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TMDL Summary Table

EPA/MPCARequired Summary TMDL
Elements Page #
Location Lake Volney is located in tleastcentral portion of Le

Sueur County, Minnesota. At 277 acres, Lake Volney
represents one ofhe smaller lake systems found withit
the Cannon River watershe@he Lake Volney
watershed is only 2,017 acres and therefore represen
a very small portion offte Cannon River Watershethe
Cannon River Watershedlgcated in south central
Minnesota and represents a major tributary to the
Mississippi River.

303(d)Listing Describe the waterbody as it is identified on the

Information {GFrGSKENRARDOSQA onooRUL A4

Lake Volney (40003300)

Affected designated useAquatic Recreation
Pollutant or Stressag Nutrient/Eutrophication
Target start/completion date: 2008/2011

9 Original Listing year: 2002

1
1
T
T

Applicable Water
Quiality Standards/
Numeric Targets

The applicable standards are the water quality standg
for the North Central Hardwood Forest Ecoregion for
deep lakes at 40 ppb and recreational standards for g
class 2Bvaters.

For adjustments made to the modeled standard value
refer to Section 5.8 Margin of Safety

Loading Capacity
(expressed as daily
load)

Loading capacityl.796Ibs/day
Critical Condition: In summer when TP concentration
are typically worst.

Wasteload Allocation

Source | Permit# | Individual WLA |

No existing permitted sources for nutrient loading exig
within the watershed.

Construction storm water was estimated at 0.1%#lof

the total LA (with the assumption that no more than
0.104% of the watershed would be undeonstructon

at any one time).




CAFO A 07966439 Must be 0
CAFO B 07980335 Must be 0
CAFO C 07999682 Must be 0
CAFO D 07966600 Must be 0
CAFO E 07999660 Must be 0
Permitted
Stormwater
(i.e. MS4, NA 0.104%
constr.)
Straight
PipegSeptic NA must be 0
WWTP A NA NA
Reser\(e NA NA
Capacity

Load Allocation Source LA (Ibs/day)
Watershed 0.431
Internal Load 0
Monitored Inflow (V2) 0.957
Monitored Inflow (V3) 0.128
Atmospheric 0.203
Precipitation
Natural Background NA

Forthis TMDLstudy, the load allocation is a combinatio
of all nonpoint sources, including natural background
This approach was decided on sireceumerical value o
percentage attributed to natural background is not
required by the EPA as a sulbtai requirement, and a
specific value would not be defensible or ultimately
beneficial to the final TMDL project.

Margin of Safety

The MOS was set at 10%, and used to develop the T
value. The 10% value was modeled through a standg
value adjustedo 36 pg/L (40 ug/Lless 10%).

Seasonal Variation

Within the context of the TMDL, all target reductions &
calculated for the total nutrient budget of the lake. Th
budgetwasdeveloped using annual loading data, and
targetswere determined based on the highest loading
periods (typically the summer méms). Using these
methods, seasonal variatiomasaccounted for within
the annual loading calculation.

Reasonable Assuranc

To address the major loading portion of the TMDL, th
nonpoint source allocations, a wide variety of
management practices will need to be considered an(
implemented to address the loading issues.




The stateof Minnesota requires that aimplementation
Panalso be developed to address the impairment anc
the methods best suited to meeting the goals of the
TMDL

Monitoring

A specific monitoring plan has not been created at thi
time. Monitoring will include existing programs and
programs to be developednd implemented in the
future based on watershed goalat / ! Qa &1 {
approach begins in 2011 for the Cannon River
watershed and will include monitorirfgr the next four
years

Implementation

A general list of implementation activities has been
included within the TMDL. Per Minnesota
requirements, a specific Upper Cannon Lakes Excess
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.

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)




1.1  Executive Summary

The federal Clean Water Act (CWA) requires states to adopt veptality 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 designated uses, such as drinkingnwashing and swimming.

I 61 GSNJI 62R& Aad GAYLIANBRE AT AU FlrAafta 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 meed amaintain applicable water quality
standards. The TMDL by definition (40 CFR Part 130, section 130.2, 130.7, and 130.10) is the
sum of all Waste Load Allocations (point source) and Load Allocationgp@nunsource) with

the inclusion of a margin of sty and natural background conditions. A TMiDldyreviews

the conditions of a water body, determines the loading of a given pollutant from natural, point
and nonpoint sources, and determines the carrying capacity or necessary reductions to
StAYAYF(OS GKS AYLIANNSY(d 2F GKFG &adz2NFI OS g4I aGS
Lake Volneyslocated in theeastcentral portion of Le Sueur County, Minnesotat 277 acres,

Lake Volney represents onetbk smaller lake systems fourwdthin the Cannon River

watershed The Cannon River Watershed is locatedouth central Minnes@a andisa

tributary to the Mississippi Rivefhe Lake Volney watershed covers 2,017 acres and is
dominated mostly byagricultural land use

In 2005, the Minnesota Pollution Control Agency (MPCA) listed Lake Volney as impaired for
aqguatic recreation du#o excess nutrients under section 303(d) of the Clean Waters Act. This
TMDL study will assess the nutrient load reductions needed to help Lake Volney reach water
quality standards set forth by the state of Minnesota for 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 this documiendrder to meet the TMDL of 1.796
Ibs/day, a 72% reduction needs to be made in Lake Volney. Themaivosources of

phosphorus to this system are the water coming from the large wetland complex in the
northeast portion of the watershed and internal load. To address these sources, a wetland
restoration/rejuvenation needs to be pursued as well agstablshment of native vegetation

within the basin itself.
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Abbreviations and Acronyms

cfs Cubic Feet per Second

CLP Curlyleaf Pondweed

EPA Environmental Protection Agency

GIS Geographic Information Systems

MDNR MinnesotaDepartment of Natural Resources
mg/L Milligrams per liter

MPCA Minnesota Pollution Control Agency
NCHF North Central Hardwood Forest (ecegion)
NO;+NG Nitrate + Nitrite Nitrogen

PQ Ortho-phosphorus

ppm Part per million

TMDL Total Maximum Rily Load

TN Total Nitrogen

TP Total Phosphorus

TSS Total Suspended Sediment

mg/L Milligrams per liter

pg/L Micrograms per liter

WRC Water Resources Center (Minnesota State University, Mankato)
BMP Best Management Practice

CWA Clean Wate Act

LA Load Allocation

MOS Marginof Safety

QAQC Quality Assurancéuality Control

QAPP Quality Assurance Protection Plan

RC Reserve Capacity

WLA Waste Load Allocation



Table of Contents

Section 1.0 Introduction
1.1 Site Description
1.2 Problem Statement
1.3 Purpose
Section 2.0; Background information
2.1 Landscape and Setting
A Watershed, Lake and inflow/outflow description
2.2 Lake Characteristics
2.2 ALake Volney
2.3 Geography
2.4 Soils
2.5 Climate
2.5 A Temperature
2.5 B Precipitation
2.6 Biological Monitoring
2.6 A Fish survey and analysis
2.6 B Plant survey and analyGppendix A)
2.7 Recreational use
Section 3.0; Applicable Water Quality Standards / Water Quality Numeric Targets
3.1 Description of Excess Nutrients
3.2 Applicable Minnesota Water Quality Standards
3.3Minnesota Standards for Class 2 B Lakes
Section 4.0; Water Quality Data and Analysis
4.1 DataCollection
4.2 Monitoring Parameters
4.3 DataSummary
4.4 Flux Results
4.5 Inlake Results
4.5A. Lake Volney
4.6 Watershed Data Analysis/Methods
4.7 MINLEAP Model
4.8 BATHTUB Model
4.9 Lake Volney Hydrological Balance
4.10 Loading Sources to Lake Volney
Section 5.0; TMDL Allocation
5.1 Waste load allocation
5.2 Load allocation
5.2. A. Natural Background
5.2. B. Monitored Inflows
5.2. C. Internal Loading
5.2. D. Urban andeRidential Sources
5.2. E. Failing SSTS



