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Executive Summar

Map of stormwater catchments referred to in this report. ~ Catchment profiles on the following pages provide additional detail
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Executive Summary

This analysis provides recommendations for cost effectively improving treatment of stormwater
from areas directly draining to Forest Lake along its southern boundary (herein described as
Forest Lake South Direct Subwatershed Retrofit Analysis). The iarentirely 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 plsphorus) 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.

Seven catchmen{$otaling over 930 acregnd their existing stormwater magemenpractices

were analyzed for annual pollutant loadiigtal phosphorus, total suspended solids and runoff
volume specifically. Existing treatment measured, where observed, were accounted for in the
modeling process. The entire subwatershed wagestigated via field reconnaissance.
WIinSLAMM was used for the water quality modeling. As modeled, base condition loading for
total phosphorus is 662 Ibs. Observed existing treatment (wetlands, street sweeping, bioretention
areas) reduced the total phbspus amount to 509.8 Ibs (23%3tormwater practice options

were compared, for each catchment, given their specific site constraints and charactiKstics.

of the seven catchments were selected and modeled at various levels of treatment effidiencies.
stormwater practice was selected by weighing cost, ease of installation and maintenance and
ability to sere multiple functios. Concept designs were drafted for individual projects
identified through the cost/benefit analysis and ranking.

A variety of sbormwater retrofit approaches were identifiethling 181 Ibs of total phosphorus
reduction 27% reduction vs. base conditions, 35% reduction of existing conditi¢aesitified
bmpsincluded:

Maintenance of, or alterations to, existing stormwater treatmpractices
Residential curzut raingardens

Stormwater pond retrofits

Stormwater wetland retrofits

Stormwater reuse

Iron-enhanced sand filters (IESFs)

Bioswales and filterstrips

The following table summarizes the assessment results. Treatment leveén{pemoval rates)

for retrofit projects that resulted in a prohibitive BMP size, or number, or were too expensive to
justify installation are not included. Reported treatment levels are dependent upon optimal siting
and sizing. The recommended treatinésvels/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.
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Snapshot: Locations of standalone projects referred to in this report.
concept designs of all identified standalon@rojects.

*/ ‘RANKED PROJECT LOCATION

B

= _RANKED PROJECT AREA

— N

__RANKED SHORELINE EXTENT
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About this Documenti:

About this Document
This Subwatershed Stormwater Retrofihalysisis a watershed management tool to help prioritize stormwater
retrofit projects by performance and cost effectiveness. This procgssrhakximize the value of each dollar spent.

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

Methods

The methods section outlines general procedures whed analyzingthe subwatershed. firovides a processes
overview of retrofit scoping, desktop analysis, retrofit reconnaissance investigation, cost/treatment analysis and
project ranking.See Appendix A for a detailed description of the methods.

Catchment Profiles

The Forest Lake South Direct subwatershed was divided into stormwater catchments using catchment delineations
provided by the CLFLWD; however, the east and west boundaries to the subwatershed analysis were defined by
streets, not by a catchmembundary (as directed by the CLFLWD). See Appendix B for a guide to reading the
catchment profiles. Catchment ID was provided by existing catchment delineation attribute data, with the exception
of FL532. FL532 was added to the analysis after retroficonnaissance revealed its hydraulicremtivity, via

culvert,to the study ared=or each catchment, the following information is detailed:

Catchment Description

Within each catchment profilis a table that summarizes basic catchment informationdimgy acres, land cover,
parcels, and estimated annual pollutand volumeloads. A brief description of the land cover, stormwater
infrastructure, and any other important general information is also described. Existing stormwater practices are
noted, ad their estimated effectiveness presented.

Retrofit Recommendation s

The recommendation sectioestribes the conceptuatrofit(s) that were scrutinized. It includes tables outlining
the estimated pollutant removals by each, as well as costs. A maggsohe location or several suitable locations
for each retrofit.

Retrofit Ranking

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 remdeedach project over 10 yeairstypical contract obligation

length for grant funded projects. The final cost per pound treatment value includes design, installation and
maintenance costs.

There are many possible ways to prioritize projects, and thepilaided is merely a starting poinDther
considerations for prioritizing installation may include

Non-target pollutant reductions

Timing projects to occur with other CIPs

Project visibility

Availability of funding

Total project costs

Educational value

Forest Lake South Subwatershed Retrofit Analysis



About this Documentic i

References
This section identifies various sources of information synthesized to produce the assessmentusedotohis

analysis.

Appendices
This section provides supplemental information and/or data used at various points along the assessoabnt prot
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Catchment Profile JER G

Catchment FLO1-1

Catchment Summary -

Existing
Acres 287
Dominant Land Cover Residential
Parcels 795
Volume (acre-feet/yr) 141.5
TP (Ib/yr) 224.6
TSS (Iblyr) 83,673

CATCHMENTDESCRIPTION

Catchment FLOAL is comprised of primarily mediu
density,singlefamily residential land use typses well |
asa few acreof multi-family residential and schoq 7:-;
land uses. This catchment is directly connected to |t = K

inletsand direct runoffA significant prtion of e
the catchment is within a wellhead protection area (see extent in retroflt recommendations grapmestThe
boundary of % avenue was set by the CLFLWD Administrator during the scoping portion of the analysis.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets and parking lots occur approximately 10 times annually. WIinSLAMM street
sweeping inputs factored street sweeping taking place outside of the winter seasori (I3/18) approximately

every 4 weeks using a vacutamsisted sweper.

Net
Treatment Treatment
)

Base
Loading

Existing

Existing Conditions Loading

TP (Ib/yr)

TSS (Ib/yr)

Volume (acrefeet/yr)
Number of BMP's 1

Treatment

BMP Size/Description Street Sweeping 10 times/yr

Forest Lake South Subwatershed Retrofit Analysis



Catchment Profile JE G

RETROFIT REOMMENDATIONS

ForestLake has31 public lake access points; many of these points areatehdtreets. Several of these dead
street/lake accesses include local or pipeshed conveyantetherefore, argood locations for diverting and
filtering runoff. Catchment FLA01 has 6 lake access points.

SCANDIAY

Catchment-wide TP Reduction Milestones via Ranked Retrofit Recommendations

Existing Treatment
6" Street Dead EMESF, Diversion + Pretreatment

Residential Raingardens (15 projects)

Woodland DrivelESF with Pretreatment

Lakeside Wood&VQ Swale

10" Ave SEi Depavement, Raingarden, Split Flow
7" Street Dead EntiVQ Swale with Petreatment
Lakeside Wood#$Raingardens

4" Street Dead Enid WQ Swale with Pretreatment
5" Street Dead Entl Filter Strip with Pretreatment
Shoreline Buffers (180)

Forest Lake South Subwatershed Retrofit Analysis



Catchment Profile 2 G

FL1-01 6t Street Dead-End IESF, Diversion + Pretreatment

Rank
Drainage Areai 33.6 acres #4
Locationi 6" Street at lake
Property Ownershipg Public
Descriptioni The BMP for thisdeadend street locatiomcludes adding a flow splitter to the existing stormsewer
prior to outletting into the lakeThe pipeshe almost 33 acres; the largesthim the catchment. The pretreatment
flow-splitter pretreatment level spreader (local runoff) outlets to an IESF totaling approximately 3100 sqft
infiltration cannot be achieved due to depth to water table. As for allefehdtreet retrofits, a 4 fowide access
must be maintained.

Project ID

Cost/Removal Analysis 6th St DeaeEnd IESF

New

0,
trtmt e
TP (Iblyr)
TSS (Ib/yr)

Volume (acrefeet/yr)

§ Number of BMP's
g BMP Size/Description 3,100 | Syft
|_
IESF, flovsplitter, level
BMP Type spreader/cleanout
Materials/Labor/Design $53,750
Promotion & Admin Costs $3,000
Probable Project Cost $56,750
Annual O&M $2,063
10-yr Cost/Ib-TP/yr $850
10-yr Cost/2,000IbTSS/yr $8,290

Forest Lake South Subwatershed Retrofit Analysis



FL1-01 Residential Raing ardens

Drainage Areai 225acreg(intercepting smaller drainage areas within)

Catchment Profile G

Rank
#5,7,8

Locationi upland areas of catchment

Property Ownership Privatd ROW

Descriptioni Very little space is available higher in the catchment. However, theisoare opportunities for

curb-cut raingardens toeat the residential land usé5 ideal raingarden locations wedentified estimating 300

sqft total area per raingarde®Benerally ideal raingarden locations are immediatelyguadient of a catch basi

serving a large drainage area-{25acres, can be increased with more controlled inlet type). Considering typical
landowner participation rates, scenarios of 5, 10, and 15 raingardens were analyzed to treat the residential land use.
Catchmentwide volume reduction and removal of TP and TSS could be increased to the levels shown in the
following table.

