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1.0Scope of Plan

To protect and enhance the long term health of Crooked Lake, Coon Creek Watershed District
(CCWD) has advocated for long range comprshanplanning. The first step in this process

was the development of the 2008 Crooked Lake Comprehensive Lake Managementtdant.
two maingoak this plan wago understand the water quality condition of Crooked Lake and to
alsodevelop strategies fahe protection and enhancement of water quality.

Successfuldke management requires a strong commitment to adaptive management. This
management strategy is critical because lake conditions are not static and often times, problems
threatening lake hedltare not completely understood. Qestfacilitatethe adaptive

management strategg thorough assessment of lake health trends, implications, and
management needs is periodically conducted. This document serves as an update to the original
plan and wli focus on current issues facing Crooked Lake e management strategies from
20142018.

Two primary goals of this Plan are:
1. Identify and evaluattake health trends
2. Develop strategies for the protection and enhancement of Crooked Lake



2.0 ldentifi cation

Crooked Lake is located in the south central portion of Anoka County, split between the Cities of
Andover to the north and Coon Rapids to the sdtitu¢el). It is wholly contained within the

Coon Creek Watershed Districtchdesignated as Public Water-82P by the Minnesota

Department of Natural Resources.

Crooked Lake is a small 118 lake, elongated on a +satith orientation. It is relatively shallow
with an average depth of 9 feet with littoral zone comprising 73#teofotal lake area. The
watershed of the lake is situated in a largely residential area where land use is dominated by
single family homes. Detailed characterizations of the Crooked Lake watershed and the lake
itself were completed in 2008 as part o thitial comprehensive lake managemenhg@ad can

be found in Appendix C
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Figure 1. Location Map



3.0 Lake Trends and Implications

3.1 Aguatic Invasive SpeciefAlS)

Background

Eurasian Watermilfoil and Cudleaf Pondweethiave been managed in Crooked Lake for over
two decadesControl of these species has proven to be time and cost intensive. The number of
AIS threatening Crooked Lake continues to increase idghtification of two new species in

2013. Water LettuceRistia stratiotey and Water HyacinthHichhornia crassipgswere both
discoveredatthe Crooked Lake boat landing duripgst treatmeniake vegetation surveys

These plants were likely introduced via dumping of an aquarium or private aquaculture pond.
These species are not expected to suriivey p mogherh dimates but propaguleave shown

the abilitypersist through mildMinnesotawinters.

In 2013, a variance was granted by MNDNR to increase the treatment area to 40% of the littoral
zone for conwl of Eurasian Watermilfoil (EWM). Thigariance nearly tripled thalowed
treatment aremoving upfrom 12.6 acres to 34 acres.

Trends
1. The number of species (plant and animal) with a high risk for introduction to Crooked
Lakeis increasing
2. The occurrace of EWM has declined since 20 Hdure?2).
3. The occurrence of CLP has declined since 260gufe?2).
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Figure 2. Aquatic Plant Trends for Crooked Lake.



Implications
If EWM/CLP trends continue;
1. Abundance of ative lake vegetatioshouldincrease as plants-establishareadevoid
of EWM/CLP.
2. Near shoreacreational opportunities shoutttreaseasEWM and CLP drop below
nuisance levels.
3. Regular &rge scale treatmentsaynot be neded on an annual basis.

If AIS infestation trends continue

The associated cost of AIS conterid preventiomayincreasdor all stakeholders

Laws regulating Al ontrolmayincrease irbothnumber and severity.

Threats taiversity and abundee of néive plant species wiihcrease

Fish populations mayndergo a shift in species aadundance

. Recreatioal activity on Crooked Lake malecrease as a resaftincreased regulation
onAlS transport

. Property values magecline as AIS infestations inceea

arwnE

(o2}

Needs
1. Increasegublic awarenessf species with a high risk of introduction.
2. Increasecffortsto prevent new infestations
3. Develop a district widAlIS plan focused oearly detectiorand rapid responseew
infestations.



3.2 LakeVegetation

Background

Aquatic plants play a critical role in the ecologysbfllow watetakes Plant life provides
protection against sedimentsaspension, protection from wind and wave foroeseased
water oxygenationandhabitat diversity The abundance, typemdgenerahealth of plants
directly affect nutrient cycling, water clarity, and food web interactions of the lake. Fish are
highly dependent on plant diversity for reproduction, survival, and growth.

Careless plant control activities, degraded wataitgl and invasion of nenative species are

all threats to the health of aquatic plant communities. The depletion of a healthy plant
community can have grave effects on lake ecology as detailed above. For this reason, it is
prudent to find the baland®tween control of nuisance plants and the protection of native plant
communities.

Trends
1. The totalnumber of native plant species lglinedin recent yearéTablel).
2. Coontail and Chara spp. (Muskgrass) have increased in occelb&roming the two
most dominant species

Table 1. Number of native plant species surveyed in Crooked Lake (PLM surveys).

Year # of Native Plant
Species
2010 12
2011 12
2012 6
2013 8

Implications
If current trends continue;
1. Coontail and Muskgrassaycontinue tancreasethesespecies arquick tore-establish
areas once dominated by EWM and CLP.
2. Native plant diversity maglecreasepsetting the natural ecology of the laiel
potentially returning the lake to a turbid state
3. Fish and macroinvertebradiéversity and abundaneeaydecrease

1. Continue anual postreatment lake vegetation survieymonitor potential lake
vegetation changes.

2. Follow future DNR fisheries surveys tassess health of the fish community

3. Contirue annual water quality monitoririgr water clarity, total phosphorus, and
chlorophylta concentrations



3.3 Fisheries

Background

There have been a total of 12 DNR fish surveys on Crooked Lake dating back to 1951. The MN
DNR is scheduled to survey thake again in 2015. Survey results dating back to 1951 are

limited and for that reason, only survey dsitece 1994vas analyzed.

Data wasseparatetby trophicguild as this is often a better measure of community health rather
than analyzing individuaish species Species withinthe samérophic group serve the same
ecological process in the lake (i,panfish species feed on zmankton and invertebrates and
serve as prey fdop predators)and for this reason should be evaluated as one trophit guil
rather than separate specidsophic group summaries of abundance amiraiss are presented

in Figure3 andFigure4, respectively.

Survey datdrom 2004 and 2009 were analyzed for this plan for the mostatecdepiction of

recent fisheries trendsFish abundance increased over this period while fish biomass decreased.
In order for these observations to occur, a decrease in average fish size is needed; a pattern
commonly referred to as fAstuntingo.

Sturting often occurs in bluegill populationdhen the representation of langale bluegills is
reduceddue to eithenaturalor humancauses In urban, shallow water lakes, the most common
anthropogenic cause of reduced bluegills is over harvest by angle¥dack of large male
bluegillsincreases thabundance of small fish because tHasge,dominant malssuppress the
breedingsucces®f younger fish. They do so by aggressively defending spawning beds limiting
the reproductive success of smallehfisAs a result, smaller fish are forced to place more energy
into growth rather thaallocatingfinite energy sources into sexual maturatidn the absence of
large mags, small bluegills experience increased breeding succgssrayer ages resulting i

an overabundance of small bluegills. Approximately 70% of all bluegills sampled in 2009 were
between 0 and 5 inches in length.
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Figure 3. Fish Trophic Group Abundance for Crooked Lake
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Figure 4. Fish Trophic Group Biomass for Crooked Lake



Trends
1. Fish abundance increased from 2004 to Z&@¥near 15 year average (192009.
2. Fish biomass decreased from 2004 to 28@@near 15 year average (1992809).
3. Bluegills remain the most abundant fish@ps in Crooked Lake.

Implications
If current trends continue;
1. Theabundance of below average size bluegills may continue.
2. Top predatorsnayincrease in sizand numbedue to the abundance of prey species

(bluegills).
3. Competition for food amorsgil pfains h o t r o piftiease.gui | d may
4. Competitionamongst fisHor preferred habitat mapncrease
Needs
1. Analyze future fish survey data collected by MN DNR to assess health of fish
community

2. Increase the numbef larger sized predators, especiallyLafganouth Basss bluegills
are there preferred food source

10



3.4Water Level

Background

Crooked Lake saw a 2.5 foot fluctuation in lake levesn 20092013 This fluctuation is
approximately 1 foot greater than fluctuation observed from the previougsiivgeiod, 2004
2008 The increase irake fluctuations appeared to laegely driven byboththe timing and
amount of precipitationVater level lows occurred in 2009, exceptionally dryyear. Water
level highs were observed in 20Whennearly 12inches of rairfell during the spring
groundwater rechargeeriod of April and early May.

Whenever water levels are discussed important tancludegroundwatein the conversatian
Groundwater and surface water are often managed as sepditis, however;they aran fact,
one hydrologic systemThis means depletion of groundwater aquifetan cause a decline in
surface waterand vice versa.

Analyss of regional groundwater floasuggest groundwater enters Crooked Lake freine
northeast gadrant before eventualgxkisting along the western side of the lalBecause of this,
the northeast quadrant of Crooked Lake is ref

Groundwater flows susceptibléo alterationfrom groundwater pumping by municipal and
private wells This isespeciallytruein urban areas where drinking water demand is aigh
wells are congregated. If pumping rates surpasisarge rategroundwater levels decline
eventually draining surface water features.

Approximately 480 privatevells and two municipal wells are located within 1 mile of Crooked

Lake(Figure5). Roughlyhalfof t hese wel l s are | ocatlaestle on t he
the lakeshed, 129 private wells exist with 52 of tlettmatedontt A suppl y si deo

11



Legend

B i @ Munic. wells <1 mile
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Figure 5. Well distribution within 1 mile of Crooked Lake.

Trends
1. Annuallake level fluctuation is increasingigure6).
2. Crooked Lake water levetge decliningFigure?).

12



Annual Water Level Fluctuation
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Figure 6. Annual Lake Level Fluctuation.
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Implications
If lake levels continue to decline;
1. Fish populations malygecome more concentratetreasing the risk for winter dieff as
well as potential for disease transmission.
2. The percentage of the lalbottom receiving sunlight couidcrease, resulting in
increased lake vegetation growth.
3. Eurasian Watermilfiband Curlyleaf pondweed matgkeroot in depths where it
previously could not grow.
4. Lake access couldecome problematidue toshallowing of thegpublic access boat ramp.
5. Erosionand destabilization of shorelinesuldi ncr ease as water fdApull
shoreline.

1. Gain a bettr understanding of the lake hydrology, specifically the effects of climate
change and groundwater decline.

2. Conduct a groundwater/surface water study to determinengheect of groundwater
pumping on Crooked Lake.

3. Continue work with the MN NDR toward theeation of the Anoka County
Hydrogeologic Atlas.

4. Continue to follow théNorth and East Groundwater Management Area eféortsrelated
studies

14



3.5Total Phosphorus

Background

Total phosphorus measures both the dissolved and particulate forms of phesplumtermine

the availability of nutrients for uptake by plant and algal growth. Over the past 5 years, annual
average TP concentrations dropped to 27.85 pg/L. This is roughly half the annual concentration
observed dur iugf). Phosphous €oBcenirationg Hawk decreased ftioen

beginning of Crooked Lake water quality monitoring in 198@ure8). During the 1988 the

annual average phosphorus concentration was 30 [Egom2004to 2008the annual average

phspho us concentration was 32.0 OghRol2 averdg8 Og/ L
annual TP concentrations dropped to 22 ug/L; the lowest recorded observation in Crooked Lake.

Crooked Lake Phosphorus Levels
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Figure 8. Crooked Lake Phosphorus Concentations. Box plots show median (middle line), 25and 75"
percentile (boxes) and min/max observations (vertical lines).

Trends
1. Total phosphorus concentrations in Crooked Lake are declining.

Implications
If Phosphorugoncentrationsontinue to decline;
1. Algal growthmaydecline.
2. Waterclarity mayincrease
3. Publicperception of water quality marcrease.
4. Contact recreational use (i.e., swimmingding, boating) coulthcrease.

Needs

15



Maintain thecurrert water qualityconditionand nutrient level (phosphus)in Crooked

Lake

. Continueannualwater qualitymonitoringtwo times monthly from May through

September.

. Inspect and maintain current stormwater infrastructure minimizing stormwater runoff and
resultant nutrient inputs to Crooked Lake

. Continue to edcate lakeshore owners of best management practices for their property

aimed at reducing nutrient inputs to the lake (i.e., lawn clippings, fertilizers, wastewater).

16



3.6 Chlorophyll -a

Background

Direct measures of algal biomass can be determined throlidty cell counts and volumes but
this process is time intensive and expensive. Chlorophgtincentrationare widely accepted
as a good surrogate for determining algal biomass for a given waterlodg.specifically,
chlorophylta is a measure of ao¢ chlorophyll in a sample, or the portiofllsindergoing
photosynthesis. High chlorophdl concentrations indicate a high level of nutrient loading is
occurring.

Chlorophyll-a concentrations have improved since the early 498be annual average

chlorophyl-a concentration for the 198@Was24 pgl. The annual avage from 2002007

was 10.950g/ L, less than half the concentrat.i
in 2008, chlorophy#a concentrations have continued to drop to the lbree®rded observation

of 4.93ug/L in 2012Kigure9).
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Figure 9. Mean Chlorophyll-a Concentrations for 20062012

Trends
1. Chlorophylta concentrations in Crooked Lake are declining.

Impli cations
If Chlorophyll-a concentrations continue to decline;
1. Algal growthmaydecline

17



2. Water clarity mayncrease.

3.
4.

Needs
1.
2.

3.

Public perception of water qulimayincrease.
Contact recreational use (i.ewimming, wading, boating) magcrease.

Maintain thecurrent water quality condition in Crooked Lake.

Continue to monitor Crooked Lake water quality two times monthly from May through
September.

Inspect and maintain current stormwater infrastructure minimizing stormwater runoff and
resultant nutrient input® Crooked Lake.

Continue to educate lakeshore owners of best management practices for their property
aimed at reducing nutrient inputs to the lake (i.e., lawn clippings, fertilizers, wastewater).

18



3.7 Water Clarity

Background

Water clarity/transparenay affected by algae, soil particles, and other materials suspended in
the water. The Clarity/ Transparency of the water is measured using a Secchi disk. A Secchi
disk is a small disk that is lowered into the water until it cannot be seen. The dehtbhsit
disappears when it is lowered, and reappears when it is raised are recorded and averaged as a
measure of clarity/transparency.

Secchi readings are not a direct measure of water quality. However, transparency is often
indicative of lake overallvater quality, especially the amount of algae present. Itis also a
measure of light penetration and therefore plant composition and growth.

The annual avegge secchi depth for the 1980s vi&ag8 fe¢. The annual average from 2600

2008 is6.45feet,a26 7 f oot i ncrease compared to the 198
transparency has reached 8.97 feet equating to a 2.52 foot increase from the previous five years
(Figurel0).
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Figure 10. Secchi depth eadings for Crooked Lake

Trends
1. Crooked Lake water clarity is increasing

19



Implications

If water clarity continues to increase;
1. Lake vegetatiomouldincrease due to increased sunlight penetration.
2. Recreational usg@.e., swimming, wading, boatingpayincrease.

Needs
1. Inspect and maintain current stormwater infrastructure minimizing stormwater runoff and
resultant nutrient inputs to Crooked Lake.
2. Continue to educate lakeshore owners of best management practices for their property
aimed at reducing nutme inputs to the lake (i.e., lawn clippings, fertilizers, wastewater).

20



3.8 Designated Use Impairments

Background

The State of Minnesota is required under the federal Clean Water Act to adopt water quality
standards to protect its waters from pollutiddumerical standardsefine how much of a

pollutant can be in the water and still meet its designated uses, such as aquatic life, drinking
water, fishing, and swi mming. A water body i
quality standards and rsequently listed on the Clean Water Act, 303(d) List of Impaired

Waters.