5.2. F. Atmospheric Loading

5.3 Margin of Safety

5.4 Reserve Capacity

5.5 Total TMDL and summary

5.6 Necessary Reductions
Section 6.0; Implementation Plan
Section 7.0; Reasonable Assurance
Section 8.Q; Public Participation
Section 9.0; References
Appendix A MPCA Biological Monitoring Report for the Lake Volney Wetland
Appendix B Blue-Green Algae Rapid Response Summary
Appendix C/ | NI & 2 y CState hdeR Valies fOr Lake Volney indicate that eutrophic
conditions have persisted within this basin for over 15 years.
Appendix D Lake Volney Vegetation Surveys



10

List of Tables
Table Page
Number
Table 2.1. Summary of Lande Characteristics for the Lake Volney watershed 15
Table 2.5 A. Average daily maximum and minimum temperature and average precipitation for Le| 19
County, Minnesota 1972000 (USDA Natural Resources Conservation Service) 21
Table 3.2. Applicable MinnesoWater Quality Standards 22
Table 4.2. Sample Method Data 26
Table 4.3 A. V2 water quality data summation for 2009/10 monitoring season 28
Table 4.3C.V3 water quality data summation for 2009/10 monitoring season 29
Table 4.3 DV4 water quality data summation for 2009/10 monitoring season 30
Table 4.3E V5 water quality data summation 32
Table 4.3 V6 water quality data summation 33
Table 4.4 A. Flux results for Lake Volney monitored inflow/outflows 33
Table 4.7 A: Lake Volney MINEEAodel predictions using 2009 data 42
Table 4.7 B: Lake Volney MINLEAP model predictions using 2010 data 42
Table 4.7 C: Lake Volney MINLEAP model predictions using 2009 and 2010 data 43
Table 4.8 A: BATHTUB initial predictions Lake Volney 45
Table 4.8 B. Predet! loads for Lake Volney 45
Table 4.8C. BATHTUB results corrected for internal loading 46
Table 4.8 D. Mass Balance with internal loading added 46
Table 4.8 E. Lake Volney BATHTUB modeled to standards 47
Table 4.8 F. Lake Volney mass balance modeled to standards 47
Table 4.9A. Lake Volney Mass Balance. 48
Table 5.2. A. Prsettlement TP concentrations based on diatom reconstruction. 53
Table 5.6 A.1. Current daily TP load and reduction needed to meet TMDL seperated by the major 59
sources.
Table 5.6 A.2. Total phosphorus wasteload, load allocation, and TMDL daily and annual loads. 59
List of Figures
Table Page
Number
Figure 2.1 A: Geographical location of the Ldhey Watershed. 14
Figure 2.1 B. Land use in the Lake Volney watershed is comprised mostly of agriculture. At a tof 16
acreage of 2,017 acres, the watershed to lake ratio for Lake Volney is approximately 7.3:1. Lak¢g
have a watershed to lake ratios lebsn 10:1 often have a greater potential for restoration.
Figure 2.1 C. Lake Volney subtersheds calculated using ARCSWAT watershed delineation tool { 16
10 meter DEM clipped to the Lake Volney watershed boundary.
Figure 2.4 A. Soil profile for the Lakelney Watershed. 18
Figure 2.6 A. Commercial fishing operations on Lake Volney removed large quantities of carp af 20
buffalo from Lake Volney in July, 2009.
Figure3.2¢ KS b/ I C &ail yRIFENR FT2NJ RSSL) fI1Sa Sidz 423
Figure 4.3 AMonitoring location V2 flows into the northeast cornerlaike Volney. 28
CA3IdzNBE ndo . & az2yAild2NRAy3a f20FGA2y +o0 Ff2pa |28
Figure 4.3 C. TMDL outflow monitoring site V4 is located on the southern shoreline of Lake Volr] 29
Figure 4.3 D. TMDL grab sample location V5 is located on the northern shoreline of Lake Volney 31
Figure 4.3 E. TMDL grab sample location V6 is located on the northwestern shoreline of Lake V{ 32
Figure 4.5 C.1. The TP concentration observed in watditgyggamples collected during the 2009 36
season was consistently above the NCHF ecoregion standard (indicated by green bar) except fd
period in midSeptember.
Figure 4.5 C.2. The TP concentration observed in water quality samples collected den20d &h 36




season was consistently above the NCHF ecoregion standard (indicated by green bar) except fd
period in midSeptember.

Figure 4.5 C.3. The TP concentration of water quality samples taken from the hypolimnion had 3
higher mean TP concentratidn comparison with samples taken from the epilimnion on Lake Vol
in 2009. The NCHF ecoregion standard for TP is 0.040 mg/I.

Figure 4.5 C.4. The TP concentration of water quality samples taken from the hypolimnion had 3
higher mean TP concentration domparison with samples taken from the epilimnion on Lake Voln
in 2010. The NCHF ecoregidarslard for TP is 0.040 mg/I.

Figure 4.5 G. The Chh concentration of water quality samples was less (better) than the NCHF
ecoregion standard of 141g/L during a majority of the 2009 monitoring season

Figure 4.5 ®. The Chh concentration of water quality samples was less (better) than the NCHF
ecoregion standard of 14ug/Lduring 8 of 15 samples collected in 2010.

Figure 4.5 C.7. Secchi disk readiegceeded the NCHF standard for deep lakes of 1.4 m throughd
the 2009 monitoring season with the exception of a brief period in late July and early August dur
which an aphanizomenon bloom occurred.

Figure 4.5 C.8. Secchi disk readings exceeded@ttHNstandard for deep lakes of 1.4 m during mos
of the 2010 monitoring season. The only exception was a late April sampling event and a brief p
in late July and early August during which an aphanizomenon bloom occurred.

Figure 4.5 C.9. Carlson TrapState Index based on TMDL data collected in 2009/10 for Lake Vol
Figure 4.6 A. Schematic diagram of the contributing area associated with each monitored inflow
sample location within the Lake Volney watershed. * These sites could not directgpresented in
the BATHTUB model because no flow values were associated with these samples. They were
accounted for by the land use practices present within the watershed

Figure 4.10 A. Contributions of TP by source to Lake Volney

Figure 5.0. Active pmitted feedlots within the Lake Volney watershed.