Project ID

5 CurbCut Rain
Gardens

10 CurbCut Rain
Gardens

15 Curbcut Rain
Cost/Removal Analysis

New Net % New

0)
trtmt trtmt NS

TP (Ib/yr) 3.3 . .
TSS (Ibl/yr) 1455 2.7% 3686 6.7% 5620 10.3%
= Volume (acrefeet/yr) 2.1 2.5% 5.5 6.5% 8.7 10.0%
g Number of BMP's 5 10 15
©
E BMP Size/Description 1,500 | Unit 3,000 Unit 4,500 | Unit
Moderately Complex Moderately Complex Moderately Complex
BMP Type . . . . . .
Bioretention Bioretention Bioretention
Materials/Labor/Design $22,518 $45,036 $67,554
Promotion & Admin
Costs $2,000 $4,000 $6,000
Probable Project Cost $24,518 $49,036 $73,554
Annual GM $1,125 $2,250 $3,375
10-yr Cost/Ib-TP/yr $1,084 $906 $852
10yr Cost/2,000l6 $4,917 $3,881 $3,819

TSSlyr
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Catchment Profile JF G

FL1-01 Woodland Drive z IESFE with Pretreatment

Rank

Drainage Areai 6.43acres #9

Locationi WoodlandDrive and SE & Ave

Property Ownershipg Public

Descriptioni This BMP is located within a citpwned parcel that is currently not being used by the city. This

practice requires rerouting stormwater runoff from the east side of Woodland Drive via pipe to the public parcel
located on the wesind of the street. The public parcel does not provide a lot of space and may need retaining walls
to incorporate this practice (cost for some retaining is included in the project cost).

Project ID

Woodland Dr- IESF w/
Cost/Removal Analysis Pretreatment

New

[0)
treatment BB

TP (Ib/yr)

TSS (Iblyr)

Volume (acrefeet/yr)
Number of BMP's

BMP Size/Description 3,100

St

Treatment

BMP Type IESF, flovsplitter, level

spreader/cleanout
Materials/Labor/Design $34,250
Promotion & Admin Costs $3,000
Probable Project Cost $37,250
Annual O&M $1,125
10-yr Cost/Ib-TP/yr $1,102
10-yr Cost/2,000lbTSS/yr $9,700

Forest Lake South Subwatershed Retrofit Analysis



Catchment Profile G

FL1-01 10t Avenue SE Depavement, Split Flow, Biofiltration Raingarden

Drainage Areai 3.51acres

Locationi terminus of 18 Avenue SE at channel

Property Ownershipg Public

Descriptioni The scope of work for this BMP includes removing one half of the street width at the street terminus
(not necessary for traffic movement in street) and rerostiognwater runoff via a pipe flow splitter to enter a

biofiltration raingarden located in the depavement area. This practice includes an underdrain that connects back into
the existing stormsewer. This practice could be easily be enhanced with IESF.

Project ID

10 Ave SE Bidfiltration
Cost/Removal Analysis Raingarden, Depavement

New

0,
trtmt NELE

TP (Ib/yr)

TSS (Ib/yr)

Volume (acrefeet/yr)

Number of BMP's 1

BMP Size/Description 1,450 | Syft

Treatment

BMP Ty Depavement, Biofiltrattion,

flow-splitter
Materials/Labor/Design $29,150
Promotion & Admin Costs $2,000
Probable Project Cost $31,150
Annual O&M $1,088
10-yr Cost/Ib-TP/yr $2335
10-yr Cost/2,000IbTSS/yr $16,29

Forest Lake South Subwatershed Retrofit Analysis



Catchment Profile G

FL1-01 Lakeside Woods Townhomes z 3 Raingardens. 1 Water Qual Swale

Rank

Drainage Areai 6.92acres #13,19
Locationi Lakeside Woods Townhomes ofi Bvenue SE

Property Ownership Private

Descriptioni The Lakeside WoodSownhomegLWT) site is the only multifamily residentisdnduse within the
catchment containing opportunities stormwater retrofit opportunities. Locatétawvedue SE (just east of S

Shore Drive), with all of its runoff directly entering Forest Lake without treatment, thE i has several areas of
greerspace suitable for retrofitting with stormwater BMPs. The southernmost areas of the site are suitable for the
use of infiltrating BMPs such as bioinfiltration/raingardens. Depth to water table in the northernmost area (nearest
Forest Lake) of the sitenfiits BMPs to biofiltration/raingarden and filtratiovater quality swal¢bioswale).

Overall, 4 BMPs were selected: 2 bioinfiltration raingardens, 1 biofiltration raingarden enhanced with an IESF, and
a bioswale providing the last opportunity for treatnieefore outletting to Forest Lake.

Project ID

Cost/Removal Analysis 3 Raingardens 1 Bioswale

New New
trtmt trtmt

TP (Ib/yr)

TSS (Iblyr)

Volume (acrefeet/yr)
Number of BMP's

sf 200 | Inft

Treatment

BMP Size/Description 3,000

Moderately Complex

BMP Type Bioretention

Water Quality Swale

Materials/Labor/Design $45,036 $10,000

Promotion & Admin Costs $2,000 $2,000
Probable Project Cost $47,036 $12,000
Annual O&M $2,500 $500
10yr Cost/Ib-TP/yr $4,002 $1417

10-yr Cost/2,000IbTSS/yr $16,279 $34,694

Forest Lake South Subwatershed Retrofit Analysis



Catchment Profile S G

FL1-01 SE 7 Street Dead End - Water Qual Swale (Bioswale) with Pretreat Rank
#18

Drainage Areai 2.80acres

Locationi SE 7" St terminus at Foresiake

Property Ownershipg Public

Descriptioni The BMP for thisdeadend street location includessimple water quality swale (bioswale) with
pretreatmeritevel spreader. The pretreatment/level spreader captures coarse sediment runoff and can beitcleaned o
extending the life of the bioswale stormwater BMP. A bioswale is most appropriate for this site due to a relatively
small drainage area (2.8 acres) and the likely presence of a shallow water table, limiting stormwater BMP options.
As for all deagendstreet retrofits, a 4 foot wide access must be maintained.

Project ID

Bioswale with
Cost/Removal Analysis Preatreatment

New

[0)
trtmt B

TP (Ib/yr)

TSS (Ib/yr)

Volume (acrefeet/yr)
Number of BMP's

Treatment

BMP Size/Description 300

Lnft

BMP Type Water Quality Swale6
Materials/Labor/Design $16,000
Promotion & Admin Costs $2,000
Probable Project Cost $18000
Annual O&M $2,025
10-yr Cost/Ib-TP/yr $3,629

10-yr Cost/2,000IbTSS/yr $24,838
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Catchment Profile G

FL1-01 SE 4" Street Dead End - Water QualSwvale (Bioswale) with
Pretreat and Stormsewer Rerouting Rank

#20

Drainage Areai 3.0acres

Locationi SE4™ St terminus at Forest Lake

Property Ownership Public

Descriptioni The BMP for thisdeadend streelocation includes simple water quality swale (bioswale) with
pretreatmentIn order to collect 3.0 at this location 1 catchbasin must be rerouted to the proposed Phactice.
pretreatmersumpcaptures coarse sediment runoff and can be cleaned outliexteime life of the bioswale
stormwater BMP. A bioswale is most appropriate for this site due to a relatively small drainageCaeges$) and
thenarrowness of the available greenspace on the site, limiting stormwater BMP options. The proposésl bioswa
would link up to an existing bioswale located closer to the lakdor all deagend street retrofits, a 4 foot wide
access must be maintained.

Project ID

Bioswale with
Cost/Removal Analysis Preatreatment

New

[0)
trtmt BB

TP (Ib/yn

TSS (Iblyr)

Volume (acrefeet/yr)
Number of BMP's

Treatment

BMP Size/Description 205 | Lnft

BMP Type Water Quality Swale6

Materials/Labor/Design $21,000

Promotion & Admin Costs $700

Probable Project Cost $21,700
Annual O&M $1,800
10-yr Cost/Ib-TP/yr $5,365

10-yr Cost/2,000IbTSS/yr $34447

Forest Lake South Subwatershed Retrofit Analysis
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FL1-01 SEbGt Street Dead Endz Filter Strip_with Pretreat/Level Spreader

Drainage Areai 2.7 acres

Locationi SE5™ St terminus at Forest Lake

Property Ownersip i Public

Descriptioni The BMP for thisdeadend street location includedilter strip with pretreatment.The

pretreatmentével spreader capturesarse sediment runoff and can be cleaned out extending the life of the BMP.
A filter strip is most appopriate for thissite due the sizable width but limited lengtithe available greenspace on
the site, limiting stormwater BMP options. As for all dead street retrofits, a 4 foot wide access must be
maintained.