In 2008, Crooked Lake was listed as impaired for aquatic consumption. Crooked Lake is
impaired for aguatic consumption due to high mercury levels in fish tissues. Across Minnesota
roughly 1,270 lakes and streams are considered impaired due to excess n8&r &gy of

mercury detected in fish is attributed to atmospheric depositamagement of this issue is a
state, national and internatioredfort since approximately 90% ¢iie mercury entering

Minnesota waters come from outside the state

The U.S. Environmental Protection Agency approved Minnesota's Statewide Mercury Total
Maximum Daily Load study in March 2007. Sintet time the MnnesotaPollution Control
Agency(MPCA) has worked with stakeholdeis reduce mercury input to Minnesota waters.

Trends
1. Minnesota has reduced mercury emissions by more than 70% from 1990 to present.
2. Fish tissue samples indicate a slight decline in mercury levels statewtide
concentrationsre still above Minnesota Department of Health (MDH) standards

Implications
1. Fish consumption guidelines for Crooked Lake ssgg@ne meal per week of Bullhead
and/or Northern Pike due to excess mercury. Consumption guidelines list all other
speciesilCr ooked Lake as fAunrestrictedo for the

Needs

1. Continue to follow Minnesotabds Statewide M
2. Adhere toMDH fish consumption guidelines.

21



3.9Water Quality Summary

TheTrophic State Index (TSI a number summarizing overall nutrient richness of a given
waterbody Nutrient richness ranges from clear lakes, low in nutrients (oligotrophic), to green
lakes, with very high nutrig levels (hypereutrophicFigurell below shows the overall TSI

rating for Crooked Lake (top bar), followed by TSI ratings for the individual parameters that
contribute to nutrient richness. These TSI calculations are based on data collected between June
and September 2003 to 201Eigurel2 gives a general portrayal of expected water clarity for

each trophic state.

Oligotrophic Mesotrophic Eutrophic Hypereutrophic

Trophic State

Index (TSI) z0 30 40 50 i 70 &0

Transparency _:l
20 30 40 50 60 70 &0

Chlorophylta: _:l
z0 30 40 50 &0 70 &0

Total

Phosphorus: 20 30 40 50 &0 70 80

Figure 11. Trophic State Index for Crooked Lake

Oligotrophic Mesotrophic Eutrophic

Figure 12. General depictions of water clarity for trophic state. Red triangle represents Crooked Lake.
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4.0 Current Lake Management Priorities

On May 30th, 2013, a public workshop was held at the Crooked Lake Elementary School.
Workshop attendees were asked to identify their single top concern facing Crooked Lake. A
similar public workshop was held in 2008, howewattendees were asked to identify their top
three concerns at that gatheririgentifying a single top concern in 2013 resulted in a more
succinct and focused list of concerns. Input was received from 23 individuals.

Four mainconcerns facingrooked Lakevere identified by the public and are present below in
order of percentage of fAvotes. oo

AIS/Milfoil (82.6%)

Trash & Garbage (8.7%)
Nonpoint Source Pollution (4.3%)
Weeds (4.3%)

el

Management of Eurasian Water Milfoil/Aquatic Invasive Spe@éS)(remained the top
concernin 2013. Trash and noipoint sourcepollution (runoff)were less importanssues than
in 2008 validated both by public vote and current water quality dataddition to the four
issues identified abov€rooked LakeStakdnoldersalsoidentifiedwater leves asa concern.

For specific lake management issues identified in 2008, a progress summary can be found in
Appendix B.
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5.0 Areas of Management Focus

This section of the plan addresses specific areas of manageuesnhifdoCrooked Lake as

identified by stakeholders. The management strategies discussed in following pages center on
water resource issues with potential for medium to high impact on Crooked Lake. Issues are
presented in order of potential impact and am@nce Table2).

Table 2. Impact/Importance Matrix for Lake Management

Non-point Pollution AIS/Milfoll
Lake Levels

Weeds (Lake
Vegetation)

Impact
3c—2o0Z

o

Trash& Garbage

Importance
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5.1 Aquatic Invasive Species/Milfolil

Demands and Preferences

Needs

Problem
Statement

The presence of invasive species is seen as the single biggest liability tc
use and enjoyment of Crooked Lake and, in somarigss, to individual
home and property value and enjoyment.

What is desired is a lake where invasive species are either below nuisar
levels (not readily seen or interfering with boating or swimming) or
eliminated from the lake.

The presence of Eurasian watermilfoil was the rodt&n cited problem in
2013. In addition to EWM, Curlyleaf Pondweed, Water Hyacinth and Wal
Lettucehave been discoverda Crooked Lake. All of these species have
potential to interfere with recreatiahand aesthetic use aghas the ecolog)
of the lake.

Watershed & Lake Characteristics

Extensive
Littoral Zone

Invasive
Species Habitat

Lake Sediments

Prevalence Of
Seed Source
And Propagules

Increased
Insolation
(Sunlight
penetration and
transmission)

History of Both
Turbid and
Clearwater
States

The littoral zone of Crooked Lake encompasses 73% of the lake surface
This means that 83 of the 1aére surface is prime habitat fovasive
species.

The aggressive nature of invasive plants combined with the extensive
availability of prime habitat (73% of the lake) allows these plants to
outcompete native species in most instances and creates a nuisance fol
boaters and swimmers.

The bottom of Crooked Lake is composed primarily of fine sandy muck,
preferred substrate and growth medium for EWM and CLP.

The prevalence of both EWM and CLP and thgiroduction and growth
characteristics ensure a source of plant reproduction, making eradicatio
nearly impossible. Focus should be placed on management rather than
eradication.

The combinatia of decreasing lake levels and increasing water clarity is
creating more suitable habitat for EWM and CLP. Sunlight is readily
available to a depth of approximately 9 feet in Crooked Lake. This light
reaches approximately 58% of the lake bottom.

In recent history, Crooked Lake has gone through a turbid state (a perio
high algal productivity and low aquatic plant productivity (1970s). The le
has also had periods where it exists in a clear water statal@al

productivity, large aquatic plant community). The drivers that led to the
switch from a relatively clear water state in the 1940s, 50s and 60s to a
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turbid state in the 1970s are well understood. The switch back to a relai
clear water &te by the 1990s is not well understood nut appears to coinc
with the discovery of Eurasian water milfoil in the lake. The concern abc
over treating for aquatic macrophytes has to do, in part, with the potenti
the lake to switch to a turbidater state as a result of the release of nutrie
and the decline in dissolved oxygen as the plants decompose.

Management Programs and Policies

Aquatic Plant
Management

Aquatic plants
growing in
public waters
are the
property of the
state

Prohibited

Plant Control
Methods

Prevention

Treatment &
Control

Pesticide control of aquatic macrophytesall public waters and
watercourses, @éatment is limited to:

The lesser of 15 percent of the littoral area or a maximum of 100 feet of
shoreline per site belonging to an individual riparian property owner may
treated for control of submerged vegetation.

Applications for large area or bayd treatment must include Lake
Vegetation Management Plan (LVMP) and a variance from the DNR.

Because of their value to the lake ecosystem, they may not be destroye
transplanted niess authorized by the Department of Natural Resources.

Excavating the lake bottom for aquatic plant control

Use of hydraulic jets

Destroying or preventing the growth of aquatic plants by using lake bottc
or benthicharriers

Removing aquatic vegetation within posted f&glawning areas

Removing aquatic plants from an undeveloped shoreline

Removing aquatic plants where they do not interfere with swimming,
boating, or other recreation

Boat Inspection:The Crooked Lake Area Association and the MDNR hay
periodically instituted inspection programs in an attempt to eliminate any
further introduction of invasive species into the lake.

MR 6116 states that individuals may not transport watercratft or related
equipment containing prohibited invasive species on public roads.

Chemical Control: Eurasian water milfoil was first discovered in 1990.
Whole lake treatments to control Eurasian watermilfoil have occurred in
and 2002. Partiateéatments (15% of the littoral zone) were conducted by
Crooked Lake Area Association from 2003 through 2012. A summary o
treatment activity is tabled below:

Year $/Ac

Target Scope Acres Sponsor Cost
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2009 EWM/CLP 15% 126 CLAA  $4,853 $385
2010 EWM/CLP 15% 12.6 CLAA  $7,410 $588

2011 EWM 15% 12.6 CLAA  $3,913 $310
2012 EWM 15% 12.6 CLAA  $3,178 $252
2013 EWM 40% 34.0 CLAA  $5,746 $169

*Cost for 2010 and 2011 include cost of DNR permit fee of $750 and $7
respectively

Fisheries The lake is currety managed for walleye, channel catfish, asdjémouth
bass. The lake naturally supports a large population of Centrarchids i.e
bluegills, pumpkinseeds and largemouth bass. Dense cover is vitally
important to these species.

Current Treaments conducted in 2013 proved highly effective in controlling EWN

Situation Similar treatment area is being pursued by CLAA again in 2014 pending
approval by the MN DNR. Based on lake vegetation surveys conducted
treatment, native species of submergenetaipn appear to be increasing i
a result of the reduced occurrence of EWM. The continued growth of ne
species is critical to prevent returning the lake to a turbid state.
Reduction of invasive species within Crooked Lake must be done in a
manner hat does not
Drive the lake into a turbid water state
Remove or eliminate plant cover to the point where the removal adverse
affects the fishery.

To achieve this:

The reduction oinvasives must be accompanied by replacement by native
submergent gxies.

The rate of replacement must remain below the level that could drive the
to switch from a clear to a turbid water state.

Assessment

Management Reduce Eurasian water milfoil (EWM) to below nuisance levels:

Goal(s) Plants rarely reach trearface
Navigation and recreational activities are not generally hindered
Stem density is-160 stems/fm
Biomass is 60 g dry wt/

Estimated Total Phosphorus load is <1.7 Ibs/acre

Increase abundance and diversity of native submersed aquatic plants
Measures Decrease in occurrence of Eurasian water milfoil and curly leaf pondwesc
Milestones Annual spring treatment of Eurasian water milfoil

Annual monitoring of lake vegetation
Annual water quality for at least
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Clarity
Phosphorus
Chlorophylta

Remmmended Strategies to Achieve these Goals

Annual Plant
Survey

Water Quality
Monit oring
Prevention

Annual
Chemical
Treatment
Early Detection
Efforts

District AIS
Plan

Educational
Outreach

Includes Preareatment delineation survey of EWM and CLP andualpost
treatmensurvey of aquatic macrophytes: distribution, diversitgt a
frequency of aquatic plants.

Continue water quality monitoring. The existing water quality monitoring
effort should be continued.

Continued boat inspection. Inspecting boats at the public access shoulc
continued. The presence should:

Occur during higkuse peods

Provide an enforcement presence

Emphasize invasive species awareness and general public education ol
nature of the lake.

Continue chemical control. Annual chemical treatments should be contir
to allow for recreatinal use and aesthetic enjoyment.

Conduct observational lake surveys 2 times annually for aquatic invasivi
species at high risk for introduction to Crooked Lake.

Develop a districtvide plan aimed at early tietion and rapid response to
invading aquatic invasive species.

Increase Aquatic Invasive Species awareness through educational mate
(i.e. brochures, fact sheets, public service announcements, digital medie
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Implementation Schedule/Responsibilities

Method Unit Cost ACD CLAA CCWD Andover CR DNR
$850/Pretreatment Tech . ,
AnnualPlant Survey $700/Postreatment|  Assist Finance Tech Assist
Annual Chemical $169/Acre Lead Finance Finance Regula}tory
Treatment Oversight
Watercraft Inspections - Lead Tech Assist
Water Quality Monitoring $160/Sample Lead Finance
Early Detection Surveys $583 Lead Finance
AIS Plan - Lead
Educational Outreach $650/effort Lead
Table 3. Aquatic Invasive Species Implementation ScheduResponsibilities
Costs
Agency Activity 2014 2015 2016 2017 2018 Total
Andover Chemical Treatment (40% $2,873 $2916 $2,959 $3,002 $3,045 $14,795
of Littoral Zone)
CCWD Water Quality Monitoring $1,600 $1,624 $1,672 $1,696 $6,592
Early Detection Surveys $583 $591 $609 $618 $2,401
Educational Outreach $670 $670
Coon Rapids Chemical Treatment (40% $2,873 $2,916 $2,959 $3,002 $3,045 $14,795
of Littoral Zone)
Crooked Lake | Annual Plant Surey (Pre $850 $862 $875 $388 $902 $5,295
Area Association| treatment delineation)
Annual Plant SurveyPost $700 $710 $721 $731 $742 $3,604
treatment
Totals $8,539 $9,427 $6,639 $9,016 $9,146 $42,857

Table 4. Cost Estimatefor Implementation Plan.




5.2 Lake Levels

Demands and Preferences

Needs Water levels are critical to the long term health of Crooked Lake as
as numerous recreational uses on the lake. Water level was identi
as a concern at the 2008 public input meeting but eoitiiied in 2013.
A rebound in lake levels is important for the long term health of the
lake. For that reason, water levels were identified by local stakeho
as an important issue due to the potentially high impact on Crooke
Lake.

Problem Crooked Lake water levels are on a declining long term trend.
Statement Continued decline in lake levels can create issues with lake access
well an increase in weed growth. A 2009 Metropolitan Council stuc
projected a decline in Crooked Lake of up to & tey 2030.

Watershed & Lake Characteristics

Lake Level On October 27, 2013, Crooked Lake water elevation was at 860.1¢
FASL. This elevation is 0.31 feet below the 10 year average and O
feet below the period of record (192813).

Declining Over the past decade, annual precipitation has been on a slight de
Predpitation If current trends continue, Crooked Lake will experience 5% (1.5
inches) less annual precipitation by 2020.
Less Effective Increased frequency of largerstons  ( >10) i s r es
Precipitation and less infiltration. Reduced effective precipitation can impact the
amount of recharge occurring in surficial aquifers; a key componen
Crooked Lake water levels.

Management Programs and Policies

Lake Level The elevation of Crooked Lake water levels have been monitored f
Monitoring roughly 40 years.

Earthen Dam at An earthen dam constructed by the State of Minnesota around
South End of has an outlet control structure with an elevation of 862.3.
Lake Infrequent discharges do exist on occasion but water levels are
often well below this elevation.

Annual CCWD annually inspects the Crooked Lake Dam as a preventa
Inspections measure to ensure the earthen dam and outlet are in proper re

Current There are several unknowns about the behavior of water levels on
Situation Crooked Lake. In particular, the connection between groundwater
surface water levels in not completely understood. Crooked Lake \

levels are on a declining trend andyrpotentially impact recreational

uses and lake ecology in the future. It is important to support effort



aimed to better understand surface water and groundwater interaci

Assessment
Management To develop a better understanding of theewaudget, particularly the
Goal(s) water supply of Crooked Lake. A better understanding will allow

stakeholders to develop practices best suited to sustain the water |
of Crooked Lake.

Outcome Annual lake level monitoring

Measures Groundwater elevations

Milestones Annual inspection report of Crooked Lake cam

Report of groundwater and surface water interactions
Annual Anoka County Water Almanac

Recommended Strategies to Achieve these Goals

Lake Level
Monitoring

Annual Dam
Inspection

Groundwater
Monitoring

Conduct
Groundwater/
Surface water

Study

Continue citizen lake level monitoringggram. This provides an
accurate record of both short and long term lake level trends.
Unfortunately, this strategy alone cannot determine the causes for
level fluctuations.

Continue inspection of earthen dam and outlet &irecn south end of
Crooked Lake. Although lake discharge is uncommon with current
water levels, should they rebound, this structure is critically importe
to Crooked Lake water levels.

Record elevations of surficial aquifertime vicinity of Crooked Lake.

