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EXECUTIVE SUMMARY

Fish Lake is a relatively small recreational lake located in central Scott County Minnesota The

lake is identified as a priority surface water resource in the Prior LakeSpring Lake Watershed

Districts PLSLWDs Water Resources Management Plan Since 1998 citizens have monitored

Fish Lake through the Metropolitan CouncilsCitizenAssisted Monitoring Program with the help
of the PLSLWD While the lake supports and excellent fishery and is an important recreational

resource for the residents of the District and Scott County the monitoring data shows the lake is

eutrophic and only partially supports swimming Lakeshore residents have also observed

increased curlyleaf growth to the point of nuisance conditions

In 2002 the PLSLWD began an overall sustainable lake management planning process for Fish

Spring and Prior Lakes the main recreational lakes within the District The Sissohmble Lake

111aageiiietPla fol Sp1igadPiioi Lakes was completed in April 2004 In late 2003 the

PLSLWD was awarded a Local Water Plan Challenge Grant by the Board of Water and Soil

Resources to complete a Lake Management Plan for Fish Lake Project activities included filling
in monitoring gaps and providing watershed information to assist residents and resource managers
in identifying goals evaluating management options and developing a sustainable lake

management plan

This report presents the results of the lake and watershed monitoring and data analysis and lays
out the process and results of the Fish Lake management planning effort The result is an overall

lake management plan that can help guide the PLSLWD other agencies community groups and

citizens as we all strive to protect and improve this important water resource
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INTRODUCTION AND PURPOSE

Fish Lake is a relatively small recreational lake located in central Scott County Minnesota The

lake is identified as a priority surface water resource in the PLSLWDs Water Resources

Management Plan While the lake supports and excellent fishery and is an important recreational

resource for the residents of the District and Scott County the quality of the lake is impaired due

to excess nutrients These excessive nutrients lead to problems with nuisance algae bloomsie
microscopic plants that turn the water green and scummy limiting clarity of the water and

detracting from recreational uses

The PLSLWD has supported volunteer monitoring of Fish Lake through the Metropolitan
CouncilsCitizen Assisted Monitoring Program CAMP since 1998 That data shows the lake is

eutrophic and does not fully support swimming Lakeshore residents have also observed increased

curlyleaf growth to the point of nuisance conditions

In light of increased pressures from development and curlyleaf pondweed the PLSLWD

recognized the need to complete a lake management plan for Fish Lake to improve water quality
and protect the lakes many recreational uses Local residents particularly members of the Fish

Lake Sportsmens Club were also very interested in participating in the development of a

management plan In 2003 the PLSLWD applied for and was awarded a Local Water

Management Challenge Grant from the Board of Water and Soil Resource to engage local

residents and agencies in the development of a management plan for Fish Lake

The objectives of the lake management planning effort were as follows

Convene a group of citizens and agencies to develop a management plan for Fish Lake

Supplement existing monitoring data with more thorough monitoring temperature and

oxygen profiles surface and nearbottom nutrient samples water level to develop a simple
lake waterquality model

Review available plant community data and identify options for controlling curlyleaf
pondweed and enhancing the native aquatic plant community
Evaluate current and future watershed conditions land use septic systems etc to help
predict water quality changes and identify management options
Collaboratively develop water quality plant management and watershed management

goals for the lake

Identify and evaluate management options
Collaboratively develop a management plan designed to achieve the identified goals

This plan is the culmination of the planning effort that began in late 2003 with the establishment

of the Fish Lake Planning Group The plan summarizes the watershed water quality and aquatic
plant data available for Fish Lake establishes lake management goals and identifies a

management plan to help achieve those goals The plan is intended serve as a vehicle for a more

organized approach to water quality management where the strengths and resources of various

organizations are put to work toward common objectives Appendix A presents letters and

resolutions of support and commitment from several organizations that participated in the

development of the plan and that will also participate in its implementation



ABOUT THE PLANNING PROCESS

The planning process was completed using three phases of smallgroup workshops as indicated

below Following each workshop summaries were compiled and distributed to participants and

interested parties Copies of the workshop summaries and materials are available for review at the

Watershed District office

A12day visioning session was held in October 2002 where participants were invited to

develop and express their understanding of the current and desired future conditions of the

lakes

Initial Planning Workshop February 2003 Reviewed the visioning session and current

knowledge about the lake Discussed data needed to continue the planning effort

Data Gathering During 2003 through 2005 additional data was collected to help inform the

planning process Workshops were held to guide the datagathering effort and review and

discuss the information as it was generated

Workshop 1 Initiate Planning Process August 2004 Participants discussed the planning
process and the ongoing datagathering effort discussed the current understanding of the

lakes water quality and reviewed the short and longterm visions developed during the

visioning session and initial planning workshop

Workshops 2 and 3 Aquatic Vegetation Management Plan FallWinter 2004 A series

of workshops were held to develop an Aquatic Vegetation Management Plan for the lake

Workshop 4 Fish Lake Data and Goals Spring 2005 At this workshop participants
reviewed the planning process and the latest information about the lake including a map of the

land uses in the watershed The participants also reviewed and discussed goals identified for

the lake to date and discussed their views of the current and desired quality of the lake

Workshop 5 Lake Goals and Objectives Summer 2005 Participants finalized specific
goals and objectives for the management plan

Workshop 6 Management Options and Draft Plan Winter 2006 Following the

completion of the second year of detailed monitoring the planning group met to discuss the

latest data and lake management options and to review a draft of the management plan

The final steps in this process involved sharing and discussing the final plan with various entities

and community organizations interested and involved in the planning process
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ABOUT FISH LAKE

Physical Conditions

Fish Lake is located in Spring Lake Township in central Scott County Minnesota Figure 1

Fish Lake Location
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The lake has a surface area of 173 acres a maximum depth of 28 feet and an average depth of 14

feet According to the Minnesota Department of Natural Resources DNR 43 percent of the Fish

Lake surface area is littoral area The littoral area is the area of the lake that is less than 15 feet

deep which is the area where rooted aquatic plants may grow Table 1 summarizes the physical
characteristics of Fish Lake

Table 1 Fish Lake physical characteristics

Size Average Maximum

acres depth feet depth feet
172 14 28

Littoral Area

acres
73 acres

43 of lake

Watershed size

acres
4853 excluding

lake

WatershedLake

Ratio by area
28
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Watershed Setting
Fish Lake is situated within the North Central Hardwood Forest ecoregion Figure 2 one of seven

ecoregions in Minnesota Ecoregions are areas of similar soil land surface form natural

vegetation and current land use Lakes within the same ecoregion often have similar

characteristics and it can be helpful to compare data for an individual lake to ecoregion averages

