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TMDL Summary Table

EPA/MPCA
Required Elements

Summary

TMDL
Page #

Location

The Jefferson German Chain watershed is located in
southern Le Sueur county and northern Blue earth
County in south central Minnesotat 3,156 acres, the
JGC represents one of the larger lake systems within
Cannon River watershed. The total watershed size fo
the JGC is 15,167 acreBhe Cannon River Watershed
located in south central Minnesota and represents a
major tributary tothe Mississippi River.

303(d) Listing
Information

Describe the waterbody as it is identified on the
{GFGSK¢ENRAROGSQE 0no0dRO
West Jefferson Lak@0009202)

Middle Jefferson Lake (40009204)
Swedes Bay (40009203)

East Jefferson Laké0009201)
GermanLake (40006300)

Affected signatedUse- Aquatic Recreation
Pollutant or StressaNutrient/Eutrophication
Target Start/Completion Date:

Original Listing Year

t Aa

E R N

Applicable Water
Quiality Standards/
Numeric Targets

The applicable standards are the water quality stande
for the North Central Hardwood Forest Ecoregion for
deep lakes at 40 ppb and for shallow lakes at 60 ppb
and recreational standards for all class 2B waters.

For adjustments made to the modeled stiard values,
refer to Section 5.8 Margin of Safety

16

Loading Capacity
(expressed as daily,
load)

Using BATHTUB and a 10% Margin of Safety built int
the standard, the loading capacity was calculated at:
0.846 Ibs/day(308.42Ibs/yr) for West Jeffersom.ake
1.534lbs/day(559.32Ibs/yr) for Middle Jeffersondke
1.726lbs/day(629.26lbs/yr) for Swedes Bay
3.23bs/day(1,178.95Ibs/yr) for East Jefferson
3.582lbs/day(1,307.43Ibs/yr) for German Lake
Critical Condition: In summer, when TP concentration
are highest.
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Wasteload
Allocation

No existing permitted sources for nutrient loading exis

within the watershed. Constructiostorm water was
estimated at 0.10% of the total LA (with t&

assumption that no more than 0.104 of the watershed

would be under construction at any one time)

Source Permit # Individual WLA
CAFO A 07966578 must be 0
CAFO B 01386235 must be 0
CAFO C 07966582 must be 0
CAFO D 07966587 must be 0
CAFOE 07966585 must be 0
CAFOF 07966311 must be 0
CAFO G 07950006 must be 0
CAFOH 07966581 must be 0
CAFO | 07966335 must be 0
CAFOJ 07999700 must be 0
Permitted
Stormwater
(i.e. MS4, NA 0.104%
constr.)

Stralght Pipe NA must be 0
Septic

WWTP A NA NA
Reserve NA NA

Capacity
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Load Allocation 92
Lake Source LA (Ibs/day)
West Watershed 0.097
Jefferson | Internal Load 0.14
Atmospheric
(Precipitation) 0321
Middle Watershed 0.507
Jefferson | Monitored Inflow (JG9) 0.8377
West Jefferson Outflow 0.0417
Internal Load 0
Atmospheric Precipitatior| 0.322
Swedes | Watershed 1.84
Bay Monitored Inflow (JG8) 0.16
Monitored Inflow (JG6) 0.473
Internal Load 0
Atmospheric Precipitatior] 0.36
East Watershed 0.335
Jefferson | Swedes Bay Outflow 2.363
Lake Middle Jefferson Lake 0.077
Outflow
Internal Load 0
Atmospheric Precipitatior| 0.474
German | Watershed 2.47
Lake Monitored Inflow (JG7) 1.35
East Jefferson Lake 0.706
Outflow
Atmospheric Precipitatior] 0.627
The MOS was set at 10%, and used to develop the T| 96
Margin of Safety | value. The 10% value was modeled through a standz
value adjusted t@6 mg/L for thethree deep lake basing
(40 mg/L less 10%) artt mg/L for thetwo shallow lake
basins §0 mg/L less 10%).

Seasonal Variation| Within the context of the TMDL, all target reductions ¢ 30
calculated for the total nutrient budget of the lake. Th
budgetwasdeveloped using annual loading data, and
targetswere determined based on the highektading
periods (typically the summer months). Usingsb
methods, seasonal variatiomasaccounted for within
the annual loading calculation.

Reasonable To address the major loading portion of the TMDL, th{ 108
Assurance nonpoint source allocations, a wide variety of

management practices will need to be considered an(
implemented to address the loading issues.

The state of Minnesota requires that an
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impairment and the methods best suited to meeting tf
goals of the TMDL

Monitoring

A specific TMDL monitoring plan has not been create
this time. Monitoring will include existing programs ai
programs to be dveloped and implemented in the
future based on watershed goalat / ! Qa &I I
approach begins in 2011 for the Cannon River
watershed and will include monitorirfigr the next four
years

110

Implementation

A general list of implementation activities has been
included within the TMDL. Per Minnesota
requirements, a specifidefferson German Chaltxcess
Nutrient TMDL Implementation plan will be developed
within one year of the acceptance of the TMDL. This
implementation plan will cover specific practices, goa
and targeted areas.

101

Public Participation

This report includes a list of all meetings and events
related to public and technical team involvement with

the TMDL(Section 8.Q)
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1.1  Executive Summary

The federal Clean Water Act (CWA) requires states to adopt wjataity standards to protect

surface waters from pollutionThese standards define how much of a pollutant can be in the

water and still allow it to meet designadeuses, such as drinking water, fishing and swimming.

Il 61 GSNJ 62R& A& GAYLIANBRE AT AU FlrLAfa G2 YSS

Section 303(d) of the Clean Water Act requires that states develop Total Maximum Daily
Load (TMDL) studies for surface waters that do not meet and maintain applicable water quality
standards. The TMDL by definition (40 CFR Part 130, section 130.2ah80180.10) is the
sum of all Waste Load Allocations (point source) and Load Allocationgp@nunsource) with
the inclusion of a margin of safety and natural background conditién§MDL reviews the
conditions of a water body, determines the loadinfgaogiven pollutant from natural, point and
nonpoint sources, and determines the carrying capacity or necessary reductions to eliminate
GKS AYLI ANNSY(d 2F (GKFdG adz2NFIFOS gl GSNRa RSaAidy

The JeffersofGerman Lake Chain (JGC) is a five basin lake sigatated in the far
western portion of the Cannon River watershed in south central Minnesota. The JGC is
comprised of German LakéG-0063-00), East Jefferson Laké0-0092-01), Middle Jefferson
Lake (46009204), Swedes Bay (4ID9203) andWest Jefferean Lakg40-009202)and is
located in Le Sueur Countyrogether the five lake basins of the JGC comprise a total area of
3,156.82 acres within the Nor@entral Hardwood Forest ecoregion.

In 2008, the Minnesota Pollution Control Agency (MPCA) listed@ as impaired for
aguatic recreation due to excess nutrients under section 303(d) of the Clean WaterBhigt.
TMDL studyssessedhe nutrient load reductions needkto help the JG&ach water quality
standards set forth by the state of Minnesota the North Central Hardwood Forest ecoregion.
The specific sources of nutrients, target reductions from each source, and strategies to achieve
the reductions are discussed in thiscument.Each lake basiis unique, the challenges and
nutrient reductionefforts for some lake basins are more comprehensive than others. However,
improving the water quality of the upstream lakes will ideally help to improve the water quality
of lakes downstream.
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Abbreviations and Acronyms

cfs
CLP
EPA
GL
GIS
JGC
MDNR
mg/L
MPCA
NCHF
NO+NQ
PQ
ppm
TMDL
TN

TP
TSS
Ho/L
WRC
BMP
CWA
LA
MOS
QAQC
QAPP
RC
WLA

CubicFeet per Second

Curlyleaf Pondweed

Environmental Protection Agency
German Lake

Geographic Information Systems
JeffersonGerman Lake Chain

Minnesota Department of Natural Resources
Milligrams per liter

Minnesota Pollution Control Agency
North Central Hardwood Forest (ecegion)
Nitrite + Nitrae Nitrogen
Ortho-phosphorus

Part per million

Total Maximum Daily Load

Total Nitrogen

Total Phosphorus

TotalSuspended Sediment

Micrograms per liter

Water Resources Center (Minnesota State University, Mankato)

Best Management Practice

Clean Water Act

Load Allocation

Marginof Safety

Quality Assuranc&uality Contrd
Quiality Assurance Protection Plan
Reserve Capacity

Waste Load Allocation
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round moraine that is comprised mostly of glacial till. This material is highly impermeable to
groundwater infiltration (Anderson et al., 1974).
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Figure 4.5 A. Two meter integrated sampler constructed of linch diameter PVC piping. This de
was constructed following the design of Jim Klosiewski. (Pers. Comm. Jim Klosiewski, Water R
Management Specialist WDNR).

Figure 4.5 A. Two meter egrated sampler constructed of linch diameter PVC piping. This devig
was constructed following the design of Jim Klosiewski. (Pers. Comm. Jim Klosiewski, Water R
Management Specialist WDNR).