This study aims provide better understanding of surficial groundwa
resources and impacts to surface waters. Study will analyze lake I
geology, observation well data, aRdt B (Hydrogeology) of the
Anoka CountyGeologic Atlas for interactions with one another.
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Implementation Schedule/Responsibilities

Method Unit Cost ACD CLAA CCWD Andover CR DNR
Lake Level Monitoring $250 Lead Finance
Annual Dam Inspection $56 Lead
Groundwater Monitoring $525 Lead Finance
Conduct Groundwater/ Surface water -- Lead Tech Assist
review
Table 5. Lake Level Implementation Schedule/Responsibilities.
Costs
Agency Activity 2014 2015 2016 2017 2018 Total
CCWD Lake Level Monitoring $250 $254 $258 $262 $268 $1,292
Annual Dam Inspection $56 $57 $58 $59 $60 $290
Groundwater Monitoring $1,575 $533 $541 $549 $557 $2,705
Totals $1,881 $844 $857 $870 $885 $4,287

Table 6. Cost Estimatefor Implementation Plan.




5.3 Nonpoint Source Pollution

Demands and Preferences

Needs Minimizing nonpoint source pollution in Crooked Lake reduces nutrier

Problem
Statement

loading and improves water clarity. Protecting the current water quali
CrookedLake is important for the long term health of the lake.

Nonpoint source pollution was the fourth most often cited problem fac
Crooked Lake and tied second for the aspect of Crooked Lake people
would like to see addressed.

Watershed & Lake Characteristics

Land Use
Loadings

Phosphorus
Levels

Chlorophyll -a
Levels

Water Clarity

76% of the contributing drainage area into Crooked Lake is residentia
is the largest single land use affecting Crooked Lake. Residential lan
uses contribute approximately 89% of the suspended solitis take and
approximately 90% of the total phosphorus.

Other contributors areehicle traffic, lawn care practices, pets, eroded
sediment and vegetative litter.

Over the past 5 years, annual average TP concentrations continued t
deaease to an annual average of 27.85 pg/L; a 13% reduction from 2
2008.

Over the past 5 years, annual average chlorohgtincentrations have
declined to an average of 6.05; a 35% reduction from-2008.

Water darity over the past 5 years has showed in improving trend. Wi
clarity improved nearly 2.5 feet compared to the average from-2008.

Management Programs and Policies

Meadow Creek
Church Pond

Coon Creek
Aquaduct

Storm Water
Pollution
Prevention
Planning
(SWPPP)

Current Situation

In 1999 Bunker Lake Blvd was reconstructed. At thag, Stormwater
from the roadway was routed to the pond at Meadow Creek Church
securing treatment of all of drainage area 7.

The aquaduct from Coon Creek to Crooked Lake is the outlet for
subwatershed 10. The old channel and thdamétremaining
adjacent wetland areas provide sufficient storage for a long enout
period of time to gain nopoint treatment for subwatershed 10

The cities of Andover, Coon Rapids, and the Coon CreeleY§hed
District are MS4s under the NPDES program administered by the
MPCA. All three units of government are required to develop plal
and programs for the protection and improvement of water quality
within their jurisdictions, to the maximum extent priaeble.

Non-point pollution ispollution that occurs when rainfall, snowmelt, or
irrigation runs over land or through the ground, pickeugissolves
pollutants, and deposits them into rivers, lakes,ahdrwaters or



Assessment

introduces tem into ground water.

Urban surfaces are subject to the deposit of various contaminants wh
are then subject to wasdif by rainfall or snowmelt. Typical contributors
to pollutants in runoff include vehicular traffic, industry, power
production, lawn are, pets, eroded sediment and vegetative litter.

The major nonpoinsource pollutants include sediment, nutrients, oxyg
demanding substances, toxic chemicals, chloride, bacteria and viruse
temperature changes.

Water quality indicators such as etdphylta, total phosphorus, and wat
clarity provide a good measure of apaint pollution impacts on the lake
Generally speaking, these indicators have showed significant improve
over the lake monitoring period and continued this improvementtbger
last 5 years. Sustaining the current water quality condition of Crooke:
Lake is important to its long term health.

Management Provide for the nomegradation of current water quality in Crooked Lak

Goal(s)

Measures

Milestones

Phosphorus, Total 40 mg/L
Chlorophylta <15 mg/L

Secchi disk transparency  >1.2 meters

Oxygen, dissolved >5 mg/L daily average

>4 mg/L daily minimum

Production of educational produ
Annual inspection report of stormvea infrastructure.

Recommended Strategies to Achieve these Goals

Education
Outreach

Inspectionand

Maintenance of

Stormwater
Infrastructure

Increase Best Management Practice awareness for lakeshore owners
topics may include proper fertilizer ygeet waste, lawn clippings.

Continue inspections of stormwater best management practices inclu

the public ditch system, on a regular basis to ensure proper installatio
maintenance.
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Implementation Schedule/Responsibilities

Method Unit Cost ACD CLAA CCWD Andover CR DNR
Education Outreach $660 Lead Finance &
Lead
InspectioiMaintenancef - Lead Lead Lead
Stormwater hfrastructure
Table 7. Non Point Source Pollution Implementation Schedule/Responsibilities.
Costs

Agency Activity 2014 2015 2016 2017 2018 Total

CCWD Education Outreach $660 $1,330

Table 8. Cost Estimatefor Implementation Plan.




5.4 Lake Vegetation

Demands and Preferences

Needs i Weeds 0 wer e oncdrein2013fout eankeddosy in averall
public importance receiving only one submission. However, the
composition of the native plant community is important to the ecology
Crooked Lake and vital to the long term health of the lake. Sustaining
diverse plant community increases lake resiliency and helps to protect
lake from outside threats.

Problem The number of native plant species in Crooked Lake has declined sinc
Statement 2011. Occurrence rates of Coontail, Muskgrass, and lllinois Reedlare
increasing in Crooked Lake. The dominance of these three species is
a response to the sudden reduction of EWM in response to 2013 treati
Native species, especially in eutrophic lakes, have the ability to reach
nuisance levels affectingcreational use in near shore areas.

Watershed & Lake Characteristics

Extensive The littoral zone, the preferred habitat of a majority of native aquatic pl
Littoral Zone encompasses 73% of the lake. This means 86 of the 118 surface acre
goodhabitat for native plant establishment.

Lake sediments The lake bed of Crooked Lake is primarily composed of muck, a nutrie
rich substrate and preferred growth medium for many native plant spe:
Native Seed The lake bed of Crooked Lake pesses a rich seed bank of native spec
Source based on the recovery of the plant community after the decimation fror
fluridone treatment in the 1990
2013 in response to reduced EWM.

Increased Water clarity over the past 5 years has increased by nearly 2.5 feet. It
Insola_tion addition, long term lake levels are declining which increases the amou
(Sunlight  synlight reaching lake sediments ultimately creating conditions favorat

penetration and  for increased vegetation growth.
transmission)

Management Programs and Policies

Aquatic plants  Because of their value to the lake ecosystem, aquatic plants may not
growing in public  destroyed or transplanted unless authoriaethe Department of Natural

waters are the Resources as stipulated in the Aquatic Plant Management Rules.
property of the

State.

Prohibited Plant  The following plant control methods are prohibited in Minnesota;
Control Methods 1. Excavating the lake bottom for aquatic plant control
2. Use of hyraulic jets
3. Destroying or preventing the growth of aquatic plants by using |
bottomor benthic barriers



Control methods
requiring DNR
permit

Control methods
NOT requiring a
DNR permit

Fisheries

Removing aquatic vegetationtwin posted fiskspawning areas
Removing aquatic plastfrom an undeveloped shoreline
Removing aquatic plants wheethey do not interfere with
swimming, boating, or other recreation

o0k

The following control methods require DNR permitting;

1. Destruction of ANY emergent vegetation (i.e. cattails,

bulrushes)

2. Cutting or pulling by hander by mechanical meansubmerged
vegetationin an area larger than 2,500 square feet.
Applying herbicides or algaecide.

Moving or removing a bog of any size that is fifé@ating or
lodged in any area other than its place of origin in public
waters.

5. Transplanting aquatic plants into public waters.

6. Use ofautomated aquatic plant control devi¢sach as the

Crary WeedRoller).

7. Physical removal ofloating-leaf vegetatiorfrom an area largel
than a channel 15 feet wide extending to open water.

B w

If a lakeshore property owner wishes to create or maintain a swim
or boating dock area, they may cut or pull submerged vegetation
without permit as long as;
1. Total area to be cleared must be no larger than 2500 squar
feet,and;
2. Cleared area must not extend more than 50 feet along the
shoreline or ondalf the length of your shoreline, whichever i
less.

A channel up to 15 feet wide, and as long as necessary to reach o
water, may also be cleared through submergent a¢iget The
cutting or pulling may be done by hand or powered equipment tha
does not significantly alter the course, current, or cross section of
lake bottom. Such control cannot be done with draglines, bulldozel
hydraulic jets, suction dredges,tamated aquatic plant control
devices, or other powered eantioving equipment. After you have ct
or pulled aquatic plants, you must dispose of them on land to prev
them from drifting onto your neighbor's property or washing back i
the lake. In addion, a channel 15 feet wide throu§bating-leaf
vegetationextending to open water may be maintained by mechani
means without a permit. Any other destructiorfloating-leaf
vegetation requires a pern{iN DNR).

The lake is currently managed for walleye, channel catfish,aagdrhouth

bass The lake naturally supports a large population of Centrarchids i.¢
bluegills, pumpkinseeds and largemob#ss. Denseegetativecover is
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Current Situation

vitally important to these species.

With effective EWM management, the prevalence of Coontail and
Muskgrass has increased in near shore areas and could reach nuisan:
levels limiting recreational actittes. Control options for native vegetatio
are rather limited relative to invasive planteasures such as cutting,
pulling, or using herbicidesan control aquatic plants from season to
season. But in the long run, the best way to combat excessivthgrb
aquatic plants is preventieneducing the nutrient load delivered to the la
via point and nonpoint source pollution.

Assessment
Management 1. Protect diversity of native plant species.
Goal(s) 2. Provide for the nomlegradation of current water diain Crooked
Lake.
Measures Phosphorus, Total 40 mg/L

Chlorophylta <15 mg/L

Secchi disk transparency >1.2 metergabout 4 ft)
Oxygen, dissolved >5 mg/L daily average

>4 mg/L daily minimum

No further loss of native plant diversity.

No new intraluctions of aquatic invasive species.

Milestones Annual plant survey results

Production of educational products (i.e., brochures, PSAS)

RecommendedStrategies to Achieve these Goals

Annual Plant
Survey

Continue annual plant surveys to assess shittse native plant
community of Crooked Lake.
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Implementation Schedule/Responsibilities

Method Unit Cost ACD CLAA CCWD Andover CR DNR
Annual Plant Survey $700 Finance
Table 9. Lake Vegetation Implementation Schedule/Rgmnsiblities.
Costs
Agency Activity 2014 2015 2016 2017 2018 Total
CLAA Annual Plant Survey $700 $710 $721 $731 $742 $3,604

Table 10. Cost Estimate for Implementation Plan.
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6.0 Management Activities

This section of the plaaddresses recommended management activities for Crooked Lake over
the next five years. These activities are proposed to address the management needs of Crooked
Lake in the near future. The discussion of each issue will be organized as follows:

Management Activity is the activity title

Description provides a brief explanation of the activity
Goal(s)gives objectivés) of management activity

Specific Components & Notesncludes details of activity methods
Measuresare quantitative actions to be takerathieve goal
Milestonesareactions as resulsf the Measures

Implementation Timeline

Responsible Person for thig\ctivity provides contact information
Educational Component Related to this Activityis broken down into:

Audience Involved Educational Gods, Activities Used and Responsible
Party

The Management Activities are:

6.1 Annual Plant Survey

6.2 Water Quality Monitoring

6.3 Boat Inspections

6.4 Annual Chemical Treatment

6.5 Early DetectiorSurveys

6.6 DevelopAlS Plan

6.7 Educatioml Outreach

6.8 Lake Level Monitoring

6.9 Ground Water Monitoring

6.10 Annual Dam Inspection

6.11 Inspection of Stormwater Infrastructure
6.12 Groundwater/Surface Water Review
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Management Activity

6.1 Annual Plant Survey

Description

Goal

Specific Components &
Notes

Measures

Milestones

Implementation Timeline

Responsible Person for
this Activity

A surveyof aquatic macrophyte species distribution, diversity, and
frequency in Crooked Lake.

The primary goals of surveying aquatic macrophytes are
1) Comparing yar-to-year data within a lake,
2) Comparing data among lakes.

The formal quantitative survey is conducted atgetermined sampling
locations distributed evenly over the lake surface (datetrcept method).
This method, when combined with a boat survey to gather additional
information on areas not sampled dthgcwill best charaarize the lake
plant community.

The baseline sampling should be conducted between early July and n
August. Although changes (such as biomass) in the plant community
through this long sampling window might complicate data interfioeta
we are mostly interested in species diversity and frequency, variables
should be fairly conant through the growing season.

Surveys completed
Surveys budgeted
Surveys planned

Publication/posting of past survey data
Mapping of past survey data
Budgeting and planning for survey

Septembei Budget adoption & preliminary work plan

Januaryi Annual work plan

June(weather dependerit)Conductpre-treatment delineatiosurvey
Augusti Conduct post trémnent point intercept survey

Agency: Crooked Lake Area Association
Title: President
Phone: 763.422.0682

Educational Component Related to this Activity

Audience

Lakeshore Ownergity
Councils (Andover & Coon
Rapids)

Goals Activities Resp. Party
Communicate that not all  Winter meeting CCwWD
i we edmdasivar e presentation

Increase awareness Post lake management CCWD
regarding benefits of a plan on Web

diverse aquatic plant

community
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Management Activty

6.2 Water Quality Monitoring

Description
Goal

Specific Components &
Notes:

Measures

Milestones

Implementation Timeline

Responsible Person for
this Activity

Monitor water quality twice monthly from Ma$eptember
Lake water quality evaluation.

Monitoring is done on the following parameters:

Chlorophylta Secchi transparency
Conductivity Temperature
Dissolved Oxygen (DO) Total phosphorus (TP)
pH Turbidity

Salinity

Detailed data provided annually in the Anoka Water Alman
including summaries of historicabnditions and trend
analysis.

Standard for each paratee

Parameter Measure

Chlorophylta Milligrams per liter

Conductivity mS/cm

Dissolved oxygen Milligrams per liter & %

pH

Salinity Percent

Secchi transparency Feet & Meters

Temperature F°&C°

Total phosphorus Milligrams per liter

Turbidity FNRU (a standard for
measurement)

Work plan forACD and CCWD.
Publishing of Anoka County Water Almanac.

Januaryi Work plan for ACD and CCWD

May - Monitoring begins

September Monitoring ends

Mid-February following year draft Wate Almanac published

Agency: Anoka Conservation District
Title: Water Quality Specialist
Phone: 763342030

Educational Component Related to this Activity

Audience Goals

Activities Resp. Party

Lakesore Owners Increase public awareness on the Annually publish ACD
current water quality condition of AnokaWater Almanac
Crooked Lake.
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Management Activity

6.3 Watercraft Inspection Program

Description

Goal

Specific Components &
Notes

Measures

Milestones

Implementation
Timeline

Responsible Person for
this Activity

Monitor the public access and watch for bottslers, or other equipment
that may contain plant fragments or other material that can be viably
introduced to the lake.

To intercept all boats leaving from or coming to Crooked Lake which cal
invasive species, and oversee the disposal of gpEsges so that they do n
enter the lake.

The presence of inspectors should:

1. Occur during high use periods

2. Provide an enforcement presence by photographing and documenti
equipment containing plant fragments

3. Emphasize inasive species and general public education on the natt
the lake by providing individual with Crooked Lake and Invasive
Species Brochure

Number of inspections
Number of brochures distributed

Annual training by MDNR
Annual voluneer schedule

Annually
April: Train boat inspection volunteers
May: Begin inspections

Agency:  Crooked Lake Area Association
Title: President
Phone: 763.422.0682

Educational Compment Related to this Activity:

Audience
Inspection Volunteers

BoatergLake Users

Goals Activities Resp. Party

1. How to approach ke user  Training DNR

2. How to inspectvatercraft Training DNR

3. How to identify invasive Training DNR
species

4. How to properly dispose of  Training DNR
invasive speies

1. How to inspectvatercraft Signage DNR

2. How to identify invasive Signage DNR
species

3. How to properly dispose of  Signage DNR

invasive species
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Management Activity

6.4 Annual Chemical Treatment

Description

Goal

Specific Components &
Notes

Measures

Milestones

Involves application of liquid or pelletized herbicides applied to target :
or to plants directly Treatment areas are determined bytpratment
delineation surveys.