Figure 2 Minnesota Ecoregions
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Figure 3 depicts the location and size of the Fish Lake watershed and the watershed land use

Figure 4 summarizes the watershed land uses on a percentage basis The most common land uses

in the watershed are rural residential development 296 percent and row crop agriculture 276
percent Approximately 12 percent of the watershed area either is or has historically been

wetland Some wetlands have been drained or filled for agricultural and residential purposes

Much of the remaining wetlands are impacted by ditching andor stormwater runoff
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Figure 3 Fish Lake Watershed Land Use
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The Fish Lake shoreline itself exhibits a mix of land uses About onehalf to twothirds of the

lakeshore has been developed for residential housing Most of the houses located along the

northeast shoreline of the lake were built during the late 1940s to early 1960s on relatively small

lots Some of these houses were lakeshore cabins before they were converted to yearround
residences and at least one house still is used as a seasonal residence About half of the

residential areas in the watershed were built during the mid to late 1990s on larger lots including
those houses located on the east and southeast shoreline The rest of the Fish Lake shoreline

consists of a township park DNR boat access seasonal campground and agricultural land

The topography of the Fish Lake watershed is rolling with a significant amount of relief for such

a small watershed Watershed elevations range from 948 mean sea level MSL in feet or less at

the shoreline to a height of 1058 MSL on the northnortheast edge of the watershed along Lake

Ridge Drive see Figure 5

Figure 5 Fish Lake Topography
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The soils found in the Fish lake watershed are primarily Lester or Hayden loams in hydrologic soil

group B or BD and are generally rich in phosphors and other nutrients Several areas of

cropland within the Fish Lake watershed have been classified by the Scott Soil and Water

Conservation District SWCD as highly susceptible to erosion Figure 6 based on an analysis of

soil type and topographyslope This does not mean that those areas are eroding but that they
have the potential for significant erosion if best management practices are not followed
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Figure 6 Highly Erodible Cropland
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All of the residences within the watershed are served by individual sewage treatment systems
ISTS The one exception is that eleven homes along the northeast shoreline of the lake are

served by a small community treatment system In 20022003 the community system was

constructed to serve several homes that were in need of septic system upgrades or replacements
but did not have enough space available on their lot to accommodate a new or upgraded system

Although Scott County is one of the fastest growing counties in Minnesota the Fish Lake

watershed has experienced moderate growth and development in the last 20 years About one

third to onehalf of the shoreline and more than half of the total watershed land area remains

undeveloped The Fish Lake watershed is currently zoned for rural residential development RR1
or RR2 in the Scott County Comprehensive Plan
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Lake Water QualityChemistry
Lake water quality is often described by trophic or nutrient status Fish Lake is a nutrient rich

lake Like most lakes in this part of Minnesota the growth of plants and algae in the lake are

limited by the availability of phosphors Additions of phosphors will enhance the growth of

plants and algae affecting the clarity of the water and the swimmability and aesthetics of the lake

To track lake water quality the PL SLWD has supported volunteer monitoring of Fish Lake

through the Metropolitan CouncilsCitizen Assisted Monitoring Program CAMP since 1998

CAMP volunteers measure lake water clarity using a Secchi disk and collect water samples for

laboratory analysis of nutrients phosphors and nitrogen and chlorophylla an indicator of how

much algae are in the water Volunteers also measure surface water temperature and rate the

physical condition and recreational suitability of the lake during each visit

In 2004 and 2005 the District also undertook a more detailed lake monitoring effort to further

investigate the lakes water quality and identify the impact of internal phosphors loading on the

lake Appendix B details the results of that monitoring effort

Table 2 presents total phosphors chlorophylla and Secchi disk transparency measurements for

Fish Lake collected through the CAMP program and PLSLWD monitoring The table compares

this Fish Lake monitoring data to the typical range for all monitored and referenceie un

impacted lakes in the North Central Hardwood Forest NCHF ecoregion

Table 2 Water quality data for Fish Lake as compared to assessed reference lakes in the

North Central Hardwood Forest ecoregion growing season data MaySeptember

Fish Lake

Parameter 20041 20051 5Year

Average
Total 44 59

Phosphorus
gL

Chlorophylla 19 2 2

gL
Secchi Depth 16 12 18

MPCA Assessed Lakes3

Interquartile Range 25
751h and Median

28 112

51

8 45

21
1 26

MPCA Reference Lakes3

Interquartile Range 25
751h and Median

22

7 37

15 32

m 16
1
PLSLWD monitoring sampling done by Three Rivers Park District for PLSLWD
21 through 2005 CAMP monitoring
3All MPCA lake data is for the NCHF ecoregion Assessed lakes are all NCHF lalces sainpled by the

MPCA reference lakes are those NCHF lakes considered to be minimally impacted

The monitoring data identify Fish Lake as a eutrophicie nutrientrich lake Scientists use a tool

called the Carlson Trophic State Index TSI to determine the trophic status of a lake TSIs are

calculated based on certain water quality indicators to determine where the lake fits on a nutrient

enrichment continuum see Table 3 The water quality indicators are total phosphors
concentration chlorophylla concentration and Secchi disk transparency TSI values range from

0 nutrient poor to 100 very nutrient rich The average TSI for Fish Lake ranged from 56 to 64

during the years 2001 through 2005
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Table 3 Carlsons Trophic State Index TSI explanation The observed TSI range for Fish

Lake from 2001 through 2005 is highlighted

TSI 30 Classic oligotrophy clear water oxygen through the year in the hypolimnion
sahnonid fisheries in deep lakes

TSI 3040 Deeper lakes still exhibit classical oligotrophy but some shallower lakes will become

anoxic in the hypolimnion during the summer

TS 4050 Water moderately clear but increasing probability of anoxia in hypolimnion during
summer

TS 5060 Lower boundary of classical eutrophy Decreased transparency anoxic hypolimmon Fish

during the summer macrophyte problems evident warmyvater fisheries only Lake

T I
TSI 6070 Dominance ofbluebgreen albgae algal scums probable extensive macrophyte problems 56 64

TSI 7080 Heavy algal blooms possible throughout the summer dense macrophyte beds but

extent limited by light penetration Often would be classified as hypereutrophic

TSI 80 Algal scums summer fish kills few macrophytes dominance of rough fish

Source Minnesota Pollution Control Agency Lake data web site

The nutrientenrichment of Fish Lake affects the ability of lake users to enjoy the lake In 2002
Fish Lake was included on the State of Minnesotaslist of impaired waters due to excess nutrients

