam-n1mp 400 gach 5 100 5 400,00
shinibs 4 Each 3 1500 § 60.00
Plants Subtotal 460.00
|Excavaiion and Grading
Trench Excavation and Grading fior outfall retrofit 10 s -1 15000 % 1.500,00
Prgnmatic bore nder patheray for 47 dmaitile, S0 o 1 oy 5 250000 % 250000
Excavalion and Grading Sulrbotal 1
Misc
Sl Delvery 2 Job 5 15000 § 0000
Fnck Dellvery o |k 5  1D00D § -
MLICH DIVERY (idavlond) O [5] 5 10000 § -
Plant Dedlvery 1 Job -1 000D § 100u00
Miac Subiotal 5 AT
ADDITIOMNAL NOTES PROUECT SUBTOTALS
Materials & 3.081.70
Plans § 460.00
Excavation’=rading 3 4 000,00
Misc
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BMP 25v - Cost Estimate and Concept Plan

FLO1-N31: BMP 25v IESF Bench Retrofit

Drainage Area —9.23 acras (30% Imparvious) - Rank
Locadon - Biolnfiltration Basim atend of Karolina CtN
Property Ownership -Private (HOA)

Description —Install a 60" x 4’ Iron Enhancad Filter Banch onnorth sida of Biolnfiltmation Basin. Bench Elevation
should baset according to invert elavation of outlet pipe to allow for boththe abilityto be submergad during a rain
eventas well as to ba complately dryin times between rain avents. The cost of 518,339 has baen intantionally
overastimatad sinca itis notknownhowdesp or widatha soil replacemant meadia can go bafors having to consider
permanent soil saturation and tvpical ponding elevations. The costcouldbe substantially lower if smaller amounts
of enhanced madia will neadto baused All altamatives would changa the cument cost/banafit ranking up or down.
See Appendix C for detatled cost estimates

60| u

Parvmates S0r3 lilter

$17.935.28
§400
$18.339
5500
$2.812
$311.1%0
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Appendix D:
Ranking Tables and Maps for all BMPs

(ranked per scenario)
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Appendices

RANKING TABLE: All Proposed Practices
The following ranking table is for all proposed practices in this report, ranked by Cost/IbTP/year over 10 years. See
page 220 for map of prioritized rank of catchments based on best BMP locations. Practices are grouped and color
coded by priority, with 5 breaks determined by ArcGIS (using Natural Breaks (Jenks) selection method).

RANKED BY

] e e e | By 101 523 0.00 $469 $46
4x per year
2 NS st cosaninas il IR 1.58 600 0.00 $812 $52
4x per year
3 G T | e R N R | 0.80 341 0.00 $750 $94
4x per year
N7 eIt S| 0.72 307 0.00 $694 $96
4x per year
‘ iz | SRS S SO R | 0.77 337 0.00 $745 $97
| 4x per year
‘ N3 CGDA S | 0.81 491 0.00 $790 $98
4x per year
7 ‘ T | 1 0.74 313 0.00 $748 $101
il 4x per year
‘ iy, |WETAERSEaSweapige | 5 0.61 261 0.00 $646 $106
4x per year
‘ s o | e e | N 0.62 268 0.00 $711 s114
4x per year
‘ Nl | TESARSSE S 1 0.60 256 0.00 $692 $116
_ 4x per year
1 ‘ K1 || ROCESaea St Sweapiog fo, | By 0.52 217 0.00 $701 $135
4x per year
‘ jap |MeeemdSuestwesgingte | . 0.49 125 0.00 $667 $135
4x per year
| = |t o 0.47 200 0.00 $657 s139
| dx per year
g, | Memendibeatimeapinee | 1y 0.45 191 0.00 $675 $152
I | 4x per year
1 S I | RS ST P 1) | 0.40 144 0.00 $653 s164
4x per year
6 gizg: |Meeemtimembwessiets| o 0.35 150 0.00 $657 $188
4x per year
N T [ e e A0 | By 0.12 51 0.00 $625 $517
4x per year
18 N23 BRI L — 1 0.71 102 0.20 $6,728 $1,399
Simple
: Priority Shoreline
N11 gl g 15 .69 15449 0ss | se6,850 [ s1,810
N7 BMP 2b - Vegetated Swale 1 0.14 53 0.04 $1,620 $2,085
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RANKING TABLE: All Proposed Practices (continued) RANKED BY

