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Executive Summary
Blue Lakendits surrounding subwatershearelocated withinboth Isanti County and Sherburne County,

Minnesota This study provides recommendations for cost effectively improving treatmestbafwater

from areas drainingdirectlyto Blue Lakéconsidered urbamandthose outside of the direct drainage area
(considered rural). The lake itself and the subwatershedsaining directly to the lake are located in
Stanford and Spencer Brook Townships within Isanti County. The Rural subwatershed covers areas in
Spencer Brook and Stanford Township in Isanti County and also Baldwin and Livonia Townships in
Sherburne CountyThis report provides sufficient detail to identify projects, rank projects by cost
effectiveness at removing phosphorus and begin project planning. It includes project concepts and
relative cost estimates for project selection. Site specific planmiaegigns and refined cost estimates
should be done after committed partnerships for project installation are in place.

At 251 acresBlue Lake,the seventhlargest lakein the county is usedregularly for recreation such as
boating, swimming and fishing The land directly surrounding Blue Lakes 73% developed 5%
undevelopedandprivately owned forested landnd20% lowland marsbr wetland. Blue Laksitsat the
GKNBAK2fR F2N) 6SAy3 RSaAayrdSR & aA YdslforertBsR e T2 NJ
nutrients. Recent water quality monitoring data has depicted total phosphorus lesseteeding the
Minnesota clean water goals for deep lakgsss than 4Qug/L) by 16% in 2015 and% in 2016The
lakeshore homeowners have formed a lake immment district to organize and fund aquatic invasive
species treatment and water quality improvement efforRecent efforts to help understand lake trends
include surface water monitoring footal phosphorus andbtal suspendedolidsin both bays ofhe lake
and four tributary inlets Other variables being monitored includetho-phosphorusPH, temperature,
dissolved oxygergonductivity, flow and stage

ThisstormwateranalysisF 2 O dzi §amwaitgrtNB (0 N2 F A { (0 A yraects ongoR efdelivghpss y 3
Stormwaterretrofitting refers to addingstormwater treatment to an already developedreaor areas
being used for productionThis process is investigative and creati&ormwaterretrofitting success is
sometimes improperly judged by theumber of projects installed or by comparing costs alone. Those
approaches neglect to consider how much pollution is removed per dollar spent. Istdhiswater
analysiswe estimated both costs and pollutant reductions and used them to calculate tfestieeness

of each possible project.

The 412 acreurban watershed waddelineated using available GIS subwatersh&@drmation, on site
analysisand maps ostormwaterconveyance features. Thoaeeas were then divided into niremaller
stormwaterdrainage areas, or catchment$Vithin eightof the nine catchments,smaller sukcatchments
were identified to benefit from implemeing best management practices-or eachsub-catchment,
modeling ofstormwater volume and pollutants was completed using the software WinSLAMM.Vl

Base and existing conditions were modeled, including existorghwatertreatment practices.The (o

catchment not addressed in this document (catchment@)siss of some low density resiagial /g
but mostly marshyindeveloped landincorporating that informationalong withcomputer analysis A N

~
3

and site investigation, areas of concern were not identifiethat catchment CLEAN
WATER
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The6,788 acreural watershedwasdelineatedthrough theuse of NRCBngineering ToolsPriority zones

were determinedusingChisago SWCD proto¢Blural Subwatershed Analysis Protocol ParTargeting.

Once priority zones were established, these were focused upoBdst Management Practic&P
implementation throwgh a desktop search using various GIS tools and areal imagery. Field verifications
were made when possible, however limited access to private property lots hindered verification in most
cases.Zone four identified no beneficial BMPs therefore it is nddi@ssed in this Report. Zone four can

be readdressed in the future track any landscape change$he Chisago SWCD "Rural Subwatershed
Analysis Protocol Part-Zrioritizing" was utilized to direct BMP site selection and modeling.