Figure 4.5 B.1. The TP concentration observed in watality samples collected during the 2009
season was at or below the NCHF ecoregion standard (indicated by green bar) when CLP was
from April through June (blue shaded area). Total phosphorus concentrations increased above
standard for the rerainder of the monitoring season following CLP senescence iJuniel.

Figure 4.5 B.2. The TP concentration observed in water quality samples collected during the 20
season was at or below the NCHF ecoregion standard (indicated by green bar) when @teRevds
from April through June (blue shaded area). Total phosphorus concentrations increased above
standard for the remainder of the monitoring season following CLP senescence-dunad

Figure 4.5 B.3. The TP concentration of water quality samples taken from the hypolimnion had
higher mean TP concentration in comparison to samples taken from the epilimnion on West Jef
Lake in 2009 when the lake was thermally stratified (Blue sthaelgion).

Figure 4.5 B.4. The TP concentration of water quality samples taken from the hypolimnion had
higher mean TP concentration in comparison to samples taken from the epilimnion on West Jef
Lake in 2010 when the lake was thermally stratifiBtue shaded region).
Figure 4.5 B.5. The GlLconcentration observed in water quality samples collected from April to
early June in 2009 was less than the NCHF ecoregion standarfdgf {ihdicated by green bar)
when CLP was present (Blue shadedaely Chlorophyth concentrations rose above the standard
for the remainder of the monitoring season following CLP senescence t#unél

Figure 4.5 B.6. The ClLconcentration observed in water quality samples collected from April tg

early June in 200 was less than the NCHF ecoregion standard jp§/L4indicated by green bar)
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when CLP was present (Blue shaded region). Chlorepleglhcentrations rose above the standard
for the remainder of the monitoring season following CLP senescence #unél

Figure 4.5 B.7. Water clarity (secchi disk readings) during the 2009 season exceeded the NCH
ecoregion standard of 1.4 m (4.6 feet) (indicated by green bar) when CLP was present (Blue sh
region). Secchi disk readings fell below the standard forghsainder of the monitoring season
following CLP senescence in Adighe.

Figure 4.5 B.8. Water clarity (secchi disk readings) during the 2010 season exceeded the NCH
ecoregion standard of 1.4 m (4.6 feet) (indicated by green bar) when CLP was presesh¢tiad
region). Secchi disk readings fell below the standard for the remainder of the monitoring seasor
following CLP senescence in Alighe.

Figure 4.5 B.9. Carlson Trophic State Index based on TMDL data collecte@/ 10 260West
Jefferson Lake.

Fgure 4.5 C.1. The TP concentration observed in Middle Jefferson Lake increased considerably
following the senescence of CLP in 2009. The TP concentration was at or below the ecoregion
standard (indicated by green bar) when CLP was present froih yme(Blue shaded area).

Figure 4.5 C.2. The TP concentration observed in Middle Jefferson Lake increased considerabl
following the senescence of CLP in 2010. The TP concentration was at or below the ecoregion
standard (indicated by green bar) when CLP wasent from Apriearly June (Blue shaded area).
Figure 4.5 C.3. The chlorophgl{ug/L) concentration of samples taken from Middle Jefferson Lakd
was indicative of a switch from a clear wateacrophyte dominated system to a turbid water
phytoplankton @minated system in mid June. @htoncentrations were at or below the NCHF
standard (indicated by green bar) from April to July.

Figure 4.5 C.4. The chlorophgl{ug/L) concentration of samples taken from Middle Jefferson Lake
2010 was indicative af switch from a clear watamacrophyte dominated system to a phytoplanktg
dominated system in mid June. &htoncentrations were at or below the NCHF standard (indicat
by green bar) from April to late June.

Figure 4.5 C.5. Secchi disk readings takeMmldle Jefferson Lake during the 2009 monitoring
season reflected the presence/absence of CLP. When CLP was present from April to the middl
June (Blue shaded area), water clarity was excellent. As CLP began to senesce, water clarity b
poor. As CP began to re grow in August and September, water clarity once again improved.
Figure 4.5 C.6. Secchi disk readings taken on Middle Jefferson Lake during the 2010 monitorin
season reflected the presence/absence of CLP. When CLP was present fromtAenihtddle of
June (Blue shaded area), water clarity was excellent. As CLP began to senesce, water clarity b
poor.

Figure 4.5 Q. Carlson Trophic State Index based on TMDL data collected in 2009/10 for Middle
Jefferson Lake.

Figure 4.5 D.1. The TBncentration observed in water quality samples collected from Swedes B4
2009 increased significantly following the senescence of CLP idumé In 2009 CLP exhibited a
secondary growth phase beginning in September (Blue shaded area); the TP cathcemtibserved
in the water column began to decline with the reemergence of CLP. The TP concentration was
to or below the NCHF standard (indicated by green bar) from April teJomiel when CLP was most
dominant.

Figure 4.5 D.2. The TP concentratatrserved in water quality samples collected from Swedes Ba
2010 was greater than the eco region standard during every sampling event. The observed TP
concentration increased following the senescence of CLP irJumd.

Figure 4.5 D.3. The GHLconentration observed in water quality samples collected from Swede
Bay in 2009 increased significantly following the senescence of CLP-Jumeidin 2009 CLP exhibite
a secondary growth phase beginning in September; thea@oincentration responded sldwto the
reemergence of CLP, but eventually began to decline, nearly falling below the NCHF standard
(indicated by green bar).

Figure 4.5 D.4. The GlLconcentration observed in water quality samples collected from Swede
Bay in 2010 increased sign#itly following the senescence of CLP in-hide.

Figure 4.5 D.5. Water clarity from April to June was excellent on Swedes Bay; the secchi disk 0
the bottom of the lake before falling out of view. Water clarity subsequently decreased followengd
senescence of CLP in rdidne.

Figure 4.5 D.6. Secchi disk readings from April to June exceeded the NCHF shallow lake stand
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during 5 of the first 7 sampling events on Swedes Bay in 2010. Water clarity decreased followin
senescence of CLP in rididne and failed to reach the ecoregion standard for the reaiof the
monitoring season.

Figure 4.5 D.7 Carlson Trophic State Index based on TMDL dataecbite2009/10 for Swedes Bay
Figure 4.5 D. 8. Blugreen algae blooms and a minor fish wilre observed during the 8/12/2010
sampling event. Anoxic conditions had been documented in the preceding week.

Figure 4.5 E.1. The TP concentration observed in East Jefferson Lake in 2009 was below or ne]
NCHF standard (indicated by green bar) until late July. Observed TP concentrations were lowe
CLP was present (Apnilid June).

Figure 4.5 E.2. The TBncentration observed in East Jefferson Lake in 2010 was greater than th
NCHF deep lake standard during 12 of 15 sampling events. Observed TP concentrations were
between April and early June when CLP was present.

Figure 4.5 E.3. The TP concetitna observed in water quality samples taken from the hypolimnior
East Jefferson Lake was significantly higher than the TP concentration found in surface sample|
2010 during periods of thermal stratification (Blue shaded area).

Figure 4.5 E.4. ThéTconcentration observed in water quality samples taken from the hypolimnig
East Jefferson Lake was significantly higher than the TP concentration found in surface sample]
2010 during periods of thermal stiifitation (Blue shaded area).

Figure 4.%.5. The CH concentration observed in East Jefferson Lake was at or below the NCH
standard (indicated by green bar) until late July whenatbncentrations increased. Gl
concentrations were lowest when CLP was present (Blue shaded area) except feampling event
on 6/11/2009.

Figure 4.5 E.6. The Ghkoncentration observed in East Jefferson Lake was at or below the NCH
standard (indicated by green bar) in April and May.

Figure 4.5 E.7. Secchi disk readings observed on East Jeffersom 2@6@ were excellent during
spring and early summer when CLP was present. Observed secchi disk readings atest fjoen
April through June.

Figure 4.5 E.8. Secchi disk readings observed on East Jefferson Lake in 2010 were excellent g
spring aad early summer when CLP was present. Observed secchi disk readings were greatest
April through June.

Figure 4.5 E.9. Carlson Trophic State Index based on TMDL data collected in 2009/10 for East
Jefferson Lake.

Figure 4.5 E.10. Documentation ofalflooms following the senescence of CLP on Jireo10,
East Jefferson Lake.

Figure 4.5 F.1. Total phosphorus concentrations found in surface samples collected from Germ
during the 2009 monitoring season were at or near the NCHF standard (edliog green bar) from
April to June when CLP was rmhabundant (Blue shaded area).

Figure 4.5 F.2. Total phosphorus concentrations found in surface samples collected from Germ
during the 2009 monitoring season were at or near the NCHF standaidgied by green bar) from
April to June when CLP was rhabundant (Blue shaded area).

Figure 4.5 F.3. The TP concentration observed in water quality samples taken from the hypaodifn
German Lake was significantly higher than the TP concentration found in surface samples on 6
7/13/2009. No significant difference in the TP concentration was observed in the hypolimnion vg
at the surface during the rest of the miboring seaon.