The Minnesota Pollution Control Agency MPCA has identified a phosphorus goal of 40 pgL or

less as the criterion for meeting aquatic recreation uses in the NCHF ecoregion this corresponds
to a TSI value of 57 or less Figure 7 depicts the average growing season total phosphors
concentration for Fish Lake since 1998 compared to the ecoregion goal

Figure 7 Growing Season Average TP 19982005
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One important consideration in developing a management plan to protect and improve Fish Lake

is the source of the excess phosphorus found in the lake There are four general sources of

phosphorus in lakes

Runoff from the watershed

Recycling from phosphorusrich lake sediments
Groundwater inflow and

Atmospheric deposition through precipitation or direct deposition

For most lakes in this part of Minnesota watershed runoff and internal recycling are the largest
sources of phosphorusie phosphors loading to the lake This is also true for Fish Lake

To get a sense for the relative importance of watershed runoff and internal loading as Fish Lake

phosphorus sources the monitoring data were analyzed for evidence of phosphorus loading and

some simple models were used to estimate the externalie watershed and internalie sediment

recycling phosphorus loading to the lake

In 2004 and 2005 samples were collected from the bottom waters of Fish Lake and analyzed for

total phosphorus TP concentration Appendix B presents the results of that monitoring effort In

both 2004 and 2005 phosphorus concentrations increased dramatically in the bottom water of the

lake during the summer This increased is one indicator of significant internal phosphorus loading
in a lake

Estimates were also made of the annual watershed and internal phosphorus loading to Fish Lake

A SWAT model was developed for the Fish Lake watershed by Dr Amal Djerrari of

Hydrogeological Modeling Services Inc Because there was no inflow monitoring data

available for the watershed the model is based on assumed values of phosphorus runoff by land

use based on scientific literature values Therefore the model can only provide an approximate
estimate of watershed loading With that said it can still be a useful tool for comparing internal

and external phosphorus loads The SWAT model results showed an estimated average annual

watershed TP loading rate of 93 kilograms per year Over an eightyear period the modeled

watershed loads ranged from approximately 45 kilograms to slightly over 200 kilograms
Appendix C

Estimates were also made by Joe Bischoff of Wenck Associates Inc of the internal loading rate

for Fish Lake Using three different methods the annual internal TP loading estimates ranged
from I I I to 488 kilograms phosphorus Appendix D Although not all of the phosphorus
released from the sediments are available for algal uptake during the growing season

approximately half was estimated to migrate across the thermocline from turbulent diffusion

Appendix D

The Canfield Bachmann model was also used to develop an estimated total TP load to Fish Lake

of I I I to 488 kgyr Appendix D Using the midpoint of the internal and total loading ranges and

assuming that half of the internal load is available for algal production resulted in an estimate that

internal phosphorus load accounts for a median of 73 of the phosphorus load It is likely that

some external load is contributing to the phosphorus budget of Fish Lake however it is probably
relatively small compared to the internal load in Fish Lake

12



Lake Biology
Fish Lake is described by the Minnesota Department of Natural Resources DNR as a quality
walleye fishery particularly for a metroregion lake Every other year the DNR stocks the lake

with walleye fry and fingerlings The lake does not appear to have an excessive carp population
This conclusion is supported by the diverse community of native plants found in the lake and by
the observations of the Fish Lake Sportsmans Club The Sportsmans Club has attempted a carp

seining operation in the past and has not found a significant carp population nor have the club

members observed carp spawning activity along the shoreline during the spring In addition the

DNR installed a fish barrier downstream of the lake outlet to prevent upstream migration of carp

Fish Lake also supports a relatively diverse community of rooted floating and emergent plants
Plant surveys completed in 2003 and 2005 found as many as 13 species of emergent and rooted

aquatic plants growing in the lake

During the planning process an Aquatic Vegetation Management Plan was developed for Fish

Lake that included an assessment of the plant community plant management goals and

recommended management actions designed to meet those goals Figure 8 illustrates the plant
management zones and management objectives identified for the lake The aquatic vegetation
management goals and management actions are incorporated into this overall Lake Management
Plan The entire Fish Lake Aquatic Vegetation Management Plan is available for review at the

Watershed District office

Figure 8 Fish Lake Aquatic Vegetation Management Zones From Fish Lake Aquatic
Vegetation Management Plan January 2005
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About half of the Fish Lake shoreline has not yet been developed on the west side of the lake in

management zones 2 and 3 This shoreline will likely be developed as residential home sites

some time in the future The establishment of the above vegetation management zones is not

intended to prohibit development from occurring along that shoreline in accordance with state and

local ordinances and rules Rather the aquatic vegetation management zones are meant as a tool

to educate current and future lakeshore owners about the importance of protecting and restoring
native plants and to encourage the use of best management practices in shoreland management

State laws address the protection and removal of native aquatic plants in Minnesota Under

Minnesota law aquatic plants growing in public waters are the property of the state The

Department of Natural Resources oversees an Aquatic Plant Management Program that protects
native vegetation and the aquatic environment from unnecessary harm while allowing lakeshore

homeowners to control some aquatic vegetation for water access
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GOALS

An important purpose of this planning process was the development of strategies goals and

objectives for Fish Lake The first step in this goalsetting process involved discussing the current

status of the lake and developing preliminary goals At a Visioning Workshop in 2002 and the

start of the planning process in 2004 participants shared their view of the lakes current condition

The individual comments on the lake conditions were summarized as follows

Fish Lake is a small headwaters lake that is sensitive to water quality impacts While the

lakeswatershed is less developed than some other lakes in the area the land use is

changing and the lake is in need of protection and restoration to reduce summer algae
blooms and address excessive growth of invasive aquatic plants These issues can be

addressed by increased awareness attention funding and citizen involvement

The group developed the following short and longterm goals for the lake at that time

Shortterm

o Educate regarding headwater lake and its value

o Establish clearly understood measurable goals for the lake

o Identify specific funding options
o Address planning
o Fill data gaps

o Identify potential sources of excess nutrients

o Investigate lake leveloutlet concerns

Longterm
o Improve water quality by reducing nutrient inputs
o Maintain and restore natural shoreline as much as possible
o County park
o Preserve natural environment

o Development conducted in a manner that protects lake

o Lake association or similar informationeducationmanagement group

Water Quality Plant Management and Education Strategies and Goals

After sharing perceptions of the current conditions of the lake and their vision for the future the

participants in the planning process then learned about the current status of the lakes through the

workshops described previously under the planning process Additional data was collected during
2004 and 2005 to fill in some of the data gaps and that information was summarized and

discussed with the planning process participants The participants also developed an Aquatic
Vegetation Management Plan for Fish Lake This led to the development of the goals presented in