Project ID

Filter Strip with
Cost/Removal Analysis Pretreatment

New

0,
trtmt NEEE

TP (Ib/yr)

TSS (Ib/yr)

Volume (acrefeet/yr)
Number of BMP's

Treatment

BMP Size/Description 1,750 | Syft

BMP Type Filter Strip

Materials/Labor/Design $8,150

Promotion & Admin Costs $500

Probable Project Cost $8,650
Annual O&M $1,250
10-yr Cost/Ib-TP/yr $6,043

10-yr Cost/2,000IbTSS/yr $36,783

Forest Lake South Subwatershed Retrofit Analysis
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FL1-01 - Shoreline Buffers

Rank
Drainage Areai 51acres (assuming7,9® Inft of shoreline and &rage of 25ft of land #25,26,
(primarily turf and residence roof runoff) per Inft of shoreline 27
LocationT all shoreline within FL101 (17,900 Inft)
Property Ownershif Private
Descriptioni Almost afifth (18%) ofthe FLX:01 catchment drainage area is tharrgard (lake facing) area of each
lakefront residence. A large majority of these lakefront residences backyards and shorelines composed primarily of
turfgrass. Shoreline conditions void of native plant vegetation allow for stormwater runoff, fenpiésgcides 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 a shoreline buffer to
filter stormwate runoff and associated pollutants prior to entering the lake as well as providing structural stability to
the shoreline. Shoreline buffers were modeled per 100 Inft of shoreline at an average of 25ft width, 0.03
longitudinalslopesand average 3ft vegéian height.

Considering typical landowner participation rates, scenaifi@$ (33% of total shoreline)},20(66% of total

shoreline), and.80(100% of total shoreline) individual shoreline buffers at 100 Inftquéfer wereanalyzed to

treat the residdtial lake frontage. Catchmentide volume reduction and removal of TP and TSS using shoreline
buffers is found in the following table. Note: the pollutant reduction figures shown (TP and TSS) do not represent
pollution reduction through reduced soil gian along the shoreline, only what is filtered from backyards and
rooftops.

Cost/Removal Analysis

6.6 29.7% 13.2 59.3% 19.8 89.0%
1482.0 29.7% 2964.0 59.5% 4446.0 89.2%
1.7 27.2% 3.4 54.5% 5.0 81.7%
60 120 180
150,000| sqft 300,000/ sqft 450,000/ sqft

Shoreline Buér w/o
Hard Armoring

Shoreline Buffer w/o
Hard Armoring

Shoreline Buffer w/o
Hard Armoring

$504,000 $1,008,000 $1,512,000
$2,500 $3,500 $4,500
$506,500 $1,011,500 $1,516,500
$24,000 $48,000 $72,000
$11,311 $11,299 $11,295
$100,742 $100,641 $100,607

Forest Lake South Subwatershed Retrofit Analysis
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Catchment FLO1-2

Catchment Summary -
Existing

Acres 131.3
Dominant Land Cover Residential
Parcels 219
Volume (acre-feet/yr) 68.1
TP (Iblyr) 90.1
TSS (Iblyr) 33,528

CATCHMENT DESCRIPTION
Catchment FLOR is comprised of primarily
medium density, singl&amily residential land
use.This catchment is directly connected to lake 2 (middle) of forest lakdingeat runoff, dtch conveyance along

Hwy 97 simple single catchbasin to pipe conveyance and one collector stormsewer on Hilbidaees a ditched
wetland between Heath Ave and Hilo Lane just north of Hwy @ollution reduction benefit was not assumed as
research gbws ditched wetlands can be both nutrient sources as well as sinks. Additionally, any alterations to the
wetland (i.e. adding a weir to the ditch within the wetland or expanding the wetland) were not considered due to the
low floor elevations and proximjitof adjacent residences.

EXISTING STORMWATER TREATMENT

Street sweeping of city streets and parking lots occur approximately 10 times annually. WIinSLAMM street
sweeping inputs factored street sweeping taking place outside of the winter seasori (I3/48) approximately

every 4 weeks using a vacutassisted sweepeh small pond between Healy and Harrow avenues has a drainage
area of approximately 3.5 acres and does not overflow according to adjacent landdtwagneliminary pollutant
benefits for theHilo Lane IESF, under design development and planned for installation in 2014, were included in
the treatment figures in the table below.

Base At Existin
Existing Conditions : Treatment Treatment ng
Loading % Loading

TP (Iblyr)
TSS (Ib/yr)

Volume (acrefeet/yr)

Number of BMP's 3

Treatment

Street Sweeping 10 times/yr, Hilo Lane IESF (2083l
area pond between Healy and Harrow

BMP Size/Description

Forest Lake South Subwatershed Retrofit Analysis
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RETROFIT REOMMENDATIONS

With the planned IESF installation on Hilo Lane and existing street sweeping e@atthment FLA02 has
considerable pollution reduction measures in place (approximately 20% reduction for TSS and TP). However there
is still room for improvenent in pollutant reduction and volume reduction.

Catchment-wide TP Reduction Milestones via Ranked Retrofit Recommendations

20%| 30%

Existing Treatment

217" St. North & Scandia Trl North Raingardens
Heath Awvenue Wetland Restoration and Expansion
Hilo Lane North Raingardens with Pretreatment (5)
Shoreline Buffers (25)

Forest Lake South Subwatershed Retrofit Analysis
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FL1-02 -217t St. North and Scandia Trl North Raingardens

Rank

Drainage Areai 73acres #6
Locationi Upland areas of catchmeinspecifically along 217 St. North and Scandia Trl North

Property Ownership Private (ROW)

Descriptioni There are a couple opportunities for raingardens in the other parts -@2Fhdt already identified. In

particular, there are significant drainage areas aloadpcations outlined above that could be treated, in part, by
bioinfiltration raingardens.

Project ID

Cost/Removal Analysis Raingardens

New

0,
trtmt IS0

TP (Ib/yr)

TSS (Ib/yr)

Volume (acrefeet/yr) .
Number d BMP's 2

BMP Size/Description 1,000 | sqft

Treatment

BMP Type Simple Bioretention

Materials/Labor/Design $15,000
Promotion & Admin Costs $1,200
Probable Project Cost $16,200
Annual O&M $1,000
10-yr Cost/Ib-TP/yr $903

10-yr Cost/2,000IbTSS/yr $6,238

Forest Lake South Subwatershed Retrofit Analysis
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FL1-02 - Heath Avenue Wetland z Restoration and Expansion

Rank

Drainage Areai 9.0acres #10

LocationT Between Heath Avenue and Hilo Lane North, north of Hwy 97

Property Ownershig Private/Public

Descriptioni This wetland (~.7 acres) is dited to allow for positive drainage off of the residential developed land

to the north. In this analysis, the base conditions for this wetland assumed no pollution reduction benefit as studies
show ditched wetlands can be both nutrient sources as veglikass The proposed bmp for this wetland is a 0.4

acre wetland expansion and adding a weir structure to maintain the hydrology of the original (altered) Wetland
assumed benefit for this practice is set at an estimate of a 58% reduction in padintantsreduction in volume

per average benefits shown in studies of restoring ditched wetlands (Fisher and Acreman, 2004)

Project ID

ditched wetland restoration
Cost/Removal Analysis and expansion

New

trtmt

TP (Ib/yr) 3.1
TSS (Iblyr) 1,106 58%
Volume (acrefeet/yr) 0.0 0%
Number of BMP's 1

Net %

BMP Size/Description 17,400 sqft

Treatment

BMP Type Stormwater Wetland

Materials/Labor/Design $18,000
Promotion & Admin Costs $2,000
Probable Project Cost $20,000
Annual O&M $1,500
10-yr Cost/Ib-TP/yr $1,129

10-yr Cost/2,000lbTSS/yr $6,329

Forest Lake South Subwatershed Retrofit Analysis
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FL1-02 - Hilo Lane North Bioinfiltration Raingardens with Pretreatment

Drainage Areai 3.lacres

LocationT Along west and north sides of Hilo Lane North

Property Owneshipi Private (ROW)

Descriptioni There are several opportunities for ¢t raingardens to treat the residential land use along Hilo
Lane (not part of IESF treatment are&jve raingardetocations were identified. With thenited stormsewer
infrastructure, these raingardens bioinfiltration onre not connected via underain to existing stormsewer
networks These raingarderare modeled at 500 sqft total footprint ayekt perform with drainage areas between
0.3- 1 acreConsidering typical landener participation rates, scenarios3oéind Sraingardens were analyzed to
treat the residential land use. Catchmeite volume reduction and removal of TP and TSS could be increased to
the levels shown in the following table.