Figure 4.5 F.4. The TP concentration observed in water quality samples taken from the hypolim
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Introduction

1.1 Site Description

The JeffersofGerman Chain (JGC) consists of five interconnected lake basins that comprise a
total surface area of more than 3,000 acres, making it the largest lake system in south central
Minnesota. Despite the relatively large size of this chain of lakes, the watershed that drains into
the JGC is relatively small (15,167 acres) and is dominated ioylagal land useThe

Watershed to lake surface area ratio of the JGC is 5:1; the small watershed to surface area ratio
suggests that the JGC has a greater than average potential for restoration. Lakes with ratios
greater than 10:1 are more likely to e greater amount of nutrients and sediments draining

into them, making restoration more difficult (Pers. Comm. Tim Hoyman, Certified Lake

Manager, Onterra LLC).

Historically, most of the JGC watershed was covered with hardwoods, however, upon
settlemert the land was cleared for agricultural use. The water quality of this chain has been
degraded by human activities over a period of decades leading to the first studies being done
on the lake by concerned citizens in 1973. Concerned citizens began traekuig

0N yaLIl NByoOoe |a SIENIe a mptroT K2gSOSNE Al

dddRe 2F GKS t118 083ryd ¢KS at/!1 Q4 t118 448

being eutrophic and the lake basins that make up Jefferson Labeirag hypereutrophic.
German lake was found to be more eutrophic than 56% percent of lakes within the North
Central Hardwood Forests (NCHF)-eegion while the Jefferson lake basins were more
eutrophic than 80% of lakes within the NCHF.

The JeffersoiGerman Chain is a relatively shallow lake ecosystem with 81&eéferson Lake
(comprised of West Jefferson, Middle Jefferson, East Jefferson, and Swedasad&§yo of

German Lake falling within the littoral zone (Mueller and Klement, 2006). Due tgeaviand

fetch and shallow morphometry, the JGC is susceptible to internal nutrient loading via sediment
re-suspension. Furthermore, an aquatic plant survey conducted in 2009 identified curly leaf
pondweed as being extremely abundant throughout the litlarane of the JGC. The natural life
cycle of curifeaf pondweed most often results in its complete senescence by midsummer
(Bolduan et al. 1994; Quade et al. 1994; Valley et al. 2004). Subsequently, the senescence of
this species results in the releasepbfosphorus that has the potential to cause algal blooms
(Bolduan et al. 1994; Quade et al. 1994; Valley et al. 2004). Often the source behind sustained
poor water quality following a reduction in external nutrients is nutrient loading from within

the lale itself (Sondergaard, 200Iherefore, the remediation of the JGC will likely require a
reduction in nutrients from both internal and external sources.

1.2 Purpose
The goal of this Total Maximum Daily Load analysis is to quantify the nutrient redthaion

will be required to meet the water quality standards established for lakes in the NCHF eco
region. Furthermore, this study will identify the largest sources of nutrients (phosphorus) to the
JGC. Finally, this study will complement existing studigsdeide reduction strategies for

source areas in accordance with section 303(d) of the Clean Water Act.



1.3Problem Statement

Water quality collected fronthe first comprehensivéake diagnostic study conducted by the
MPCAIn 1990 indicatedhat German lakevaseutrophic and dfferson Lakevas
hypereutrophic.Germanlake had an average totphosphorus (TR)oncentration of 43ug/L;
while the four basins that make up Jefferson LakellaameanTPconcentration of 114ug/L.

Both concentrationsre higher thantie TPconcentration standard folakes in theNorth

Central Hardwood Forest (NCHF) -eegion (40 ug/L). Water quality samples collected from
0KS mMdphdnQa { KndRorBistently ddsumentetigh@esels of nutrients analow
Secchi disk transparency.

As a result of these observatis, the Carlson Trophic Statusléx(TSlwas used to scorthe
JGQo determine the level of eutrophication that exists within the chain based on water quality
samples taken in 1993 and again D0Z @ppendix & ® / I TEis @adnyhidh By broke den

into the three following catgories:

Oligotrophic-generally very little or no aquatic vegetation, high water clarity
Mesotrophicg Moderate aquatic vegetation, with moderate water clarity.

Eutrophic ¢ Abundant aquatic vegetation, with lower water clarity.

Lakes with extreme trophic indices may also be considbyeeéroligotrophicr
hypereutrophic.

/' NI a2yQ&d ¢NRLKAO {iGFiGS LYRSE gdermada&haint 2 NJ | f f
indicatethat eutrophic or hypereutrophic conditions have persisted on this chain of lakes for
nearly twenty years.

1
1
1
1

Section 2.ackground Information

2.1 Landscape and Setting

A. Watershedl.akeand Inflow/OutflowDescription

The JeffersotGerman watershed i®cated in southern Le Sueur County and nerthBlue
Earth County in soutlentral Minnesota. This chain of five lakes is part of the Cannon River
watershed, which is part of the Mississippi River Basin




i.) Minnesota Ecoregions with Major and Minor Watersheds liiCannon:RiverWatorshed oy
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Western Corn Be

Fgure 2.1 AGeographical location dhe Missgsippi River Basin (i), Cannon River WaterghedndJefferson
German Chain Watershddi).

Minnesota is divided into seven ecoregions based on vegetation, soil type, geology, and
climate. The JGC is located in the North Central Hardwood Femrestgion; howevethe JGC
watershed isvery close to thdorder of the Western CorBelt ecoregion land use within the
watershedfeatures characteristics common bmth ecoregions. All land use data is based on
the 2009 NASS land use statistics, whichesmost currentversionavailable during the
creation of the TMDL.

JeffersonGerman Chai @atershedis 15,171 acres (includingthe surface area of lakes)
Cultivated land use practices accodot 52%of the total areawithin this watershedFigure2.1
B). The specific land use characteristics for the JGC watershed are summariaétei.1.The
landscape is comprised of rolling to steeply sloping hills interspersed with poorly draining
swales and sloughs (Mueller and Klement, 2006). Historjecabigt of the watershed was
covered with hardwoods, however upon settlement; much of the land was cleared for
agricultural use (Mueller and Klement, 2006).

The Jefferson German Chain (JGC) watershadeseparatednto subwatershedsoy lake
basin; eactof the 5 lakes within the JGC has their own-stdiershed (Figur@.1 Q.
Additionally,each of the4 TMDL monitoredstream sites that flow into the JGC hasdefined
subwatershed (Figur@.1 D. Each of thessubwatershedshas different land use pracies As
a result of the existing differences between the suatersheds, some sulvatersheds have
historically contributed alisproportionate amounbf nutrients to the JG@Results from a 1994
Diagnostic and Feasibility study conducted by Le Sueur Csuggest that grface inflows at
monitoring locations JG9 and JG6 (FiglileD) have historically contributed the greatest
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control nutrient loading from these locationeowever, the ditch at site JG9 has continued to
contribute a disproportionally high amount of nutrients.

Table 2.1 Summary of Land use Classifications for the JGC Watershed.

Land use Classification Total Acreage Percent of Total

Corn 2171.61 14.32
Sorghum 0.77 0.01
Soybean 2386.04 15.73
Sweet Corn 6.16 0.04
Barley 0.77 0.01
Spring Wheat 9.28 0.06
Winter Wheat 3.08 0.02
Oats 541 0.04
Alfalfa 51.86 0.34
Other Hays 11.56 0.08
Peas 15.45 0.10
Grass/Pasture Ag 656.87 4.33
Woodland 3.86 0.03
Wetland 4.63 0.03
Water (Includes Lakes) 3349.12 22.08
Developed/Roads 1098.56 7.24
DevelopedLow Intensity 163.73 1.08
DevelopedMedium Intensity 6.18 0.04
Barren 231 0.02
Deciduous Forest 1273.78 8.40
Evergreen Forest 541 0.04
Mixed Forest 0.77 0.01
Shrubland 37.76 0.25
Grassland herbaceous 395.98 2.61
Pasture/Hay 2674.44 17.63
Woody Wetlands 188.42 1.24
Herbaceous Wetlands 643.3 4.24

Total Acreage 15167.11 100.00
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Figure 2.1B. Landuse inthe Jefferson German watersheddemprised mostly of agriculture (corn, soybean, sweet
corn, alfalfa, dry beans, and peashe land uses within the watershed were determined using the 2009 National
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Figure2.1 CThe Jefferson German Ghaonsists of five lake basins; each of the five lake basins has their own
watershed.
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Figure2.1 D. Four surface water inflow sites were monitored on the Jefferson German Chain during the 2009 and
2010 monitoring season. Each of these surface water inflow sites has a definedgtrshed

West Jefferson Lakelydrology

West Jefferson Lakgpically outlets into Middle Jefferson Lake except during periods of
reverse flow that occur intermittently throughout the summauring years with little rainfall
There are no significant surface water inputs to the lake systewevera number oftile lines
do contribute a source of watend nutrients derived fronthe West Jefferson Lak&atershed
Middle Jefferson Lake has historically had the ability to affect the water quality offasgth
Jefferson Lakand West Jefferson Lakdepending on the 8w of water; howevereverse flow
from Middle Jefferson Lake West Jefferson Lak&as not documented.