Figure 5.2 A. Location of culverts/sewer lines entering into Lake V.olney

37

37

38

39

39

40

40
41

49
52
56

11

Introduction



12

1.1 Site Description

Lake Volneylocated in Le Sueur County Minnesia small lake at only 277 acres; however,
Lake Volney has a maximum depth of 65 f@ed a mean depth of 22.7 featakingit one of

the deepest lakes isouthern MinnesotalLake Volney isituated in a watershed that is

comprised of moderate to stedysloping hills that have beerieared primarilyfor agricultural
purposes.The total acreage within the Lake Volnegtershed is 2,01@cres; most of the
watershed is donmated by agricultual land useThe watershed toake ratio for Lake Volney is
7:1. Lakes with watershed to lake ratios less than 10:1 are typically easier to restore in
comparison with lakes that have a ratio greater than 10:1 (Pers. Comm. Tim Hoyman, Certified
Lake Manager, Onterra LLC3ke Volney is a dimictic waterbody, meaningas two periods
GKSNBE (KS t11S YAESA 2NJ aldNya 20SNE GKFG 2
beneficial tothe water quality of this basin because a large percentage of the phosphorus load
is retained within the hypolimniogbottom layer of lake during stratificatiomuring a majority

of the sampling season. The combination of a small watersbéake ratio and the thermal
stratification of the Lake Volney basin give this waterbody a better than average chance for
restoration.

Fifty-four percent2 ¥ [ | 1 S + 2 f \alS §rénter thandASHeet Gedphdrefol?,
approximately 46% of the surface area is within the littoral zone that is capable of supporting
plant growth.Although curlyleaf pondweed (CL)has been found in Lak/olney, the growtlof

this species has not beconpeoblematic.Moderately dense stands of CLP were found in a

small percentage of the lake in 20Ie sediment within Lake Volndyas been found to be

not conducive to supporting extremely dense stand€bRPers. Comm. Steve McComas,

2008) The overall macrophyte community found in Lake Volney is extremely limiidda

total of three species found during the poiimttercept surveysonducted in 209. The absence

of macrophytes within Lake Volney may partially explain the frequency by which algae blooms
occur. The ample supply of nutrients in coordination with an absence of shading from
macrophytes allows for algae to grow relatively uninhibited.

1.2 Purpose
The goal of this Total Maximum Daily Load analyaisto quantify the nutrient reduction that

will be required to meet the water quality standards established for lakes itNtvéh Central
Hardwood ForestNCHIrecoregion. Furthermore, thistudyidentified the largest sources of
nutrients (phosphorus) thake Volneyandcomplemens existing studies to provide reduction
strategies for source areas in accordance with section 303(d) of the Clean Water Act.

1.3Problem Statement

Prior todl K S  salcake W@ney was considered a favorite swimming location of many residents
in Le Sueur CountyHoweverdue to the increased severity and frequency of algal blooms
residents seldom use the public beach. The number of people fishing, boating, and enjoying
other forms of aquatic recreation on Lake Volney has also dropped significantly over tBe last
years in response to the algal blooms which seem to now plague th¢Sakeller, 1997

Several citizen complaintgere filed tothe MPCA during the summer of 1985 by members of

the Lake Volney Lake Association. This led to the first comprehensive study of the water quality

O

O
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present in Lake Volney during tseammer of 1986. Results from this 1986dy documented

TP concentrationsfdl60 pg/L; placing Lake Volney at thepercentile in a sample of 1,028
Minnesota lakes (Wilson, 198Take Volney was listed as impaired for aquatic recreation in

2002; excess nutrient/eutrophication was the defined streskake Volney is in theQHF

ecoregion and is a deep lake, and therefore needs to meet standard of 40 pg/L.

Prior restoration efforts on Lake Volney have focused on the large ditch system exiting a large
wetland complex located in the northeastern corner of the watershiete ithas historically

been the dominant source of nutriente Lake Volney Elevated TP concentrations weaigain
observed in water quality samples taken from this ditch system in 2009 and 2010. The
Minnesota Pollution Control AgendylPCA conducted a commhensve survey of the wetland

in the summer of 201Qesults from this surveindicate that the wetland is severely degraded

and may be acting as a source of nutrients to the lg@pendix A)

In 2009 and 2010, most recreational use consisted of angling and boating with swimming being
restricted by algae blooms for several weeks during the sumBecumentation of a severe
blue-green algae bloom consisting mostly Aphanizomenosp.and Microsystis sp). occurred

in the summer of 200%nd to a lesser but still significant degree in 2010. Warning signs were
posted on the public beach and at the boat launch on 7/23/2009 that advised potential users of
the risk incurred by swimming in the lakethts time. In 2009, there were two reported cases
where children experienced rasheshile 1 child experienced a fever after swimming_gke

Volney Additionally, a dog was reported to be near death after playing fetch in the water

during the summenof 2009. Additional information regardinthe sampling oblue-green algae
following theprotocol designed by the MPCAefB. CommSteve Heiskaryjan be seen in
AppendixB.

2 GSNI ljdzr t AGe al YL Sa O02tf SOGUSR FTNRY (GUKS mddn
documented high levels of nutrients and a low Secchi disk transparency. As a result of these
observations, the Carlson Trophic Status index was used to score Lake Volney to determine the
level of eutrophication that exists within tHeasinbased on water gality samples taken in

1993 and again in 200Appendix0. / | NI 82y Q&8 ¢NRLIKAO LYRSE A& 02)
three following categories:

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 considaygeroligotrophicor
hypereutrophic.

= =4 =4 =

/' NXT a2y Q& ¢ NP ¥ Lake plhiey indRatd thyaReStiophi@ tonditions have
persisted orLake Volneyor the past 15 yearsMembers of the community wartb see Lake
Volney restored to the lake it once was. Effart2009to restore the public beach on the
southern shore bLake Volney represent thasion the community has and theeginning
stages of returning Lake Volney to a more pristine state.

Section 2.0 Bckground Information
2.1 Landscape and Setting
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A.Watershed and.akeDescription
The Lake Volney watershedasated inthe central portion of Le Sueur County in south Central
Minnesota. Lake Volney is part of the Cannon River watershed, which is part of the Mississippi

River BasiifFigure 2.1A).

ii.) Cannon River Watershed

i.) Minnesota Ecoregions with Major and Minor Watersheds N

: &

Ry : = 2
w E

Northern Minnesota Wetlands

Lake Agassiz Plain .

Legend
Il Lake Voiney Watershed
I Cannon River Watershed

Lakes and Forests [ Le Sueur County
Upper Cannon
L q .| Lakes TMDL
egen [Volney]

I Leke Volney Watershed
Il cannon River Watershed

®  Montoring Sites selection
o Sreams
..... — Roads

Lakes

Voiney NEW boundary
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Figure 2.1A: Geographical location dhe MississippRiver Basin (i), Cannon River Watershed(ii)laaice Volney
Watershed(iii).

Minnesota is divided into seven ecoregions based on vegetation, soil type, geology, and
climate. Lake Volney is located in the North Central Hardwood Fecestgion; however th
watershed is located close to the border of the Western Corndzmtegion. Land use within
the watershed features characteristicemmon to both ecoregion@-igure 2.1 A)All land use
data is based on the 2009 NASS land use statistics, which is theun@nt version available
during the creation of the TMDL.