Reduce Eurasian watermilfoil and Curly leaf pondweed to below nuisa
levels

Plants rarely reach the surface

Navigation and recreational activities not generally hindered

Stem density is-160 stems/f

Biomass is 60 g dry wt/ m

Estimated Total Phosphorus (TP) load is <1.7 Ibs/acre

Aquatic plantgrowing in public waters are owned by the statd can
interfere with riparian property owners' access to lakes. The use of
herbicides in lakes to control submerged vegetation, or the destructior
emergent vegetation by any means, require DNR permits.

Overall program coordination within DNR is managed by staff in
Ecological Services. Permit applications require the following items:
1. Applicant information
a. Crooked Lake Area Association
13415 Heather St NW
Coon Rapids, MN 55433
b. (763) 4220682
c. Permit Nunber

2. Lake information
Crooked Lake, Anoka County
Inventory Number: 0008400
3. Treatment information:

Justification
Fee information
Enclosures

1. Plants rarely reach the surface

2. Navigation and recreational activities not generally hindered
3. Stem ensity is 0160 stems/fh

4. Biomass is 60 g dry wt/ M

5. Estimated Total Phosphorus (TP) load is <1.7 Ibs/acre

Completion of Treatment
Treatment Report
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Implementation Timeline  Winter. Submit Lake Vegetation Management Plan to Daxtid apply for

Permit

Early Spring Conduct Pretreatment delineation of EWM & CLP

Late Spring Apply herbicide
Fall: Conduct lake vegetation survey

Responsible Person for Agency:  Crooked Lake Area Association
this Activity Title: President
Phone: (763) 4220682

Educational Component Related to this Activity

Audience Goals Activities
Lakeshore Owners Inform residents of contracted treatmen Newsletter

areas. Web posting
City Council Inform stakeholders of treatment Annual Report
Members effectiveness

Resp. Party
CLAA
CLAA

CLAA
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Management Activity

6.5 Early Detection Surveys

Description

Goal

Specific Components &
Notes

Measures
Milestones

Implementation
Timeline

Responsible Persondr
this Activity

Involvesbiannual inspection of habitats on the lake with high susceptibil

to invasive species infestation.

To identifyany nevly invadingspecies before @8y reach nuisance levels.

Early detection and early response is critical for effective control of inva
species. Contract ACD to perfornganeral survegpf the littoral zone on a
biannual basifor any new invasive spexs Conducting a spring andid-

summersurvey will provide an adequate effort to detect recently introdut

species.

Surveys completed

Survey Report

Spring anadMid-summey 20142018
Agency:  Anoka Conservation District

Title: Water Quality Specialist
Phone: 763.434.2030

Educational Component Related to this Activity:

Audience
Lake Shore Owners

Lake Users

Goals Activities

Provide information on species  Newsletter

with highrisk for introduction AIS Factsheets
AIS Plan

Provide information at landings of Signage
what lake users can do if they spc
AlS.

Resp. Party
CLAA
CCWD
CCwWD

DNR
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Management Activity 6.6 Develop AIS Plan

Description Develop an AIS pla that focuses on early detection and rapid response
species posing threats to the water resources within the Coon Creek
Watershed District.

Goal Efficiently and effectively manage AIS through increased education,
awareness, prevention, and to cooaténefforts with local partners to prote
the ecological integrity of water resources with the Coon Creek Waterst
District.

Specific Components & The District AIS plan will coer;

Notes 1. Background, Issues and Problem Definition
2. Impacts of Aquatic lmasiveSpecies in Coon Creek Watersh
3. Management Priorities
4. Goals
5. Existing Authorities and Programs
6. Aquatic Invasive Species Management Strategy
7. Priorities for Action
8. Implementation Table
9. Program Monitoring and Evaluation
Measures Mapping existing AlSnfestations
Number of new infestations
Milestones Completion ofAIS Plan
Implementation 2014
Timeline
Responsible Person for Agency:  Coon Creek Watershed District
this Activity Title: Invasive SpecieSpecialist

Phone: 763.755.0975

Educational Component Related to this Activity:

Audience Goals Activities Resp. Party
General Public, Increase AlSAwareness Public Service DNR
Lakeshore Ownerd,ake Announcemerst

users

Educateon actions that AIS signag at public access DNR

can be taken to prevent

AlS transport Partner with Wildlife CLAA
Forever #@ASt o} CCWD
Hi tchhi ker C¢

Promote @ Cl e¢CLAA
campaign CCWD
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Management Activity

6.7 Educational Outreach

Description

Goals

Specific Components &
Notes

Measures

Milestones
Implementation Timeline

Responsible Person for
this Activity

Educate Crooked Lake stakeholdersa@ter resource relatadsues
affecting the lake.

Increase&knowledge and awarenesklakeshoredB MP 0 s
Increaseknowledge an@wareness of AlS.

Increaseknowledge andwarenessdf ak e A heal t ho.
Provide educational infmation to Crooked Lake Association, lake user
and other stakeholders through brochures, pamphlets, web links, publ
service announcements, etc.

Brochures, pamphlets, web links, public service announcements.
Number of annual otgach efforts

20142018

Agency:  Coon Creek Watershed District

Title: Information and Education Coordinator
Phone: 763.755.0975

Educational Component Related to this Activity:

Audience Goals Activities Resp. Party
General Public, Increase knowledge and Newsletter CLAA
Lakeshore Owners, awareness of lakeshore Brochures CCWD
Lake users BMPO6 s . Digital meda
Increase knowledge and Public Service DNR
awareness of AlS. Announcemerst
Increase knowledge and Newsletter CLAA
awareness of lake Provide natification of CCWD
Afhealt ho. educational opportunities
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Management Activity

6.8 Lake Level Monitoring

Description

Goal

Specific Components &
Notes

Measures

Milestones

Implementation Timeline

Responsible Person for
this Activity

Understanding lake hydrology including impact of climate or othéemwa
budget changes. These data are useful for regulatory, building
development, and lake management decisions such as resolving wate
disputes, determining flood elevations, ground water to surface water
recharge relationships, surficial ground wdhectuations, flows and
trends, and local zoning (floodplain, shoreland).

Lake water levels will be recorded weekly by volunteers duringite
conditions.

1 Install and survey lake gauge

{ Coordinate volunteers; for exgle, provide equipment and datashe

 Troubleshoot problems such as moving gauges in low or high walt
conditions

1 Receive data, check its quality, and submit to state databases.

Lake elevation in feet above mean sea level

Data peiodically submited to the DNR for inclusion it h eLiakefinden
database.
Final report in the Anoka Water Almanac

Spring iceout: install and survey

Open water seasowolunteers take weekly readings.

Late Octoberremove gages from lakes in locations where they could b
danger to snowmobiles or others.

Feb. 15 following yearrough draft of Anoka Water Almanac report.
March 31 following yearfinal draft of Anoka Water Almanac report.

Agency: Anoka Conservation District
Title: Water Quality Specialist
Phone: 7634342030

Educational Component Related to this Activity:

Audience

Lakeshore Owners,
CLAA, City of Andover,
City of Coon Rapids,
DNR

Goals Activities Resp. Party
Provideannual average Web posting for public ACD, DNR
lake level information viewing

for incorporation into

long term trend PublishAnoka Water ACD
analysis. Almanac
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Management Activity 6.9 Ground Water Monitoring

Description This activity involves monitoring the elevations of the surficial aquifer up i
down gradient from Crooked Lake.

Goal To protect ground water suppliasd detemine water inputs and outputs to
Crooked Lake

Specific Components & Collect and analyze well logs indlhydrogeologic vicinity of Crooked Lake.
Notes
Develop a Hydrogeologic atlas and picture of the groundwater supply an
loss to and from Crooked Lake.

Establish transects, wells, and peizometers to monitor the surficial aquife
Measures Surficial groundwateelevations

Milestones Hydrogeologicatlas
Calculation of 1, 5and 10 year times of travel

Implementation 2015
Timeline

Responsible Person for Agency:  Coon Creek Watershed District
this Activity Title: District Administrator
Phone: 7637550975

Educational Compment Related to this Activity:

Audience Goals Activities Resp. Party
Lakeshore Owners, CLAA, Establish understanding of GIS MapgAnimations CCWD
DNR, City of Andover, City groundwater/surface water

of Coon Rapids, and interactions

grounadvater users
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Management Activity 6.10 Annual Dam Inspection

Description Ensure that the earthen dam and outlet of Crooked Lake is in proper r
Goal Detect and repair potential issues threatening the integrity of the dam.

Specific Comporents & The Crooked Lake dam is inspected annudihgpection in 2013 showed

Notes no leakageor signs ofrecent discharge.
Measures Inspection completednnually
Milestones Annual Inspection Report

Annual county water atlas

Implementation Timeline  Annually, 20142018

Responsible Person for Agency:  Coon Creek Watershed District

this Activity Title: Operations and Maintenance Coordinator
Phone: 7637550975

Educational Compment Related to this Activity:

Audience Goals Activities Resp. Party
Lakeshore Owner<ity of Assure stakeholders of CLAA Newsletter CLAA
Coon Rapids dam integrity
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Management Activity  6.11 Inspection/Maintenance of Stormwater Infrastructure

Description

Goal

The Watershed District will inspect best management prad®ddBs) on a
regular basis to ensure proper installation and maintenance
Involvesinspection of the public ditch system and adherence to preventi
maintenance strategy and practices.

Annually inspect 20% of stormwater infrastructure

Specific Conponents & The inspection will take specific note of any object or condition affecting

Notes

Measures

Milestones

Implementation

Timeline

course, current, cross section, or quality of the public ditch, drainagewve
conveyance.

The District will conduct an annugdspection of the Crooked Laldam and
outlet, weirs, ponds, etc.

The District Inspector will continue to perform a spring flood inspection
program at critical point&ithin the hydrologic system.

Inspections will occur;

1. During or immediately following installation of BMPs

2. Following severe storms/critical events

3. Prior to seeding deadlines, particularly in the fall

4. Prior to return of escrows

5. On report of issue

Annual Inspection

Annual inspectiorreport
Annual SWPPP report

Januaryi Annual public review and discussion of SWPPP
Jwnei Annual report due to NPDES

Responsible Person for Agency:  Coon Creek Watershed District

this Activity

Title: Operations and Maintenance Coordinator
Phone: 763.755.0975

Educational Component Related o this Activity:

Audience

CLAA, Lakeshore

owners,

Goals Activities Resp. Party
Educate residents on Inspection Report CCWD

condition of stormwater City of Andover
infrastructure City of Coon Rapids
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Management Activity

6.12 Groundwater/Surface Water Review

Description

Goal

Specific Components &
Notes

Measures

Milestones
Implementation Timeline

Responsible Person for
this Activity

Conduct review of groundwater/surface water interactions.

To gain better understanding of groundwdéselsandthe effect it has on
surface waters.

To better understand the groundwater supply and loss to and frarke@r¢
Lake.

Collect and analyze well logs from observation well networks.
Collect and analyze geologic information provided through MN DNR
geologic atlas.

Analyze Anoka County Hydrogelogic Atlapon its release.

Groundwater levels
Geologic setting

Release of Anoka Countyydrogeolgic Atlas
20142018
Agency: Coon Creek Watershed District

Title: District Administrator
Phone: 763.755.0975

Educational Component Related to this Activity:

Audience

Lakeshore Owners,
CLAA, DNR, City of
Andover, City of Coon
Rapids, and groundater
users

Goals Activities Resp. Party
Educate on the potentia GIS MapgAnimations CCWD
impacts declining

groundwater can have Informational material CCWD, CLAA,
on surface wirs. (i.e., webpages, articles) DNR

on connectedness of
groundwater and surface
water

53



7.0 Implementation Plans

This section contains the implementation plans for each of the siripagions involved in
management activities for Crooked LakEhese organizations were identified because each has
programs and/or policies in place with direct impact on Crooked Lake. Detail for each
organization can be found in Appendix C (Page 138).
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7.1 Anoka Conservation District

The Anoka Conservation District will be involved with the following issues:
1 Aquaticlnvasive SpeciéMilfoil

1 Lake Levels

1 Nonpoint Source Pollution

1 Native Aquatic Vegetation

Goals
The Anoka Conservation District will pursihe following goals:

1. Identify strategies to restore or enhance lakeshore habitat
2. Reducenonpointpollution toCrooked Lake
3. Increase diversitgf native submersed aquatic plants
4. Better understanding of groundwater/surface water interactions
5. No new invasie species infestations in Crooked Lake
Role Routine Activity 2014 2015 2016 2017 2018
Lead Water Quality X X -- X X
Monitoring
Tech Assist | Annual Plant Survey X X X X X
Tech Assist | Annual Plant Survey X X X X X
Map
Lead Early Detection survey: X X -- X X
Tech Assist | Ground Water X X X X X
Monitoring
Tech Assist | Lake Level Monitoring X X X X X
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7.2 CrookedLake Area Association

The Crooked Lake Area Association will be involved with the following issues:

1 Aquatic Invasive Species/ Milfoil
1 Nonpont Source Pollution
1 Native Aquatic Vegetation

Goals

The Crooked Lake Area Association will pursue the following goals:
1. Identify strategies to restore or enhance lakeshore habitat
2. Increasdliversityof native submersed aquatic plants

3. Reduce interference thi recreational use of Crooked Lake causgdurasian water

milfoil
4. Reducenonpoint pollution taCrooked Lake
5. Keep Crooked Lake Clean
6. No new invasive species infestations in Crooked Lake

Role Routine Activity 2014 2015 2016 2017 2018
Finance Annual Plan Surve X X X X X
Lead Annual Chemical Treat X X X X X

Role Non- Routine Activity 2014 2015 2016 2017 2018
Lead Boat Inspection X X X X X
Lead Education Outreach X X -- - -
Costs

Routine Activity Unit Cost | 2014 | 2015 2016 2017 2018 Total
Annual Plant
Survey(pre- $850 $850 | $862 $875 $888 $902 | $5,295
treatmeny
Annual Plant
Survey(post $700 $700 | $710 $721 $731 | $742 | $3,604
treatment)
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7.3 Coon Creek Watershed District

The Coon Creek Watershed District will be involved with the following issue
1 Aquatic Invasive Species/ Milfoil

1 Lake Levels

1 Nonpoint Source Pollution

1 Native Aquatic Vegetation

Goals
The Coon Creek Watershed District will pursue the following goals:
1. Identify strategies to restore or enhance lakeshore habitat
2. Reduce nonpoint poltion to Crooked Lake
3. Reduce interference with recreational use of Crooked Lailtget! by Eurasian water
milfoil
4. Increasdliversityof native submersed aquatic plants
5. Better understanding of groundwater/surface water interactions
6. No new invasive species gsgtations in Crooked Lake

Role Routine Activity 2014 2015 2016 2017 2018
Finance Lake Water Quality
Monitoring X X - X X
Finance Lake Level Monitoring X X X X X
Finance & | Annual Dam Inspection
Lead X X X X X
Finance Early Detection Sweys X X - X X
Lead InspectiorMaintenancef
Stormwater Infrastructure X X X X X
Finance Groundwater Monitoring X X X X X
Role Non-Routine Activity 2014 2015 2016 2017 2018
Lead AIS Plan X - - - -
Finance Educational Outreach X X - - -
Lead Groundwater/grface water X X
review - - -
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Costs