Project ID

. 3 CurbCut Rain Gardens 5 CurbCut Rain Gardens
Cost/Removal Analysi

New New
trtmt trtmt

TP (Ib/yr)

TSS (Iblyr)

Volume (acrefeet/yr)
Number of BMP's

Treatment

BMP Sie/Description 1,500 | Unit 2,500 | Unit

Moderately Complex Moderately Complex
BMP Type Bioretention Bioretention
Materials/Labor/Design $22,518 $37,530
Promotion & Admin Costs $3,000 $3,000
Probable Project Cost $25,518 $40,530
Annual O&M $1,125 $1,875
10-yr Cost/Ib-TP/yr $1,362 $1,912
10-yr Cost/2,000I6TSS/yr $4,419 $6,579

Forest Lake South Subwatershed Retrofit Analysis
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FL1-02 - Shoreline Buffers

Rank
Drainage Areai 30 acres (assumirgb40 Inft of shoreline and average of 175 ft of land #22 23,
(primarily turf and residence roof runoffer Inft of shoreline 24
Locationi all shoreline within FL102 (7540 Inft)
Property Ownershif Private
Descriptioni Almost a quarter (23%) of the FEd2 catchment drainage area is the rear yard (lake facing) area of
each lakefront residence. A large or#tly of these lakefront residenclackyards and shorelines composed
primarily of turfgrass. Shoreline conditions void of native plant vegetation allow for stormwater runoff, fertilizer,
pesticides and herbicides to enter the lake without any treatiiergover, shoreline erosion occurs much more
readily along shorelines without native plant vegetation. The proposed stormwater BMP for these areas is a
shoreline buffer to filter stormwater runoff and associated pollutants prior to entering the lakbasspraViding
structural stability to the shoreline. Shoreline buffers were modeled per 100 Inft of shoreline at an average of 25ft
width, 0.03 longitudinaslopesand average 3ft vegetation height.

Considering typical landowner participation ratesnsemsof 25 (33% of total shoreline), 50 (66% of total

shoreline), and 75 (100% of total shoreline) individual shoreline buffers at 100 Ihftiffer wereanalyzed to treat

the residentialake frontage Catchmentvide volume reduction and removal odPand TSSusing shoreline buffers

is found in the following tableNote: the pollutant reduction figures shown (TP and TSS) do not represent pollution
reduction through reduced soil erosion along the shoreline, only what is filtered from backyarddtapd.roo

Cost/Removal Analysis

3.3 25.4% 6.5 50.8% 9.8 76.2%

720.0 25.5% 1440.0 51.0% 2160.0 76.5%

0.8 22.8% 1.6 45.6% 2.3 68.4%
25 50 75

62,500 sqft 125,000/ sqft 187,500/ sqft

Shoreline Buffer w/o
Hard Armoring

Shoreline Buffer w/o
Hard Armoring

Shoreline Buffer w/o
Hard Armoring

$210,000 $420,000 $630,000
$1,000 $2,000 $3,000
$211,000 $422,000 $633,000
$10,000 $20,000 $30,000
$9424 $9,569 $9,%20
$86,389 $86,389 $86,389

Forest Lake South Subwatershed Retrofit Analysis
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Catchment FLO1-3

Catchment Summary - Existing |

Acres 252
Dominant Land Cover Residential/Open
Space
Parcels 342
Volume (acre-feet/yr) 68.1
TP (Ib/yr) 90.1
TSS (Ib/yr) 33,528

CATCHMENT DESCRIPTION

FL1-03 directy drains to Forest Lakieowever
Thereare 12.75 acres @fetland(not directly
connected to Forest Lake within the catchment.
The land use is medium density residential
matrix with lowland open spacklost of the
roads in this area apaved, with fewgravel sectionsand drainage tends to be through rural ditches (to wetlands) or
simplecatch basirwith pipes to Forest Lake. There is one industrial lot aldny 97 (12.5 acres); no outlet was
observed and therefore was removed from the existing cattiprefile. A large wetland (12.9 acres) connected to
Forest Lake was considered part of the lake in this analysis and, therefore, removed from catchment drainage
calculations. Lots withlaker ont age average 5006 widths.

EXISTING STORMWATER TREATMENT

There are 5 wetlands, 12.75 acres total, receivimpff from 71 acres (28 %) of the catchmerithe functionality

of this wetland is unknown; a conservative estimate of a 58% reduction in pollutants and no reduction in volume
was used in this analysi§her is a bioinfiltration bmp and infiltration trench, installed in 2012, at Hosanna
Lutheran Church. There is also an extended detention basin pretreated church parking lot runoff prior to entering a
large wetlandStreet sweeping of city streets and pagkiots occur approximately 10 times annually. WinSLAMM

street sweeping inputs factored street sweeping taking place outside of the winter seasori (23/03)
approximately every 4 weeks using a vaceassisted sweeper.

Net
Existing Conditions Treatment Treatment
%

Existing
Loading

TP (Iblyr) 173.0 53.0 30.6% 120.0
TSS (Iblyr) 63,631 26,085.0 41.0% | 37,546

Volume (acrefeet/yr) 99.6 7.0 7.0% 92.6
Number of BMP's 7

Treatment

5 stormwater wetlandsl bioinfiltration raingarden, Street Sweeping
10 timeslyr

BMP Size/Description

Forest Lake South Subwatershed Retrofit Analysis
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RETROFIT RECOMMENDATIONS

With the high percentage of stormwater wetlands presatthment FL103 already meets the 30% reduction goal

in TP and TSS reductionHowever, the wetlands are negativimpactedoy catchment runoff pretreatment and
enhanced good housekeeping practices will allow these wetlands to function in the long term. The bmp
recommendations for catchment FO3R outline the potential pollutant reduction benefits of additictedet
sweeping and highlight best locations for runoff pretreatment before entering stormwater wetlands.

T

Catchment-wide TP Reduction Milestones via Ranked Retrofit Recommendations

20| 30%

Existing Treatment

Forest Lake South Subwatershed Retrofit Analysis
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FL1-03 7z Stormwater Wetland Pretreatment Basins

Rank
Drainage Areai 53 acreg(75% of wetland drainage area) #16
Locationi multiple sites near existing stormwater wetlands
Property Ownership Private (easement)
Descriptioni These pretreatment bagiractices are an attempt to extend the life of the stormwater wetlands by
capturing sediment prior to entering into the wetland. Conceptually these basins can be installed as rock swirl
chambers offline of the flow path. For this analysis, it was asduhat these basins could be placed around the
stormwater wetlands and intercept approximately 75% of the stormwater entering the wetlands.

Project ID

Stormwater Wetland
Cost/Removal Analysis Pretreatment Basins

New

0,
trtmt NELE

TP (lyr)

TSS (Ib/yr)

Volume (acrefeet/yr)

Number of BMP's 13

BMP Size/Description 400 | sqft

Treatment

Sediment Forebays (for existin

BMP Type stormwater wetlands)

Materials/Labor/Design $33,500
Promotion & Admin Costs $1,000
Probable Project Cost $34,500
Annual O&M $3,600
10-yr Cost/Ib-TP/yr $2,014

10-yr Cost/2,000IbTSS/yr $11,750

Forest Lake South Subwatershed Retrofit Analysis
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FL1-03 - Shoreline Buffers Rank

#28,29,
30

Drainage Areai 46.75 acres (assuming 13,600 Inft of shoreline and average of 150 ft of land
(primarily turf and residence roof runoff) per Inft of shoreline

Locationi all shoreline within FL103

Property Ownershif Private

Descriptioni Almost a fifth (18.5%) of the FL-D3 catchment drainage area is the rear yard (lake facing) area of
each lakabnt residence. A large majority of these lakefront residences backyards and shorelines composed
primarily of turfgrass. Shoreline conditions void of native plant vegetation allow for stormwater runoff, fertilizer,
pesticides and herbicides to enterldiee without any treatment. Moreover, shoreline erosion occurs much more
readily along shorelines without native plant vegetation. The proposed stormwater BMP for these areas is a
shoreline buffer to filter stormwater runoff and associated pollutantstpramtering the lake as well as providing
structural stability to the shoreline. Shoreline buffers were modeled per 50 Inft of shoreline at an average of 25ft
width, 0.03 longitudinal slopes and average 3ft vegetation height.

Considering typical landover participation rates, scenarios of 90 (33% of total shoreline), 180 (66% of total
shoreline), and 270 (100% of total shoreline) individual shoreline buffers at 100 Inft per buffer were analyzed to
treat the residential lake frontage. Catchmeiale volume reduction and removal of TP and TSS using shoreline
buffers is found in the following table. Note: the pollutant reduction figures shown (TP and TSS) do not represent
pollution reduction through reduced soil erosion along the shoreline, only whegrisdfifrom backyards and

rooftops.