Lake Volne@ &atershedis 2,017 acres. Cultivated land use practices accourb2és of the
total watershed areaepresented mostly by corn and soybegigure 2.1BTable 2.J).

Housing subiisions, permanent and seasonal cabins are found along the north, west, and
southern shores; the county park and beach is located near the lake outlet on the southern
shoreline.The landscape is rolling to steeply slopeith interspersed poorly drained swales
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and sloughs (Schuler, 199Historically, much of the watershed was covered kiéindwoods;

a vast majority of these hardwoods have been cleared for agricultural land use upon settlement
(Schuler, 1997).

The Laké/olney watershed can be further subdivided into subwatershssed upon the
hydradogy of the landscap@-igure 2.1 C.A comparison of nutrient inflows from each of the
different subwatersheds is useful because it provides a method for identifying arethe
watershed that contribute a disproportionate amount of nutrients. Each oftéee monitored
inflow locationshasa defined sutwatershed; these twsubwatersheds have historically
contributed the greatest mount of flow and nutrients td.akeVolney (Figures 2.1).

Discharge from the largest ditch system draining the north eastern portion of the watershed
and passing through monitoring location V2 has historically contribat@@jority ofthe TP
entering into Lake Volney. Discharge from a smisthdsystem located in the western portion
of the watershed and passing through monitoring location V3 has historically contributed a
majority of the nitrogen load to Lake Volnepdditional sub watersheds exist within theake
Volney watershed angeriodicallycontribute flow. An attempt was made to collect grab
samples from these subwatershedken flow was presentiowever, loading from these sites
have not historically contributed large proportion of the overall nutrient loaahd this project
did not calculate loads at these other locations

Table 2.1 Summary of Land use Characteristics for the Lake Volagsrshed

Land use Classification Total Acreage Percent of Total
Corn 297.57 14.79
Soybean 704.40 35.02
Sweet Corn 29.45 1.46
Alfalfa 6.97 0.35
Other Hays 1.55 0.08
Dry Beans 0.77 0.04
Peas 0.77 0.04
Pasture/Grass 51.14 2.54
Open Water (Lake) 277 12.98
Developed/Open Space 155.76 7.74
Developed/Low Intensity 30.22 1.50
Barren 3.10 0.15
Deciduous Forest 87.57 4.35
Evergreen Forest 0.77 0.04
Shrubland 0.77 0.04
GrasslandHerbaceous 41.07 2.04
Pasture/Hay 259.60 12.90
Woody Wetlands 13.17 0.65
Herbaceous Wetlands 65.87 3.27

Totals 2017.67 100.00




16

Legend
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Figure 2.1B. Land use in théakeVolneywatershed is comprised mostly of agricultyoern, soybean,sweet corn,
alfalfa, dry beans, and peasyhe land usg within the watershed werdetermined usinghe 2009 National
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Figure2.1C Lake Volneyub-watershed calculated using ARCSWAT watershed delineation tool and 10 meter
DEM clipped to the Lake Volney watershed bounditynitoring site V2 is comprised of subwatersheds &rt]
3. Monitoring site V3 isomprised of subwatershed 9.
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2.2 Lake Volneyydrology

Lake Volney receives a majority of its total volume from the large ditch system that passes
through monitoring location V2 on the north eastern side of Lake VdlRgyre 2.10.

Discharge fronthis ditch system represented 78% of the total flow volume entering Lake
Volney during the 1995 monitoring season (Schuler, 1997). Flow passing through monitoring
location V3 comprised 13.8% of the total flow volume entering Lake Volney during the 1995
monitoring seasor{Figure 2.J). Together these sites compriselbse to 92 of the total flow
volume(not including runoff from the watershedptering Lake Volneguring the 1995 study;
therefore, these locationsere chosen athe main samplingointsfor the TMDL studyBased

on data collected during thed®9 and 2010 sampling seasoriew from VV2wasagainthe
dominantsurface water inflow sitgvithin the watershedFlow @ssing through V2 represented
35.5% of the total flow by volume entering Lake Volrauring this study; V3 contributet?. %%

of the total flow by volume to Lake Volney. The remairbtag®o of the flow volume to Lake
Volney was derived from overland flow from the watershedntributions from tile lines and
non-monitored inlets,and fromdirect precipitation.

2.3 Geography
Lake Volney is located ihe eastern portion ot.e Sueur County.he eastern portion of Le

Sueur County contains several lakes andhll streamshat influence the downstreamvater
quality of the Cannon River and subsequenthe Mississippi River. The surrounding
geographic landscape was formddring the period of glaciatiothat began nearly 2 million
years ago and ended about 10,000 years ago (Le Sueur County, 1994). During this tiDes, the
Moines lobe of the Late Wisconsin Glaciations deposited yellowish gray, calcareous, medium
textured material across all of Le Sueur County (Le Sueur County, l@RdMolney was

mostly likely formed from an ice block deposited in glacial till (Wil4897). In thecentral

portion of the county wherd.ake Volney ibcated,the landscape consists mostly of upland
habitat with some rolling hills separatdoy swales and drainage way® (Sueur County, 1994).
Much of the soil in Le Sueur County i©odg drained; therefore a large proportion of farmland

is artificially drained with tile lines (Le Sueur County, 1994).

2.4 Soils

A total of eleven differensoil associations are found within theake Volneyatershed; (Figure

2.4 A).Four of these soil associatioase more common than others withite watershed.
Kilkenny clay loamsan be found on slopes fromIB percent; however a majority of this soil
type is found on slopes between 6 and 12 percdihiis soil association is oftédound in areas
where erosion has occurred within the watershaad isrepresentedby the yellow areas in

Hgure 2.4 A. Lerdal clay loams are found on portions of the watershed with slopesfidn 2
percent; these soils are typically found on upland ketlsithat are currently being cultivated.
Lerdal clay loams are colored green in Figure 2.4 A. Mazaska clay loams are also found on the
upland habitats within the watershed and are almost extensively used for agricuthese

soils are colored pink indtire 2.4 AThe fourth major soil association found within the
watershed is Caron Muck/Palms soils/ponded soils and represents areas where wetlands are
currently found or where historical wetlands have been located. A large proportion of these
wetlands hae been drained for agricultural purposes, therefore extensive tile drainage exists
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within these areasDassel loams (dark blue) are found around the eastern and western
shoreline of Lake Volney and consist of a fine sandy matBueldas soils (white) am@nly

found in one location in the watershed, typically Dundas soils are black and poorly drained
(Anoka County SWCD Soil Directory).