Routine Activity Unit Cost | 2014 | 2015 | 2016 2017 2018 | Total
LakeWater Quality
Monitoring $160/sampl¢ $1,600| $1,624 | -- $1,672 | $1,696 | $6,592
Early Detection
Suv{:ys $583 $583 | $591 -- $609 $618 | $2,401
Lake Level
Monitoring $250 $250 | $254 | $258 $262 $268 | $1,292
Groundwater
Monitoring $525/well | $1,575| $1,599| $1,623| $1,647 | $1,671| $8,115
Annual Dam

Non-Routine _

Activity Unit Cost 2014 | 2015 | 2016 2017 2018 | Total
EducationalDutreach

$650 $650 | $660 -- -- -- $1,310

Totals -- $4,714 | $4,785 | $1,939 | $4,249 | $4,313 | $20,000
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7.4 City of Andover

The City of Andover will be involved with the following issues:

1 Aquatic Invasive Species/ Milfoil
1 Nonpoint Source Pollution

Goals

The Cty of Andover will pursue the following goals:
1. Reduce interference with recreational use of Crooked Lake caused by Eurasian water
milfoil (EWM) andcurly leaf pondweed
2. Keep Crooked Lake Clean
3. Reducenonpoint pollution taCrooked Lake
4. No new invasive speadnfestations in Crooked Lake

Role Routine Activity Unit Cost | 2014 | 2015 | 2016 | 2017 | 2018
Finance | Annual Chemical Treatment| $169/acre| X X X X X
Lead InspectiotMaintenanceof
Stormwater Infrastructure - X X X X X

Costs

Routine Activity Unit 2014 2015 2016 2017 2018 Total

Cost

Annual Chemical
Treatment $169/acre| $2,873 | $2,916 | $2,959 | $3,002 | $3,045 | $14,7%
Summary

Plan Assumes that the city of Andover will:
1. Continue to contribute money to the annual treatment of EWM in the lake, including

treatment oip to 40% of lake littoral zone per DNR variance.
2. Inspect Meadow Creek Pond & the Aqueduct & Maintain to specs (NURP Stds.)
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7.5 City of Coon Rapids

The City of Coon Rapids will be involved with the following issues:
1 Aquatic Invasive Species/ Milfoil

1 Nonpoint Source Pollution

Goals

The City of Andover will pursue the following goals:
1. Reduce interference with recreational use of Crooked Lake chydedrasian water
milfoil (EWM) and aurly leaf pondweed

2. Keep Crooked Lake Clean
3. Reducenonpoint pollution taCrooked Lake
4. No new invasive species infestations in Crooked Lake

Role Routine Activity Unit Cost | 2014 | 2015 | 2016 | 2017 | 2018
Finance | Annual Chemical

Treatment $169/acre X X X X X
Lead | InspectioiMaintenanceof

Stormwater Infrastructure - X X X X X
Costs
Routine Activity Unit Cost | 2014 2015 2016 | 2017 | 2018 | Total
Annual Chemical
Treatment $169/acre | $2873 | $2916 | $2959 | $3,002 | $3,045| $14,795
Summary

Plan Assumes that the city of Coon Rapids will:
1. Continue to contribute money to the annual treatrmnEEWM in the lake, including
treatment of up to 40% of lake littoral zone per DNR variance.
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7.6 Minnesota DNR

The Minnesota Department of Natural Resources (MDNR) will be involved with the following
issues:

1 Invasive Species

1 Lake Levels

Goals
The DNR will pursue the following goals:
1. Reduce interference with recreational use of Crooked Lake chydedrasian water
milfoil (EWM)
2. Increasdliversityof native submersed aquatic plants
3. No new invasive species infestations in Crooked Lake

Role Routine Activit y Unit Cost | 2014 | 2015 | 2016 | 2017 | 2018
Tech Assist| Annual Plant Survey - X X X X X
Regulatory | Annual Chemical
Oversight | Treatment - X X X X X
Role Non-Routine Unit Cost 2014 2015 | 2016 | 2017 | 2018
Activity

Tech Assist | Groundwater/surfac

water review - X X . - .
Tech Assist | Watercraft

-- X X X X X

Inspection
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Rules, Requlations, and Standards Affecting Lake Management

In-Lake Requirements, Regulations, & Standards

Topic Minnesota Rule | Synopsis of Regulation or Standard

Transport of 6216.0000 Individuals may not transport watercraft or relate

Invasive Species equipment containing prohibited invasive species
public roads.

Aquatic Plant 6280.0350 Pesticide control of aquatic macrophyteOn all

Management public waters anavatercoursesreatment is
limited to:

The lesser of 15 percent of the littoral area or
A maximum of 100 feet of shoreline per site
belonging to an individual riparian property
owner may be treated for control of submerge
vegetation.

Riparian property owners' associations

Applications for large area or baywide treatme
must include a written statement of the plan a
a map showing areas proposed to be treated.

The Gommissioner may reduce the amount of
littoral area which the applicant proposes to

control.
Excavation Of 6115.0200 Standard: Limit the excavation of materials
Public Waters from the beds of public waters in order to:

A. preserve the natural character of public wat
and their shorelands

B. regulate the nature, degree, and psgoof
excavations so that excavations will be compatib
with the capability of the waters to assimilate the
excavation;

Prohibited excavation

Excavation is prohibited in the following cases
A. Where it is intended to gain access to naviga
water deghs when such access can be reasonab
attained by alternative means which would result
less environmental impact;

C. When the proposed excavation will be
detrimental to significant fish and wildlife habitat
and there are no feasible, practical, orlegically
acceptable means to mitigate the effects;
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Topic

Minnesota Rule

Synopsis of Regulation or Standard

Water Quality
Standards

7050.0222

Classifies Crooked Lake as a 2C lake with the
following standards:

Parameter Standard

Phosphorus, Total 40 mg/L
Chlorophylta <l4e ¢

Secchi disk >1.4meters
transparency

Oxygen, dissolved >5 mg/L daily average
>4 mg/L daily min.
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Watershed Requirements, Regulations, & Standards

Groundwater

Rule

CCWD Rule 9.3

Policy

1. To implement the purpose and intent of the water
gual ity provi si onehensie t
Management Plan as they may relate to ground wat

2. To maintain the present and natural rate of recharge
the surficial aquifer, and when possible, enhance thg
rate of recharge.

3. To ensure a dependable water supply and ensure th
integrity of naurral drainage patterns.

4. To protect fresh water supplies from the dangers of
drought, overdraft, pollution, or mismanagement.

5. To define the roles and responsibilities of governme
units in implementing land use controls for the
protection of groundwatequality

6. To prevent property damage, and the losses and ris
associated with flood conditions that may arise from
high water tables.

Regulation

A person must submit a permit application and obtain a
permit from the District for appropriation or disposél
groundwater.

The withdrawal of ground and surface water and the
location of the place of discharge thereof shall conform
the standards of the Minnesota Pollution Control Agenc
and the Department of Natural Resources

Consider Hernative measures tonserve, allocate and us
groundwater, versus removirtpe wateifrom the area and
watershed.

Demonstrate thatt@ minimum, recharge from tlome inch
storm from impervious surfaces will be infiltrated

Infiltration shall not be allowed within a oryear travel
zone of a public well as determined by the municipal-we
head protection plan

Standards
Standards

1. The quality of water infiltrated to the water table or
surficial aquifer shall remain unchangadmprovedby
the land disturbance activity.

2. Low floors must be at least 2 feet above high water
table elevation or mottled soils, whichever is higher,
unless the applicant can show that the potential for
property damage, and the losses and risks associat
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Groundwater

with high water table conditions are norst&nt or
acceptably remote or as required by local ordinance
Ground water may not be discharged in a manner th
causes erosion or flooding of the site or receiving
channels or a wetland.

Water pumped from a project site shall be treated by
temporary sednentation basins, grit chambers, sand
filters or other appropriate controls designed and us
to remove particlesfal00 microns or greater for the
highest pumping rate.

The withdrawafrom theSurficial Aquiferand the
location of the place of dischargeereof shall conform
to the standards of the Minnesota Pollution Control
Agency and the Department of Natural Resources.

Stormwater
Rule CCWD Rule 9.5
Policy 1. To promote, preserve and enhance the water and re
land resources ohe Coon Creek Watershed.

2. To implement the nondegradation requirements of th
NPDES program using 1988 as the baseline year ar
load allocation reductions or management practices
noted in a District adopted Total Maximum Daily Log
(TMDLSs) implementation fan

3. To protect water and related land resources of the C
Creek Watershed from the adverse effects resulting
from poor or incompatible land use activities.

4. To implement applicable TMDLs

5. To encourage compatibility between land use activit
upstream andownstream and natural resource
capacity.

6. To regulate landlisturbing activities affecting the
course, current or cross section of ditches and watel
courses.

7. Regulate improvements by riparian property owners
the bed, banks, and shores of lakesastie and
wetlands for preservation and beneficial use.

Regulation | A person must submit a permit application and obtain a

permit from the District incorporating a stormwater plan
before commencing an adty described in the scope and
applicability section above.

Unlessdeterminedy the District to be exempt or granteg
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Stormwater

Regulation

waiver, the following shall be addressed for stormwater
management at all sites:
1.

All site designs shall establish stormwater managerm
practices to control the peak flow rates of stormwate
discharge associated with thel0, 25, and 10@ear
design storms and reduce the generation of stormwg
All stormwater management practices will be design
so that the specific storm frequend¢grage volumes
(e.g. recharge, water quality, channel protection, 10
year and 100 year) as identified in the current
Minnesota Pollution Control Agen§tormwater
Design Manuabre met, unless the District grants the
applicant a waiver or the applicanteisempt from such
requirements.

Stormwater volume management practices shall be
equivalent oinfiltrating the first inch of precipitation
These practiceshould seek to utilize pervious areas {
stormwater treatment and to infiltrate stormwater rii
from driveways, sidewalks, rooftops, parking lots an
landscaped areas to the maximum extent practical t
provide treatment for both water quantity and quality
In addition, if regulatory, hydrologic, topographic or
landscape conditions (e.g. drainagasitive uses,
TMDL or nondegradation requirements) warrant gre
control than that provided by the minimum control
requirements, the District reserves the right to impos
additional requirements deemed necessary to contrg
the volume, timing and rateé anoff.

Applicants shall consult thdinnesota Pollution
Control AgencyStormwater Design Manuédr
guidance on the factors that determine site design
feasibility when selecting a stormwater magement
practice Stormwater management practices forta si
shall be chosen based on the physical conditions of
site. Among the factors that should be considered:
Topography

Maximum Drainage Area

Depth to Water Table

Soils

Slopes

Terrain

Head

Location in relation to environmentally sensitive
featuresor urban areas

= =4 -8 -8 _9_9_-2

Standards

Stormwater leaving the site must be routed to a pub
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Stormwater

2. Drainage sensitive uses downstream from the propdg

3. Stormwateiplans must ensure that discharge rates fr

4. In Non-Drainage Sesitive Uses Areas the pest

5. The proposal must infiltrate the first one inch of

drainage system

site must be accounted for and their ability to discha
in a timely manner must be assured.

the proposal are controlled such that within Drairagg
Sensitive Uses Areas the pagvelopment 10Qear
peak flow rate shall not exceed predevelopmenyezy
peak flow rate (by subwatershed)

development 10@ear peak flow rate shall not exceeq
predevelopment 109ear peak flow rate (by
subwatershed)

precipitation

Water Quality

Rule

CCWD Rule 9.6

Policy

1. To oontrol and minimize pollution caused by erosion
2. To reduce siltation to, and the pollution of water bod
3. To preserve and improve the quality of the lakes an

4. Improve the quality of the surfaeed subsurface

5. To pursue noslegradation of the waters of the Distric

and sedimentation.
and streams.
wetlands within the watershed

discharges to the lakes and wetlands within the
watershed by limiting nutrients and other contamina

Regulation

Regulation

A person must submit a permit application and obtain
permit from the District incorporating a stormwater ple
before commencing an activity described in the scope
and applicability section above.

Unlessdeterminedy the District to be exempt or
granted a waer, the following shall be addressed for
water gualitymanagement at all sites:

All discharges into wetlands and waterbodies must be
pretreated by an appropriate best manageprewtice.
The proposal shall not cause extreme fluctuations of
water leved or temperature changes in wetlands or
streams.

The proposal shall not detrimentally affect the existing
water quality of the receiving water.

All stormwater management practices shall be design
to convey stormwater to allow for the maximum remo
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Water Quality

Regulation

of pollutants and reduction of flow velocities. These st
include, but not be limited to:

a. Maximizing of flowpaths, where appropriate,

from inflow points to outflow points

b. Protection of inlet and outfall structures

c. Elimination of erosive flow velocities

d. Providing of underdrain systems, where

applicable

For new development, structural stormwater treatmen
practices shall be designedreanove80%of the average
annual post development total suspended solids (TS¢
unless otherwise specified by a TMDL or nondelgtion
requirement
All stormwater treatment practices shall have an
acceptable form of water quality pretreatment, in
accordance with the pretreatment requirements founc
the current stormwater design manual.
All stormwater runoff generated fromwealevelopment
shall not discharge untreated stormwater directly into
jurisdictional wetlands or local water bodies without
adequate treatment. Where such discharges are
proposed, the impact proposed on wetland function sl
be assessed using a methodeatable to the District. In
no case shall the impact on wetland function or value
allowed to degrade the current function as identified i
the Districtds Comprehen
Stormwater discharges to critical areas with sensitive
resoucesor where a TMDL is in placeay be subject tc
additional performancstandardsor may need to utilize
or restrict certain stormwater management practices.
Stormwater discharges from land uses or activities wi
higher potential pollutant loadingsiay require the use
of specific structural STPs and pollution prevention
practices.

Standards

It is presumed that a Stormwater Treatment Practices (§

complies with this performance standard if it is:

1. Sized to capture the prescribed water qualityinred

2. Designed in accordance with specific destandards

outline in an approved stormwater design manual

3. Constructed properly
4. Maintained properly

Fish and Wildlife

Rule

CCWD Rule 9.8

Policy

It is the policy of the District to
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Fish and Wildlife

To prevent loss of idlife and vegetation and the
habitats on which they depend.

To protect, preserve and manage unique resource g
and unique and/or endangered species of plants an(
animals that populate these areas from adverse imp
associated with land use change.

Regulation

No person shall impact an endangered species, threate
species, special concern spe@eglementsor
communities, without first obtaining a permit from the
District.

Standards

Standards

Applicant must:
1.

Assessment of significant adverse impacts should be bs
on the following factors:
1.
2.

3.

Establish the presice of endangered, threatened or
special concern species or communitiesiv@ and the
source of that information.

Assess the potential effect on wildlife and vegetatior
and the habitats on which they depend.

The District may require applicant to providéabitat
management plan when the District determines
applicant cannot avoid direct or indirect impacts on {
habitat in question.

The amount of vegetation/habitat remaband/or
alteration within the development site

The amount of habitat of similar type and quality witl
the development site that remains contiguous

The existing and proposed amount of lot coverage
The existence of contiguous habitat of similar type &
guality on adjoining land

Mitigation efforts that directly address the negative
effects of the proposed land use on wildlife habitat.
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1.0 2008 Lake Management Priorities

1.1 Introduction

On March 25th, 2008, public workshop on sues facing Crooked Lake was held at
Crooked Lake Elementary School. Coon Creek Watershed District (CCWD) sponsored
the workshop with promotional help from the Crooked Lake Area AssoCI@ZioAA) .
Several workshop members had attena@desentation onhallow Lake Ecology by

CCWD staff(Joe Bischoff, Wenck) at the CLA®inter membership meetiriteld ce

month earlieon February 28008

Seven questions were asked of the group at the public input worKstefirst two were
posed to the group publiclifhe next five questionsere answeregdrivatdy with

individual responses on Bxcardswith each question on a different color card and placed
under categories determined by issues in Questidrh8.questions posed were:

Why is Crooked Lake specialr(not special)? *to live,*to play, *to be near
What aspects of Crooked Lake would you like to see improved?