N18 A S 1 0.42 185 0.29 $4,567 $2,409
Simple
g |[PCSRBeSwaonid | 0.69 279 046 | s15,026 | s2.451
Complex
N31  |BMP25v-IESFBenchRetrofit| 1 0.83 15 000 | s18339 | s2.812
BMP 6g,7f,8e - Retention
24 N12 Swales and Biolnfiltration 3 1.14 455 0.61 $21,022 $2,831
Mod Complex
25 N20 Priority Shoreline 108, 109 7 2.49 2588 0.86 $47,479 $3,094
26 N24 e 1 0.32 105 0.23 $5,432 $3,153
Simple
27 N12  |BMP4d-Biolnfiltration Simple| 1 0.45 182 0.33 $9,049 $3,322
i i I- ’ -’
28 N22 YeiortySsoseting 110, 211 18 821 10892 165 |[$167,549 | $3,33a
112,113
29 N26 S 2y e aOn 1 0.31 137 0.18 $7,026 $3,454
Simple
30 N24 B T0m-Clistiiitrtion 1 0.27 108 0.23 $5,346 $3,620
Simple
Priority Shoreline 119,
3 N27 ey 22 7.03 6914 200 |[s159,016 | $3,683
32 N26 BIP 200~ ol ramion 1 0.17 77 0.11 $4,481 $3,739
Simple
BMP 24u -Swale Inlet and
33 N27 Raingarden Outfall 1 0.07 46 0.05 $2,620 $3,743
Modification
34 N10 Priority Shoreline 101 3 112 1543 0.42 $29,489 $4,296
35 NS Priority Shoreline 136-140 10 215 2735 1.05 $61,600 54,655
36 N12 Priority Shoreline 106 3 0.97 1535 0.10 $27,704 $4,674
37 | el | B 0.66 247 038 | sis113 | sa790
Complex
38 N29 | PriorityShoreline123t0133 | 12 5.13 6106 175 |s1s0,70s |  sa,822
39 i [ e UationBeac |y 036 152 016 | s1a305 | sa,951
Complex
40 N27 Shasalins Resomtions-Typ 3 0.60 240 0.27 $16,698 $5,051
Participation Rates
a1 N7 Priority Shoreline 100 & 141 3 0.87 1243 0.33 $27,403 | $5,138
a2 N24 Prtory s"“':;:" B 1 2.04 1078 0.63 $70,523 $5,612
a3 N25 Priority Shoreline 118 3 0.80 993 0.33 $27,704 $5,623
aa N7 BMP 1a - Parking Lot Retrofit 1 0.44 53 0.77 $22,506 $6,082
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RANKING TABLE: All Proposed Practices (continued) RANKED BY

Shoreline Restorations-Typ
a5 N22 Participation Rates 2 0.38 156 0.18 $12,967 $6,207
a6 N24 S Haaruns Ty a 0.68 288 023 | s2¢082 | s$6.453
Participation Rates
N23 Priority Shoreline 114 3 0.62 376 0.17 526,213 56,884
N18 Priority Shoreline 107 10 151 1832 0.58 584,206 $9,077
Shoreline Restorations-Typ
N20 Participation Rates 3 0.48 156 0.22 524,270 $9,275
Shoreline Restorations-Typ
N29 Participation Rates 1 0.18 60 0.11 $9,697 $9,852
Shoreline Restorations-Typ
N2 Participation Rates 15 1.50 600 1.31 $82,035 $9,969
N2 Priority Shoreline 135 1 0.12 74 0.13 $7,375 510,064
Shoreline Restorations-Typ
N25 Participation Rates 15 1.82 570 162 $104,526 $10,565
Shoreline Restorations-Typ
N32 Participution Retes 8 1.12 344 0.52 564,370 510,569
Shoreline Restorations-Typ
.4 .24 4, X
N10 Participation Rates 3 0.42 162 0.2 524,270 $10,600
Shoreline Restorations-Typ
N5 Darsicioation ates 15 135 540 131 $82,035 $11,077
Shoreline Restorations-Typ
N7 e R 15 1.35 540 131 $82,035 $11,077
Shoreline Restorations-Typ
N26 Participation Rates 6 0.78 330 0.30 $48,330 $11,388
Shoreline Restorations-Typ
N13 Participation Rates s 0.60 220 0.34 540,310 $12,343
li i T
N16 Swnea i Suasorsions-Ta a 0.48 160 028 | $32290 | s12:352
Participation Rates
Shoreline Restorations-Typ
N12 P thc kot o Rata 2 0.16 B4 0.06 5$14,116 516,090
N27 BMP 225 - Swale with Ponding 1 0.03 31 0.05 53,364 §16,213
Shoreline Restorations-Typ
Ni18 Participation Rates 5 0.35 115 0.29 $32,102 $16,758
N11 R ——— 10 0.80 320 105 |$175520 | 40,806
Participation Rates
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RANKING TABLE: BMPs and Priority Shoreline Catchment Only