Legend
- Caron muck

- Caron; Blue Earth; and Palms soils, ponded

Cordova clay loam

Il Dasselloam

Dundas loam

Glencoe clay loam
[ Hamel clay loam
Kilkenny clay loam; 12 to 18 percent slopes; eroded
Kilkenny clay loam; 18 to 24 percent slopes
Kilkenny clay loam; 6 to 12 percent slopes; eroded
Kilkenny loam; 2 to 6 percent slopes
Le Sueur clay loam; 1 to 4 percent slopes '
Le Sueur-Lester complex; 1 to 6 percent slopes
- Lerdal clay loam; 2 to 6 percent slopes
- Lerdal clay loam; 6 to 12 percent slopes ps
- Lester loam; 2 to 6 percent slopes
- Lester loam; 6 to 12 percent slopes
Mazaska silty clay loam
Mazaska-Rolfe complex
- Muskego muck
- Palms muck

| Shields silty clay loam

Water

I “\
p ﬁ/ il
5, 'l
0 025 O 1 Miles
| I [ B |

Figure 2.4 ASoil profile for the Lake Volney Watershed

2.5 Climate

2.5 ATemperature

Climatological data wasken daily at St. Peter located in Le Sueur County, Minnesota over the
course of 30 years from 1971 to 2000 by the United States Department of Agriculture Natural
Resources Conservation Service (USDA NRCS, 2010). 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 warmest (balyle/3DA

NRCS, 2010). The total number of growing degree iday® 30 year time frane 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 precippatigearin Le

Sueur County, Minnesota (USDA NRCS, 2010). Thereas al¢erage 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 year (USDA NRCS, 2010). There will usually be at least one inch of snow that falls per month
between November and ApriDn average, there will be 52 days throughout the year where at

least 0.1 inches of precipitation will fall (USDA NRCS, 2010). June has historically been the
wettest in terms of the average amount of precipitation, with February historically having the
lowest levels of precipitation (USDA NRCS, 2010). The majority of precipitation falls between
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May and August (Table 25USDA NRCS, 201R)TR 525 rain gauge equipped with a tipping
bucketlocated near the Jefferse@erman Chain of Lakes (approximately 1Eessouth of Lake
Volney) in Cleveland, MiNas used to determine the amount of precipitation that had fallen
within the watershed in 2009 and 201A.similar device was placed in the Lake Volney
watershed; however, this device failed to record accurate precipitation datacipitation data
collected by the rain gauge includes results fritva dry 2009 monitoring season and the wet
2010 monitoring sason. Rinfall totalduring the 2009 monitoring season (443/1/2009) was
18.14 inchegrainfall total for the 2010 monitoring season (3£16/5/2010) was27.55 inches.
Rainfall totals during the 1993 sampling season (Aeptember) ws35.9 inchesindicative of
the very wet conditions that existed during this study (Le Sueur County, IB% average
rainfall from the 2009 and 2010 monitoring seasons was 22.85 inches; 13 inches less than the
amount of rainfall that occurred in 1993. The large diffese in the amount of precipitation
that fell within the watershed in 1993 vs. 2009/10 suggests that results from the 1993 study
may depict a much different nutrient load from the watershed in comparison to results
observed in this study.

Table 2.5 AAverage daily maximufminimum temperatursand average precipitatiofor Le Sueur County,
Minnesota 19712000 (USDA Natural Resources Conservation SerRiagipitationdataobservedduring the
2009/10 monibring seasons represents rainfall totals fromeay dry 2009 year and a wet 2010 year.

Month Avg. Avg. Avg. Monthly 2009 Precipitation 2010 Precipitation
Max Min. Precipitation Data SummaryRain Data SummarfRain
Temp Temp (inches) Gauge Reading Gauge Reading
January 23.1 3.0 0.89 Below Average/ NA Below Average/NA
February 29.5 9.9 0.53 Near Average/NA Above Average/NA
March 421 224 1.89 Very wetNA Below Averag?A
April 58.1 34.6 2.29 Below Averagd.57 Below Averagd.54
May 717 47.1 3.55 Drought/1.23 Below Averagk.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 Below Averagi.22
September 73.2 49.0 2.76 Drought/ 0.46 Extremely Wef7.88
October 60.8 37.0 2.22 Above Average/4.78 Below Averaggl.15
November 41.1 24.1 1.7 Below Average/NA Above Average
December 275 9.7 0.89 Below Average/NA Average
Total (AprOct.) 23.77 18.14 27.49

2.6 Biological Monitoring

2.6 A Fishery survey and analysis

Lake Volney was last surveylegthe MNDNRNn 2008; results from this survey indicate the
walleye population has remained stable since the 2006 suiVyDNR, 2011 Walleye caught
in gill nets ranged in size from 16 to 22 inck&NDNR, 2011Black crappies were the most
abundant fish surveyeahitrap nets, and were also commonly sampled in gill (RESDNR,
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2011) Yellow perch represented a majoritytbk fish sampled in gill nets. Blue gill abundance
was 21.33 fish per trap net; the number of blue gills caught in trap nets is in line with the
average for lakes with characteristics similar to Lake VAM@&DNR, 2011)Common carp are
extremely abundant in Lake Volney and were sampled at sizes ranging from 27 to 37 inches
during the 2008 surveyA commercial fishing operatiaemoved 10,000 pounds of common
carp and buffalo in July of 2009 and 40,000 pounds of caxowember, 2009 (Figure 2.6 A).

L i

Figure 2.6 A. Commercial fishing operagon Lake Volney remed large quantities of carp and‘bUffz;Io from Lake
Volneyin July, 2009.

The lack of emergent, submergent, and floating leaf vegetation on Lake \fabelimit the
potential for this systento support game species such as northern pike, largemouth bass, and
bluegill. Overall, a majority of the shoreline aake Volney has been developed; a portion of
the eastern shoreline contains some natural vegetation. The restoratioatofal shoreline
vegetationandthe enhancement of the existing submergent macrophyte community would
likely be beneficial to the fishery.

2.6 B Plant Survey and Analysis

Saff from the Water Resource Center in coordination with the Minnesota Pollution Control
Agency used a poirihtercept sampling technigue to provide a representative survey of the
aguatic plant communitpn Lake Volney.ake Volney wasampledtwice in 2009;the first
survey was completed on May "I2when CLP was most abundant. The second survey was
completed on August]ih when native species are typically most abundantake Volney
Overallthe aquatic plant community of Lake Volney is extremely limited. The deep
morphometry and composition of sediment found in Lake Volney prohibits extensive
macrophyte growth. Rests from both aquatic plant surveys illustrate the lack of macrophyte
growth within this basin (Append).

2.7 Recreational Use

In the 1960's and 70's Lake Vol@eit O 2 dayas thepaglilaidwimming place fote Sueur
County.Many people living ithe towns of Montgomery andle Center, and Le Sueur went to
the County Park and beach. There was a latgdicbuilding, a concession stand, and a large
dock with aarge raft in deeper wateiStudents from Montgomeryere transported byous for
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swimminglessons.The lake waseported to beextremely clear at thattimg FG SNJ 6§ KS Mt n
the lake quality declined and so did the amount of people recreating.

Since he public beach was restored in 2009; this fachigg beenusedmore consistentijy

lakeshore owners and members of the county on a consistent basis throughout the monitoring
season. Lake Volney occasionally became very busy durisgitiieer months, with multiple

user groups present. The use of the public beach and the presence of alangpemof user

groups throughout the monitoring season suggest that Lake Volney is an important recreational
destination for many families in the surrounding community.

Section 3.0; Applicable Water Quality Standards and Water Quality Numeric Targets

3.1 Description of Excess Nutrients

Phosphorus (P) and nitrogen (N) are the primary nutrients, inag¢xcessive amountpollute
our lakes, streams, and wetlands PI@A, 2008). While bothadhd P are elements of the
impaired waters listing, P is the faog of this TMDL according to the sample data.