Table 2
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Table
4

Fish
Lake
Management
Goals

Category Education
and

Awareness Water
Quality

Aquatic
Plant

Management Fisheries

Goal
Increase

community
understanding
of
lake
quality
issues
and
lake

management
efforts

Inform
community
about
the
dangers
posed
by
exotic
species
and
how
to
prevent
the
introduction
of
exotic
species
in

area
lakes
and

streams

Improve
residents
knowledge
of
and

use
of
shoreline
and
lawn
maintenance
best

management
practices
BMPs

Increase
use
of
BMPs
for
lowimpact

development
and

storm
water

management
before
during
and
after

construction

Promote
environmentally

sustainable
land

management
and
development

Reduce
the
number
of
days
that
the
physical
condition
is

definite
algae
present
and
increase
the
frequency
of
some

algae
present
conditions

Improve
the
recreational
suitability
to

a

beautiful
or

minor
aesthetic
problem
rating
for

most
of
the

summer

Achieve
average

growing
season

transparency
of
12

meters
or

greater
39
feet

Reduce
average

growing
season

phosphorous
concentration
to
40
ugL
or

less

Reduce
watershed
phosphorus
loading
from

current
annual

average
estimate
of
94
kg

per
near

Control
internal
recycling
of
phosphorous
currently
estimated
at

111
to
488
kg

per
year
or

approximately
70
of

annual
TP
load

Reduce
severe

nuisance
growth
of
curlvleaf
pondweed
and

preserve
native
aquatic
plant
growth

Reduce
nuisance
curlvleaf
pondweed

coverage
to
4

acres
from
16

Increase
native
plant
diversity
in

springearly
summer
by
50
from
6

species
to
a

minimum
of
9

species

Maintain
latesummer
native
plant
species
diversity
at

10
species
ormore

Increase
late

summer
native
aquatic
plant

coverage
to

32
of
the
lake

area

Increase
stands
of
bulrush
and
other
desirable

emergent
vegetation
and
maintain

current
stands
of
floatingleaf

vegetation Reduce
frequency
of
nuisance
algae
blooms
in

summer

Maintain
game

fish
populations
and
habitat
walleye
pike
bass
and
watch
for
and
as
necessarn
try
to

reduce
any

impacts
from

carp Encouragerequest
an

updated
fisheries

survey
by
the
Department
of
Natural
Resources
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ACTION PLAN

Following the establishment of general and specific goals for the lakes the discussions turned to

how to reach those goals A number of alternatives were discussed Particular emphasis was

given to options for controlling internal phosphors cyclingie reducing phosphors inputs from

the lake sediments as this is likely a significant source of the phosphorus in Fish Lake The need

for additional lake and watershed monitoring to pinpoint phosphorus sources and further

investigate internal loading control options was also discussed Actions to reduce phosphors and

sediment loading from the watershed were also identified and evaluated

For each of the management goal areas water quality aquatic plant management fisheries and

educationinformation specific implementation actions were identified and evaluated based on

their feasibility and effectiveness in achieving the management lake goals Numerous activities

were considered ranging from carp removal to alum treatment to continued education efforts

Some potential actions have greater uncertainty associated with them and others are undesirable

due to cost potential adverse impacts or stakeholdercitizen concerns Still others such as

nondegradation and sustainable development are concepts and approaches that should be

incorporated into all of the actions that move forward The most feasible options those with the

greatest likelihood of implementation and the greatest expected progress towards the sustainable

lake goals were identified in Table 5 below as management actions for Fish Lake Although
some of the actions overlap somewhat since they are important BMPs they were included as

separate items It is also important to note that many of these ideas will require additional

discussion and exploration prior to implementation

The information in Table 5 focuses primarily on the roles and responsibilities of local government
volunteer groups and individuals It is important to note that there are also many resources

available from nonlocal sources particularly state and federal agencies These include the

Department of Natural Resources Pollution Control Agency Board of Water and Soil Resources

Metropolitan Council and federal Environmental Protection Agency Local governments
volunteer organizations and citizens in the watershed rely on these federal and especially state

sources for technical assistance educational materials and financial support The following
abbreviations are used in Table 5

OrganizationTerm Abbreviation

Fish Lake watershed residents FL

Prior LakeSpring Lake Watershed District WD

Spring Lake Township SLT

Scott Soil Water Conservation District SWCD

Scott Countv County

Minnesota Department ofNatural Resources DNR

Minnesota Pollution Control Agency PCA

Metropolitan Council Met Council

Citizen Assisted Monitoring Program CAMP

Water Quality WQ

Phosphorus P

17
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IMPLEMENTATION SCHEDULE

The actions listed in Table 5 present a detailed approach for moving forward to improve and

protect the water quality of Fish Lake However not all of the actions can be accomplished at

once As discussed earlier some will need to be sequenced to enhance the potential for success

while the timing for others will reflect budgeting and staff time needs and constraints Table 6

presents a fiveyear schedule for implementing each of the action items

It is difficult to predict the expected response of the lake over the fiveyear implementation
timeline A successful alum treatment on Fish Lake will result in a dramatic and immediate

improvement in water quality but it is hard to know how long the improvement will last

Controlling Curlyleaf Pondweed will help ensure the lonerterm effectiveness of an alum

treatment that is why it is important to address this problem before an alum treatment The

completion of studies currently in progress on other metroarea lakes will also provide more

information to help predict future responses in Fish Lake It will also be important to continually
evaluate the effects of various implementation actions on Fish Lake and to continually refine the

management plan to reflect the current status of the lake and the knowledge we gain as the plan is

implemented

Annual Reaortin

It is important that this Lake Management Plan be a living plan that can be refined and updated
as we learn more about the responses of Fish Lake to management actions and as new tools and

new information about existing management tools becomes available To ensure that

implementation of the Plan is continuing and that progress is being made towards the sustainable

lake goals an annual update will be completed each year that includes the following
1 A discussion of the actions initiated and completed during the past year including what

worked well and what didntwork as well

Analysis of progress made towards the sustainable lake goals
3 A discussion of any changes needed to the plan to ensure continued implementation and

success

4 A description of the actions planned for the next year including lead organizations
individuals funding sources and a more detailed timelineie an annual work plan