Cost/Removal Analysis

4.1 90.0% 8.1 90.0% 12.2 | 90.0%
614 93.7% 1228 93.7% | 1843 | 93.7%
1.2 82.0% 2.5 82.0% 3.7 | 82.0%
90 180 270
112,500| sqft 225,000/ sqft 337,500| sqft

Shoreline Buffer

Shoreline Buffer w/o Hard

Shoreline Buffer w/o Hard

. . w/o Hard
Armoring Armoring Armoring
$378,000 $756,000 $1,134,000

$2,000 $4,000 $6,000
$380,000 $760,000 $1,140,000
$22,500 $45,000 $67,500
$14,756 $14,938 $14,877
$197,068 $196,908 $196,961

Forest Lake South Subwatershed Retrofit Analysis
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Catchment FL53 + FL53-2

Catchment Summary -
Existing

Acres (FL53/FL53-2) 106.3/95.5
Dominant Land Cover Residential

Parcels 168/12
Volume (acre-feet/yr) 51.5
TP (Iblyr) 65.32

TSS (Iblyr) 23,450

CATCHMENT DESCRIPTION

CatchmenfL53 and FL52 are comprised of primarily golf
course and undeveloped lowlands respectively. Also within
catchment FL53 is a small commercial area (Stellas) and
medium densitginglefamily residential lad uses. Separating
catchments FL53 and FL5Bis a Hwy 97. These two catchments
are combined in this analysis as FEB3 entirely routed through
FL53 and nostormwater BMB or options for BMPare present
within FL53-2. Thesecatchmerg areconnectedo lake 2 (middle)
of forest lakevia pond,pipe and chann&lonveyancehrough the golf course and through a ditched wetland

(HarrOW]

EXISTING STORMWATER TREATMENT

There are 7 storm ponds in the FL53 including 6 within the municipal golf course. There isater wetland (1
treatment FL52 runoff) and 1 ditched wetland taking runoff from the NE quadrant of the golf course and
townhomes. The commercial area (Stellas) installed 2 biofiltration practices in 2013 during a parking lot
reconstruction.

Net
ExistingConditions B Treatment Treatment
Loading %

Existing
Loading

TP (Ib/yr) 48.1
TSS (Ib/yr) 36,108 12,658.0 35.1% 23,450

+=  Volume (acre

c 0,

g feetiyr) 55.0 35 6.4% 515

g

~ Number of BMP's 11
BMP 7 stormwater ponds (6 in golf course), 1 stormwater wetland, 1 ditched wetlan
Size/Descriptio biofiltration practices (Stellas)

Forest Lake South Subwatershed Retrofit Analysis
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RETROFIT RECOMMENDATIONS

As modeled, the existing treatment for FL53 and FR53 considerably more than any other catchment in the
aralysis and already meets the 30% reduction goal in TP and TSS reduction. However, the proposed retrofit
recommendations aim to enhance the performance of existing practices

E[ )
"“\

s ®|| sSPECIFIC PR TICE LOCAT
POTENTIAL BMP LOCA'I;[ON

ol

Forest Lake South Subwatershed Retrofit Analysis
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Catchment-wide TP Reduction Milestone s via Ranked Retrofit Recommendations

10% 20%| 30%

Existing Treatment

Forest Lake South Subwatershed Retrofit Analysis



FL53 + FL53-2 7 Stormwater Wetland Outlet Modification

Drainage Areai 132.5acres

LocationT Northof Hwy 97, West of Stellas
Property Ownership Private (easement)
Descriptioni This a simple and quick change to the existing outlet structure of the
stormwater wetland. There is room in the structure to add a 1 foot tall stop log.

Treatment

TP (Ib/yr)

TSS (Ib/yr)

Volume (acrefeet/yr)
Number of BMP's

BMP Size/Description

BMP Type

Materials/Labor/Design
Promotion & Admnin Costs
Probable Project Cost
Annual O&M

10-yr Cost/Ib-TP/yr

10-yr Cost/2,000IbTSS/yr

Cost/Removal Analysis

Catchment Profile 7 G

Project ID

New
trtmt

Outlet Modification

Net %

11%
1,678 13%
0.3 1%

1
1 | ft (height)

log)

Outlet Modification (wood stop

$240

$0

$240

$0

$6

$29

Forest Lake South Subwatershed Retrofit Analysis
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FL53 + FL53-2 7 Ditched Wetland Outlet Modification

Drainage Areai 14.0acres

LocationT Northeast corner of golf course end of culde-sac

Property Ownership Private (easement)

Descriptioni This a simple and quick change to the existing outlet structure of the stormwater wethend.
existing outlet is a pipe set lower than most of wetland. The wetland is ditcthedrareyed to the pipe. A simple
riser and trash guard would restore hydrology to the wetland and reduce stormwater runoff.

Project ID

Cost/Removal Analysis Outlet Modification

New
trtmt

TP (Iblyr) . 42%

TSS (Iblyr) 1,590 41%
o Volume (acrefeet/yr) 0.1 1%
é Number of BMP's 1
g BMP Size/Description 1| ft (height)
|_
Outlet Modification (riser ~ 1 ft

BMP Type height

Materials/Labor/Design $750

Promotion & Admin Costs $0

Probable Project Cost $750

Annual O&M $0

10-yr Cost/Ib-TP/yr $15

10yr Cost/2,000IbTSS/yr $94

Forest Lake South Subwatershed Retrofit Analysis
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FL53 + FL53-2 7 Stormwater Reuse z Golf Course Irrigation

Drainage Areai 187acres

Locationi Second to last pond in pond chain within golf couse

Property Ownershipg Public

Descriptioni This bmp consists of installing an irrigation puanud weirto reuse stormwateunoff to meet a

portion of Cast | emuoidpd goftmuwseirrigayion Geleds.bThesmodeainputs for daily water

withdrawal rates, needed for WinSLAMMreus model i ng, came from Minnesotads 2
0l rri-gati abhl e Demand6é spreadsheet. Drawdown depth in
over 0.4 acre pond area resulting in approximately 260,663 gal available stiinags.assumed the pond would

have enough depth to allow for the drawaoaepth and an additional 3 feet for permanent pidw. Stormwater

Reuseds model estimated the proposed stormwater reuse |
while 64% will still need to be augmented through existing means.

Project ID

Stormwater ReuseZ™ to
last pondin golf course pond

Cost/Removal Analysis
sequence

New
trtmt

TP (Iblyr) 19.3

Net %

TSS (Iblyr) 8,340 42%
o Volume (ace-feet/yr) 17.3 37%
é Number of BMP's 1
g BMP Size/Description 17,424 sqft
|_
BMP Type Stormwater Reuse (use existin
pond)
Materials/Labor/Design $220000
Promotion & Admin Costs $2,000
Probable Project Cost $222,000
Annual O&M $3,000
10-yr Cost/Ib-TP/yr $1,306
10-yr Cost/2,000IbTSS/yr $6,043

Forest Lake South Subwatershed Retrofit Analysis
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FL53 + FL53-2 7 IESF and Pretreatment/Outlet Collector

Rank

Drainage Areai 201.8acres #14

Locationi at deagend of 13 Ave SE

Property Ownership Public (easement)

Descriptioni This BMP adiresses the actively eroding banks of a channel conveying runoff from the ditched
wetland and golf course drainages as well as drainage frBrA2SE into Forest Lake. The proposed BMPs
connects these outlets into a large concrete sump structureipgoaétiitional treatment and redirects outlet flows

away from the channel banks. An IESF is also proposed to receive low flow events from the new sump structure.
Note: the pollutant reduction figures shown (TP and TSS) do not represent pollution refioatistopping

erosion of channel banks by directing stormwater flows into the permanent water pool vs. at the channel bank face.

Project ID

Cost/Removal Analysis Outlet Control and IESF

New
trtmt

TP (Ib/yr)

TSS (Ib/yr)

Volume (acrefeet/yr)

Number of BMP's 2

BMP Size/Description 1,000 | sqft

Treatment

BMP Type Outlet Modification (riser ~ 1 ft

high)
Materials/Labor/Design $41,445
Promotion & Admin Costs $250
Probable Project Cost $41,695
Annual O&M $1,000
10-yr Cost/Ib-TP/yr $1,846
10-yr Cost/2,000IbTSS/yr $12,487

Forest Lake South Subwatershed Retrofit Analysis
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Catchment FL54

Catchment Summary i

Existing
Acres 62
Dominant Land Cover Suburban
Parcels 112
Volume (acre-feet/yr) 12.6
TP (Iblyr) 36.4
TSS (Ib/yr) 10067

CATCHMENT DESARTION

FL54 drains to Forest Lake through a
rural ditch network as well as via a large
wetland complex. Approximately 45
acres or 73%f the catchment drains to
the wetland complex. The specific
pollutionreduction benefit of this wetland
was not intuded in the analysis.

EXISTING STORMWATER TREATMENT

There is a large wetland network receiving runoff from the majority of the catchment area (45 acres). The

functiondity of this wetland is unknowra conservative estiate of a 58% reduction in polluts and no reduction

in volume was used in this analysis. Street sweeping of city streets and parking lots occur approximately 10 times
annually. WinSLAMM street sweeping inputs factored street sweeping taking place outside of the winter season
(11/047 03/13) approximately every 4 weeks using a vactassisted sweeper.