Phosphorus is an essential nutrient for plant and algal growth and development within a lake,
as it is necessary for the conversion of sunlight into the usable energy for cellular reproduction
and growth. Huwever, it is important to note that the actual amount available for biological
uptake depends on its chemical form. The two types of phosphorus sampled tagtken
Volneywere Total Phosphorus (TP) and Ortpbosphorus (OP). Whi@Pis the form most

readily used by plant life due to its chemical natuf@values are useful for estimating the total
amount available and are also used in many models to predict lake behavior under different
conditions.

The mean TP concentration of alllake samples takefrom the epiliminion during the 2009
and 2010 monitoring wa84 ug/L. This value is more than two times th&CHFeco region
standardfor deep lakegTable 3.2)

Nitrogen is another important nutrient for biological growth, and Iiket also can exisn

several different chemical forms that will influence its availability to plants and algkes that
haveNto Pratiosless than 16:1 create conditions Mflimitation that favor bluegreen algae
species that have the ability to fixat@d(Schuler, 1997).Nitrates and Nitritesvere however

only measured atnflow/outflow sites Results from the analysis of these samples demonstrate
that the ratio of nitrogen coming intbake Volney is still more tha® imes the amount of
phosphorus thatomes into the systemnflow from monitoring location V3 had an amazing
mean TN to TP ratio @b:1 in 2009 and8:1in 201Q Interestingly, the TN to TP ratio leaving
the system was onl$.3:1 in 2009 and.8:1in 2010 The low TN to TP ratio observatthe

outlet site suggests that Lake Volney is serving as a massive nith@jention poing. A

majority of the incoming nitrogen is likely not retained within the system; rather, a majority of
the incoming nitrogen is being lost via denitrification pegses occurring within the anoxic
hypolimnion present within Lake Volney.
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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 in the water, including algae and soil particles. Often, nusrienth a® are

bound to particulate matter and carried into lakes. ParticulRis continually removed from

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

water column through bidgurbation, or during certain moxic conditions.

Bioturbation that causes the rsuspension of sediments can cause an additional exchange of
nutrients, including?, between the sediment and the water column. Rooted aquatic plants can
provide natural fish habitat andanhelp couneract algae blooms by stabilizing sediments.

Lastly,chlorophyll, specificallghlorophylta (chta), is a pigment produced by algae. By
measuringchla concentrations, it is possible to estimattee level or frequency of algal
production in a lake. During the 2009 and 2010 monitoring season, the avenbge
concentrationwas 18ug/L. Concentrations from Q0 pug/Lwould be perceived as a mild algal
bloom, while concentrations greater than 8@/Lwould generally be perceived as severe
nuisance conditions (Heiskary and Walker, 1988}a levels were significanttye highest

during theimmense aphanizomenon bloom that occurred in both 2009 and 2(lea C
concentrations peaked at §8y/L during theworse bloom that occurred in the last week of July
in 2009.

3.2 Applicable Minnesota Water Quality Standards

The MPCA uses ecoregionr 8 SR G20 f LIK23LIK2NMXzA 3IdzA RSt Ay Sa
Trophic State Index (TSI) to classify lakes in thedl lof quality for aquatic recreatiaff able
3.2).

Table 3.2; Applicable Minnesota Water Quality Standafgpb is equivalent tqug/L).

Ecoregion TP | Chl-a | Secchi |
ppb ppb meters
[NLF — Lake trout (Class 2A) <12 <3 = 4.8
[NLT — Stream trout (Class 2A) <20 <6 =25
[NLF — Aquatic Reec. Use (Class 2B) < 30 <0 =2.0
JICHF — Stream trout (Class 2a) <20 <6 =25
CHF — Aquatic Rec. Use (Class 2b) 240 <14 - 1.4
JICHT — Aquatic Rec. Use (Class 2b) <60 <20 > 1.0
[Shallow lakes
[WCP & NGP — Aquatic Rec. Use <65 <22 =109
Class 2B)
[WCP & NGP — Aquatic Rec. Use <90 <30 = 0.7
Class 2b) Shallow lakes

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

the final TSI calculation. These parameters includerthgpb), Chia (ppb), andsecchi

transparency (mjFigure 3.2)
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Thefederal Clean Water AcC{VA 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 meet designated uses, such as drinking waéepyatic

recreation.! 6+ GSNJ 02R@ A& GAYLI ANBRE AF AG FrAafta G
Once the water is listed as impairedmust have a TMDL studpmpletedto determine to

what level the water body is impaired, why it is impaired and what messneed to be taken

for restoration.

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

dzLJIRF 6 SR 2NJ I RRSR (2 ¢AGK ySg adlyRINRa |yR NB
meet or exceed federal requiremen$IPCA website, 2008). While water quality standards

AyOf dzZRS aS@OSNIf O2YLRYySydarx GKAA ¢a5[ Aa LINRY
Gy dzySNAO aidl yRI NRaé O

3.2A. Beneficial Uses
G . Sy ST A heidentificatianSfithe uses our wateesources provide to people and
wildlife,¢€ are determined by the 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 agéreed in Minn. R. 7050.0200. These uses and the
useclass designations are listed below. The class numlggrsue not intended to imply a
priority ranking to the uses (MPCA website, 20Q@8ke Volney is a class 2 water of the state.

Class 1Domestic ©@nsumption

Class 2Aquatic Life and Recreation

Class 3Industrial Consumption

Class 4Agriculture and Wildlife

Class 5Aesthetic Enjoyment and Navigation

Class 60ther Uses

Class 7Limited Resource Value
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3.2B. Numeric Standards

Numeric standards allowable concentrations of specific pollutants in a waterbody, established

to protect the beneficialuses A Yy Sa2 0 Q& 4l GSNJ ljdz-r t AGé &dGFyRIFN

for nutrient impairment as a measure of whether a water body meets its designatesl u

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

states:
PPDd GCKS YydzYSNAOFE YR yIFENNIGAGS g G§SNI | dzt
7050.0227 prescribe the qualities or properties of the waters ofstag¢e that are
necessary for the designated 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 desitgd uses or
SadlrotAakKSR OflraasSa 2F (GKS g+ GSNBR 2F G(GKS &

3.2 C. Class 2B waters

The primary water classification that this TMa&ildressesire 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¢ Minnesota Standards for Class 2B Lakes

The s$ate of Minnesota has long recognized excess nutrient loading as a primary pollutant
O2YyUNROdziAYy3a G2 GKS SdziNRPLIKAOIFGAZ2Y 2F tF1Sa o
In order to properly assess and rank the water quality within a lake system, all quatkty
standards and criteria were developed using-eegion and area specific sample datakes

were ranked and categorized by common characteristics, such as depth/lake morphometry,
lake ecology, geographic setting, and reference lake conditioesauBe 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. 37).

using the eceregion derived dad, natural lake loading is taken into account, and lakes are
assessed based on natural landscape settings, local land use, amylogaical of the region.