Potential urban andrural stormwater retrofits identified during this analysis were then modeled to
estimate reductions in volume, total phosphorus, and total suspended solidslly-cost estimates were
developed for each retrofit project, includirig-30 years of operations and maintenance. Projects were
ranked by cost effectiveness with respect to their reduction of total phosphorus.

A variety ofstormwaterretrofit approaches were identified. They included:
1 Maintenance of, or alterations to, estingstormwatertreatment practices,

Residential curieut raingarders,

Diverting water tocatch basis,

Residential shoreline bioengineering

Hillside and gully erosion restorati@md stabilization

Iron enhanced sand filtfESFand sediment pond

Stormdrainsedimentcatch basis,

Water and sediment control basins,

Grassed waterways,

Permanent vegetation,

Improved infiltration,

Small farm runoff reduction,

=A =4 =4 4 -4 -4 -4 -4 -4 A -4 -4

Wetland restoration.

If a project is selected, sH&pecific designs must be prepardd. addition, many of the propsed retofits

(e.g. IESF and Sediment Ppmdll require engineered plan sets if selectethis typically occurs after
committed partnerships are formed to install the project. Committed partnerships must include willing
landowrers when installed on private propertyh § KSNJ FIF O 2N&E>X Ay Of dzZRAyY 3
valuelvisibility, construction timing, total cost, or neéarget pollutant reduction also affect project

installation decisions and will need to be weighed by reseunanagers when selecting projects to v
pursue. &\
/
This document will be modified to include updates as needed. / 11
N
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Retrofit Ranking
Thetables on the next pages summarize potential projects organized from most cost effective to least,

based on cost per pound of total phosphorus removed. Reported treatment levels are dependent upon
optimal siting and sizing. More detail about each projt be found in the catchment profile pages of
this report. Projects that were deemed unfeasible due to prohibitive size, number, or were too expensive
to justify installation are not included in the tables on the next pages.

Installing all of these prefts is unlikely due to funding limitation and landowner interest. Instead, it is
recommended that projects be installed order of costeffectiveness (points of pollutioreducedper

dollar spent). Other factors, including a projects educational vafisdility, construction timing, total

cost, focusing on upstream projects that benefit all lakes, or-tanget pollutant reduction also affect
project installation decisions and will need to be weighted by resource managers when selecting projects.

Urban retrofit projects are ranked against projects in the direct watershed (urpeojectsonly and the
rural retrofit projects are ranked against theral watershed projects only.
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Table 2: Rural Project Ranking (contemithrough page 14)
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About this Document

ThisStormwater Retrofit Analysigs a watershed management tool to help priorit&t®@rmwater retrofit
projects by performance and cost effectiveness. This process helps maximize the value of each dollar
spent.

¢CKA&d R20dz2yYSyid LINB&Sy(ada (KSwpAYRAYy3Ia 2F .tdS [180Q

UrbanCatchments

This report covers subwatersheds (catchmentgaeent to and directly draining to the lake.
These areas are largely budltit residential. Modeling of each project was done with
WInSLAMMThis section wasompleted by the Isanti Soil and Water Conservation District.

Rural Catchments

This coverstte subwatersheds (priority zones) not adjacent to or directly draining to the lake.

¢CKS /KAAlIT2 {2/5 LINRPG202t awdzNIti NE&ialy@BENBK &R d
to highlight the areas with the highest potential for contributing sediment anttients to Blue

Lake This section was completed by the Sherburne Soil and Water Conservation District.

Document Organizaon
This document is organized into threeajor sectiongplusreferences Each section lariefly described
below.

Methods

Themethods section outlines gendrprocedures used when analyzitige watershed. It
overviews the processes of retrofit scoping, desktop analysis, retrofit reconnaissance
investigation, cost/treatment analysiand project ranking.

Catchment Profiles

TheBlue Lakewatershedwas divided intestormwatercatchmentsfor the urban analysis and
priority zones for the rural analysi€ach catchmerdaind priority zonevas given a unique ID
number. For each catchment, the following information is detailed:

Catchment Description

Within each catchment profiles a table that summarizes basic catchment information
including acresandland cover A brief description of the land covetprmwater
infrastructure and any other important general information is also dédsed. Existing
stormwaterpractices are noted, and their estimated effectiveness presented.