Note that as indicated in the previous section for each action item a number of steps will be

needed for implementation This will require the ongoing involvement of the various individuals

and groups that participated in developing this Lake Management Plan

Future Revisions to the Sustainable Lakes Management Plan

It is important that this Sustainable Water Quality Management Plan be a living plan that can be

refined and updated as we learn more about the responses of Fish Lake to management actions
and as new tools and new information about existing management tools becomes available At a

minimum the Plan will be revisited and updated every five years
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Appendix A

Resolution 06204

A Resolution Adopting A Sustainable Lake Management Plan

For Fish Lake

WHEREAS The Prior LakeSpring Lake Watershed District PLSLWD is established and
authorized under Minnesota Statute 1031 and

WHEREAS the mission of the PLSLWD is to manage and preserve the water resources within the
watershed district and

WHEREAS the PLSLWD has an approved management plan under Minnesota Statute 10313231 that
includes a policy developing water quality improvement plans for priority water bodies with public access
such as Spring and Prior Lakes and

WHEREAS the PLSLWD led the development of a Sustainable Lake Management Plan for Fish Lake
that involved more than 30 members of the community representing lakeshore owners fake associations
local government regional and state agencies and watershed residents and

WHEREAS the purpose was to engage stakeholders to develop a plan that summarizes the watershed
water quality and aquatic plant data available for Fish Lake establishes lake management goals and

identifies a management plan to help achieve those goals improve water quality and protect the lakes

many recreational uses

NOW THEREFORE BE IT RESOLVED that the Prior LakeSpring Lake Watershed District does

hereby adopt the Sustainable Lake Management Plan for Fish Lake dated April 2006

Adopted this 11
t

day of April 2006 upon motion by and second by
U

by the following vote

Craig Gontarek William Schmokel

William Kallberg Roger Wa171

Larry Mueller
M

y

President

Attest to

1 Craig Contarek Secretary of the Prior LakeSpring Lake Watershed District do hereby certify
that the above resolution06204 was duly passed by the Board of Managers at a duly called meeting on

the l l
t

day of April 2004

Craig Gontark Secretary

Res 06204

April 2006
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RESOLUTION 06 i

Staring Lake Townshiit Scott Comity Minnesota

A RESOLUTION ADOPTING

TIiE SUSTAINABLE LAKES MANAGEMENT PLAN

FOR FISH LAKE

A PREPARED BY THE PRIOR LADE SIRING LAKE WATERSHED

DISTRICT

WHEREAS the Spring Lake Township Board recognizes the importance ofmanaging the water equality
of Fish Take and

WIERIaWAS the Spring Lake Townships Board participated in the development ofthe Sustainable Fakes

Management flan 9or Dish Lake and

WHEREAS the purpose was to develop a plan that I sets common goals and objectives 2 blends the
skills of all the groups involved in lake management 3 identifies roles and responsibilities and 4

develops support networks and integrates the various types of community resources

NOW THEREIiORE BE IT RESOLVED that the Town Board of Spring Lake Township Scott

County Minnesota does hereby adopt the Sustainable Lakes Management Ilan for Fish Lake dated

April 2006

ties

Chairman Eugene Berens X

Supervisor JohnIlenschel X

Supervisor Michael Borka X

Adopted by Spring Lake Township this 3 day of J0 i

1

E6 ene evens Town

ChankafhyN sen Town Clerk

No Other

2006
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Introduction

Fish Lake is a relatively small lake located in the central part of Scott County Minnesota The

Prior LakeSpring Lake Watershed District PLSLWD or District has been supporting volunteer

monitoring of Fish Lake through the Metropolitan CouncilsCitizen Assisted Monitoring
Program CAMPS since 1998 In 2004 the District undertook a more detailed lake monitoring
effort to further investigate the lakes water quality and identify the role of internal phosphorus
loading on the quality of Fish Lake This monitoring effort was intended to help inform the

development of a Lake Management Plan for protecting and improving Fish Lake

Methods

In 2004 and 2005 the PLSLWD contracted with the Three Rivers Park District to monitor Fish

Lake from spring through fall of each year The District also continued to support CAMPS

monitoring of the lake and also collected a few grab samples from inflows to the lake in an

attempt to get a sense for potential watershed hotspots

Every two weeks beginning in April of each year Three Rivers Park District staff sampled the

lake During each sampling trip temperature dissolved oxygen conductivity and pH profile data

were collected and a secchi disk transparency measurement was recorded Grab samples were

taken at the lake surface thermocline and just above the lake bottom and the samples were

transported on ice to the Three Rivers Park District laboratory for analysis of total phosphorus
soluble reactive phosphorus total nitrogen surface grab only and chlorophylla surface grab
only Standard sampling and laboratory protocols and quality assurancequality control

QAQC measures were followed Details about the protocols and QAQC measures are

available from the PLSLWD

Monitoring Results

Precipitation

In 2004 precipitation within the PLSLWD was nearly 5 inches greater than the longterm
average for Scott County This was driven by large amounts of rainfall in May and September
compared to the longterm average In 2005 precipitation totaled 32 inches 4 inches above

normal The majority of rainfall occurred in June and September with September totals almost 4

times the annual average

Phvsical Characteristics

Figure I shows the temperature and dissolved oxygen DO patterns in the lake in 2004 and

Figure 2 shows the same information for 2005 In both years the lake stratified thermally during
the summer months and also showed strong DO stratification It appears that the lake is

dimictic with a spring and fall overturn The monitoring program captured the spring overturn

in 2004 and the start of fall overturn and the start of the fall overturn in 2005 Also note that in

both years the lake bottom was anoxicie oxygen concentration less than 2 mL for much of

the growing season



Appendix B

2004 Temperature Celsius
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Figure 1 Isoplots for dissolved oxygen and temperature in Fish Lake for 2004
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Water Oualitv

Total Phosphorus Phosphorus is an important nutrient for plant growth in Minnesota lakes In

2004 total phosphors TP concentrations at the lake surface ranged from 446 to 922 gL

ppb The 2004 growing season average TP was 638gL In 2005 TP concentrations ranged
from 314 pgL to 1339 with a growing season average of 438 pgL In general TP

concentrations were lower in 2005 than in 2004 Figure 3

Fish Lake Growing Season TP

00

N O N I
N Ln N O O h NO I W

V l7 l7 O I W 00 CY CY O

Date DayMonth

Figure 3 Fish Lake surface epilimnion total phosphorus concentrations 2004 and 2005