The following ranking table is only for non-shoreline BMPs and Priority Shoreline Catchments. This table
eliminates Street Sweeping and Typical Shoreline Restorations so that these selected BMPs can be seen ranked
against only each other. See page 221 for map of prioritized rank of best individual BMP locations-

Estimated
: Estimated || Estimated
Retrofit Type 3 ™ TS Volume Annual
Project | Catchment Projects 2ot o Total Project cost/ cost/
Rank | D01 | ImRrsocachmentprofie || e Cost Operations & |y - fvese [10-| Fron-Tss fyear
pages for additional detaill | {ibfyr) {ibfyr) (acftfyr) | Maintenance = .
- v | v - - - - v ‘mm-v '"’ | ﬂl“}_.
1 N23 BMP 15k - Biolnfiltration Simple 1 0.7 102.0 0.2 $6,728 5315 $1,399.15 519,369
Priority Shoreline .
2 N1l 102,103,104,105 15 8.69 15,449 10 596,850 56,037 $1,810.07 $2,035
3 N7 BMP 2b - Vegetated Swale 1 014 53 00 51,620 s132 s2,02a96 | s11,008
4 n1s BMP 9h - Biolnfiltration Simple 1 0.42 185 03 54,567 5563 $2,409.46 511,018
s N19 BB Siokitcation Mad A 0.69 279 0.5 515,026 $200 $2,451.00 512,205
Complex
[ N31 BMP 25v - IESF Bench Retrofit 1 0.83 15 0.0 $18,339 5500 $2,811.96 $311,190
BMP 6g,71,8¢ -Retention
7 N12 Swiales and Biolnfiltration Mod 3 114 4550 06 $21,022 51,125 $2,830.85 | s$1a,185
mell‘
8 N20 Priority Shoreline 108, 109 7 2.49 2,588 09 $47,479 52,960 $3,094.32 $5.957
9 N24  |BMP 19n-Biolnfiltration Simple 1 032 105 02 $5,432 sa50 $3,153.02 518,918
10 N12 BMP 4d- Biolnfiltration Simple 1 045 182.0 03 $9,049 5600 $3,322.12 $16,538
11 N22 Prixity “:‘;';';’;';m' Ll 18 821 10,892 16 $167,549 $10624 | $3.333.64 $5,027
12 n26 BMP 21r- Biolnfiltration Simple 1 031 137.00 0.18 $7.026 5375 $3,453.85 15,731
S p—
13 n2a he “’“ﬁ:':‘:“'“““" 1 027 109 02 $5,346 $450 $3.619.85 | 518,066
Priority Shoreline 119,
14 N27 120,121,122,134 22 7.03 E,914 2.0 $159,016 $9,977 $3,683.33 5$7.486
15 M26 BMP 20q - Biolnfiltration Simple 1 0.17 77.00 0.11 54,481 s1s8 53,739.04 $16,510
16 N27 5P 243 Swalalniet aad 1 0.07 46 0.1 52,620 50 $3,743.19 511,392
garden Outfall
17 Nio Priority Shoreline 101 3 112 1,543 04 529,489 51,862 $4,295.53 $6,236
18 NS Priority Shoreline 136-140 10 215 2,735 1.1 561,600 $3,825 54,655.01 §7.302
19 N1z Priority Shoreline 106 3 0.7 1,535 01 $27,704 51,745 $4,673.93 55,883
20 N22 EMp 11 Slalnfitradon Mod 1 0.66 247 0.4 518,113 51,350 54,789,84 525,598
Complex
21 N29 Priority Shoreline 123 to 133 12 513 6,106 18 $150,705 59,644 54,822.82 $8,095
n N1 B et o 1 036 152 02 514,305 5375 $4,950.64 $23,757
Complex
3 N7 Priority Shoreline 100 & 141 3 0.87 1,243 03 $27.403 51,725 $5,138 $7.184
24 N24  |Priority Shoreline 115, 116,117 1 204 1,078 06 570,523 54,391 $5,612.03 521,230
25 n2s Priority Shoreline 118 3 0.0 993 03 $27,704 $1,745 $5,622.69 $9,094
26 N7 BMP 1a - Parking Lot Retrofit 1 044 53 0.8 $22,506 5450 $6,082.48 $101,910
27 n23 Priority Shoreline 114 3 062 376 02 $26,213 51,647 $6,88356 | S22,701
28 nig Priority Shoreline 107 10 151 1,832 06 584,206 55,312 $9,076.58 514,992
29 N2 Priority Shoreline 135 1 0.12 74 0.1 57,375 5450 510,063.56 $32,095
30 N27 BMP 225 - Swale with Ponding 1 0.03 31 0.1 53,364 $150 $16,213.33 §31,331
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RANKING TABLE: All Shorelines ONLY
The following ranking table is only for Priority Shoreline Catchments and Typical Shoreline Restorations. See page
222 for map of prioritized shoreline rankings based on best shoreline restoration opportunities.