Retrofit Recommendation s

The recommendation section describes the conceptual retrotit@l) were scrutinized.It
includes tables outlining the estimated pollutalemovals by each, as well as costs. A
map provides promising locations for each retrofit approach.

Retrofit Ranking v
This section rankstormwaterretrofit projects across afielectedcatchments to create a ©
/
N

prioritized project list. The list is sorted loost pempound of total phosphorugemoved /
for each project The final cost per pound treatment value includes installation and g
maintenance costsThe Urban practices are ranked against practices in the urban area”" [, E A

oSS
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=
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and the rural practices are ranked dgst the practices in the rural aredhere were three
wetland restorations and one manure management practices identified but not ranked.

There are many possible ways to prioritize projects, and the list provideds reportis merely
a starting point. Other considerations for prioritizingstallation may include:

1 Nontarget pollutant reductions

Timing projects to occur with other road or utility work
Project visibility

Availability of funding

Total project costs

Educationavalue

Landowner willingness

=A =4 =4 -4 -4 -

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

Appendices
This section provides supplemental information and/or data used at various point along the
assessment protocol
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Methods:
Selection of Subwatershed

Many factors are considered when choosing which subwatershed to assesterfawaterretrofits, but
always focus on the drainage to an important lake, river, or stream. Water quality monitoring data, non
degradation report modeling, and TMDL studies are just a few of the resources avtildiglp

determine which watebodies are a priority. Assessmegrsupported by a Local Government Unit with
sufficient capacity (staff, funding, available GIS data, etc.) to greater facilitate the assessment also rank
highly. The focus is alwapn a high priority waterbody.

Urban Subwatershed Selection

This assessnme includes the area of land draining directly to Blue Lakeseareas werechosen

because its proximity to the lake translates into direct water quality impacts, it is the area of densest
development in the watershed, has little or stormwatertreatment and because nedake
fryR2gYySNAR NS 2F4Sy Y2al @SadSR Ay (GKS tF1SQa
covers this area and is a valuable partner for installing projects.

Rural Subwatershed Selection

This assessment includes the acgdand draining to stream networks that eventually drain into Blue
Lake. NRCS tools were used to identify subwatersaied Chisago SWCD targeting protocol was
utilized to identify subwatersheds that had the highest potential for pollutant loading.

Targeted pollutants for this study were total phosphorus and total suspended solids. Total phosphorus
is a nutrient commonly associated withral stormwaterthat causes excessive algae production and low
oxygen l@els in lakes and riversTotal suspened solids was also chosen as a target pollutant because

it is also commonly associated witormwaterand causes turbidity in lakes and rivers. Suspended
solids are also important because many other pollutants, such as phospbrdneavy metalsare

attached to the particles.

Subwatershed Assessment Methods

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 vaital land use managers and lake
improvement district 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 asss in large subwatersheds, a focus area may be determined.

Step 2: Desktop Retrofit Analysis
The desktop analysis involves compdt@sed scanning of the subwatershed for potential retrofit
catchments and/or specific sites. This step also identifistad G K & R2y Qi Yy SSR
of existingstormwaterinfragructure or current land uses Accurate GIS dataggtremely valuable Vl
in conducting the desktop retrofit analysis. Some of the most important GIS layers incliodé: 2

or finer topography, hydrology, soils, watershed/subwatershed boundaries, parcel boundarle
high-resolution aerial photography and ttstorm drainage infrastructure (with invert elevations).
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Step 3: Retrofit Reconnaissance Field Investigation

After identifying potemial retrofit sites through the desktop search, a field investigation was conducted
to evaluate each site and identify additional opportunities. During the investigation, the drainage area
andstormwaterinfrastructure mapping data were verified. Sitenstraints were assessed to determine

the most feasible retrofit options as well as eliminate sites from consideration. The field investigation
may have revealed additional retrofit opportunities that went unnoticed during the desktop search.