Lake Volney is located in the NCHF ecoregion, therefore, the standards set forth for lakes in
NCHF were applied. Lake Volney has a maximum depth greater than 15 feet; therefore, the
standards set forth for deep lake@gere used accordingly (Table 3.2

The full report can be found on the MPCA website:
http://www.pca.state.mn.us/publications/reports/lwep-nutrientcriteria.pdf

Section 4.0; Water Quality data
4.1 ¢ Data collection

Additional monitoring was completethrough the TMDL to continue assessing the current
water quality, as wik as gathemadditional data to be used for the BATHTUB modeling program.
Many previousprojectscollectedadditional water quality data, which will be used wiitihe
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TMDL whenever paible (1986 MPCA Lake Assessment Program, 1995 Diagnostic and
Feasibility Study; Schuler, 199Wany of these prior studiegatheredadditional water quality
data thatwill be used within the TMDL whenever possible. While many of these studies have
invedigated similar problems (such as sediment and nutrient loading), these reports were
unfortunately not completed within the requirements or timeline of the TMDL process.
However, many of these studies are valuable to use within the TMDL study, and pan hel
provide a framework to investigate how the lake ltdsnged over time.

Water quality data was collecteda grab samples at inflow/out flow sites using sterile bottles
supplied through Minnesota Valley Testing Laboratories (M& MIPH certified lab h-lake
samples were taketwo meters below the water surface at a géacated position using a two
meter long integrated sampler. Additiondéeplake samples were taken below the
thermocline during periods of thermal stratification using a Van Dorn sample

4.2 Monitoring Parameters

4.2 A¢ PhosphorugP)

Phosphorus data was collectbdth within Lake Volney and at surface water inflows/outflows.
ThePsamples were then delivered to MVTL in New Ulm and analyzed for both Total and Ortho
phosphorus concentration@ able 4.2)

4.2 B¢ Nitrogen(N)

Nitrogen data was collected very similarly to tRdata; using grab samples at the
inflow/outflow sites, n-lake water quality samp&ewere not analyzed for their dbntent. The
N samples were analyzed foitnate-nitrite nitrogen(Table 4.2)

4.2 C¢ ChlorophyHa (Chia)

Chta data was also collected tite Lake Volneyn-lake sampling sitasing the below surface
sample method.Chta was not sampled at the inflow/outflow site&ll samples are collected,
and then temporarily stored in an opaque plastic or amber glass bottle to prevent any
additional development or breakdowaf the Chiawithin the sample.

4.2D ¢ Temperature, Dissolved Oxygd) Specific Conductan¢8Cond)and pH
Temperature, DOSCondand pH data were collected using a YSI 6820 V2 Data Sonde
connected to a YSI 650 multiparameter handheld display unit. This usieqapped with a 23
m (75 ft.) cable that allowed vertical profd¢o be takerof the enire water column at 1 m
intervals atthe in-lake sampling locatianThe unit was lowered slowly into the water and
allowed to equilibrate at each depth interval uindi constant reading was achievéable 4.2)

4.2 E¢ Secchi Depth

TheSecchi disks a flat, circular object used to measure water transparency in oceans and
lakes. The disc is divided into four evenly spaced sectibeshating with colors of blacand

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
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the water. This measure is known as tBecchi deptland is relate to water turbidity(Table
4.2).

Table 4.2, Sample Method Data

Analyte Sample Sample Preservative Holding Analytical Method
Quantity  Container Time

Chlorophylla 1L Amber glass Coolto 4°C 4 H SM* 10200 H
Total 500 mL Plastic HSQtopH 28D EPA 365.1 Rev 2.0
Phosphorus <2

Cool to 4°C
Ortho- 500 mL Plastic Coolto4°C 2D EPA 365.1 Rev 2.0
Phosphorus
Nitrate + 250 mL Plastic H,SQto pH 28D EPA 353.2 Rev 2.0
Nitrite <2

Cool to 4°C
Total 500 mL Plastic Coolto4°C 7D USG3$-376585
Suspended
Solids

"May be stored on ice in the dark for up to 48 hrs. prior to analysis, otherwise, filter within 48
KNE® yR adG¢a®NBE FTNRISYy i X

4.3 Inlet/Outlet Data Summary

4.3 A. Summary

Water quality data was collected from two inflow sites (V2 &%) and one outflow site (V4)
during the 2009 and 2010 monitoring seas@higure 4.3 A). Additional gralamples were
collected on 24 occasions at three additional inflow sites; however no flow data was recorded
with this data.Monitoring location V6 ia culvert on the north west end of Lake Volney that
contains a field that drains sub watersheds 7 and 8 (Figure 4.3 A). Just to the east of that, a
d m yilé drains a grassed waterway. This site was also sampled and is referred to as V5 tile.
Both of these sites had a higkscherichia coli (E. calgncentration. V7 was the third
additionalsite sampled, and is located on the downstreand of the ditchas it goes under the
roadway before entering Lake Volnelylonitoring location V2 is located upstmeafrom this
location; very little difference in the TP concentration was obsebh&gveenmonitoring

location V2 and the downstream location (V7).

All water quality samples were taken from the middle of each monitoring location where the
thalweg (orchannel) is deepest. Each 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 equipment (gauge height) was accuratdifference of 0.03 &tween

the two devices was maintaine&low data and water quality samplegre used to calculate
mean weighted flows for nutrients enteririgake VolneyAs samples were collected, a
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transparency tube reading, general weather, and general notes were redord/ater quality
samples were sent to Minnesota Valley Testing Laboratories (MVTL) for analysis.

4.3 B. Monitoring Locatiod2 Northeast Corner of Lake Volney

Inflow site V2 is located oa ditch adjacent to a feedldhat is adjacent to 400 street nearLe
Center, MN. The ditch enters on the north east side of Lake Volney (Figure 4.3 A.) In 2009 V2
was equipped with an ISCO 2150 area velocity flow module and sehsdrusecontinuous

wave Doppler technology to measure mean velocity. The@etransmits a continuous

ultrasonic wave, and then measures the frequency shift of returned echoes reflected by air
bubbles or particles in the flow. Level or stage measurements are achieved by a differential
pressure transduceiThe equipment takes a agling every 3 minutes, averages the data, and
compiles he stage and velocity data every 15 minutes. Stage and velocity data were stored on
the module until the data was downloaded using Flowlink® softuestalled to a PAn 2010,

it was decided that V&ould bebetter equipped with an INW9805 submersible pressure
transducer that was connected to a CR 1000 datalogger. The pressure transducer was used to
measure the stage heighthe equipment recorded a stage reading every 3 minutes, averaged
the data, ad compiled he stage data every 15 minutes. This data was then downloaded and
stored on a PC using PC 200W software. Water quality samples were taken 22 times in 2009
and 36 timesn 2010 with an emphasis placed upon sampling during ¢ovidhg storm evats
(Table 4.3.B The 2009 sampling season began3#24 with the collection of grab samples and
flow measurements; monitoringguiipment was installed on 3/27. The 2009 monitoring season
ended on 11/09 with the final grab sample collection and removalpipment. The 2010
sampling season began on 3/17 with the installation of monitoring equipment and the
collection of water quality grab samples. The 2010 season ended on 11/02 with the final grab
sample collection and removal of equipment.
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I 2 subwatershed Lo 0
Figure 4.38. Monitoring location V2 flows into the northeast cornerlatke Volney.

Table 4.38. V2 water quality data summation for 2009/10 monitoring season.