Net -
Existing Conditions Base rreatment Treatment CXoind
Loading % Loading

TP (Iblyr)
TSS (Ib/yr)

Volume (acrefeet/yr)

—
c
[}
£
@
o
—

Number of BMP's

S Sl Blese e Street Sweeping 10 times/ylarge wetland

Forest Lake South Subwatershed Retrofit Analysis
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SPECIFIC PRACTICE LOCAT
POTENTIAL BMP LOCATIONS

Catchment-wide TP Reduction Milestones via Ranked Retrofit Recommendations

Existing Treatment
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FL54 z Ditch Diversion with Pretrea tment and Forebay

Drainage Areai 16.4acres

Locationi SW quadrant of Hoekstra and Hwy 97

Property Ownership Private

Descriptioni This stormwateBMP addressethe rural ditch runoff routed past the large wetland complex directly
into Forest Lake. fie proposed BMP consisted of a vegetated ditch swale and forebay for pretreatment and a split
flow structure to divert runoff

Project ID

Ditch Diversion with
Pretreatment (grass swale
and forebay)

Cost/Removal Analysis

New

0,
trtmt NEEE

TP (Ib/yr)

TSS (Ib/yr)

Volume (acrefeet/yr)

Number of BMP's 2

BMP Size/Description 2,000 | Syft

Treatment

grass swale, diversion structur

SIS and forebay

Materials/Labor/Design $23,420
Promotion & Admin Costs $500
Probable Project Cost $23,920
Annual O&M $1,500
10-yr Cost/Ib-TP/yr $590

10-yr Cost/2,000IbTSS/yr $4,097
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Retrofit Ranking

The table on the next page summarizes potential projects. Potential projects are organized fomndbe m

effective to the leasbased on cost per pound of total phosphorus removed. Installation of projects with overlapping
drainage areas will result in lower total treatment than the simple sum of treatment across the individual projects due

to treatmentriin effects. Reported treatment levels of identified projects are dependent upon optimal siting and
sizing. More detail about each project can be found in
were deemed unfeasible due to prohikitsize, number, or were too expensive to justify installation are not

included in the table.
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Retrofit Ranking

Catchments FL1-01 through FL54: Summary of preferred stormwater retrofit opportunities ranked by cost-effectiveness with respect to total
phosporus (TP) reduction. Volume and total suspended solids (TSS) reductions are also shown. For more information on each project refer to the
catchment profile pages in this report.

1 Stormwater Wetland Outlet

FL53+FL53-2 |Modification 1 4.1 1,678 0.3 $240 $0 $240 $0 $6 $29
2

FL53+FL53-2 |Ditched Wetland Outlet Modification |1 5.0 1,590 0.1 $750 $0 $750 $0 $15 $94
3 Ditch Diversion with

FL54 Pretreatment/Forebay 2 6.6 1900 0.4 $23,420 $500 $23,920 $1,500 $590 $4,097
4 6th Street Dead End - IESF, Diversion|

FL1-01 Pretreatment 1 9.1 1,867 N/A $53,750 $3,000 $56,750 $2,063 $850 $8,290
5

FL1-01 Raingardens 15 126 5,620 8.7 $67,554 $6,000 $73,554 $3,375 $852 $3,819
6 217th St. North & Scandia Trl North

FL1-02 Raingardens 2 29 840 18 $15,000 $1,200 $16,200 $1,000 $903 $6,238
7

FL1-01 Resil ial Rail 10 7.9 3,686 5.5 $45,036 $4,000 $49,036 $2,250 $906 $3,881
8

FL1-01 Raingardens 5 33 1,455 21 $22,518 $2,000 $24,518 $1,125 $1,084 $4,917
9 Woodland Drive - IESF with

FL1-01 Pretreatment 1 4.4 1000 N/A $34,250 $3,000 $37,250 $1,125 $1,102 $9,700
10 Heath Avenue Weland - Restoration &

FL1-02 i 1 3 1,106.0 N/A $18,000 $2,000 $20,000 $1,500 $1,129 $6,329
11 |Stormwater Reuse - Golf Course

FL53+FL53-2 |lIrrigation 1 193 8,340 17.3 $220,000 $2,000 $222,000 $3,000 $1,306 $6,043
12 Hilo Lane North Raingardens with

FL1-02 Pretreatment 3 27 1,664 0.8 $22,518 $3,000 $25,518 $1,125 $1,362 $4,419
13

FL1-01 Lakeside Woods - WQ swale meander|1 12 98 0.0 $10,000 $2,000 $12,000 $500 $1,417 $34,694
14

FL53+FL53-2 |IESF & Outlet Collector |2 238 828 0.0 $41,445 $250 $41,695 $1,000 $1,846 $12,487
15 Hilo Lane North Raingardens with

FL1-02 Pretreatment 5 3.1 1,802 1.0 $37,530 $3,000 $40,530 $1,875 $1,912 $6,579
16 Stormwater Wetland Pretreatment

FL1-03 Basins 13 35 1200 0.0 $33,500 $1,000 $34,500 $3,600 $2,014 $11,750
17 10th Ave SE - Depavement, split flow,

FL1-01 1 18 516 12 $29,150 $2,000 $31,150 $1,088 $2,335 $16,298
18 7th Street Dead End - Water Quality

FL1-01 Swale with it |1 11 308 0.6 $16,000 $2,000 $18,000 $2,025 $3,629 $24,838
19

FL1-01 Lakeside Woods - 3 raingardens 3 18 885 25 $45,036 $2,000 $47,036 $2,500 $4,002 $16,279

th Street Dead End - Water Quality

20 Swale (Bioswale) with Pretreatment &

FL1-01 routing 1 0.7 231 0.3 $21,000 $700 $21,700 $1,800 $5,365 $34,447
21 5th Street Dead End - Filter Strip with

FL1-01 Pretreatment/Level Spreader 1 0.4 115 0.1 $8,150 $500 $8,650 $1,250 $6,043 $36,783
22

FL1-02 Shoreline Buffers 25 33 720 0.8 $210,000 $1,000 $211,000 $10,000 $9,424 $86,389
23

FL1-02 Shoreline Buffers 75 9.8 2,160 23 $630,000 $3,000 $633,000 $30,000 $9,520 $86,389
24

FL1-02 Shoreline Buffers 50 6.5 1,440 16 $420,000 $2,000 $422,000 $20,000 $9,569 $86,389
25

FL1-01 Shoreline Buffers 180 19.8 4,446 5.0 $1,512,000 $4,500 $1,516,500 $72,000 $11,295 $100,607
26

FL1-01 Shoreline Buffers 120 132 2,964 3.4 $1,008,000 $3,500 $1,011,500 $48,000 $11,299 $100,641
27

FL1-01 Shoreline Buffers 60 6.6 1,482 17 $504,000 $2,500 $506,500 $24,000 $11,311 $100,742
28

FL1-03 Shoreline Buffers 90 4.1 614 12 $378,000 $2,000 $380,000 $22,500 $14,756 $197,068
29

FL1-03 Shoreline Buffers 270 12.2 1843 3.7 $1,134,000 $6,000 $1,140,000 $67,500 $14,877 $196,961
30

FL1-03 Shoreline Buffers 180 8.1 1229 25 $756,000 $4,000 $760,000 $45,000 $14,938 $196,908

indicates projects with overlapping drainage areas within a catchment; pollution

reduction is not accurate if both projects are installed.

indicates aggregating projects with benefit calculations estimated by available proj

locations and participation rates.
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Methods

Selection of Subwatershed

Many factors are considered when choosing which subwatersked to analyzefor stormwater retrofits.
Water qualty monitoring data, non-degradaton report modeing, and TMDL studies are just a few of
the resources availableto help determine whichwater bodiesare a priority. Sormwater retrofit analses
supported by a LocalGovenment Unit with sufficient capadty (staff, funding, available GIS datagetc.)
to greaterfaclitate the proessalso rank highly. For some communities a sbrmwater retrofit analysis
complementstheir MS4stormwater permit. Thefocusis alwaysn a highpriority waterbody.

For this andysk, areas draining to Moore Lakewere chosenfor study. Moore Lakeis a high priority
because it is classified asa Tier Il water body by the Rice Creek Watershed District and is usedregulaty
for recreatbn. Moore Lakewas adledto the9 t ! 3@Bgd) list ofimpairedwatersfor excessiutrientsin
2002. Yearsof water quality monitoring identified increasedevelstotal phosphorusand chiorophyll a
that exceeded state stardards.

Stomwater runoff from impervioussurfaceslike pavement and roofs can carrya
variety of pollutants. While stormwater treatment to removethese pollutantsis
adequate in some areaspther areaswere built before modern-day stormwater
treatmenttechnologiesand requirements or haveundersized

treatment devices.

Stormwater Ret rofit Analysis Methods

Theprocessusedfor this analysiss outlined in the following pagesand was modified from the Center
for WatershedProtectioy” Qéitban Sormwater Retwofit Practices, Manuals 2 and 3 (Stwueler, 2005,
2007). Localy relevant design condderations were also incorporated into the process(Minnesota
Stormwater Manud).