What do you believe are the three major issues facing Crooked Lake?
What is causing these issues?

What factors contribute to these causes?

What actons do you think are needed to address each of these factors?
Who should take the lead in addressing each of these actions?

NoakrwnNpE

1.2 Perceived Lake Management Priorities

As part of the 2008 CLMP, management activities were proposed to best manage five
issuesdentified at the public workshop: Eurasian Water Milfoil, Water Clarity, Muck,
Nonpoint Pollution, Trash/Garbage, and Water Levé&lse following pages provide
summaries of each identified issues. Summaries incésde identification

management needsnd 2014rogress assessments
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Issue: Invasive Species (EWM & CLP)

Issueldentification

Problem
Statement

In the eyes of the public, the presence of Eurasian watermilfoil a
curly leaf pond weed were the most often cited problem needing
addresed. Both species interfere with recreational and aesthetic
of the lake.

Demands ang
Preferenceg

The presence of invasive species is seen as the single biggest li
to the use and enjoyment of Crooked Lake, and is some instance
individual ome and property values.

What is desired is a lake where invasive species are either belov
nuisance levels (not readily seen or interfering with boating or
swimming) or eliminated from the lake

Management Needs

Annual Plant
Surveys

Annual survey baquatic macrophyte species, distribution, diversi
and frequency in Cooked Lake.

Annual Chemical
Treatment

Involves application of liquid or pelletized herbicides applied to
target area or to plants directly.

Apply for
Treatment of
20% Littoral

Zone

Involves application of liquid or pelletized herbicides applied to
target area or to plants directly over 20% of the littoral zone.

Boat Inspection

Monitor the public access and watch for boats, trailers, or other
equipment that may contain plant fragnseot other materials that
can be viably introduced to the lake.

Plant Restoratiof

Approaches to the frestablishment of submerged macrophytes in
shallow lakes can be broken down in two basic strategies: Intern
and External.

Internal strategieselyonp | ant r egenerati on
relying on natural development of submerged macrophytes or
volunteerism. This strategy relies on the ability of submerged
vegetation to develop naturally from:

1. The existing bank of propagules

2. The remaining merophyte stands

3. Naturally introduced propagation units.

The presence, density, and composition of a seed bank can influ
the rate and extent of vegetation establishment. Unsuitable cond
for germination and herbivory by fish and waterfowl majag
recolonization.

External strategieely on artificial support of macrophyte
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development. The more expensive and maintenance intensive

artificial support by planting or seeding of submerged plants may

appropriate if:

1. If viable propagation unitsfaesired macrophytes are insufficie
or not viable

2. The lake was to become more turbid and establishment and
immediate stabilization by submerged macrophytes was nee
to salvage a cleawater state.

3. The promotion of specific low growth macrophytes intigalar
areas of the lake is required to enable recreational use.

Water Quality

Monitoring

Monitor lake water quality twice monthly from M&eptember

ProgressAssessment

Measures

Decrease in dominance of Eurasian water milfoil and curly leaf
pondweed.

Outcome

Occurrence of EWM has dropped 46% since the 2010 survey. 2
vegetation surveys show EWM as having tHenigghest occurrence
rate behind native species such as Coontail, Muskgrass, and lllir
Pondweed. The increased abundance otthative species was
forecasted in the 2012 vegetation plot study done by Freshwater
Scientific. EWM occurrence from 2012 to 2013 suggests the
increased treatment area was more effective than previous years
CLP had a low occurrence rate across all ye@isP was not
detected at any sampling points in 2013.
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Issue: Water Clarity

Issue Identification

Problem
Statement

Water clarity/transparency is affected by algae, soil particles, ang
other materials suspended in the water. The clarity/transpaoén
the water is measured using a Secchi disk. A Secchi disk is a sr
disk that is lowered into the water until it cannot be seen. The de
at which it disappears when lowered, and reappears when raisec
recorded and averaged as a measure afy¢teainsparency

Secchi readings are not a direct measure of water quality. Howe
transparency is often indicative of overall lake water quality,
especially in the amount of algae present. It is also a measure 0
penetration and therefore ptasomposition and growth.

Demands ang

Preferenceg

Poor water clarityvas publicly identified as one of the three most
important issues facing Crooked Lake.

Management Needs

Lake Water

Quiality
Monitoring

Monitor water quality twice monthly from Ma$eptember.

Pond Inspectior

The Watershed District will inspect best management practices
(BMP6s) on a regular basis toao
maintenance.

Progress Assessment

Measures

Total Phosphorusoncentration
Chlorophylta concenttion.

QOutcome

Since 2009, annual average TP concentrations in Crooked Lake
declined to their lowest observed reading in 2012 of 22 pg/L.
Chlorophylta concentrations have followed the same trend dropy
to their lowest recorded observation of3ug/L in 2012. The
improvement of both these water quality parameters is observed
Secchi disk observations as well. Secchi depth has increased rc
2 feet since 2008 when it was identified as a top three concern.
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Issue Muck

Issue Identification

Problem
Statement

Muck was the third mostften cited issued facing Crooked Lake in
2008 yet was listed"sin the aspects of Crooked Lake that people
would like to see improved.

Demands ang
Preferenceg

Discussions with Lakeshore owners and lakeug®used on the
north bay of the lake in the vicinity of the boat access. Concerns
appeared to address:
1. Weed growth
2. The potential contributi of
a. Stormsewer outlets
b. Carp and turtles stirring up the bottom
c. Detritus from previous years plarogvth

Management Needs

Dredge Boat
Channel for
Public Access

IF:
1. Water levels continue to drop, or
2. Sufficient borings of the lake bottom on the north end are
taken to define an area where siltation has occurred,
Then it may be prudentto pursu®@&N R per mi t f or
bed of public waterso to dred
main body of the lake.

Progress Assessment

Measures

3-D map of lake substrate and extent of sedimentation.

Outcome

The boat landing was dredgedAugust 2007 as part of the City of
AndoverCrooked Lake Boat Landing project. A total of 218 cubi
yards of material was removed from the landing allowing a water
depth of 2.5 feet to be maintained approximately 40 linear feet fr
the end of concreteamp. Outside of this activity, there is little that
can be done to alleviate lake sedimentation since it is a naturally
occurring process and conflicts fisheries management objectives
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Problem Title: Nonpoint Source Pollution

Issue Identification

Problem
Statement

Nonpoint source pollution was the fourth moften cited problem
facing Crooked Lake.

Demands ang
Preferenceg

Nonpoint source pollution tied for second for aspects of Crooked
Lake people would like to see addressed

Management Neds

Buffer Strips:
Subwatershe(
8/Lakeshore

Buffer strips are a vegetated area bordering a lake or stream thal
or are established to:

1. Protect water quality

2. Stabilize shoreline

3. Provide aquatic and terrestrial habitat

For water quality, buffer sfps work by intercepting sheet flow of
surface water before it reaches the water body. By slowing the v
and forcing it to flow through the buffer vegetation, increased set
occurs as well as filtration. In addition, the plants take up and ut
the nutrients deposited in the buffer.

Curb Cut Rain

Gardens

Subwatershed €
5 &3

A rain gardens a planted depression that is designed to absorb
rainwater runoff from impervious urban areas like roofs, driveway
walkways, and compacted lawn aredsisTreduces rain runoff by

allowing stormwater to soak into the ground (as opposed to flowi
into storm drains and surface waters which causes erosion, wate
pollution, flooding, and diminished groundwater). Rain gardens ¢
cut down on the amount of potlon reaching creeks and streams &
up to 30%.

Native plants are recommended for rain gardens because they
generally don't require fertilizer and are more tolerant of local
climate, soil, and water conditions. The plaiitsa selection of
wetland edge \wgetation, such as wildflowers, sedges, rushes, feri
shrubs and small treés take up excess water flowing into the rain
garden. Water filters through soil layers before entering the
groundwater system. Root systems enhance infiltration, moisture
redistrbution, and diverse microbial populatiansolved in
biofiltration. Also, through the process of transpiration rain garde
plants return water vapor into the atmosphere. A more-raidging
definition covers all the possible elements that can be usegtore,
channel, divert, and make the most of the natural rain and snow
falls on a property
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Progress Assessment

Measures Total Phosphorus <40 mg/L
Chlorophylta <15 mg/L
Secchi disk transparenc >1.2 meters
Dissolved Oxygen >5 mg/L dailyaverage
>4 mg/L daily minimum
Outcome| Since 2009, annual average TP concentrations in Crooked Lake

declined to their lowest observed reading in 2012 of 22 pg/L.
Chlorophylta concentrations have followed the same trend dropg
to their lowest rearded observation of 4.93ug/L in 2012. The
improvement of both these water quality parameters is observed
Secchi disk observations as well. Secchi depth has increased rg
2 feet since 2008 when it was identified as a top three concern.
DissolvedOxygen concentrations maintain >5 mg/L daily average
outside of winter months when lows are experienced in depths b
12-15 ft.
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Problem Title: Trash

Issue Identification

Problem
Statement

Trash/garbage was the fifth most cited issue facing Crbbkk&e and
the third most cited issue that citizens noted as wanting to be
addressed

Attendees to the workshop spoke adamantly about the amount g
trash being left at the public accessummerand winter as well as
garbage dumping occurrirad the publicaccess. Concern was also
raised about the amount of trash left on the ice by ice fishermen
others using the lake in the winter.

Demands ang
Preferenceg

Citizens on the lake have indicated that they would like increase
enforcement presence on thieddrom the Cities, Anoka County, ar
the DNR.

ManagementNeeds

Install Garbage
Cans ang
Signage

Install appropriate number and size of garbage containers that e
fextra refuse, debris, and ma

landingmai nt ai ns an ordered and

Increased
Frequency of
Garbage Pick uf

This activity involves an aggressive program of garbage and litte
pick up at the Crooked Lake public access and park in an effort t
present a facility where it is nokay to dump or leave debris.

Enforcement
Blitz/Campaign

A two-year effort of aggressive police patrol and enforcement to
reduce or eliminate illegal dumping and uses occurring on the La

Progress Assessment

Measures

Number of garbage piedpsper year.
Number of litter pickups per year.

Outcome

The city of Andover increased the number of garbage cans at the
public boat landing.

The city of Andover conducted-reekly garbage pickips during
the summer months.

A joint effort between the Citgf Andover and CLAA resulted in the
placement of an ADA portpotty at the public access in Andover.
The City of Coon Rapids increased garbage pickup to four times
week.

Twelve new garbage receptacles were added to the park in Coot
Rapids.
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Problem Title: Water Levels

Issue Identification

Problem
Statement

Water levels were the sixth mested issue facing Crooked Lake,
and the fourth mostited aspect that citizens wanted to see
addressed. lItis an issue for boating and lake access at tineundr
south ends of the lake. The bottom slopes of the lake are very
gradual and small variations in the surface elevation of the lake ¢
render both ends unnavigable as well as more conducive to eme
plants.

The water level in Crooked Lake is tbkelest issue on the lake,
dating back to at least 1934. Prior to 1934, Crooked Lake was &
elevation of approximately 860.0 feet. At that time, the public so
to raise the average lake elevation approximately 1 foot.
Between 1934 and 1940 severaithen dams were constructed at {
sound end of the lake to raise the lake level. The first two dams
leakage problems so were replaced or repaired. The dam raisec
normal water level of Crooked Lake over one foot.

Demands ang
Preferenceg

Water kvels were the sixth masited issue facing Crooked Lake,
and the fourth mostited aspect that citizens wanted to see

addressed. It is an issue for boating and lake access at the nortl
south ends of the lake.

Management Needs

Inspect Dam

Ensure that the earthen dam and outlet structure of Crookedd ak
in proper repair through annual inspections.

Lake Level
Monitoring

Understanding lake hydrology including impact of climate or othe
water budget changes. These data are useful for tegyla
building/development, and lake management decisions such as
resolving water level disputes, determining flood elevations, grou
water to surface water recharge relationships, surficial ground wé
fluctuations, flows and trends, and local zonirlgd@plain,
shoreland).

Ground Water
Monitoring

This activity involves monitoring the elevations of the surficial
aquifer up and down gradient from Crooked Lake.

Progress Assessment

Measures

Inspection report of dam every 5 years.
Annual Anoka @unty water atlas.

QOutcome

The Crooked Lake daimas been inspected annuallyhe dam has a
culvert serving as the main outlet structure for Crooked Lake. A
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metal weir welded on the lakeside end of the culvert has an elev
of 861.4 feet which is 0.feet below the ordinary high water level o
862.1 feet. Animal burrows in the dam were reported in the 2011
inspection report but are not of concern since they are minimal a
elevations at or above the control elevation. Recommendation t(
continue nonitoring efforts for future repairs.

Lake level monitoring since 1985 indicates that Crooked Lake wa
levels are on a downward trend. This trend is largely driven by
periods of | ow | ake | evels 1in
CLMP developmenin 2008, Crooked Lake water levels have
rebounded slightly mostly due to an exceptionally wet year in 20!
including the wettest July on record. It is probable the recent
upswing in lake levels is only a short term deviation from the long
term decliningrend.
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2008Comprehensive Lake
Management Plan
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2. Introduction

For over 70 years Crooked Lake has been managed, like many lakes, in reaction to issues
that have likely reached critical stages. Several agencies and users have jurisdiction or
impact on the health of the lake. Yet, there heenlno overarching plan or set of goals

for the lake except perhaps for the game fishery.

To protect and enhance the health of the lake in the long @ryam Creek Watershed

District (CCWD) has advocated for long range comprehensive planning with the
cooperation of the most vital stewards of the lake, the lakeshore resi@eEslopment

of this Crooked Lake Comprehensive Lake Management Plan started in the winter of
2007 when CCWD encouraged the Crooked Lake Area Association (CLAA) to consider
lake issies comprehensiveland based on scientific information. TBEAA Board
supportedhe development of aomprehensivelpn as part of the CCWD 2008 Work
Plan.The scope and purpose of the plan was presented to the CLAA membership at their
winter meeting irFebruary. In March a public input workshop was held to gain public
perspectives and priorities. The workshop was attended in large part by CLAA members.
Drafts of the Plan were reviewed by the CLAA Board and a Technical Advisory
Committee. The completedgm will be presented to the CLAA membership winter 2009,
and posted at theéoon Creek Watershed Distriwebsite for the public.

2.1 Scope and Purpose of the Plan

The purpose for the Plan is to provide a
scientific and historical information. Therefore, this Plan address®squs research and
management actionkngterm goalsways to achieve those goals, andlegical and
economic consequencesthose goalsTo do this, the scope of the plan includegew

and analysisf watershed hydrologyake water qualitynutrient budgetsaguatic

communities and ecologgnd specific mnagement and control thfe invasive species:
Eurasian water milfoil & curly leaf pondweed

Two primary goals of this Plarex

3. Understanthg thewater quality condition of Crooked Lake
4. Developng strategies fothe protectiorand emmancement ofvater quality
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2.2 ldentification

Crooked Lake is located in the south central portion of Anoka County, straddling the

border betwee the Cities of Andover to the north and Coon Rapids to the south. lItis

wholly contained within the Coon Creek Watershed District and designated as Public
Water 0284P by the Minnesota Department of Natural Resources (DNR).

Crooked Lake is a small lak114 acre), elongated in the nortsouth direction. It is
relatively shallow with an average depth of 9 feet and a large littoral zone comprising
73% of the total lake area. It contains one smallé@re) island in the southwest bay of
the lake.

Crooked Lake is sustained by a combination of ground water inputs and surface water
runoff from a 266acre watershed. The watershed includes inputs from the municipal
storm sewer systems of both Andover and Coon Rapids. The lake has no natural surface
water inlets and one outlet located at the southern end of the lake. The outlet is
controlled by a culvert through an earthen dam built in 1935.

Crooked Lake is situated in a residential area where land use is mainlyfamdie
homes. There is a publaccess to the lake via a DNR boat launch on the north shore in
Andover and a city park on the east shore in Coon Rapids.