In additionto car and foot based field investigation, a survey of the lakeshore was completed for Blue
Lake by boat. This allowed staff to documstirmwateroutfalls, inventory the shoreline condition and
see potential project locations from a different perspeetiv

Step 4: Treatment Analysis/Cost Estimates

Sites most likely to be conducive to addressing the pollutant reduction goals and appearing to have
feasible design, installation, and maintenance were chosen for a cost/benefit analysis. Estimated costs
included design, installation, and maintenance aalired across the anticipated project lifespan-gD

yrs). 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

Urban Catchments

For each potential project pollutant removal estimates were obtained usie@dWSHRollution

Reduction Estimatoandthe stormwatermodel WinSLAMM. WinSLAMM uses an abundance of
stormwaterdata from the upper Midwest and elsewhere to quantify runoff volumes and pollutant loads

from urban areas. It is useful for determining the effectiveness of propstethwatercontrol

practices. It has detailed accounting of pollutant loading fromousriand uses, and allows the user to

0dZAf R I Y2RSt aflyRaoOlI IS¢ GKFEG NBFESOGa GKS + Ol dz
place a variety oftormwatertreatment practices that treat water from various parts of this landscape.

It uses ainfall and temperature data from a typical year, routsigrmwateri K N2 dzZ3 K ( KS dza SN a
for each stormlnformation needed for the model included soil type, soil volume voided per year,

number of years to form gully, distance to receiving surfaceswaegetation present and condition of

the gully. The output data gives an estimate of how much sediment is being lost in that area.

I aolasSe¢ Y2RSt 4| ated @olBantildading Hokh As@ectedGbiaichnyehs in its

presentday state. Taccurately model the land uses in each catchment, we delineated each land use in
eachsub-catchmentusing ArcGIS, and assigned each a WinSLAMM standard land use file. A site specific

land use file was created by adjusting total acreage and convertingitd Yy R¢ a2 Afa G2 I 002 dz
soils in the study area. This process resulted in a model that included estimates of the acreage of each

type of source area (roof, road, lawn, etc.) in eaah-catchment For certain source areas critical to our

models we verified that model estimates were accurate by measuring actual acreages in ArcGIS and
adjusting the model acreages if needed.

3 |

“f%

w»
¢

hyOS GKS aolaSé¢ Y2RSt sorindatefrbdBrient fatice vias ddded toIN
the model and pollutanteductions were generated. Because neither a detailed design of eac
practice nor indepth site investigation was completed, a generalized design for each practice'w
used. Whenever possible, sépecific parameters were included. Design parametersewe X
modified to obtain various levels of treatment. It is worth noting that we modeled each pracﬁI:é I‘T/}:
l AND
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individually, and the benefits of projects may not be additive, especially if serving the same area. Reported
treatment levels are dependent upon optimsite selection and sizing.

Rural Catchments:

Rural catchment analyses were completed in a similar fashion to the urban catchment process.
Following watershed delineation, the Chisago Soil and Water Conservation Service Rural Targeting
Protocol was utilize to determine high priority locations within the watershed (Chisago SYWRibal
Subwatershed Analysis Protocol Pag Targeting). This process uses numerous factors included in the
Revised Universal Soil Loss Equation (rainfall erosivity, soil tgpdase, topography) to determine

which areas are morsusceptible to soil losCatchments were delineated through the Natural

Resource Conservation Service Engine€foajd { LI GALE AYF2NNVIGA2Y 61 & SEI
ArcGIS package, using the Tdigg protocol as guidance. Nine priority zones were identified through

this process. One zone (7) was quite expansive in size and separated by a major road. As a result, this
zone was separated into two stwnes (7a and 7b) for subsequent analysis.