ForestLakeSouthSubwatershedRetrofit
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Step 1: Retrofit Scoping

Rerofit scopng includes determining the objedives ofthe retrofits (volumereduction, target pollutant,
etc.) and the level of treatment desired. It involves meeting with local stormwater managers, city staff
and watershed management orgaizaion membersto determine the issuesin the subwaershed. This
stepalso helpsto define preferredretrofit treatment optionsand retrofit performancecriteria. Inorder to
createamanageablereato analyze in largesubwatershed, afocusareamay be determined.

In this analyss, the focusareawasall areasthat drain to Eastand WestMoore Lakes.Included are areas of
residentid, commaercial, industrial, and insitutional land use. The subvatershedwas divided into 10
catchments usinga combination of existingsubwatershed nappingdata, stormwater infrastructure mays,
andobsewvedtopography.

The targeted pollutant for this study was total phosphors, thoughtotal suspended ®lids and volume
were also modeled and reported. Taal phosphorus (TP) was chosen as the primary target pollutant
because long term water quality monitoring has identified elevaed levelsin EastMoore Lake. Total
suspended solids (TSS)was also reported because many other pollutants, such as heavy metals, are
transported by these patrticles. Volume of stormwater was tracked throughout this study because it is
necessaryfor pollutant loading cakulationsand potential retrofit project condderatiors.

Step 2: Desktop Retrofit Analysis

The desktop analysisinvolves computer-based <anning of the subwateshed for potential retrofit

catchments and/or specificsites. Thisstep also idertifies areas that don® need to be analyzedbecause of
existingstormwater infrastructure or disconnetion from the target water body. Accuate GIS data are
extremely valuable in conducting the desktop retrofit analysis. Someof the most important GIS layers
include: 2-foot or finer topography, hydrology, soils, watershed/subwatershed boundaries, parcel
boundaries, hig-resolution aerial photography and the stormwater drainage infrastructure (with invert

elevatiors).

Desktop retrofit analysis features to look for and potential stormwat er retrofit proj ects.

Feature Potential Retrofit Project
Add storageand/ or improve water Add storage and/or improve watequality
Exiging Pords by e>_<cavating pond _bottom, modifying riser, raisingembankment, and/ or
modifying flow routing.
OpenSpace New regionaltreatment (pond, bioretention).
RoadwayCudverts Addwetland or extended detention water quality treatment upstream.
Outfalls Splitflowsor add storagebelow outfallsif open spaceis available.
Addor improve performanceof existingswales,ditchesand non-perennial
Conveyncesystem streams.

Large Impervious
Areas

Stormwater treatment on site or in nearby openspaces.

(campuses, _
commerdal, parking)

. Utilize right of way, roadsideditches,curb-cut rain gardens or filter sysems
Neightorhoods before water entersstorm drain network.
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Step 3: Retrofit Reconnaissancelnvestigation

After identifying potential retrofit sitesthroughthis desktopsearch, a field investigationwas conducted to
evalwate eachsite and identify additional opportunities. Duting the investation, the drainageareaand
stormwater infrastructure mappngdatawere verified. Site constaints were assessedto determine the
most feasible retrofit optionsaswell aseliminate sitesfrom considestion. Thefield investigation may
havealso revealedadditionalretrofit opportunities thatcould havegone unnoticed during the desktop
seach.

General list of stormwa ter BMPsconsidered for each catchment/site.

Area BestManacement

Treated Practice Potential Retrofit Project

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

features.
Wet Ponds Pemanent pool of standing water with new water
displacing pooledwater from previousevent.
§ Wetlands Depresson lessthan 1-meter deep and designedto
éu’ emulate wetland ecdogicalfunctions. Resdence timesof severaldaysto weeks.Best
= constructed off-line with low-flow bypass.
6
Bioretention Use of native soil, soil microbe and plant processesto
treat, evapotranspirate, and/or infilt rate stormwater runoff. Facilitiescan ether be
fully infiltrating, fully filtering or a combination thereof.
Filtering Filter runoff through engineered media and passit through
an under-drain. May consistof a combination of sand, soil, compost, peat,andiron.
Infiltration A trench or sump that is rock-filled with no outlet that
g recavesrunoff. Sormwater is passed throwh a conveyancerd pretreatment
&  system before enteringinfiltration area.
Lf_'.)_ Swales A seriesof vegetated, open channel practicesthat canbe
©  desioned to filter and/ or infilt rate runoff.
Other Onssite, souce-disconnect practicessuch asrain-leader

Disconnect rain gardens, rain barrels, green roofs, cisterns, stormwater
planters, dry wells, or permeablepavements.
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Step4: Treatment Analysis/Cost Estimates

Sitesmost likely to be conducive to addressing the citA San@watershed disrictQ §oals and appearto
have simple-to-moderatedesign,instalation, andmaintenance were chosenfor a cost/benefit analyss.
Estimded costs included design, installation, and mainterance annualizedacrossa 30-year period.
Estimded benefits included are pounds of phosphorus andtotal suspended slids removed, though
projeaswere rankedonly by cost per pound of phosphorusremovedannually.

Treatment analysis
Each proposed projecii (péllutant removalswere estimaed using the stormwater madel WinSIAMM.
WinSIAMM usesan abundanceof stormwater data from the upper Midwest andelsewhee to quantify
runoff volumes and pollutant loads from urban areas. It is useful for determining the effedivenessof
proposed stormwater control practices. It has detailed accaunting of pollutant loading from various
land uses, and allows the user to build a model &/ R & O lthhtI3eflects the actual landscape being
consideral. Theuseris allowedto place a variety of stormwater treatment practicesthat treat water
from various parts of this landscape. It

uses rainfall and temperature data from a

typical year, routing stormwater through the i L l ;
user®@ modelfor eachstorm. : PP/

\‘x\ -P ' ot o e e
practices, wasusedfor this andysis beause ‘
of the unique comectivity anongst the : -
catchments idertified in the focus area ) o '\i_w -
under invesigation. ™ ]

/-

Thenewestversion of WinSLMM (version
10), which allows routing of multiple
catchments and stormwater treatment

Theinitial stepwasto createa dbasS &
model which estimated pollutant loading
from eachcatchmentin its presert-daystate WINSLAMM model schematic for the

without takinginto considestion anyexisting  existing and proposed conditions of th s\\- )

stormwater treatmen. To acarately model FL53+FL532 Network.

the land usesin each catchment, we

delineated eachland usein each catchnent

using geograpicinformation systems (specifically, ArcMap), and assignedeacha WinSLMM standardiand
use file. Asite specifidand use file was creatduly adjusting total acreageand accouting for localsoil types
(all soils were modeled assilt in this analysis). Thisprocessresultedin a modelthat included estimatesof
the acreagef each type okourcearea(roof, road,lawn, etc.) in each cachment. Forcertain source areas
criticalto our modelswe verified that modelestimates wereacawrate by calcudting actual acreagesn
ArcMap,and adjusting the model acreagesf needed.

 —

Orce the & @ Sraodel was established,an @ S Eng @ # ¥ R A indd@l yias éreated by incorporating
any exising stormwater treatment practicesin the catchment.  For exanple, street cleaning with
mechanical or vacuum street sweepers, rain gardens, stormwater treatment ponds, and others were
includedinthe & S E A coniditiofs8imodelif theywere presant in the cat.chment.
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Finally, each proposed stormwater treatment practice was addedto the dexisting conditionst model and
pollutant reductions were generded. Becauseneither a detailed desn of each practice nor in-depth
site invesigation wascompleted, a generalizeddedsgn for each practice wasused. Whenever possible,
site-specifc 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,eeciallyif sewving the same area. Reprted treatment levelsare dependentupon
optimal site selection andsizing.

WIinSLAMM stor mwater computer model inputs

Parameter File/Method

Land useaceage ArcMap

Flow/Routing Municipal Stormsewer data (available only for F1Q1
-Incomplete

Preciptation/ Temperature Minneapolis 1959 ¢ the rainfall year that best approximates a

Data typical year.

Winter season Includedin model. Winter datesare 11-4to 3-13.

Pollutant probability WI_GEOODpd

distribution

Runoffcoefficientfile WI_9.06Dec06.rsv

Particulate solids WI_AVGQ.psc

concentration file

Particle residue delivery WI_DLVOl.pr

file

Street delivery files Wi files for eachland use.