Middle Jefferson Lakélydrology

Data collectedluring a diagnostic study 093 suggested thd#liddle Jefferson Lakesceived

a majority of its total volume froriVest Jeffersorb.ake A small ditch at monitoring location JG9
enters on the northeastern side Middle Jefferson Lakand contributes a much smaller
portion of the total volumeDuring the 1993 sampling seasamf]aw from West Jefferson Lake
accounedfor 61% of the volume to MGL, while the ditch at TMDL site JG9 contdiounlg
4.7%(Le Sueur County, 19948ased on data collected during the 2009 and 2010 sampling
seasons, flow frormonitoring locationJG9 still onlyaccounted for7.3 percent of the flow
enteringMiddle Jefferson Lak@&ased on BATHTUB modeliagnajority ofMiddle Jefferson
LakeQ & @ sfrotai®ct precipitation. Flow froriiVest Jefferson Lakanly represented

3.6% of the flow enteringvliddle Jefferson LakeThis is a large difference from values observed
during the 1993 study; howevghese values appear to be accurate as the only connection
betweenWest Jefferson LakendMiddle Jefferson Lakisthrough asmall culvert. Very little
flow wasobserved between the two lake basins in 2009 or 2010.

Swedes Bayydrology
Swedes Bay has two surface water inflows from TMDL surface inflowtanog locations JG8
and JG6 (gure2.3). During the 1993 sampling seastime ditch that passes through



monitoring locationJG6 contributed1.4% of the total flow entering Swedes Bay witle t
ephemeraldJG8 contributing onl20% of the total flow(Le Sueur County, 1994ertain

portions of theJG8wvatershedare very steeply sloped; consequentfiow passinghrough

TMDL site JG8 hasstorically exporteda highconcentration ofTSSThroughout most of the

year Swedes Bay outlets via a small channellast Jefferson Lakéhe channel between the
two basings fairlyshallowand slightly sinuousiith little exchange occurring between the lake
basirs by midsummer in most years. In 2009, navigation via boat between the two channels
became extremely difficulin 2010, increased rainfall significantly raised the lake levels,
consequently; exchange between th&d basinslso increased. Flow passing through JG6 and
JG8&epresented50.@b6 andl6.3% respectively of the total flow volume to Swedes Bay based
upon data collected in 2009 and 2010. Direct overland flow from the watershed accounted for
24.6% of the totaflow volume to Swedes Bay; representative of the large watershed to lake
ratio. Direct precipitation accounted for the remainiB@% of hydrologic inputs to Swedes Bay.

East Jefferson Lakdydrology

East Jefferson Lakefed by outlets fronMiddle Jefferson Lakand Swedes Bay on the
northeast and southeast side of the lake respectivBlgta from 2009 and 2010 suggested that
flow from Swedes Bay represent&@% of the total flow volume t&ast Jefferson Lakehile

flow from Middle JeffersorLakeaccounted for27% of the total flow volume t&ast Jefferson
Lake Direct overland flow from th&ast Jefferson Lakeatershed and direct precipitation
accounts for the remaininf6% of the volume enteringast Jefferson Lalenually.East
JeffersonLakeexports into German lake via a small channel on the western most shoreline of
East Jefferson Lak&his channel connects German Lake with the rest of the lake basins on the
JGC. There are no monitored surface water inputSdst Jefferson Lakbowever several small
culverts periodically drain into the lake following storm events.

German Lakédydrology

Inflow from East Jefferson Lak®nstitutesthe major surface water inflopaccounting fo34%

of the total flow volume entering German Lalkonitoring location JGi& the only major

surface water inflow site derived from the German Lake watershed, and account&@toof

the flow volume entering German LakeeRrse flow was periodically noted at JG7 during both
the 2009 and 2010 monitoring asors; therefore, this site may periodically serve as an outlet.
Overland flow from the watershed and direct precipitation to German Lake accounted for the
remaining48% of flow entering German Lake annually.

2.2 Lake andVatershedCharacteristics:

The JGC consists of five lakes with a combined surface area of 3,096.82 @cdesse in the
Jefferson German watershed is comprised mostlguliivated land use practices\ large
percentage of the forests and wetland acreage within the watershed bhaeea cleared for
agricultural production.

2.2 AWest Jefferson Lake

West Jefferson Laleas a surface area of 48%acres and a maximum depth of haeters(24
feet). Approximately 80% olNest Jefferson Lake within the littoral zone (less than 15 feet
deep). Historically West Jefferson Lakgas begun to stratify at the end of May and renedn
stratified through August.



TheWest Jefferson Lakeatershedis small, even withVest Jefferson Lakeacluded tre total
watershed acreages 1,035.59 acresSubtracting theNest Jefferson Lakacreagerom the

total watershed acreage yields 596.78 acres of land that drainWet Jefferson Lak&he

three most common land uses within the watershiegatcludingWestJefferson Lakéself) are
cultivated land, pasture/hay, and developed land. Wetlands, forests, and grasslacoispass
less than 0% of the entire watershe(iTable 22 A). At 438.8 acres\est Jefferson Lakieself
alsocomprisesa significant proportion of the watershe@he watershed to lake ratio falest
Jefferson Lakes 2.4:1, indicating that a rather small amount of area feeds into this lake basin.

Table 22 A. West Jefferson Lakeatershed land usénot including West J&erson Lake)

Land use Percent ofland area
Cultivated 40
Developed 25
Pasture/Hay 21
Wetland 7
Forest 5
Grassland/Shrub 2

2.2 BMiddle Jefferson Lake

Middle Jefferson Lake has a large surface area with a total acreage of 664.22 acres. Ehe lake
extremely shallow for its size with a maximum depth of 2ers(8 feet). 100% of the

surface area is within the littoral zone; therefore, the entire basin is capable of supporting
macrophyte growthThe large size, shallow morphometgand large fetch typically prevent
stratification except during periods of extreme calm. A weak thermal stratification is sometimes
induced by the dense stands of CLP stzdewater near the bottom of the lakecreating

cooler waterbelow the surfaceMA RRf S WS T ¥ S NA 2 wen|small  @adnpadidori S NBE K S
to the size oMiddle Jefferson Lake/ith Middle Jefferson Lakiacluded, theMiddle Jefferson
Lakewatershed isl,765.49acres;the watershed to lake ratio is less than 3Subtracting the

Middle Jefferson Lakacreage from the total watershed acreage yields 1,101.21 acres of land
that drain intoMiddle Jefferson LakeThe predominant land uses within the watershed
(excludingViddle Jefferson LaRere cultivated land, developed land, and pastihay (Table

2.2 B) Forests, wetlands, and grasslands comprise only 1a#eaintire watershed (Table 2.

B).

Table 2.2 BMiddle Jefferson Lake watershed land {set including Middle Jefferson Lake)

Landuse Percent of Land Are:
Cultivated 61
Developed 15
Pasture/Hay 13
Forest 6
Wetland 3
Grassland/Shrub 1
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{ 6 SRS Q 4 fairlyllaByelakeibasin with a surface area of 492 acres; however it has a
maximum depth of only 1.8theters(6 feet). Similar toMiddle Jefferson Lakel00% of Swedes
Bay is within the littoral zone; therefore, the entire basin is capable of supporting macrophyte
growth. The large size and shallow morphometry of this lake basin prevent stratification except
during periods of extreme calmhen CLP stands are in full bloom. Stratification at this time is
very weak and often interrupted by the slightest of win8svedes Bay has the largest
watershed of any of the 5 lake basins on the JGC at 5,946.09(8evedes Bay included)
Subtracting theSwedes Bay acreage from the total watershed acreage yields 5,453 acres of
land that drain into Swedes Bakhe three most common land use practices within the
watershed(not including Swedes Bagje cultivated land, pasture/hay, and developed land
(Table2.2 Q. The watershed to lake ratmf Swedes Bay is approximatél®:1,much larger

than any other lake basin on the J@® 492 acres, Swedes Bay itself accounts for e®#%uof

the total watershed area; in comparisoWest Jefferson Laka simiar sized waterbody

accounts for 42% of its watershet. LILINR EA YI St & wmy:: 2F {6SRSa
of forests, grasslands and wetlands. The presence of these landhaséusstorically helped to
improve water quality in Swedes Bay

Table 22 C Swedes Bay watershed land udéot Including Swedes Bay)

Land use Percent of Land Are:
Cultivated 47.44
Pasture/Hay 26.99
Forest 9.62
Developed 7.15
Wetland 5.28
Grassland/Shrub 3.27

2.2 D East Jefferson Lake

East Jefferson Lake 646.49 acres with a maximum depth of 1h&ters(37 feet.) East

Jefferson Lakes the second deepest lake on the JGC, only 53% of the surface area is within the
littoral zone.Macrophytegrowth is therefore restricted in a large percentage of the surface

area East Jefferson Lakgpically begingo thermallystratify at the end of May and remasn
stratified through AugustEast Jefferson LakRed ¢ | (1 S NA KISHR3.92 d@cre@gnddiigt |
East Jefferson Lakeyielding a watershed to lake ratof 2.6:1.East Jefferson Lakiself

accounts for 38% of the total watershed ar&ubtracting theEast Jefferson Laleereage from

the total watershed acreage yields 1,037.44 acres of landdhat into East Jefferson Lake