In both 2004 and 2005 TP concentrations near the bottom of the lake were generally much

greater than the surface water concentrations Figures 4 and 5 The increase in phosphors
concentration from surface to bottom waters is due to the release of phosphors from the lake

sediments under low DO conditions less than 2 mgL The phosphors concentration remains

high in the bottom waters until the lake mixes when the phosphors is then distributed

throughout the lake and available for plant and algae growth This phosphors recycling can

be a significant source of phosphors loading to lakes

In Fish Lake a pulse of phosphors upon lake mixing is visible in the fall sampling data from

both 2004 and 2005 Although plant and algae growth declines significantly in the fall and

winter due to cooler cold water temperatures and reduced light availability some of the

phosphors remains in the water column to fuel plant and algae growth in the spring During
the summer some of the phosphors released from the sediments can also diffuse across the lake

thermocline the zone of greatest temperature change and become available for plant growth

Partial wind mixing of the lake can also bring phosphors from the bottom waters up towards the

surface For example the temperature data from 2005 suggests that Fish Lake experience partial
mixing around May 23 The surface TP measurement from May 23 was greater than both the

previous measurement May 10 and the following measurement on June 7
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Total Kjedahl Nitroge TKN The TKN concentration averaged 143 mgL during the 2004

growing season May through September and 137 mgL in 2005 The ratio of total nitrogen
TN to total phosphors TP can provide an indication as to which nutrient is limiting the

production of algae in a lake For Fish Lake the TNTP ratio was about 22 in 2004 and 31 in

2005 This indicates that nitrogen is much more abundant in the lake than phosphorus making
phosphorus the limiting nutrient for algae growth

Chlorojhylla grad Secchi Disk Trarashaiemy Chlorophylla chla concentration provides an

estimate of the amount of algae growing in the lake In Fish Lake chla ranged from a low of

115 pgL on June 21 2005 to a high of 412 pgL on October 11 2005 Figure 6 The

average growing season chla concentrations were 276gL in 2004 and 248gL in 2005
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Figure 6 Fish Lake surface chlorophyllu concentrations for 2004 and 2005

The Minnesota Pollution Control Agency has found that chlorophylla concentrations between

10 and 20 gL are frequently perceived as a mild algae bloom while concentrations greater than

30 pgL may be perceived as a severe nuisance Heiskary and Walker 1988 The monitoring
data suggest that the lake exhibited nuisance algae blooms in July 2004 and September and

October 2005

Chlorophylla concentrations are also very closely related to Secchi disk transparency
measurements as illustrated in Figures 7 and 8
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Fish Lake Chlorophlla and Secchi monitoring 2004
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Figure 7 Fish Lake Chlorophylla concentrations and secchi depth for 2004

Fish Lake Chlorophylla and Secchi Monitoring 2005
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Lake Trophic Status

One method used to characterize lakes is to identify the trophic or nutrient enrichment status of

the lake The Carlson Trophic State Index TSI is a tool used to interpret the relationship
between total phosphorus chlorophylla and Secchi disk measurements in a lake Carlson 1977
TSI values are calculated as follows

Total Phosphorus TSI 1442 In TP 415

Chlorophylla TSI 981 In Chla 306

Secchi Disk TSI 60 1441 In secchi disk

The individual TSI values for TP Chla and Secchi disk transparency are then averaged to

develop a composite TSI number for a lake TSI values range from 0 nutrient poor to 100

very nutrient rich With this index each increase of ten units represents a doubling of algal
biomass

TSI values for Fish Lake are presented in Table 1 The average TSI for Fish Lake over the past
10 years was 58 A TSI value of 58 suggests the lake is in an advanced state of eutrophy where

bluegreen algae dominate and the lake can demonstrate periods of severe algal blooms

Table 1 TSI values for Fish Lake between 1980 and 2005

Year TP TSI Chla TSI Secchi TSI Average TSI

2005 61 62 56 60

2004 62 59 54 58

2003 62 62 47 57

2002 67 65 60 64

2001 65 61 45 57

2000 59 NA 46

1999 59 NA 51 55

1998 60 NA 54 57

1997 62 NA 55 58

1995 6 NA 6 6

1990 NA 55 54

1987 NA NA 57 57

1986 NA NA 6 3 6 3

1985 NA NA 65 65

1984 66 NA 57 61

1980 57 NA 59 58

It is useful to compare the water quality data from an individual lake with lakes from the same

ecoregion Table 2 presents the 2004 2005 and fiveyear average water quality data for Fish

Lake compared to the typical range for the North Central Hardwood Forest NCHF Ecoregion
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Table 2 Water quality data for Fish Lake as compared to assessed and reference lakes in

the North Central Hardwood Forest Ecoregion

Parameter Fish Lake I NCHF Ecoregion
2004 2005 5Year MPCA Assessed Lakes MPCA Reference Lakes

Average Lrterquartile Range 25 Lrterquartile Range 25
75th and Median 75th and Median

Total 55 52 61 28112 51 522

Phosphorus
gL

Chlorophyll 19 25 25 845 21 737

a jg
Secchi Depth 16 13 18 126l6 1532

in
All lake data is for the NCHF Ecoregion Assessed lakes are all lakes sampled in that ecoregion by the

MPCA and reference lakes are those lakes in the ecoregion considered to be minimally impacted

Fish Lake is well within the average lake conditions for the ecoregion however phosphorus
concentrations are considerably higher than the reference lakes for the ecoregion 61 gL as

compared to an interquartile range of522 gL Chlorophylla and secchi depth were in the

range for reference lakes albeit closer to the poorer water quality ends of the range The MPCA

goals for assessing whether a lake is considered impaired are presented in Table 3 Goals for

both the NCHF and the Western Cornbelt Plain WCBP are shown since land uses in the

District are often more similar to the WCBP Ecoregion Fish Lake is relatively close to the

Western Cornbelt Plain standards for deep lakes suggesting that even in the impacted watershed

conditions water quality remains relatively good Consequently it is likely that the NCHF goals
are achievable

Table 3 Proposed MPCA goals for protecting Class 213 waters Values are summer averages

June 1 through September 30

Ecoregions
North Central Hardwood Forest Western Corn Belt Plains

NCHF WCBP

Parameters
Shallow Deep Shallow Deep

Phosphorus 60 40 90 65

Concentration ggL

Chlorophylla 20 14 30 22

Concentration ggL
Secchi disk 1 14 07 09

transparency
meters

Shallow lakes are defined as lakes with a maximum depth of 15 feet or less or with 80 or more of the

lake area shallov enough to support emergent and submerged rooted aquatic plants littoral zone
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Modeling Results and InLake Dynamics