CostEstimates

Allestimatesweredevelopedusing2013dollars. Costestimateswere annualized
costs that incorporated design,instalation, installation oversight, and mainterance over a 10-year
period. In cases wherepromotion to landownersis important, such as rain gamdens, those costswere
includedaswell. In cases where multiple, similar projeds are proposed in the same locality,
promotion and administratbn costswere estimatd using a non-linear relationship that accounted for
savings with scale. Design assistance flom an engineer is assumed for practicesin-line with the
stormwater convewncesystem,involving complex stormwater treatment interactions,or posing a risk for
upstream fboding. It should be understood that no site-specific construction investgationswere done as
part of this stormwater retrofit analyss, and therefore cost estimates accaint for only general site

considestions.
. . . : $/lb

The costsassociated wth several different pollution

. $1,200
reduction le\els were calcubted. Generally, more or T $1000
larger practices tesult in greater pollution removal. £ 5800 /l
Howeverthe costs of obtaining the highest levels 2 iigg =
of treatment are often prohibitively expensive(see S 500 —_—
figure). Bycomparhg costsof different treatment 8 S+
levels, the cities and watershed distict can best 8 0 10 20 30 40 50 60 70 80 S0 100
choosethe projectsizingthat meetstheir goals. TreatmentLevel (% TP removed)
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Step 5: Evaluation and Ranking
Thecostper pound of phosphorus treatedwascalculded for eachpotential retrofit projed. Only projeds

that seamed redistic and feasible were considered. The recommended level was the level of treatment
that would yield the greatest benefit per dollar spent whilebeingconsideredeasible andnot falling belowa
minimal amount needed tojustify crew mobilizaton and outreach efforts. Localofficials maywishto revise
the recommerdedlevelbasedon water qualty goals, finances, or public opinion.
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Appendix B:
How to Read Catchment Profiles
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Appendix B ¢ Howto ReadCatchmentProfiles

Catchment Profiles and How to Read Them
Theanalysisontainspagesreferredto asd / | rieft RroF A f Théseprofilesprovidethe most
important detailsof this report, includng:
1 Summaryof existing conditions, including exising stormwater infrastructure, and estimated
pollutantexport to Moore Lake
1 Map of the catchment
1 Recommendedstormwater retrofits, pollutant reductions,and costs.

Followingall of the catchmentprofiles(alsoin the executivesummary)is a ammarytable that ranksall
projedsin all catchmentsby cost effectivenes.

Tosave space andawid beingrepetitive, explanationsof the catchment profiles are provided below.
We stronglyrecommendreviewingthis sectionbefore movingforwardin the report.

Theanalyse®f eachcachmentare brokeninto & osé, existing,and propod S Boéiditions.
Theyare definedasfollows:

Baseconditions- Volumeand pollutantloadingsfrom the catchment landscape withouany

stormwater practices.

Exsting condtions-Volumeand pollutantloadingsafter already-exising stormwater
practicesaretakeninto account.

Proposed conditions- Volumeand pollutantloadingsafter proposed stormwaterretrofits.

Analyseswere performed at one of two geographicscales @ O hnie@tor netw2 NJ Tdeyare definedas
follows:

Catchmentlevelanalyses Volumeand pollutantloadsexiting the catchmentat the catchment boundary.
Theremaybe other stormwater practicesexisingor proposedfarther downstream, but this analysis
ignoresthem.

Theexanple catchmentprofile on the followingpagesexpainsimportant features of each profile.

Forest Lake SoutBormwater Rerofit
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EXAMPLE Catchment A

. CA CA

Acres 58.90 f
Anoka County

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

ExampleCatchment is primarily comprised of
medium- density,single-familyresidential devebLJY S y" (i X

EXISINGSTORMWATERREATMINT
Exsting stormwater treatment practices within Example | CJous
Catchment consit of street cleaning with a mechanial | = camem e

sweeperin the spring and fall and a networkof stomwater o o=
treatmentpoy R & X

CatchmentID banne.

Volumeand pollutants generagd from
this catchment underexisting conditions,
and exludesexisting network-wide
treatmentpractices

Catchmentlocatormap.

Forest Lake SoutBormwater Rerofit
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Catchment SoecificExsting Conditians

Wy

Cdachment-levelanalysisof

exiging 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 cleaning, starmwater pond

Volumeof water and poundsof
pollutantsgeneratedfrom the
catchnment without any stormwater
managenent practices(base
conditiors).

Pollutantsand volumeexiting
the catchment after existing
practices.

Percentreductionshy existing

practices.

Pollutantsand volumeremovedby
existingstormwater management
practices(existingcondtions).

Forest Lake SoutBormwater Rerofit
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F¥=% Iron Enhanced Sand Filter
@  WetDetention Pond
=== New Piping to Detention Pond

BR = Bioretention (Rain Garden)

®  Catch Basin
Storm Sewer Line

N
Feet A

A Outfal 0 50 1000 2.000

Wy

Map shows catchmentboundaries,
stormwater infrastructure, and the
locationsof proposed stormwater
retrofits.

Proposed stormwaterretrofits. The

RETROFREOMMENDATIONS

Project ID LCC1 Residetia | w D @ &ub-CutRainGarden Netwak

projectIDnumbercorregpondsto
this projecii @aichment and
projecttype.

Drainage Areac 33.7acres
Locationg 5 locationsthroughoutresidential area
Property Ownershipg Private

Description¢ Theresidertial land coverwithin this catchmentis best suited to residential,curb-cut rain
gardens(see Appendix Bfor designoptions). Sevenoptimal rain gardenlocatons wereidentified (see
map below). Generally, ideal curb-cut rain garden locations are immediatdy up-gradient of a cafch
basin sewing a large drainagearea. Conddering typical land owner participation rates we analyzed
multiple quantity sets of raingardens (and shoreline restorations) within our study. Vodunaeollutant
reductions resultingrom the rain gardeninstallationsare highlighted in the tablesbelow.

Forest Lake SoutBlormwater Rerofit



EXAMPLECa@chment Spedic Cost/Benefit Analysis

Volumeor pollutantremoval

”WIJM
ey, L

this project will achieve. i
N _ i
Threea f e @féhis project are Pollutant remaal
compared:6, 9, or 12raingardens, br achevedby this
example. project.
. . ‘
Cost/Benefit Analysis
54 39% 6.8 43% 7.7 46%
1,684 41% 2,127 45% 2,408 48%
4.2 33% 54 38% 6.1 41%
6 9 12
1,500 sqft 2,250 sqft 3,000 sqft
Complex Complex Complex
Bioretention Bioretention Bioretention
$27,210 $40,710 , $54,210
$2,450 $2,870 $3,290
$29,660 $43,580 / $57,500
$450 $675 $900
$855 $1,000/ / $1,170
$266 $317 /  $364 ‘

Projectinstalation cost estimation.

_/

Cost effedivenessat
suspendedsolidsremoval.
Theproject costis divided by

suspendedsolidsremoval in tons
(10yrs). Includes operations
andmainterance overthe
project contractife (10years).

Cost effedivenessat phosphorus
removal. The projectcostis

dividedby phosplorusremoval in
pounds(10yrs). Includes
operationsand mainteranceover
the projectlife (10 yearsunless
otherwisenoted).

of variousprojectd f S @hS

fheserowsfor TP
( 2°row
from bottom) or TSbottom

row) removal. Comparecost
effectivenessnumbers
betweenprojedsto
determinethe bestvalue.

Conpare cost effectiveness |
face¢
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EXAMPLENetwork-Wide Cos/Benefit Analysis

Project ID

Cost/Benefit 6 Rain Gardens 9 Rain Gardens
Analysis

New trtmt

TP (Ib/yr)

TSS (Ib/yr)

Volume (acre-feet/yr)
Number of BMP's

2,250 sqft 3,000 sqft

BMP Size/Description 1,500 sqft

Complex Complex Complex
e Bioretention Bioretention Bioretention
Materials/Labor/Design $27,210 $40,710 $54,210
Promotion & Admin
Costs $2,450 $2,870 $3,290
Total Project Cost $29,660 $43,580 $57,500
Annual O&M $450 $675 $900
Term Cost/2,0001b-TSS/yr $855 $1,000 $1,170
Term Cost/Ib-TP/yr . $266 $363 $414

Thistable isthe same asthe previous catchnent-leveltable,exceptit examines thecosts and
benefits of proposed sbrmwaterretrofits at the network level.
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IntentionallyBlank
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Appendix C: Retrofit Concept Designs for Top Projects
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IESF &
Pretreatment
Outlet
Collector
See Next
Sheet

Irrigation Reuse
Source

Minimum Ponding

L B
Irrigation Resuse Lines

T~ s

%)

J

L9415t
¥ Maihtenance

Washington Conservation District

Stormwater Reuse
rormwater Pond Maintenanc

KEY TO FEATURES

REUSE - PROJECT DESIGN NOTES

Area of Golf Course Draining to Reuse Project:
49.0 acres

- 3.0’ Drawdown Capacity
- Pond Footprint = 17,000 sqft

POND MAINTENANCE NOTES

Pond Drainage Area: 11.85 acres

Map Prepared By:

in = 250ft ¢ L2 = SO

Drawn: AJS 07/31/2013

'CLFLWD Watershed District

Original Map Size = 11" x 17"
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KEY TO FEATURES

New Pipe and
Structure

{Flow Splitter)

Pretreatment Area 1
(Flow Splitter)

Existing Drainage Ditch

feqetatefor pretreatment)

Map Prepared By:

Existing Wetlands

(Degraded)
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