Estimated
Estimated Estimated
Retrofit Ty TP T5S Volume Annual
Project | Catchment b Projects A% L N0 Total Project cost/ cost/
fank | DAoL | Irefertockchmentprofiie | Lo Cost Oparations B |1+ e (10- | fron 155 yaar
pages for additional detaill (ib/yr) {ib/yr) (ac-ftfyr) Maintenance 1 |
v - v - - - - v | (2012 Dolla ~ year) =1 O-year) |
Priority Shoreline
1 N11 e 15 569 15,449 10 $96,850 $6,037 $1,810.07 $2,035
2 N20 Priority Shoreline 108, 109 7 2.49 2,588 09 547,479 $2,960 $3,094.32 55,957
3 nN22 Priority5 1'”;:';";;”‘ Ak 18 821 10,892 16 $167,549 $10,624 $3,333.64 5,027
Priority Shoreline 119,
4 N27 120,121,122,134 22 7.03 £,914 20 $159,016 £9,977 $3,683.33 $7.486
5 N10 Priority Shoreline 101 3 112 1,543 0.4 $29,489 $1,862 $4,295.53 $6,236
6 NS Priority Shoreline 136-140 10 2.15 2,735 11 $61,600 53,825 $4,655.01 $7,302
7 N12 Priority Shoreline 106 3 0.97 1,535 0.1 527,704 51,745 54,673.93 55,883
8 N29 Priority Shoreline 123 to 133 12 5.13 6,106 18 $150,705 $9,644 $4,822.42 8,095
9 N27 Shoreline Restorcions Tre 3 06 240.0 03 $16,698 $1,361 $5,051.02 $25,255
Participation Rates

10 nN2a Priority Shoreline 115, 116, 117 1 2.04 1,078 06 $70,523 54,391 $5,612.03 $21,230
1 nN25s Priority Shoreline 118 3 0.80 393 03 27,704 51,745 $5,622.69 9,094

Shoreline Restorati. T
12 N22 i m.e. . .om i 2 0.4 156.0 0.2 $12,967 $1,062 $6,207.05 530,239
Participation Rates

Shoreline Restorations-Typ

. ; ; 4 474

13 nN2a S a 07 288.0 0.2 524,082 51,980 $6,453.24 $30,47

18 nN23 Priority Shoreline 114 3 0.62 376 0.2 $26,213 $1,647 $6,883.56 $22,701

15 nN1s Priority Shoreline 107 10 151 1,832 0.6 $84,206 $5,312 $9,076.58 $14,992

16 N20 Shoreline Restorations-Typ 3 05 156.0 0.2 $24,270 $2,025 $9,275.00 $57,077
Participation Rates

line RestorationsT

17 N29 LI SO I 1 0.2 0.0 01 $9,697 s204 $9,852.32 $59,114
Participation Rates

18 N2 Shoreline Restorations Typ 15 15 800.0 13 $82,035 $6,750 $9.969.00 $49,845
Participation Rates

19 N2 Priority Shoreline 135 1 0.12 74 01 $7,375 $450 $10,063.56 | $32,095

20 N25 Shoreline Restorations Typ 15 18 5700 16 $104,526 58,723 $10,565.01 567,282
Participation Rates

21 n32 e e Tl s 11 3340 05 564,370 55,400 $10,568.75 | $68,820
Participation Rates

22 N10 Shoreline Restorations-Typ 3 0.4 162.0 0.2 $24,270 $2,025 $10,600.00 | $54,963
Participation Rates

23 NS e AT O P 15 14 540.0 13 $82,035 $6,750 $11,076.67 $55,383
Participation Rates

22 N7 Shoreline RestorationsTyp 15 14 5400 13 $82,035 $6,750 $11,076.67 $55,383
Participation Rates

Shoreline Restorations-Typ

25 N26 e 6 08 3300 03 548,330 54,050 $11,388.46 | $53,836

2% N7 Priority Shoreline 100 & 141 10 0.87 1,243 03 $61,600 $3,825 $11,490.22 $16,066