Figure 2.2.1 Location Map

L —

Anoka County

City of Andover

[ " Crooked Lake
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Figure 2.22 Crooked Lake Watershed
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2.3 History of Use & Management

™ J

Coboked Lake has been fon t)‘ 0)&\ "'.21‘%’" a
have been one of two lakes shown connected to a stream ¢ . &, y; "Ny
early map by noted explorer Joseph Nicollet from his 1B36 4 ~ e ;

. L . . ”‘3} “f p a5
exploration of the Mississippi River region. This map shows £ B T
the Dakotahnamé Pet er ah, 0 { é6umning ni r \} - [ j’
peats) for Coon Creek. Peterah leads north where it connei f;“ -
with two lakes. Crooked Lake is probably one of those lake ,,.§ g SO
(source:oral history project, Coon Rapids Historical R el
Commission & Anoka Ramsey Community Cokgg TR -:-:;_f

N oy

The creek actually flows about 1/3 mile east of the lake. }; VA
Before it was ditched in the late 1800s it meandered greatl\ &1 @
Nicollet could possibly have mischarted or misunderstood t . kﬁr.‘,‘.«» ‘9N :n‘.;\,
creek as flowing to the lake. "1843Map by J Nicolletbased o

explorationgn 1836:37. Source:
Anoka County Historical Societ

By 1857 Anoka County was legally
edablished and getting settled by Europeans. An 1874 map of Anoka
County clearly shows the lake with the surrounding landscape,
shown as timbered probably with oak. Nearby roads are also shown
that became: Main Street which turns north, currently as Crooked
Lake Boulevard, shown stopped at the Section line (current
boundary between Coon Rapids and Andover), and Bunker Lake
Boulevard just north of the lake.

Anoka County1874
source:
www.MNHS.org/True
| North project

'

|
l
|
|
|

Crooked Lake was being used for
community gatherings by the early ¥
1900s. For example, annual pcs
were held by Farmers clubs for
social and educational purposes.
Three sites were rotated annually: ,
Crooked Lake, Lake George, and sy 1555 g,
Camp Salie. In 1921, the Annual o A o e
Farm BureatFarmers Club Picnic

was held at Crooked Lake adcew an estimated 2,500 farrmend town folk. The

|l ocation was probably at Swickds Resort
rent. By 1927, there was an adjacent resort with a dancehall and cottages rented for the
season, setting the stage for community activitiesepylarly-attending familiesrom
Minneapolis, 20 miles away. The dancehall later burned down.
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The Crooked Lake Farmers Club was-tareh acti ve
of all farmers as members, with 19 clubs in Anoka County. Crooked Lakemtsidere
welcomed to join the local club, going to the old schoolhouse for sponsoredsigster
suppers or to dances at the dancehall with live music. By 1929, though, the numbers
dropped and several clubs shut down and by 1935, the Crooked Lake Falubensas
one of only 5 or 6 clubs lefHistory of Agriculture 190045, p. 57, AnokaCounty
Historical Society).

1930s

By the 1930s, Crooked Lake walso
used as a- camp site for children.
The lake provided the backdrop for
teaching agricultural skd, and a place
for an early dip and afternoon
swimming. During this decade, the
southeast shore was split into cabin
lots by the Cole/Sewell family, annual
resorters who bou
resort and sold the lots not needed by
the family.

— . Anoka Coun gricultural E> nL Currell, gives a
RSENIY L »
- ? 1 I he d rm I |t Of demonstration in fitting and blocking sheep during the Club Camp at Crooked Lake, 193 780
4 /4

the 1 9 3 OS Photo: Anoka County Extension Service

resulted in very low water levels for the shallow lake. As a result, in
1934 the first recorded COnmked ge ment
Lake Restoration Projettvas funded by the Federal Emergency

Relief Administration (FERA) to contrddke levels. This project

consisted of an earthen dyke built at the outlet at the southern tip of

the lake and a diversion project in the northeastern quadrant to

bring in water from Coon Creek. The work was to be done by the

State Emergecy Relief Adminstration . i

which coordinated unemployed E
workers for public projects, usually &
funded by the FERA. Due to

Crooked e complications in management and
FERA project funding, the project ran from 193®41
(circlad)  102R by Works Progress Administration.

1940s

In the 1940s the Crooked Lake communitgwg, mainly on >
the east side near the deepest part of the lake where it was
more clear and less weedy. The southern resort in this photo N
was Swickds Resort, and just Ut
barbershop and gas pump with small store run by Ted & Crooked Lake 1947 aerial,

MilieBuzzd | i once Tedods fat herCygpo@gawids This | egac)
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Millie still runs the store (she died February 2009). The second resort may be mismarked
on the photo according to | ocal history, and
The ColeSewell family communit expanded with new :

lakefront lots and owners in this area. Gatherings were
more familyoriented than for the public communities of
the earlier 190006s. Cabi
primary access to the lake was through private, not
public, property.

1950s '
The 1950s brought change to the Crooked Lake Tedos store, 20
landscape. The first report of fish surveys by the MN Department of Conservation began
probably because of a noted fish kill during the winter of 1950 PostWorld War Il
prosperity resulted in delmment in the village of Coon Rapids southeast of the lake.
Then in 1959 Coon Rapids incorporated as a city with its northern boundary at the
Section line so that approximately 60% of the lake is within the city boundary. This part
of Coon Rapids develeg slower than the area closer to Minneapolis, so use of the lake
as a summer retreat continued. The community of cabin owners pooled resources to hire
summer swimming instructors.

1960s
Then Coon Rapids grew into a Minneapolis suburb during the 1366saumber of

homes built in the Crooked Lake watershed more than doubled compared to the 1950s. In
1965 the city proposed an eiggntre park with swimming beach in the location of
Swickds resort. I n response, t hteCaokedhuni ty o
Lake Civic Association (CLCA) and . R— -

formally opposed the Beach Park; concer
were voiced for thefe
pollution from possibly hundreds of '

Swi mmers. 0 Ot her ¢ | ake
levels, weeds, and swimmers itch.

By 1966, the cif of Coon Rapids 2

establisheCrooked Lake Beach Parkhe \%‘ v VO

City also offered 0 o he | ake

CA ol O O
. Crooked Lake Beach Rarrecent aerial photo, City ¢
that same year. After voting down the acceg$,, rapids, He P Y

since neither the east nor west sides wanted

the public access, the CLCA tabled the discussion until they Wit type of access

was being considered. As a result, the lake association decided to forego fish stocking,
including CLCA requests for walleye; the lake was now considered private and,
therefore, not under DNR jurisdiction.

Meanwhile, inthe previousal | of 1965 the DNR fArecl ai medo
the rough fish and then in spring of 1966 stocking walleyes, followed by northern pike
None of the walleyswas bel i eved to survive, explained :
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toxicity from falltreatmed r e mai ned when they were stocked
(DNR letter, 11/21/69).

1970s
By the earlyl970swater pollution was confirmed in Crooked Lake. The biological and
water quality conditions of the | akbe were de

Crooked Lake Water Quality I nvestigationo by
A benthic survey showed a predominance of pollutmarant organisms, Oligochaeta

and Chironi mi dae, -deigviardge dtoh e alta ke .a Aimsie mip h o ¢
concentrai ons were sufficient to support Aabunda

The report noted water quality degrading not only in Crooked Lake, but in Coon Creek

and the area shallow domestic wells. AThe so
individual septic systas, both local and upstream along Coon Creek and agricultural
runoff to Coon Creek. 0 A subsequent water q

the MN Pollution Control Agency (MPCA) for by CCWD. Results revealed high
concentrations of fecal coliform kacia and nutrients throughout the creek. The results
also showed, however, that agricultural runoff had lower concentrations than the creek at
the test station of a tributary at a Ham Lake sod farm.

The Hickok report also looked at the effect of lakesl@augmentation using ti&on

Creekpump The report concluded that the | ake | e
el evation of the ground water table in the a
replacing the evaporation losses during the summmecdnnot economically be used to

substantially change the | ake elevation. o I

in the deeper aquifers appears to be accepta
Coon Creek, used before for augmentation, meakonger a viable source for lake level
augmentation because of its water quality (eammmable).

The first Report recommendation was the installation of a municipal sanitary sewer

system to prevent further degradation. A municipal water system wazeatsomended,

as was augmenting the |l ake | evels Afrom a de
of stormwater recharge basins into any planned storm sewer design. Lake residents were

also recommended to prevent organic deposits from entering thendike maintain

septic systems in good working order. By July 1972, enforcement of new shoreland

zoning ordinances regulating septic tanks, land slsaelinealterations, andtructure

placement in accordance with the MN Shoreland Management Act of 1969.

The City of Coon Rapids then hired Hickok & Associates f&C@oked LakeCoon

Creek Groundwater I nvestigationodo into the fe
the Crooked Lake area. The May 1972 report recommended moving the Coon Creek
controlstructure to south of Crooked Lake at Main Street, thereby raising the level of the

Creek to provide a corresponding rise in groundwater level. The structure could help

mai ntain a stable water | evel, estigbfl i sh a 0
Crooked Lakeo causing seasonal overfl ows tha
100-acre reservoir could also be an open space, recreational, and wildlife resource. In
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1973 the City applied to the U.S. EPA for a grant. No known action was. tiak&974

the CLCA wrote to Anoka County Commissioner, Ed Fields, for the preservation of the
Coon CreelCrooked Lake ditch for future lake level augmentation once the Creek was
not polluted. The dam project was not implemented though it was discussgedns

later at a CLCA meeting.

The 1970s was aldbe decade of théargest buildout of residential homes in thake
watashed, primarily fronthe developmenbf the Peterson farnm the northwest
guadrantCabins started getting remodeladtorn dow for yearroundhomes In 1974,
the city of Andover was incorporated from Grow Township. By 1975 city sewer was
going in from Coon Rapids (planned since 1969), and in 1976 Andover was making
Master Storm Sewer plans. Water quality improved in Crooked. Lake

1980s

By the 1980s the buitdut slowed down with few lotsZ
left in the watershed. Privacy of the lake changed &
when in 1981 a joint agreement was signed betwee@”
the City of Andover and the DNR for a public boat %

ramp with trailer parking located on therth tip of ‘
the lake, on Bunker Lake Boulevard. The site was %=
originally the Pearson home that had burnt down, %
bought by Grow Township in 1972, and then used heé“m LB
lake access but parking was across the road at Crooked Lake elementary school (built in
1968. By providing boat access, the lake changed to a public resource and so under the
jurisdiction of the DNR again and eligible for fish management.

Winterkill of fish, and muck concerns mostly on the west side of the lake, prompted the

CLCA taotivdiee@ i n 1984 and pursue | ake aeration
inversion system proposed to also reduce muck. Dredging had already been researched in
1979, but considered expensive and probl emat

Study o by swatesrédcomSnenfiedd winter aeration, \agtation

manaement only in selected areas since pinesence athe existingwvell-balanced
predatosprey fishery would be disrupted with extensive aquatic plant eradication
Winter aeration continued as a prigifor the CLCA with the Minneapolis Star Tribune
reporting a $41,000 cashare between the DNR, Coon Rapids and Andover, plus $500
by the CLCA with maintenance by the Anoka County Parks. The aeration proved
successful at eliminating fish winterkill, atite fishery was managed throughout the
decade until Crooked Lake became known regionally for its bass fishing (a permanent
aeration system was installed in 1997).

Meanwhile, other issues existed on the lake. By 1985 the public beach had become a
magnefor teen delinquency so the city of Coon Rapids put up a fence and charged a $1
user fee. This caused enough neighborhood controversy that it was reported in the
Minneapolis Staifribune newspaper. The CLCA renamed itself its current name, the
Crooked LakeArea Association (CLAA) in 1986 and boating issues surfaced with
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increased recreational use. In1990, the popular swimming beach was closed. The City
cited public safety concerns from turbid water.

1990s
Though weed control had been ongoing since at lba 1960s and done primarily by
individual | akeshore owners, thel990s brough

management by all stakeholders. Eurasian water milfoil (EWM), an invasive plant that

thrives in waters with minimal native plant communities,egpd in the lake and

quickly became overabundant. Within one year of discovery of EWM the Coon Rapids
Herald newspaper reported fear of the | ake
the thick plant growth of EWM for ambush habitat, its impedaad®ats and

recreational activities plus rapid spread across the state resulted in a call for alarm. In

1992 an experimental whelake treatment cost nearly $13,000. Approximately $22,000

was raised: 64 property owners donated $12, 526, CE¥BHADO0, CoorRapids$2500,

Andover-$2000. The money was held in a fiduciary fund at CCWD until the CLAA

formed into a no#profit corporation (2008).

2000s

As experience and research grew, both on Crooked Lake and across the state, so did the
realization that manageant of invasive aquatic plants needed to shift from elimination to
control. By 2002, the DNR made this EWM management revision statewide. In the
meantime, another exotic species, curly leaf pondweed (CLP), started showing up in
DNR aquatic plant surveys @rooked Lake (2002005). It is currently being managed

in conjunction with Eurasian water milfoil.

Meanwhile, the water quality in shallow, urban Crooked Lake is considered good. The
management focus now turns to protection and improvement of watéy guma2007,

the boat landing was +#esigned to divert stormwater runoff to pervious pasadsa

rain garden. This Comprehensive Plan was initiated. And, the CLAA became a non
profit corporation for fundraising options primarily for ongoing EWM and CLP
treatments.

Table 2.3 Summaryof Management Activity

Known management of Crooked Lake dates back to 1#8#the construction of both
the earthen dam at the south end of the lake and the diversion from CoomoC felek
levelaugmeration Sincetheneight issues have repeatedly surfafedCrooked Lake:

Issue First addressed Last addressed
Lake Water levels 1934 2000
Fishery winter kill 1951 2004
Swimming Beach 1966 1990
Water quality 1971 1999
Public Access 1981 2007
Curly Leaf Pondweed Invasive Species 1982 2008
Water Clarity and Turbidity 1987 2003
Eurasian Water Milfoil Invasive Species 1990 2008
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2.4 Population and Economic Characteristics

Currently 133 parcels are characterized as lakefront property. The mijsiitgle

family residential homes but also includes the City of Andover boat launch area at the
north of the lake, the Coon Rapids city park in the eastaamgnhome complex in the
southwest. In addition, 291 parcels are within the contributing lakeshed of Croalked L
but have no direct lakeshore access.

Median family income in the lakeshed of Crooked Lake is in the $7€520@,000 range
according to 199€ensugiata availabléhroughthe Minnesotd.and Management
Information Center (www.Imistate.mn.us).

Table 2.4 Singlefamily residential summary statistics (AnokaCounty, 2005)

Average lot size 0.62 acreq

Average house size 1,373 sf

3 bedrooms, 2 bath

Average lake frontage ft

Average House Age 39 years (built in 1968

Median House Age 35 yeargbuilt in1973)
Oldest house Built in 1893
Newest house Built in 2005
Average home cost $239,817
Average land worth $106,430
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Figure 2.4 Crooked LakeWatershed Development Patterns
DS SRS > X . E T

0 01 0.2 0.3 04 N ( ‘Lakeshed [l 1950s [ | Municipal Boundary
' ) ; IMiles I 500 N 1970s

Crooked Lake Buildowt . I 1920s  []1980s

gg%:zgl%nln.hﬁewpolnan Council, MNDOT I:l 1930s - 1990s

[ J1940s [ ]2000s
B 19505 [ | unknown

96



3. Watershed and Hydrologic
Characteristics of CrookedLake

3.1 Geologic Setting and Hydrogeology
Crooked Lake is located in the Mississippi Sand Plain portion of the Anoka Sandplain.
This geologic feature is an undulating outwash plain characterized by flat topography,

sandy soils, and a shallow water table.

Surficial geology in the area is composed of postglacial deposits formed from the retreat
of the Superior Lobe of the Grantsburg sublobe of the Lake Wisconsin glaciers. The
majority of the watershed is composed of terrace deposits with the exceptibasaofd

in the south of the lake which is composed of organic deposits and a small area in the
northeast adjacent to Coon Creek which is composed of alluvial deposits.