Watershed Loadiniz

A MnLEAP model was constricted for Fish Lake to generate a rough estimate for external

primarily watershed loading to Fish Lake The model assumed an inflow concentration of 208

gL total phosphors which resulted in a watershed load of 59 kilograms of total phosphors
TP per year However this is likely an underestimate of the watershed load because

phosphorus data from limited grab sampling conducted by the District suggests that inflow

concentrations of total phosphorus may be higher than 208 gL see Table 4

Table 4 Grab sampling results for intermittent inflows to Fish Lake

Site see TSS TP OrthoP TKN Total

Date

7282004

21
31

95204

6272005

below mgL mgL mgL mgL

1 1 18

2 1 74

3 1 640

2

I
025 1

037 1
23 1
092

077 1

I
00089 I

0022 1
ol 1
0371

054 1

13

16 1
21

18 1

161

Rainfall Notes

033 in

077 in

03 in

No discharge obserkred

No discharge observed

Samples not received on ice

Samples not received on ice

Sainples not received on ice

No discharge obserkred

No discharge observed

Site 1 Outlet ofwetland complex on northeast side of lake justwestsouthwest of21 Court drainage
also comes from Lake Ridge Drive area through tNo ponds and the wetland

Site 2 Outlet ofditchstream that runs under County Road 10 and along part of Fairlawn Lane on north

side of lalce ditch comes from wetland north of CR 10

Site 3 Pipe outlet from Addison Drive area drainage southeast corner of the lalce Drainage appears to

follov Addison Drive then go under the road and doNn the slope to the lake

A SWAT watershed model was also developed for the Fish Lake watershed by Dr Amal Djerrari
of Hydrogeological Modeling Services Inc Because there was very little inflow monitoring
data available for the watershed the model inputs were determined from literature values of

phosphorus runoff by land use Therefore the model can only provide an approximate estimate

of watershed loading With that said it can still be a useful tool for comparing internal and

external phosphors loads The modeling suggested an average annual watershed load of 93

kilograms per year Over an eightyear period the modeled watershed loads ranged from

approximately 45 kilograms to slightly over 200 kilograms see Appendix C

Joe Bischoff of Wenck Associates Inc used an inverted CanfieldBachmann model to estimate

the total load external plus internal for the summer growing season averages in Fish Lake see
Appendix D The model was run for average runoff conditions in each year although
precipitation varies from year to year Annual runoff values were not available The Canfield
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Bachmann model suggests that Fish Lake received loads ranging from 70 to 330 kilograms
phosphorus from 1990 to 2005 see Figure 9

Annual load Reductions
Fish Lake

400

350

300

Y 250

R 200
0
J 150
M

100

50

0

2005 2004 2003 2002 2001 2000 1999 1998 1997 1995 1990

Figure 9 Estimated loads from the inverted CanfieldBachmann model for Fish Lake

Internal Loadiniz

Several calculations were developed in an attempt to quantify the internal phosphorus load in

Fish Lake The three methods used were the calculation of an anoxic factor and sediment release

rates a hypolimnetic mass balance and a fall turnover mass balance see Appendix D Table 5

summarizes the internal load estimates for Fish Lake

Table 5 Summary of internal load estimates for Fish Lake

Year Method Estimated Internal Load kg
24 Anoxic Factor 392

25 I Anoxic Factor 1420

24 HTpolimnetic Mass Balance Not Calculated

2005 Hvpolimnetic Mass Balance 331488

2004 Fall Turnover 313

2005 Fall Turnover 111

The internal phosphorus load estimates range from 111 to 488 kilograms phosphorus When

compared to the watershed load estimates of 45 to 200 kilograms phosphorus SWAT model

Appendix C it is clear that internal loading is very likely a significant component of the

phosphorus load in Fish Lake

Late season algal blooms at fall turnover also suggest that internal loading of phosphorus is a

significant problem in Fish Lake Results of the internal load assessment Appendix D also

found that phosphorus loading may be occurring in the winter due to anoxic sediments albeit at

a lower rate due to lower temperatures 2004 demonstrated anoxic sediments in April This may
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be important at spring turnover by providing a large amount of phosphors for early season algal
blooms When compared to the external loading estimates the magnitude of the internal load is

large enough to account for almost the entire phosphors budget for Fish Lake

Phosphors Dvnamics in Fish Lake

The internal load calculations suggest that almost all of the load to Fish Lake could be from the

internal load The inverted CanfieldBachmann model predicted a total load range between 70

and 330 kgyear while internal loading was estimated at 111 to 488 kgyr Although not all of

the phosphors released from the sediments are available for algal uptake during the growing
season approximately half was estimated to migrate across the thermocline from turbulent

diffusion Appendix D Using the midpoint of these two ranges and assuming that half of the

internal load is available for algal production internal phosphors load accounts for a median of

73 of the phosphors load It is likely that some external load is contributing to the phosphors
budget of Fish Lake however that contribution is likely relatively small compared to the

internal phosphors load in Fish Lake
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Appendix C

Watershed Modeling Results Fish Lake SWAT Model

Uncalibrated Model
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Table 1

CurrVe Numbers Used for Landalse In Fislh Lake Watershed

DESCRIPTION LttKEY

Rural ReMdentlal BLC1

Rural ReMden iial BLC2

Rural Residentiial 13 LG3 1
Kentucky Bluegrass BLUE 1
Smooth Bromegrass BROM 1
Corn CORN 1
Feswe FESC 1
ForestDe6duous FRSD 1
Forest FIRST 1
Summer Pasture SPAS 1
Water WATR 1
Wetlandsnon Foreste l uWETF

Precipitation Stations

SWAT

Recommended

Values Recommended Cn Cn Used

Poor I Fair I Good 1

65

68

70

71

7081

5879

5566

5873

6179

62

67

1 69

G2 1 71

62 1 79

78 1 68

62 1 58

55 1 61

58 1 65

61 1 70

92

78

I
Jordan

Farmington

Ta bl

OMpUted Turnoff Mto the Lake SW AT Mode 11 Re SU 1148

7kuntl
aiere T wall Area iniClTerayear

fs milyr feetkyeer acres
11 r5A 1 511 2 1 43008 1
11999 i a 1 411234 1 32B5 1
2000 C16 1 1 111 1 1105 1
2001 041 1 W1 1 29704

2002 075 1 1 54111

2003 023 1 2CT r33 1 1673

2004 050 1 4468651 1 36253 1

Averaqe 0344 1 39513271 1 32137 4B493 1 795
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Internal Loading Analysis
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TECHNICAL MEMORANDUM

TO Shannon Lotthammer

FROM Joe Bischoff

DATE December 13 2005

SUBJECT Internal Loading Analysis for Fish Lake

Wenck Associates Inc

1800 Pioneer Creek Ctr

PO Box 249

Maple Plain MN 553590249

763 4794200

Fax 763 4794242

Email wenckmp@wenckcom

The purpose of this memo is to outline the results of the internal loading analysis for Fish Lake