27 N13 S 5 0.6 2200 0.3 $40,310 $3,375 $12,343.33 | $67.327
Participation Rates

28 N16 Shoreline RestorationsTyp a 0.5 180.0 03 532,290 $2,700 $12,352.08 $74,113
Participation Rates

29 N12 B YT 2 0.2 64.0 0.1 514,116 $1,163 $16,089.95 $80,450
Participation Rates

30 n18 Shoreline Restorations Typ 5 0.4 1150 0.3 §32,102 52,655 $16,757.71 | $102,003
Participation Rates

31 N11 SI2aC 0 TERERE 10 0.8 3200 1.0 $175,520 515,093 540,806.28 | $204,031

Participation Rates
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RANKING TABLE: Street Sweeping ONLY
The following ranking table is only for Street Sweeping. See page 223 for map of prioritized rank of catchments
based on best Street Sweeping opportunities. RANKED BY

1 N2 B eming b | 7 10 5225 0.0 5469 50 $46.47 5180
4x per year

2 NS R e e 0 | I ¥ o 16 5995 0.0 $812 ) $51.54 s271
4x per year

3 N26 TR Lo | P15 0.8 340.5 0.0 $750 50 $93.76 saa1
4x peryear

a N7 o S PINETO | 5 490 0.7 306.5 0.0 $694 $0 $96.36 5453
4x peryear

5 pz2 | (raasad SrRecSWRRDINE LS | I s 0.8 3370 0.0 s745 s0 $96.72 saa2
4x per year

6 N3 S eespis 2o | T2 08 430.5 0.0 $790 50 $97.52 $322
4x per year

7 o B e K | el 07 3130 0.0 $748 so $101.03 $478
4x peryear

8 a1 R CEsend StEnat Ssepingto]| o> 5o 06 260.5 0.0 $646 so $106.32 $496
4x peryear

) piig P || inceessed Stress Swaspine b | |y oy 06 267.5 0.0 $711 0 $113.92 $532
4x per year

10 a7 | EcESsena ST s S e I | o an0 0.6 2555 0.0 5692 so0 $115.93 s542
4x per year

1 11 | EEESASSOSeTREt Swatping 10| <0 0.5 2165 0.0 $701 s0 $134.74 s647
4x per year

12 a7 | (CCIassedSTRat SURapsNI £ | | o 05 1248 0.0 $667 so $135.14 $1,069
4x peryear

13 pos | Incremsed StreatSwaspingto| ., 0.5 200 00 $657 S0 $138.50 $657
4x peryear

1a Nic || fncesssedStset Sweeping to | |y 550 0.4 1505 0.0 $675 so $151.80 5709
dx per year

15 a7 | nccssedSETSet SeapsnE t2 | 0 o 0.4 1436 0.0 5653 so0 $164.40 $909
4x per year

16 Nzo |'neredsedStreetSweepingto| .., 03 150 0.0 $657 S0 $187.84 sa78
4x per year

17 nig | !mereasedStreetSweepingto | ;o0 01 51.0 0.0 $625 50 $516.57 $2,451
4x peryear
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All Proposed Projects Ranking Map: The following ranking table is for all proposed practices in this report, ranked by Cost/IbTP/year over 10 years. Each catchment is ranked assuming all practices are
implemented (including Street Sweeping and Typical Shoreline Restorations). See page 214 for complete ranking table
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Individual BMP and Priority Shoreline Ranking Map: This map only includes BMP locations and Priority Shoreline Catchment Locations. Street Sweeping and Typical Shoreline Restorations are excluded.
Cost/benefit rank for TP is determined per BMP, and not per catchment. See Appendix C for concept designs of all identified standalone projects. See page 217 for complete ranking table
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All Shorelines ONLY Ranking Map: This map only includes Priority Shoreline Catchments and Typical Shoreline Restorations. Street Sweeping and other BMP locations are excluded. Cost/benefit rank for TP
is determined per catchment, assuming all shoreline projects are implemented per catchment. See page 218 for complete ranking table
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Street Sweeping ONLY Ranking Map: This map only includes rankings for Street Sweeping. All other shoreline and BMP locations are excluded. Cost/benefit rank for TP is determined per catchment, assuming
all proposed increases in Street Sweeping are implemented per catchment. See page 219 for complete ranking table

atchment and Propos

FRLK-STRM-CURB_INLET
FRLK-STRM-CB
FRLK-STRM-FES
FRLK-STRM-MH
FRLE-STRM-OCS
FRLK-STRM-FIPE

County Culverts 2005
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