Figure 3.1 Crooked Lake Surficial Geology
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3.2 Topography

The watershed of Crooked Laleetypified by gently rolling topography generally

ranging between 86880 feet in elevation above sea level. The lake bottom has an
average slope of 0.02%. Elevations are more varied to the east and north of the lake and

flatten out to the west.

Figure 3.2 Crooked Lake Topography
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3.3 Subwatershed® Watershed Ratio

The Crooked Lake watershed is approximately 236 acres in size. The ratio of the size of
the drainage are to the size of the lake is approximately 2:1

The watershed is comprised of ldb®vatersheds (Sub WS):

Sub WS | Area (ac) Sub WS | Area (ac)
1 3.3 7 24.7
2 4.8 8 75.9
3 13.0 9 17.7
4 7.8 10 29.5
5 15.4 11 4.6
6 39.8 Total Area 236

Figure 3.3 Subwatersheds of Crooked Lake
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3.4 Bedrock Geology

Bedrock geology of Crookedake consists mainly of St. Lawrence and Franconia
formations, with a small portion at the northern end of the watershed characterized as
undivided Cambrian rock. Crooked Lake lies in an upthrust area between two faults to
the northwest and southeast. dB&k elevation ranges between &8 feet above sea
level. It is shallowest beneath the surface in the eastern portion of the watershed and
deepest in the northern portion of the watershed. (Bedrock Geologic Map and Bedrock
Topographic Map of the Sev&ounty Twin Cities Metropolitan Area, Minnesota
Geologic Survey, 1986).

Figure 3.4Bedrock Geologyof Crooked Lake
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3.5 Ground Water Levels

Ground water elevations in the Crooked Lake watershed range from approximately 850
to 860 feet above sea levaligg, respectively, from the extreme southern portion of the
watershed in the northeastern portion of the watershed. Ground water generally flows
from the northeast to the southwest towards the Mississippi River. Ground water
susceptibility to pollutions ranked as very high, with watborne contaminants at the

|l andés surface taking hours to months to
Regional Hydrogeologic Assessment, MN Department of Natural Resources, 1993).

Figure 3.5Hydrogeology d the Crooked Lake Area
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3.6. Land Use

Land use irthe Crooked Lakevatershedalls into one of eight categories as outlined in
Table 36 below. The majority of land ug&8%)in thewateshed is single family
residentialmostly detached housing unwsth the exception of a townhome complex in
the southwegpart of the lake Multi-family housing is located north of the Crooked Lake
city park; it composes a very small percentage of land use in the watershed.

There are twgark areas located in the t@eshedthe boat ladingon the northern shore
in Andover,and a city park on the east shar€Coon Rapids.Public/semipublic use
include two churches, both in the north in Andover: Riverdale Assembly offGbd
northwestareaandMeadow Creelchurd/school complex north of Bunker Lake
Boulevard. Parcelof vacantland exist adjacent tRiverdalechurch in the northwest,
adjacent to the townhome development in the southwest, and in the northeast of the
watershed near the southern end of the abanidameeduct The remainder of the
watersheds composed ofvetlands and about oftkird is open wate(30.1%).

Table 3.6 Land Use inthe Crooked Lake watershed(2005)

Land Use Area Percentage| Land Use | Pervious
(Acres) of Total Impervious Curve
Percentage| Number
% (CN)
Single Family 184.8 78.3% 25 74
Multi -family 2.6 1.1% 70 74
Parks and Recreatio 9.6 4.0% 5 60
Public/Semipublic 22.4 9.5% 50 74
Vacant 16.6 7.0% 5 60
236
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Figure 3.6Land Use in the Crooked LakeWatershed (2000
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3.7 Hydrologic Characteristics of Crooked Lake

Crooked Lake is sustained by a combination of surface water runoff and gvaterdnputs. The

term Ahydrologic cycl eo denot e phydichl states digquiel,r al ¢
solid, ga¥ from surface water to the atmosphere, from the atmosphere over and through the ground,
and back to surface water again. Quantification of the hydrologic cycle is accomplished by
developing a drainage basin budget. The parameters of the hydrologic cgcipifgtion,

evaporation, transpiration, infiltration, and runoff) are balanced until all of the water entering and
leaving the watershed is accounted for.

The budget of any drainage basin may be represented by the equation:
P=ET + R DSMS +DGMS +DDS + GWF
Lake Level =R + GWFK P1 ET - DSMS- DDS - DGMS

where
P = Total precipitation input
ET = Total evapotranspiration loss
R = TotalRunoff
DSMS = Change in soil moisture storage
DGMS = Change iground watestorage
DDS = Change in depressi storage
GWF = Groundwater flux (groundvater flow into or out of the drainage basin).

Precipitation

Precipitation in its various forms is the source of all water coming into the watershed. Significant
variation in precipitation amounts can occuthini the watershed from individual storm events.
Precipitation is also highly variable on an annual and monthly basis.

The average annual precipitation in the watershed is 30.6 inches with a normal variation of 28.3 to
34.1 inches. About 70 percenttbe annual precipitation, approximately 22 inches, falls between
April and September. About 6 inches of precipitation occur on average during the spring ground
water recharge period of April and early May. Measurable precipitation of 0.01 inchesartcurs
about 110 days per year, 4 of which have 1 inch or more.

Annual amounts of precipitation have ranged from a low of 15.56 inches in 1976 to a high of 43.03

inches in 1991 (UM, 1999). The most precipitation occurring in any month was 9.35 inches in Ju
1975.
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Table 3.7.1 Hydrolagyic condition as a function of anual precipitation

Year Annual Acre Feet | Hydrologic
Precipitation Condition
2000 27.3 850.9 Dry
2002 36.1 1,125.1 Wet
2003 21.7 676.3 Dry
2005 315 081.8 Normal
2006 26.7 832.2 Dry

2007was 2.53 inches below normal.

Evapotranspiration Loss
Evapotranspiration includes evaporation from all water, soil, ice, vegetative and other surfaces, and
transpiration from plants. Evapotranspiration losses can be grouped into three categories:

1. Interception losses

2. Evaporation from undrained basins

3. Evapotranspiration from soil and ground water.

Since no method exists for directly measuring evapotranspiration, it is the most difficult component
of the water budget to account for.

Potential Evapaainspiration(PET), the amount of water that would be lost to the atmosphere if water
were not limiting, can be estimated using a number of methods. The Thornthwaite equation uses
mean temperature and latitude to determine monthly potential evapotraosgifaornthwaite,

1955). The estimated annual PET for Crooked Lake is 24.9 inches per year

Table 3.7.2 Effective Precipitation (Annual Precipitation minus PET)

Year | Precipitation Effective Acre Feet
Precipitation

2000 27.3 2.4 74.8
2002 36.1 11.2 1,125.2
2003 21.7 -3.2 -99.7
2005 315 6.6 205.7
2006 26.7 1.8 56.1
2007 28.8 3.9 121.5
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Surface Water Flows into Lake

The drainage area of Crooked Lake is 260 acres in 11 subwatersheds. 75.9 acres flow directly to the
lake via overland flow.The emaining 184 acres drains through storm sewer pipbes.75.9 acres
(subwatershed number 8) includes all of the lakeshore property including Crooked Lake Beach Park
and the nortimortheast neighborhood in the vicinity of 13%venue NE. The table belovshows the

size, pervious curve number, percent impervious and discharge method for each subwatershed:

Table 3.7.3 SubwatershedSub WS)Runoff Character

Area | Pervious| Percent
Sub WS (ac) CN Impervious | Discharge type
1 3.3 74 0.26 Pipe
2 4.8 74 0.25 Pipe
3 13.0 74 0.25 Pipe
4 7.8 74 0.25 Pipe
5 15.4 71 0.21 Pipe
6 39.8 71 0.22 Pipe
7 24.7 72 0.26 Pipe
8 75.9 71 0.22 Direct Inflow
9 17.7 74 0.25 Pipe
10 29.5 72 0.23 Pipe
11 4.6 74 0.25 Pipe

Total Area 236

Tributaries and Pipes Crooked Lakéhas no natural surface water tributarieowever, there are
2.06miles of storm sewer from both the City of Andover and Coon Rdpatsonvey water into the
lake

Eighty-four catch basins (71 in Andover and 13 in Coon Rapids) direct street nutaofiié storm

sewer system. Eight stormwater outfalls are located at various locations around the lake (three in
Andover and five in Coon Rapids). In addition, remnantsdfistoric aqueduct are still discernable

in a neighborhood in the northeast pmntof thewatershed. The aqdect was once used to direct

water from Coon Creek to Crooked Ldke augmenhng lake leves but was disconnected due to

poor wate quality in Coon Creek. Stormater still enters the lake in this area via overland flow
through a culvert under Crooked Lake Boulevard. There is one surface water outlet to the lake via a
culvert in an earthen dam thesouthern endf the lake

3.7.4 Annual Inflow to Crooked Lake

Year | Annual Inflow Year | Annual Inflow

(actt) (acft)
2000 131 2005 154
2002 202 2006 154
2003 102
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3.7.1Crooked Lake Storm Sewer System
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Soil Moisture Storage

Soils in thewatersheaf Crooked Lake are mainly of the Hubbdigmore association. These soils

are formed in outwash sands and argattarized by nearly level to gently sloping, excessively

drained soils that are sandy throughout. Organic content is typically low and water table at a depth of
more than 6 feet. Due to this low water capacity, soils are prone to doughtiness anasiord er

Soils in this association are within the C or D hydrologic group and are found mainly along the

shores of Crooked Lake or adjacent to the marshy areas in the southern pantatétbleed Soils

in the A and B hydrologic group are found highermughewatershed

There are two areas of Rifle soils in thatershegdone is in the area of the abandoned aqueduct and
the other straddles Bunker Lake Blvd. between the lake and a stormwater pond to th# sorth.
characterized by level, very poodyained soils formed in organic material. It has a very high
available water capacity and organic contant the water table is very close to the surface.

Seventyfive percent (194 acres) of the soils surrounding Crooked Lake are excessively inell dra
(Hydrologic Groups A & B). However, because the area is fully developed and soils are fully
compacted, runoff is much higher than on undeveloped A and B soils.

Table 3.7.5 Soils of Crooked Lake

Soil Name Hydrologic Soil Type Slope Size
Group (Acres)

Hubbard A coarse sand 0-2% <0.1
Nymore A loamy sand 0-2% 91.06
B loamy sand 2-6% 103.0

C loamy sand 6-12% 29.1

D loamy, coarse san  12-25% 19.5

Rifle D mucky peat 0-1% 5.1

Marsh unclassified unclassified 0-1% 14.5
Open Water unclassified unclassified unclassified 120.4
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3.7.2 Crooked Lake Soils
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Ponding and Depression Storage
Depression storage includes ponds and wetlands in addition to small depressions that fill with and
hold water during and after rainstorms. The Craokake watershed includes two ponds

Church Pod is approximately 2.5 acres in size when full. This pond collects all runoff from
Subwatershed 7 which is basically Bunker LakelBvad and the properties north. The pond
contains 4.5 acre feet of livéosage.

Aqueduct Wetlandreasadjacent to the aqueduct in the north east quadrant of theplakede
some storage.

A 14.5acre marsh is mapped at the southern end of the lake. Marshes are characterized as level
shallow ponds or lakes where waited-3 feet deep for most of the year.

The remainder of the area is the open water of Crooked Lake itself. The soils are not characterized in
this area.

Ground Water Storage

Best available information indicates ttgtorical ground watdevels inthe immediate vicinity of
Crooked Lakewvere probably at an elevation of approximately 859; they areath@wproximately
850. This elevation is approximately feet below much of the shoreline ahtifeet below the lake
outlet. Ground wategenerally fows from the northeast to the southwest towards the Mississippi
River (Anoka Sandplain Regional Hydrogeologic Assessment, Minnesota Depasfrttiral
Resources, 1993).

It should be noted thground watetevels may fluctuate three to five feet year and are the most
significant determinant of the influence and effluencgrotind wateon surface water (Moering,
1993). These fluctuations are believed to be largely the result of plant, particularly tisg@ydtem,
but also have lonterm climatic and anthropogenic dimensions as well.

Ground Water Flux

Observed values for the permeability of natural soils is approximately 230 feet /day for Bansls.

the Anoka Sandplain Surficial aquifer possesses highffatas within the context of grad water.

Flow rates will decrease when ground water encounters either surficial water bodies or other
materials in the substrata. They will also decrease as ground water levels decrease because of the
decrease in back pressure or head.
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3.8 Lake Levels

The level of Crooked Lake is ultimately controlled by an earthen structure at the south end of the

lake. The structure, built in the late 1930s, containsia@®tcorrugated metal pipe set at an
elevation of 860.3. The pipe has a board placed in fiahtngth a top elevation of 862.3. The top
of the dam is at 863.4 (CCWD, 2008).

A 1972 study indicated that Crooked Lake is in fact an extension of the slgationd watetable
(Hickok & Associates, 1972)This appears to be a reasonable conclusi@nghe lake substrata,

and it explains, in part, the annual fluctuation in lake levels. Average lake levels appear to have
fallen approximately one foot in the last five years. This appears to correspond with decreases in

surficial aquifer levels througut most of the Anoka Sand Plain.

Table 3.8 Annual CrookedLake Levels

Average
2003 860.98
2004 860.27
2005 860.23
2006 860.54
2007 860.35
2008 860.75

GB35 4

Min
860.17
859.99
859.68
860.10
859.68
859.96

Max
861.57
860.75
860.51
860.92
860.86
861.24

Range

(Ft)

1.40
0.76
0.83
0.82
1.18
1.28

Highest recorded: 861.94 ft (05/16/198¢
Lowest recorded: 858.54 ft (08/29/1988
Recorded range: 3.4 ft

Average water level: 860.76 ft

Last reading861.02ft (4/29/2008
Ordinary High Water (OHWglevation:
862.1 ft

Crooked - 620884808
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G614

Elewation CFt)
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Figure 3.8Crooked Lake Levels
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4. Lake Characteristics
The Origin and Nature of Crooked Lake

Crooked Lakas the result of the patrtial filling of a glacidtainage wayeft by the Superior lobe of
the Wisconsin glaciation. Channels such as the one occupied by Crooked Lake are conspicuous by
the general alignment to the north and northeast of most of the lakes in Anoka County.

4.1 Morphology and Bathymetry

Crooked Lake is approximately 114 acres in sith a mean depth of 9 feet. It is elongated in the
north-south direction and is almost four times long as wide. Crooked Lake is a shallow lak8 with 7
percent of the lake classified as littoral zone (<15 feet). The deepest area has been measured at 26
feet in the central southeast portion of the lakdiasa meandew@shoreline length of 2.9 miles and

one small ¥acre island in the southwest which is separated from the shore by a narrow channel.

Table 4.1.1Crooked Lake Morphology

Lake Feature Measurement
Lake Surface Area 114 acres
Watershed Area 236 acres
Littoral Zone Area (depth <15 feet ) 83 acres
Percent Littoral Area 73%
Maximum Depth 26 feet
Mean Depth 9.0 feet
Relative Depth 1.0%
Average Slope 0.02%
Maximum Lake Length 1.08miles
Maximum Lake Width 0.29 miles
Length to Width Ratio 3.7
Maximum Fetch Distance 1.07 miles
Lake Perimeter (Shoreline Length) 2.9 miles

Table 4.1.2Crooked Lake Bathymetry

Depth [ft] Area (acres) | Volume (acft) Bottom Area % Lake Area
surface 114 1,021 100.0
5 65 441 49.0 43.0
10 47 278 17.8 15.7
15 31 192 16.5 14.5
20 8 90 22.8 20.0
25 1 20 6.7 5.9

112



Figure 4.1 Crooked Lake Morphology and Bathymetry
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4.2
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