The three most common land uses within the watersiieok includingEast Jefferson Lakare
cultivated land, psture/hay, and developed land (Tabl2). Forests, wetlands, and

grasslands make W#2.8% of the watershed (Table22D)); the presence of these land uses has
likely helped to improve water quality iRast Jefferson Lake
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Table2.2 D East Jefferson Lakeatershed land uséNot including East Jefferson Lake)

Landuse Percent ofLand Area

Cultivated 20.67
Pasture/Hay 41.39
Forest 11.86
Developed 15.14
Wetland 8.83
Grassland/Shrub 2.11

2.2 EGerman Lake

German Lake is a large lake basin with a total acreage of 855.38 acres and a maximum
depth of 51 feet. In comparison the lake basins that compriskefferson Lake, a greater
proportion of German Lake is deeper thanf2eét; only 58% of German Lake is within the
littoral zone.The German Lake watershed is large at 4,740.19 gicrelsding German Lake)
However, because German Lake is also large, the watershed to lake ratio is only 5.5:1.
Subtracting the German Lake acreage from the total watershed acreage yields 3,884.8 acres of
land that drain into German Lak&he predominant land uses within the vesshed include
pasture/hay, cultivated land, and forested land (Table 2.2 E). The percentage of wetlands within
the watershed isecond highest in the JGEgakt Jefferson Lakeatershedis first) The
wetlandsin the watershed havénistorically helped taeduce nutient loading to German Lake

Table 2.2 BEGerman Lake watershed land u$éot Including German Lake)

Land use Percent of Land Aret
Pasture/Hay 40.54
Cultivated 27.00
Forest 12.47
Developed 8.95
Wetland 7.12
Grassland/Shrub 3.79

2.3 Geography

The JGC is locatedtime far south east portion dfe Sueur Counignd the far northeast point

of Blue Earth Countiypn the southcentral part of MinnesotaA large proportion of.e Sueur
Caunty lieswithin the Minnesota Rerwatershed(LeSueur County, 1994however the JGC is
not a part of the Minnesota River watershd®lather, the JGC lies within the Cannon River
watershed(946,440acres) thats part of the Mississippi River watershed. The water quality
issues experienced on the JGCyrttzereforeinfluence the downstream water quality of the
Cannon River and subsequently, tdessissippi River. The surrounding geographic landscape
was formed during the period of glaciation that began nearly 2 million years ago and ended
about 10,000 yes ago(Le Sueur County, 1994)uring this time, the Des Moines lobe of the
Late WisconsiGlaciationsdeposited yellowish gray, calcareous, medium textured material
across all of Le Sueur County (Le Sueur County, 1994). In the southern portion ofritye cou
where the JGC is located, there are severdin@lto steeply sloped moraines. Much of the soil
in Le Sueur County is poorly drained; therefore a large proportion of farmland is artificially
drained with tile lines (Le Sueur County, 19%4rge depass of glaciatill are present within

the eastern portion of Le Sueur County where the JGC is lo@aigare 2.3 A)Glacial tills
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normally impermeable to water; therefore, groundwater seepage is unlikédyvever,

lakeshore owners have reportddeling pockets of coldwater within both West Jefferson Lake
and German Lake, indicating that there may be some groundwater springs entering the lake.
Historical studies have suggested that segg@éhrough the lake bed is plausibke significant
amount offolklore exists regarding spiral water currentWhirlpool) within West Jefferson
Lakewhere water was reported to be swirling into the sediment. This area could be a
groundwater rechargealischarge areaghe interaction of groundwater and surface wateithin

the JGQvas outsidehe scope of this project but should be studied in the future.

2.4 Soils

The soil profile for the JGC watershed is complex with multiple soil types present throughout
the watershed. Four soil associations occupy a far greatgyqetion of the watershed in
comparison to other soil types. Lester Loam soil is the domisaihtypecovering3,610 acres
(Figure 24). The slope found within this soil association ranges from 6 to 24 peicester
Loamcontinues to be thelominant soil type in the central part of thE&sGvatershed and
supports most of the cropland within the watershddester Loansoils are well drained to

poorly drained (Le Sueur County, 1994). The second most common soil association is the Lester
HardwikStorden soil associatiospvering 2,746 acrg&igure 24). This soil type is found most
commonly along the southern part of the watershexdrolling to steeply sloped areas ranging 6
to 40%. These soils are well drained and excessively dréieeHueuCounty, 1994) Cordova
clay loams account for 1,907 acres, amd mostly located along the western portion of the
watershed. These soils are less steeply sloped and are fauigdound moraines and uplands.
Nearly all of the acreage in this associati®mised as cropland with corn and soybean being the
major crops grown here. The soils are poorly drained and artificial drainage systems are
common in this aredlLe Sueur County, 1994)he fourth most common soil association is
Hamel Clay Loam; coveringg&6 acres within the central portion of the watershed. This soill
association is poorly drained and typically fairly flat with only moderate slipeSueur

County, 1994)Caron muck anda€on Blue Earth and Palms sogended (light green) can be
foundin low lyingdepressional areas of the watershed. These soils typically periodically store
water throughout the yearDassel loansoils(pink) can befound around the shoreline diVest
Jefferson, East Jefferson, Swedes Bay and German lake. Dassel Isaonsist of a fine sandy
material. Dundas soils (green) are found mostly in the northern portion of the watershed;
typically Dundas soils are black and poorly drained (Anoka County SWCD Soil Directory).
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Figure2.4. The composition of soil found in th&5C watershed is dominated by four soil associatibester Loam,
Lester HardwilStorden, Cordova clay loams, and Hamel Clay Loam.

2.5Climate
2.5A Temperature

Climatological data was taken daily at St. Peter located in Le Sueur County, Minnesota
over the course of 30 years from 1971 to 2000 by thated States Department of Agriculture
Natural Resources Conservation Service (USDA, RBT¥ Results from this data depict an
average daily maximum temperature of 56.0°F and an average daily minimum temperature of
34.5°F. On average, January is the coldest month of year, and July is the warmes2 Aple
USDA NRCS, 2010ke total number ofjrowing degree days for southern Minnesota crops was
averaged at 4,648 days with a threshold of 40°F.

2.5 B Precipitation

Between 1971 and 2000, there was an average of 29.67 inches of precipitation in Le
Sueur County, Minnesotaom April Septembe(USDA NRCS, 2010)here is also an average
of 29.6 inches of snow falling per year with at least 1 inch of snow being present on the ground
an average of 41 days per yd&fSDA NRCS, 2010Dhere will usually be déast one inch of
snowthat falls per manth between November and April. On average, there will be 52 days
throughout the year where at least 0.1 inches of precipitation will(fa8DA NRCS, 201M)ne
has historically been the wettest in termstbe average amount of precipitation, withebruary
historically having the lowest levels of precipitati®hSDA NRCS, 2010he majority of
precipitation fallsbetween May and Agust (Table.5 USDA NRCS, 2018 TR 525 rain gauge
equipped with a tipping bucket was used to determine the amafrrecipitation that had
fallen within the watershed in 2009 and 20 RYrecipitation data collectelly the rain gauge
includes results fronthe dry 2009 monitoring seasand thewet 2010 season. &nfall totals
during the 2009 monitoring season (413/1/2009) were 18.14 inchesainfall totals for the
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2010 monitoring season (3/161/5/2010) were 27.55 inches. Rainfall totals during the 1993
sampling season (Apieptember) were 35.9 incheimdicative of the very wet conditions that
existed during thistudy (Le Sueur County, 199%he average rainfall from the 2009 and 2010
monitoring seasons was 22.85 inches; 13 inches less than the amount of rainfall that occurred
over between April and September1993. The large difference in the amount of pretzpon

that fell within the watershed in 1993 vs. 2009/10 suggests that results from the 1993 study
may depicta much different nutrient load from the watershed in comparison to results
observed in this study.

Table 25 Averagedaily maximum and minimuremperature andaverageprecipitation for Le Sueur County,
Minnesota 19712000 United Stated Department of Agriculture Natural Resources Conservation Service.