The NRCEngineerindroolwas utilized to determine catchments within each of the nine priority zones.
Additional information such as average slopes and concentrated flow paths were determined through

theTooll & ¢St f @ C2ft2Ay3a OFGOKYSYl RSOSNNAWIGAZ2YS [/
Prioritizing) was followed to determine potential rural BMP projects and to model potential pollutant

reductions. Again, these projects would be located withmnine Priority Zones determined through

the Targeting exercise as these areas hold the greatest potential for soil and nutrient export. A desktop
analysis was completed using a variety of tools includargalphotography, topography, soils, etc. to

determine potential BMP or management practice options within the nine zones. These potential BMPs

were spatially located on maps and field verified where possible within the Blue Lake Watershed.

{AYAELFNI G2 GKS daNB Iy Ol (i OdevdbtgfiinetBréubiusedRUSLED I 8 S¢ O
software. All fields were assumed to utilize a corn / soybean rotation (RUSLE setting Corn FC Disk Fld
CultSoybeans FC Disk FId Cult) and contouring was assumed at a middle value for the absolute row

grade. Fielde L2 NIi SadAYl GSa 6SNB Ayldzi (G2 GKS . 2FNR 27F 2
Reduction Estimator spreadsheet to determine the level of phosphorus and sediment reduction on

given BMP practice. Tablad&plays the most common BMPs selected faoiiRy Zone catchments and

the modeling procedures that were utilized for each one. Note that nutrient management is currently

believed to be utilized by all agricultural operators in the watershed so this was not am aptiuded

in this study.

|
Funding provided in part by the Clean Water Fund of the Clean Water, Land, and Legacy Amendment |
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Table 3 Rural catchment BMPS and modeling programs for Blue Lake Subwatershed Assessment.

Parameter / BMP Model
WASCOB / Grassed waterway BWSR SpreadsheeGully
Filter Strip BWSR Spreadsheefilter Strip; RUSLE2
Gully Stabilization BWSRSpreadsheet Gully
Permanent vegetation BWSR SpreadsheefSheet and Rill, RUSLE2

Lakeshore Erosion and Runoff Pollutant Estimation
WinSLAMM modeling alone could not accurately estimate pollutants generated from eroding lakeshore,

nor the pollutantreduction that may occur by installing a project. To estimate lakeshore pollutants, we
used a twaestep process that accounted for (1) overland flow from lakeshore backyards plus (2) the
eroding lakeshore face.

1. Overland Flow We used WinSLAMM to estimafmllutant generation from the backyards of
lakeshore homes. We created a custom WIinSLAMM standard tnthat replicated typical
high priority Blugd I { SAK2NB LINPLISNIASas AyOfdzZRAYy3I KIFIEF 27
landscaping. In our base model thenoff from these surfaces flowed over sandy backyard soils
to the lake. In our proposed project models the runoff was directed through a vegetated swale
Fd GKS g dSNRa SR3ISO

2. Eroding Lakeshoreace- We used a modified version of the Wisconsin NRCS rsibazak
erosion method to calculate sediment loss from the lakeshore face, and then calculated
phosphorus in that sediment using the MN Board of Water and Soil Resources (BWSR) water
erosion pollutant calculator for streams and ditches. Assumptions fONRES b erosion
method included a 1t tall eroding face with dateral recession rate of Ofeet/year (moderate
erosion). The bulk density of the eroded material was assumed to be 100 Ibs per cubic foot, the
NRCS published value for sandy loam. ¥iielded an estimation of pounds of eroded material
lost per year. The phosphorus content of that material was calculated based on a conversion
factor of one pound of phosphorus per 1,481 pounds of soil, as derived from the BWSR erosion
calculator.