Internal Load Assessment

To assess the extent of internal phosphorus loading in Fish Lake several calculations were

developed in an attempt to quantify the internal phosphorus load The first method utilized was

to develop the anoxic factor for the lake and apply a sediment phosphors release rate Nurnberg
2004 The anoxic factor is expressed in days but is normalized over the area of the lake For

example if the depth of oxygen depletion 2 mgL DO was 6 meters then the number of days
was multiplied by the anoxic area at that depth and divided by the entire area of the lake A

release rate was then selected based upon the eutrophic state of the lake The selected release

rates were a range based on previous lake studies Figure 1 Nurnberg 2002 The results of the

analysis are provided in Table 1
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Figure 1 Sediment phosphorus release rates by eutrophic condition Nurnberg 2002
Table 1 Results of the internal load assessment using an anoxic factor and release rate for Fish

Lake
Release Rate Anoxic Factor Gross Load

Year mgm2day days mgm2summer Gross Load kg
1 6 1 92 1 554 1 392

1 9 1 92 1 831 1 589

2004 1 15 1 92 1 1385 1 981

1 6 1 99 1 593 1 420

1 9 1 99 1 890 1 630

2005 1 15 1 99 1 1483 1 1051

It is likely that Fish Lake is loading on the lower end of the range because the lake summer mean

average concentration is on the lower end of eutrophic lakes So the first estimate of internal

loading suggests a rate of 393 to 420 kilograms per year

The second method utilized in the internal load assessment was to develop a mass balance in the

hypolimnion of Fish Lake The assumption in this method is that the change in concentration in

the hypolimnion is a result of phosphors release from the sediments The results of this analysis
are presented in Table 2

Table 2 Internal load mass balance for the hypolimnion of Fish Lake
TP OP

Depth of TP OP Internal Internal

Oxycline TP OP Volume Mass Mass Load Load

Date m gL gL m KG KG kg kg
20Feb05 1 7 1 1 1 1 1 1 NA NA

19Apr05 1 8 1 610 1 2696 1 3134095 1 191 1 84 1 NA NA

9May05 1 7 1 688 1 1536 1 5230745 1 360 1 80 1 NA NA
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23May05 6 458 655 6615710 303

6Jun05 3 1688 10703 9854465 1663

21Jun05 4 3260 15430 8160577 2660

5Jul05 3 4434 27147 9854465 4369

20Jul05 4 1893 10300 8160577 1545

1Aug05 4 3663 22345 8160577 2989

15Aug05 4 4803 30296 8160577 3920

29Aug05 5 7838 50630 6615710 5185

19Sep05 7 7729 52490 5230745 4043

10112005 1283 3216

43

1055

1259

2675

841

1823

2472

3350 488 331

2746 NA NA

NA NA

The internal load was estimated by the mass change in hypolimnetic TP and OP from May 23d

through August 29thSince TP concentrations in the hypolimnion can be affected by senesced

and settling algae it is likely that the OP mass is the better estimate Consequently the

estimated internal load using method 2 is around 331 kg phosphors

The third method utilized to estimate the internal load for Fish Lake was a mass balance for the

change in lake concentration at fall turnover Results of this analysis are presented in Table 3

Table 3 Results of the mass balance at fall turnover

TP OP

Volume TP Mass OP Mass Internal Internal

Date TP L OPgL m KG KG Load kg Load kg
91905 414 693 3381278 1400 234

101105 1339 2759 3381278 4528 933 313 70

90704 593 3381278 2005

92704 922 3381278 3118 1112 NA

Results of the mass balance at fall turnover suggest that internal loading is approximately 111 to

313 kilograms per summer

Table 4 summarizes the internal load estimates for Fish Lake Based on the three methods

utilized for estimating the internal phosphors load for Fish Lake the internal load ranges from

111 to 488 kilograms phosphors

Table 4 Summary of internal load estimates for Fish Lake

Year Method Estimated

Internal Load

kg
2004 Anoxic Factor 392

2005 Anoxic Factor 420

2004 1 Hypolimnetic I Not Calculated
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Mass Balance

2005 Hypolimnetic 331488

Mass Balance

2004 Fall Turnover 313

2005 Fall Turnover 111

Turbulent Diffusion

To estimate the amount of phosphorus moving across the thermocline into the epilimnion from

the hypolimnion during the stratified summer season we utilized a turbulent diffusion coefficient

that accounts for the thickness of the thermocline and the phosphorus gradient between the

epilimnion and the hypolimnion Based on this assessment approximately 190 kg of phosphorus
will move across the thermocline into the epilimnion and become available for algal uptake
more than 50 of the internal load Although this estimate may be high it does suggest that

the internal load during stratification is an important source of phosphorus for algal growth
However the internal load is most important in Fish Lake at turnover by providing a water

column rich in phosphorus for early season growth and lake season algal blooms following fall

turnover as seen in 2005

CanfieldBachmann Assessment

To put the internal loads in perspective for the whole lake we used an inverted Canfield

Bachmann model to estimate the load for the summer growing season averages in Fish Lake

The model was run for average runoff conditions in each year although precipitation varies from

year to year However annual runoff values were not available

The CanfieldBachmann model suggests that Fish Lake received loads ranging from 70 to 330

kilograms phosphorus from 1990 to 2005 The internal load calculations suggest that almost all

of the load to Fish lake could be from the internal load It is likely that some external load is

contributing to the phosphorus budget of Fish Lake however it is likely relatively small

compared to the internal load in Fish Lake
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Figure 2 Estimated loads from the inverted CanfieldBachmann model for Fish Lake

Conclusions

Following are the conclusions from this analysis

1 Phosphorus loading may be occurring in the winter albeit at a lower rate due to lower

temperatures due to anoxic sediments 2004 demonstrated anoxic sediments in April
This may be important at spring turnover by providing a large amount of phosphorus for

early season algal blooms

2 Late season algal blooms at fall turnover suggest that internal loading of phosphorus is a

significant problem in Fish Lake

3 The magnitude of the internal load is large enough to account for almost the entire

phosphors budget for Fish Lake

Since the internal load is such an important factor in Fish Lake Alum should be considered as an

appropriate BMP for controlling internal loading The watershed is small compared to the lake

resulting in a residence time of approximately 85 years This suggests that an Alum treatment

could have a lasting effect in Fish Lake since watershed loads are likely to be small compared to

the lake volume However for longterm success watershed loads should be monitored to

develop a target for runoff loads