Month Avg. Avg. Avg. Monthly 2009 Precipitation 2010 Precipitation
Max Min. Precipitation DataSummary/ Rain Data Summary/Rain
Temp Temp (Inches) Gauge Reading Gauge Reading
(Inches) (Inches)
January 23.1 3.0 0.89 Below Average/ NA Below Average/NA
February 295 9.9 0.53 Near Average/NA  Above Average/NA
March 421 224 1.89 Very wet/NA BelowAverage/NA
April 58.1 34.6 2.29 Below Average/1.57 Below Average/1.54
May 71.7 47.1 3.55 Drought/1.23 Below Average/2.41
June 80.3 56.7 4.89 Drought/3.01 Wet/5.91
July 83.8 61.3 3.94 Drought/1.84 Wet/5.38
August 81.2 59.0 4.12 Above Average/5.25 BelowAverage/3.22
September 73.2 49.0 2.76 Drought/ 0.46 Extremely Wet/7.88
October 60.8 37.0 2.22 Above Average/4.78 Below Average/1.15
November 41.1 24.1 1.7 Below Average/NA  Above Average
December 275 9.7 0.89 Below Average/NA Average
Total (Apr-Oct.) 23.77 18.14 27.49
Average (AptOct.) 22.815
Total (Annual Average 40.57
Extrapolated Annual 39.11
Precipitation2009/10

2.6 Biological Monitoring

2.6 AFishery survey and analysis

A comprehensive fishery survey wasmpleted by the MNDNR on all lake basins of the JGC in
2008except for Swedes Bay; Swedes Bay was last sampled by the MNDNR iG&0€2|
observations from this survey indicatéhat Swedes Bay and Middle Jefferseere prone to
winterkills and supposd fisheriesconsistingmainly of tolerant species. The three deeper lakes
(West Jefferson Lak&ast Jefferson Lakand German Lake) support a greater diversity of
gamefish species; however, all lake basins support moderately high to high populations of
rough species including carp and bullheads. A more detailed summary fidhh@8ommunity is
found in appendix B.
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2.6 BPlantsurvey andanalysis

Saff from the Water Resource Center in coordination with the Minnesota Pollution Control
Agency used point-intercept sampling technique to provide a representative survey of the
aqguatic plant community in the Jefferson German Chain (JH®Y. the lake basins of the JGC
were sampledwice in 2009;the first survey was completed between May™and Junel™
when CLP was most abundant. The second survey was completiden Augusiil™ and
August 239when Eurasian watermilfoil and native species are typically most abundant
Overall,GermanLake had the healibst aquatic plant community while both Westhd Middle
JeffersonLakeshare thepoorestaquatic plant communityResults from this survey
demonstrated the degree of CLP abundanaed highlighted areas where native species can still
be foundwithin each lake basin of the JG&etailed synopsis dindings from the point
intercept survey is found in appendix C

2.7 Recreational Use

The JGC is the largest lake system in south central Minnesota and supports a wide variety of
recreational activitiesncluding swimming boating, and anglinthe German and Jefferson

[ 1S4 {LR2NIavySyQa /fdzo KlFIa 0SSy 2yS 2F GKS
Minnesota in terms of both duration and contribution to the lake system. The club has been in
operation for more than sixty years. Duringatitime, the club has operated a northern pike
rearing pond, maintained the floating fishing pier dfest Jefferson Lakacquired over 100

acres of land including a 40 acre wetland, maintained the public boat landings and provided
countless other servicesl open to the public.

Interest in maintaining a high quality lake system is high on the Jeffé€égmman Chain. The
shoreline is highly developed with both recreational and permanent residential houses present
on the lake. Regional fishing tournamemi® regularly held throughout the summer and winter
on the JGC and bass tournaments have been extremely well received. Recreational activities
observedwhile conducting this study 2009and 2010ncluded boating, angling, and

swimming. The entire lake sigm can be extremely busy during the weekends, with multiple
user groups enjoying the lake at one time. The majority of recreational activities occur on West
Jefferson, East Jefferson, or German Lake throughout the course of théWddle Jefferson

Lale and Swedes Bay do not provide the same quality of recreation in comparison with other
lakes on the chain due to tireshallow depth and thabundance of CLP growth in each basin.

Section 3.0; Applicable Water Quality Standards and Water Quality NuneeTargets

3.1 Description of Excess Nutrients

Phosphorus (P) and nitrogen (N) are the primary nutrients that in excessive amounts pollute
our lakes, streams, and wetlands (MPCA, 2008). WhileMa@thd Pare elements of the
impaired waters listing, & the focus of this TMDL according to the sample datae N Pratio
can give an indication as to which nutrient is limiting the production of algae in the lake.
Historical data collected in prior water quality studies has documented that tHeid\Ngeater

than 15:1 in the JGC (Le Sueur County, 19%Kes that have N: P greater than 15:1 are
phosphorus limited. Therefore,lake water quality samples were not monitored for nitrogen.
Nitrates and Nitrites were however measured at inflow/outflonesitresults from the analysis
of these samples demonstrate that the ratio of nitrogen coming into the JGC is still more than
15 times the amount of phosphorus that comes into the system.

Y 2
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Phosphorus is an essential nutrient for plant and algal growthdawvelopment within a lake,

as it is necessary for the conversion of sunlight into the usable energy for cellular reproduction
and growth. However, it is important to note that the actual amount available for biological
uptake depends on its chemical forriithe two types of phosphorus sampled withire JGC

were Total Phosphorus (TP) and Ortpbosphorus (OP). Whi@Pis the form most readily

used by plant life due to its chemical nature, total phosphorus values are useful for estimating
the total amountavailable and are also used in many models to predict lake behavior under
different conditions.

Inthe JGC, Tébncentrationganged from an averagef 232 microgramsper liter (ug/L) or
parts per billion(ppb)in Swedes Batp an average of 6Qug/L) in German Lakeéuring the 2009
and 2010monitoring seasonsThe range in the mean TP concentration of these lakes
demonstrates the degree of variability amongst the lakes in this chain.

Nitrogen is another important nutrient for biological growth, and Iiket also can exist in
several different chemical formtbat will influence its availability to plants and algae. The ratio
of nitrogen to phosphorus can give an indication as to whignient is limiting theproduction

of algae in the lake.

Nutrient loading and a decrease in water quality can also be examined through the

measurement of Total Suspended Solids (TSS). TSS is a measure of the suspended organic and
inorganic matter inhe water, including algae and soil particles. Often, nutrients su¢haas

bound to particulate matter andarried into lakes. Particulatei® continually removed from

the upper layers of water due to sedimentation, but can potentially be recycledmiitie

water column through bidgurbation, orduringcertain anoxic conditions.

Bioturbation that causes the rgsuspension of sediments can caseadditional exchange of
nutrients, including phosphorus, between the sediment and the water columnteR@muatic
plants can provide natural fish habitat and help counterdgaa blooms by stabilizing
sediments Rooted plants alsbelpto protect the sediment surface from wind mixing in shallow
lakes, holding settled nutrients in place.

Lastly chlorophyll, specificallyldorophyll (chta), is a pigment produced by algae. By
measuring chlorophyll concentrations, it is possible to estimate of level or frequency of algal
production in a lake Chlorophyll value®n the JGC are indicative of theisance algae level

that occurredin midsummer in 2009 and 2010

During the2009 and 2010 monitoring seasahe averag Chlorophylta concentration ranged
from a mean of 27.0fg/Lon East Jefferson Lake a mean of 63.441ig/Lon Swedes Bay
Concentrations from 120 ug/Lwould be perceived as a mild algal bloom, while concentrations
greater than 3Qug/Lwould generally be perceived as severe nuisance conditions (Heiskary and
Walker, 1988).
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3.2 Applicable Minnesota Water Quality Standis
The MPCA uses ecoregibased total phosphoru§TP)3 dzA RSt Ay Sa Ay O2yadzy Ol A
Trophic State Index (TSI) to classify lakes in their legladity for aguatic recreatiofiTable
3.2).

Table 3.2Applicable Minnesota Water Quality 8t#ards (ppb is equivalento ug/L).

Ecoregion TP Chl-a Secchi

ppb ppb meters
INLF — Lake trout (Class 2A) <12 <3 = 4.8
NLF — Stream trout (Class 2A) <20 <6 > 2.5
NLF — Aquatic Rec. Use (Class 2B) =30 <9 =2.0
ICHF — Stream trout (Class 2a) <20 <6 > 2.5
I('HF — Aquatic Ree. Use (Class 2b) =< 40 <14 = 1.4
[cCHF - Aquatic Rec. Use (Class 2b) < 60 <20 = 1.0

Shallow lakes

WCP & NGP — Aquatic Rec. Use < 65 <22 = 0.9
Class 2B

WCP & NGP — Aquatic Rec. Use
Class 2b) Shallow lakes

These suggested values can be compared to the TSI scale. This scale ranges from 1 to 150, with
the higher value reflecting higher nutrient loading. Different parameters are used to develop

the final TSI calculation. These parameters include the totastorus (ppb), Chlorophydl

(ppb), andsecchitransparency (m). The individual parameters each have a range of values,
reflecting the typical values found in each categdiye NCHF standard for shallow lakes (red

bars) is slightly less stringent thametNCHF standard for deep laKE&gure 3.2)
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Figure 3.2The NCHF standard for shallow lakes (red bars) is less restrictive than the standard for deep lakes within
the ecoregion The JGC is comprised of both shallow and deep lake basins; therefore, both standards are used
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accordingly within this study: KS b/ | C &dF yRFINR F2NJ akKl€t2¢ €F15a Slddds
0KS RSSLI €118 &adl yRTSNSRore®fj565.0Sa G2 | /NI azyQa

Thefederal Clean Water ACWA requires states to adopt wateguality standards to protect

waters from pollution. These standards are essential as they define how much of a pollutant

can be in the water and still allow it to meetglgnated uses, such as drinking wataraquatic

recreaton ! 61 GSNJ 62R& Aa GAYLIANBRE AT AU FlrLAata G
Once the water is listed as impaired, it

Water quality standards have existed in Minnesota since 1967, and have been periodically

dzLJRIF 6 SR 2NJ I RRSR (2 ¢A0K ySg aidlyRINRA YR NB
meet or exceed federal requirements (MPCA website, 2008). While watatygstaindards

AyOf dzZRS aS@OSNIf O2YLRYySydar GKAA ¢a5[ Aa LINRY
Gy dzySNAO adl yRI NRa¢ O

3.2A. Beneficial Uses

G . Sy ST A heideftificatidn®fthe uses our water resources provide to people and
wildlife,¢ | NBninBd3ii tBe MPCA to designate appropriate water uses. While this
classification is performed by the state, the process is governed by federal rules contained
within the CWA. Seven beneficial uses are defined in Minn. R. 7050.0200. These uses and the
use-class designations are listed below. The class numhggrsie not intended to imply a

priority ranking to the uses (MPCA website, 2008)e JGC basins are all Class 2 waters of the
state.