We caegorized candidate lakeshore restoratid@mt 10 S& | & SAGKSNI af 26 LINR 2 NR (@& ¢
priority® £ a S R A daMdidatdeRvexe\sies that lacked a vegetated buffer at least 5 feet deep from

the lakeshore and had active instability/erosiadigh priority sites additionally had overland flow

concentrations converging at the site and would be especially well suited to a vegetated buffer to filter

that water. Low priority sites consisted of existing buffer of Amative plants and potentiabf

shoreline erosion based on the surrounding landscapaths of concentrated flow were Vl !“
determined using the NRCS TerrAimalysis @ols for GIS, with LIDAR data. & /ﬁ
Al
CLEAN
W AJI" E
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Urban Catchments:
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Cost estimates were annualized costs that incorporated design, installation, installation oversight, and
maintenance over a 39Qear period. In cases where promotion to landowners is important, such as

raingarders and lakeshore restorations, those costgevimcluded as wellDesign assistance from an

engineer is assumed for practicedlime with

the stormwaterconveyance system, involving
complexstormwatertreatment interactions,

or posing a risk for upstream flooding. It
should be understood that ndte-specific
construction investigations were done as part
of thisstormwaterassessment, and therefore
cost estimates account for only general site
considerations.

The costs associated with several different

pollution reduction levels were calculated in

$1,200
$1,000

Cost (30-yr annual term)

$/lb

$800

S600
5400

$200

S0 .
0

10 20 30 40 50 60 70 80 90 100

Treatment Level (% TP removed)

certain cases. Generally, more or larger

practices result in greater pollution removal. However the costs of obtaining the highest levels of
treatment are often profbitively expensive By comparing costs of different treatment levels, the
project parners can best choose the project sizing that meets their goals

Rural Catchments:

Cost estimates were annualized costs that incorporated installation costs, contracted annual
maintenance, yearly operation and maintenance over a 10 year period, designacabsinstallation
oversight. The cost of the project is largely dependent on the size and complexity, so these estimates
were determined to be miglange expectations for the associated project types. Like the urban
practices, it should be understood thdetailed site specific construction investigations wact done
as part of this assessment and therefore cost estimates account for only general site consideration.

Table 4 Rural BMP practices and estimated costs.

Initial Installation Cost Cor.nracted annual 0 & M Term Design Cos Instgllation Total Instgllation Cost
BMP ($/Unit) maintenance cost (Years) ($70hn) Oversight Cost (Including 1 year
($/unit) ($70/hr) maintenance)

Grassed waterway (1,000 ft) $4.00 $0.25 10 $1,120.00 $560.00 $5,930.00
WASCOB (0-10 acres drainage area) $8,438.00 $100.00 10 $843.80 $421.90 $9,803.70
WASCOB (10-20 acres drainage area) $11,250.00 $150.00 10 $1,125.00 $562.50 $13,087.50
WASCOB (20-40 acres drainage area) $16,875.00 $200.00 10 $1,687.50 $843.75 $19,606.25
Filter strip (10 acres) $500.00 $10.00 10 $1,120.00 $560.00 $6,780.00
Nutrient Mgmt (10 acres) $11.00 $0.00 10 $560.00 $280.00 $950.00

Wetland Creation (10 acres) $7,000.00 $45.00 10 $2,800.00  $1,400.00 $74,650.00
Wetland Restoration (10 acres) $3,000.00 $45.00 10 $2,800.00 $1,400.00 $34,650.00
Permanent Vegetation (10 acre) $400.00 $80.00 10 $1,120.00 $500.00 $6,110.00

*Cost estimates taken from Chisago SWCD report (Chisago Lakes Chain of Lakes Watershed SWA, North Center Lake Subwatershed report, 2014) exc

Permanent Vegetation (Sherburne SWCD estimate).
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Evaluation and Ranking

The cosper pound of phosphius treated was calculated f@otential retrofit projecs, and projects

were ranked by this cost effectiveness measure. Only projects that seem realistic and feasible were
considered. The recommended level was the level of treatrttettwould 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 watequality goals, finances or public opinion.




Catchment Protileg Urban Catchments
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Urban Watershed and Catchment€Catchment 8 is not addressed in this report CLEAN
due to the lack of identified potential BMPs. V\/’\AN’II")EE
Funding provided in part by the Clean Water Fund of the Clean Water, Land, and Legacy Amendment LEGACY
































































































































































































































































































































































