Class 1 Domestic Consumption

Class 2 Aquatic Life aritlecreation

Class 3 Industrial Consumption

Class 4 Agriculture and Wildlife

Class 5 Aesthetic Enjoyment and Navigation
Class 6 Other Uses

Class 7 Limited Resource Value

3.2B. Numeric Standards

Numeric standardsg allowable concentrations of specific pattnts in a waterbody, established

to protect the beneficialuses A Yy Sa2 G Q& 41 GSNJ ljdz-t t AGe &Gt YyRIFN
for nutrient impairment as a measure of whether a water body meets its designated uses.

Specifically, Minn R. ch. 7050.023pecific Standards of Quality by Associated Use Classes

states:

PPDdD GCKS YydzYSNAOFE YR yIFENNIGAGS g1 G§SNI | dzt
7050.0227 prescribe the qualities or properties of the waters of the state that are

necessary for the desigred public uses and benefits. If the standards in this part are
exceeded, it is considered indicative of a polluted condition which is actually or

potentially deleterious, harmful, or injurious with respect to designated uses or

established classes of thdwi SNBE 2 F GKS adl (S d¢
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3.2C. Class 2B waters

The primary water classification that this TMaldressesre water bodies classified 2B. Class
2 is concerned with aquatic life and recreation, and subclass B refers to cool/warm water
fisheries with the water body not protected as a drinking water source.

3.3¢ MinnesotaStandardsfor Class 2B Lakes

The state of Minnesota has long recognized excess nutrient loading as a primary pollutant
contributing tothe S dzii NP LIKA OF G A2y 2F fF 1S4 o6aAidyySazil Qa
In order to properly assess and rank the water quality within a lake systewatait quality

standards and criteria were developed using-eegion and area specific sample data. What

this means is that lakes were ranked and categorized by common characteristics, such as
depth/lake morphometry, lake ecology, geographic setting, egfdrence lake conditions.

Because of regional diversity in lake and watershed characteristics, it was felt that a single total
phosphorus value could not be adopted as a statewide criterion for lake protection in

Minnesota (Heiskary, et al. 198By usng the eceregion derived data, natural lake loading is

taken into account, and lakes are assessed based on natural landscape settings, local land use,
and loadng typical of the regionAll five lake basins of the Jeffers@erman Chain are located

in the NCHF ecoregion, therefore, the standards set forth for lakes in NCHF were applied. The
JGC consists of two shallow lake basins (Swedes Bay and Middle Jefferson Lake) and three deep
lake basins (West Jefferson, East Jefferson, and German Lake). Thedsaaddorth for both

shallow lakes and deep lakes were used accordingly (Ta)le 3.

The full report can be found on the MPCA website:

http://www.pca.state.mn.uspublications/reports/lwga-nutrientcriteria.pdf

Section 4.0; Water Quality data

4.1 ¢ Data collection

Monitoring was completed through the TMBtudyto collectcurrent water qualitydata, as

well as additional data to be used for the BATHTUB modptingram.Many previousprojects
collectedadditional water quality data, which will be used witlthe TMDL whenever possible
(1990 MPCA Lake Assessment Program, 1993 Diagnostic and Feasibility Study; Le Sueur
County).While many of these studies have istigated similar problems (such as sediment and
nutrient loading), these reports were unfortunately not completed within ftieyear

requirement windowof the TMDL process. However, many of these studies are valuable to use
within the TMDL study, and cdrelp provide a framework to investigate how the lake has
changed over time.

4.2 Monitoring Parameters

4.2 A- Phosphorus

Phosphorus data was collected via grab samatesflow/out flow sitesusing sterile bottles
supplied through Minnesta Valley Testg Laboratories, INnMVTL). Lake samples were taken
two metersbelow the water surface at a gdocated positiorusing a two meter long

integrated samplerAdditional irlake samples were taken below the thermoclihgring

periods of thermal stratification othree deepest lake basins (West Jefferson, East Jefferson,
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and German) using a Van Dorn sampldreP samples were then deliveregd MVTL in New
Ulm and analyzed for bothP and OBoncentrationgTable 4.2)

4.2B ¢ Nitrogen

Nitrogen data was collected very similarly to thdda; using grab samples at the
inflow/outflow sites, inlake water quality samples weret analyzed for their Montent. The
N samples were analyzed for nitranérite (Table 4.2)

4.2 Cc ChlorophyHa (Chia) (with phaeophytin correction)

Chla data was also collected at td&C siteasing the below surface sample methdchla was
not sampled at the inflow/outflow sitesAll samplesvere collected and thentemporarily
stored in an opaque plastic or amber glass bottle to prevent any additional development or
breakdownof the Chlawithin the samplgTable 4.2)

4.2D ¢ Temperature Dissolved OxygefidO) Specific Conductan¢€Cond)and pH
Temperature DO, SCond, and p#hata were collected using¥aSK820 V2 Data Sonde

connected to a Y$B0 multiparameter handheld display unit. This unit was equipped with a 23
m (75 ft.) cable that allowed vertical profd¢o be takerof the entire water column at 1 nter

wed to equilibrate at each depth interval until a constant reading was achi€hedale 4.2)

4.2 Ec Secchi Depth

TheSecchi disks a flat, circular object used to measure water transparency in oceans and
lakes.The disc is divided into four everdgaced sectionalternating with colors of black and
white. The disc is mounted on a pole or line, and lowered down in the water. The depth at
which the pattern on the disk is no longer visible is taken as a measure of the transparency of
the water. This masure is known as theecchi deptland is related to water turbidityTable

4.2).

Table 4.2.Sample Method Data

Analyte Sample Sample Preservative Holding Analytical Method
Quantity  Container Time
Chlorophyll a 1L Amber glass Cool to 4°C 4 H SM*10200 H
Total 500 mL Plastic H.SQto pH 28D EPA 365.1 Rev 2.(
Phosphorus <2
Cool to 4°C
Ortho- 500 mL Plastic Cool to 4°C 2D EPA 365.1 Rev 2.(
Phosphorus
Nitrate + Nitrite 250 mL Plastic H,SQto pH 28D EPA 353.2 Rev 2.(
<2
Cool to 4°C
Total 500 mL Plastic Cool to 4°C 7D USGS376585
Suspended
Solids

LlMay be stored on ice in the dark for up to 48 hrs. prior to analysis, otherwise, filter within 48 hrs. and store frozen

I G-20K
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4.3 ¢ Inlet/Outlet Sampling Results

4.3 A. Summary

Water quality data was collected from four inflow sites (JG6, JG7, JG8, JG9) and one outflow site
(JG10) during the 2009 and 2010 monitoring season

All water quality samples were taken from the middle of each monitoring location where the
thalweg (or channelis deepestEach monitoring location contained a reference point that is
used to determine the measured stage. The measured stage is used to ensure that the stage
read by the monitoring equipmer{gauge heightyvas accurateA difference of 0.03 between

the two devices was maintainedrlowdata and water quality samples weused to calculate
mean weighted flows for nutrients entering the J@G.samples were collected, a transparency
tube reading, general weather, and general notee recorded. Water quality samples were
sent to Minnesota Valley Testing Laboratories (MVTL) for analysis.

4.3 B Monitoring LocatiodG6on Swedes Bay

Inflow site JG6 is located off of 480th strewtarMadison Lake, MN. The ditch enters on the
south westside of Swedes Bay (Figure B)3JG6wvasequipped withan ISCO 2150 area velocity
flow module and sesor that uses continuous wave Doppler technology to measure mean
velocity. The sensor transmits a continuous ultrasonic wamd,thenmeasures the fregency
shift of returned echoes reflected by air bubbles or particles in the fleewvel or stage
measurements are achievdyy a differential pressure transducérhe equipment takes a
reading every 3 minutes, averages the datad compilestie stageand velocitydataevery 15
minutes. Stage and velocity datgere stored on the module until the data was downloaded
using Flowlink®oftware installed to a P@Vater quality samples were takelrd times in 2009
and 31in 2010with an emphasis placed uponrsplingduring or following storm eventfable
4.3 B. The 2009 sampling season began on 32 grab samples being takehowever
equipment was not officially installed at this site until 4/7. The last water quality sample was
taken on 11/5; all equipnma was removed at this timélhe 2010 sampling season began on
3/17 with the installation of sampling equipment and ended on 11/1 when all equipment was
removed.
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Figure 4.38. JGémonitoring locationflows into Swedes Bay

Table4.3B. JG6 water quality data summation for 2009/10.

2009 TP (mg/L) | NOs-NG;, TSS PO4 % T-Tube
(mg/L) (mg/L) | (mg/L) | PO4 | (cm)
Average 0.17 12.47 15.14 NA NA 39.51
Max 0.36 23.70 57.00 NA NA 60.00
Min 0.08 0.10 5.00 NA NA 9.10
Number of 14 14 14 NA NA 14
samples taken
2010 TP (mg/L) | NOs-NO; TSS PO4 % T-Tube
(mg/L) (mg/L) | (mg/L) | PO4 | (cm)
Average 0.25 15.75 28.07 0.11| 55.25 42.12
Max 1.11 31.30| 191.00 0.27| 76.44 60.00
Min 0.05 6.09 2.00 0.05| 6.98 7.00
Number of 31 31 31 31 31 31
samples taken

4.3 C Monitoring LocatiohG7on German Lake

21

Inflow site JG7 imcated off of Beaver Dam road nealysian, MN. The ditch at this location
flows underneath Beaver Dam Road and esti@to German Lake (Figure £8 In 2009, JG7

was equipped with an INW9805 submersible pressure transducer that was connected to a CR
1000 datalogger. The pressure transducer was used to measure the stage height. A TR 525 rain
gauge equipped with a tipping bucket was located at thesisi2009 as wellThe equipment

recorded a stage and precipitation reading every 3 minutes, averaged the data, and compiled
the stage data every 15 minutes. This data was then downloaded and stored on a PC using PC
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200W software. JG7 is hydrologicallymmex and experiences periods of reverse flow that
were thennot necessarily related to the stage. Given the complexity of this site, it was
determined that an area velocity (A¥¢nsor would be a morappropriate equipment choice.

In 2010, an AV sensortae very similar to the setip at JG6 was installed at JGTowrat JG7
wasoften so minimal that the AV sensor could not adequately determine a consistent velocity
reading for much of the year. The 2009 sampling season began on 3/24; however equipment
was not officially installed at this site until 4/3. The last water quality sample was taken on
11/5; all equipment was removed at this time. The 2010 sampling season began on 3/18 with
the installation of sampling equipment and ended on 11/1 when all eqaiptrwas removed.
Water quality samples were taken 12 times in 2@0@ 24 times in 2010 (Table 438

0 05 1 2 Miles
B G 7 subwatershed

Figure 4.3C Monitoring location JG7 flows into German Lake.




Table4.3C JG7 water quality data summation for 2009/&®nitoring season.
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2009 TP NOs-NG, | TSS PO4 | % T-
(mg/L) (mg/L) (mg/L) | (mg/L) | PO4 | Tube
(cm)
Average 0.25 5.85 10.60 NA| NA| 53.11
Max 0.44 9.02 32.00 NA| NA| 60.00
Min 0.09 1.72 2.00 NA| NA| 24.50
Number of 12 12 12 12 12 12
samples taken
2010 TP NOs-NO, | TSS PO4 | % T-
(mg/L) (mg/L) (mg/L) | (mg/L) | PO4 | Tube
(cm)
Average 0.26 4.77 7.50| 0.15| 47.59| 56.83
Max 0.89 18.00 88.00| 0.33| 87.54| 60.00
Min 0.05 0.33 1.00f 0.01| 9.88| 9.30
Number of 24 24 24 24 24 24
samples taken

4.3 D Monitoring LocatiodG8n Swedes Bay

Inflow site JG8 is located off of Swedes Bay lrera@Elysian, MN. The ditch at this location
ONRa&asSa dzy RSNYSIF UK { 6SRSa . I &hepsteryiBostbgyR Ff 24 a
(Figure 4.3). In 2009 and 2010 this site was equipped witHNW9805pressure transducer

paired with a CR1000 data logger. A TR525 tipping bucket rain gage was located at this site in
2010. A new culvert was installed in January, 2010 to replace the old culvert that was partially
collapsed. When the new culvert was instdllbe stream channel was also altered; we

therefore decided to move the location of the monitoring equipment closer to the new culvert
The equipment recorded a stage and precipitation reading every 3 minutes, averaged the data,
and compiled he stage dat&very 15 minutesThis data was then downloaded and stored on a
PC using PC 200W softwarEhe 2009 sampling season began on 3/24 with the collection of a
grab sample; however equipment was not officially installed at this site ur@il®ie last water
guality sample was taken on 11/5; all equipment was removed at this time. The 2010 sampling
season began on 3/18 with the installation of sampling equipment and ended on 11/1 when all
equipment was removedWater quality samples were taken 13 times in 2@hd 31 times in

2010, the number of samples taken was in direct correlation with the difference in rain/storm
eventsin 2009 in comparison with 2010.
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Figure 4.3. JG8monitoring location flows into Swedes Bay

Table 4.3 DIG8 water quality data summation for 2009/10 monitoring season.

2009 TP NOs-NO, | TSS PO4 % PO4| T-Tube
(mg/L) | (mg/L) (mg/L) | (mg/L) (cm)
Average 0.32 1.11 14.08 NA NA 52.32
Max 0.95 4.58 56.00 NA NA 60.00
Min 0.08 0.10 1.00 NA NA 25.00
Number of
samples taken 13 13 13 13 13 13
2010 TP NOs-NO, | TSS PO4 % PO4| T-Tube
(mg/L) (mg/L) (mg/L) | (mg/L) (cm)
Average 0.22 1.40 15.03 0.14| 57.54 56.72
Max 0.79 7.05| 256.00 0.30| 97.55 60.00
Min 0.05 0.10 1.00 0.04| 28.35 3.10
Number of 31 31 31 31 31 31
samples taken

4.3 E: Monitoring LocatiodG9

Inflow site JG9 is located off of County Road 18 (Lake JeffersonrR@a@leveland, MN. The
ditch at this location crosses underneath County Road 18 and enters into Middle Jefferson Lake.
In 2009, JG9 was equipped with an INW9805 submersible pressure transducer that was
connected to a CR 510 datalogger. The pressure transawaeused to measure the stage.
Sage measurements were taken every three minutes, the datalogger d@wvaraged the 3

minute measurements into an overall -bdinute average that was compiled and stored until

the data was downloaded onto a R€ing PC200W softwar@/ater quality samples were taken
24 times in 2009 and 37 times in 2010. The difference in the number of sampling events is in
direct correlation with the difference in rain/storm events in 2009 versus 20h&.2009
sampling seasohegan on 3/24 with the collection of a grab sample; however equipment was
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not officially installed at this site until 4/9. The last water quality sample was taken on 11/5; all
equipment was removed at this time. The 2010 sampling season began on 3/1e&vith

installation of sampling equipment and ended on 11/1 when all equipment was removed.

0 1,250 2,500
S Y T N N

5,000 Meters
TR —

Figure 4.F& JG9 monitoring locatiofiows into Middle Jefferson Lake.

Table4.3E JG9 water quality data summation for 2009/10 monitoring season.

2009 TP NG;-NO, | TSS PO4 | % PO4| T-Tube
(mg/L) | (mg/L) (mg/L) (mg/L) (cm)
Average 1.15 11.67 11.26 NA NA 57.45
Max 3.44 23.90 39.00 NA NA 60.00
Min 0.27 0.10 1.00 NA NA 6.00
Number of
samples taken 24 24 24| 24 24 24
2010 TP NOs-NO, | TSS PO4 | % PO4| T-Tube
(mg/L) (mg/L) (mg/L) (mg/L) (cm)
Average 1.18 17.58 15.19 0.79 | 64.10 56.06
Max 2.86 26.50 230.00 2.26 | 107.24 60.00
Min 0.27 4.74 1.00 0.02 | 2.48 5.30
Number of 37 37 37 37 37 37
samples taken

4.3 F: Monitoring LocatiodG10on German Lake

Inflow site JG10 is located off of County Road 11 (German Lakeitaa@leveland, MN
(Figure 4.3). This location serves as the outlet site for the entire JGC and is located on the
north eastside of German Lake (Figure #3JG1@vasequipped with an ISCO 2150 area
velocity flow module and senstinat usecontinuous wave Doppler technology to measure
mean velocity. The sensor transmits a continuous ultrasonic wave, and then measures the
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frequency shift of returned echoes reflected by air bubbles or particles in the flow. Level or
stage measurementaere achievedwith a differential pressure transducefhe equipment

takes a reading every 3 minutes, averages the data, and compédestdge ad velocity data

every 15 minutes. Stage and velocity data were stored on the module until the data was
downloaded using Flowlink® softwamith a PCThe AV sensor at this location is set to read the
depth of water exiting through the culverThe mountinglate was installed within the culvert,
allowing for an accurate reading of the water depth and flow at this location. Water quality
samples were takeB4 times in 2009 and 33 times in 20Tte 2009 sampling season began on
3/24 with the collection of a grab sample; however equipment was not officially installed at this
site until 4/3. The last water quality sample was taken on 11/5; all equipment was removed at
this time. The 2010 samplingason began on 3/18 with the installation of sampling equipment
and ended on 11/1 when all equipment was removed.

JG10

Figure 4.3 JG10 monitoring locatiois the outlet site for the JGC and is located on German Lake.