2009 TP NO;¢NG, | TSS PO4 | % PO4 | *T-Tube
(mg/L) | (mg/L) (mg/L) | (mg/L) (cm)
Average 0.50 2.28 26.77 NA NA 51.42
Max 2.31 7.92 386 NA NA 60.00
Min 0.179 0.1 1 NA NA 2.5
Number of 22 22 22 NA NA 22
samples taken
2010 TP| NO;¢NG, TSS PO4| % PO4  *T-Tube
(mg/L)| (mg/L)| (mg/L)| (mg/L) (cm)
Average 0.55 2.17 37.79| 0.34 57.08 44.62
Max 1.51 10.70 478 73 80.75 60.00
Min 0.05 6.09 2.00| 0.05 19.76 3.80
Number of 36 36 36 26 26 36
samples taken

* The actuall-Tube readingvas often greater than 60 cm.

4.3 CMonitoring LocatiorV3Western Shore Lake Volney

TMDL inflow site V3 is located off of Lake Volney Lianeg Center Minnesota. The ditch at this
location flows underneath Lake Volney Lane and into Lake Volney (Bi§u@e In 200%nd

2010 V3 was equipped witan INW9805 submersible pressure transducer that was connected
to a CR 1000 datalogger. The ggare transducer was used to measure the stage heigig.
equipment recorded a stage reading every 3 minutes, averaged the data, and conhgiled t
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stage data every 15 minutes. This data was then downloaded and stored on a PC using PC 200W
software. Water gality samples were takeduring29 sampling eventgn 2009;a total of31
samplesvere generated during these sampling events. Water quality samples were taken

during 36 sampling events B#01Q a total of 37 samples were taken during this tiflable 43

O. The 2009 sampling season began on 3/24; however equipment was not officially installed at
this site until 44. The last water quality sample was taken on 11/5; all equipment was removed

at this time. The 200 sampling season began on 3M2h the indallation of sampling

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

V3 Watershed

Legend
V3 Subwatershed ? | 0.‘25 | 015 | | 1| PneE N
Figure AXM2 YA G 2NRAy 3 f20FGA2Yy o0 Ff2ga Ayidz2 [1S z2ftySeQa
Table4.3 CV3 water quality data summation for 2009/10 monitoring season.
2009 TP NO;¢NO, | TSS PO4 % PO4 | *T-Tube
(mg/L) | (mg/L) (mg/L) | (mg/L) (cm)
Average 0.31 14.26 27.65 NA NA 48.3
Max 0.873 18.4 114 NA NA 60
Min 0.109 6.59 3 NA NA 54
Number of
samples taken 27 27 27| NA NA 27
2010 TP NO;¢NO, | TSS PO4 %P0O4 | *T-Tube
(mg/L) | (mg/L) (mg/L) | (mg/L) (cm)
Average 0.21 14.50 11.97 0.15 78.28 55.26
Max 1.77 19.60| 254.00 0.76 99.44 60
Min 0.089 3.11 1| 0.077 42.9 2.5
Number of 37 37 37 26 26 37
samples taken

* The actual secchi disk was often greater than 60 cm.
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4.3 DMonitoring Locatiorv4 Outlet for Lake Volney

TMDL outflow site V4 is located off of Beach Lane that intersect8 48&nue in Le Center, MN
(Figure4.3D). This location serves as the outlet site for Lake Volney and is located on the
southwest shorelinéFigure4.3 D). V4was equipped with a single ISCO 2150 area velocity flow
module and sensan 2009 no rain gauge was present at this locatidhe 2150 Flow Module
uses continuous wave Doppler technology to measure mean velocity. The sensor transmits a
continuous ultrasoit wave, and then measures the frequency shift of returned echoes
reflected by air bubbles or particles in the flow. Level or stage measurements are achieved by a
differential pressure transducefhe equipment takes a reading every 3 minutes, averages the
data, and compilesie stage and velocity data every 15 minutes. Stage and velocity data were
stored on the module until the data was downloaded using Flowlink® softiva10, Le

Sueur County replaced both the monitored culvert and an adjacent celtepdvertwith two

brand new culverts. Two ISCO 2150 area velocity sensors were used at this location in 2010,
both of the area velocity sensors were installed on mountain plate ds#rat stretched the

entire width of the culvert.

Table 4.D. VAwater quality data summation for 2009/10 monitoring season.
2009 TP NO;¢NO, | TSS PO4 % PO4 T-Tube
(mg/L) | (mg/L) (mg/L) | (mg/L) (cmy
Average 0.18 0.24 5.46 NA NA 58.34
Max 0.377 0.43 26 NA NA 60
Min 0.09 0.1 1 NA NA 45.4
Number of
samples taken 13 13 13 NA NA 13
2010 TP NO;¢NQ, | TSS PO4 % PO4 | T-Tube
(mg/L) | (mg/L) (mg/L) | (mg/L) (cm)*
Average 0.11 0.74 9.48 0.03 27.02 57.00
Max 0.29 3.26 37.00 0.08 59.84 60.00
Min 0.03 0.21 2.00 0.00 3.70 28.40
Number of 34 34 34 25 25 34
samples taken
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Legend L I I I | I I I J

Figure 4.3 TMDL outflow monitoring site V4 is located on the southern shoreline of Lake Volney.

4.3 EV5Grab Sample &ton Northern Shore of Lake Volney
TMDL inflow site V5 is located off of 4D§treet in Le Center, Minnesota. The ditch at this
location flows underneath 400th streaend into Lake Volneghrough an 18 inch tile lin@~igure
4.3B). Water quality samples were taken four timésom this location duringhe 2010
monitoring season. ThTP concentration observed during the first sampling event conducted
on April 18" was 2.89 mg/LThe TP concentration observed on April' s the highest TP
concentration observed in any grab sample collected during the 2009 and 2010 sampling
seasongrom any surface water inflow site to Lake Volney. Flow from this site is minimal during
a majority of the season, however; the TP concentration observed at this location was
extremely highFlow was not measured at this location, so a load cannot be ctedpu

~ ne I

Legend

Estimated Watershed V5 Tile Line L L L L L L L L




Table 4.F.V5 water quality data summation.

2010 TP (mg/L) | NO;¢NO, | TSS PO4 (mg/L) % PO4
(mg/L) (mg/L)

Average 1.04 4.62 11.75 0.47 80.99

Max 2.89 9.28 33.00 0.48 82.47

Min 0.11 0.66 4.00 0.45 79.51

Number of 4 4 4 2 2

samples taken

4.3 FV6Grab Sample Sitdorthwestern Shore of Lake Volney

TMDL inflow site V6 is also located off of #Gfireet in Le Center, Minnesot&igure 4.3 D).

The creek at this location flows through a series of holding ponds designed to temporarily store
water, this BMP has been in place since 199@umber of tildines were connected into this

system following the installation of holding pd®and a grassed waterway. Historically, this
watershed has contributed a large amount of TSS derived from a severely eroded gully;
however the holding ponds and grassed waterway appear to be reducing the TSS load from this

site based upon data collectedudng the 2010 monitoring season

B

Legend
Estimated V6 Watershed

0.4 0.8

1.6 Miles
J

Figure 4.3~ TMDL grabample location V6 is located on thenthwestern shoreline of Lake Volney
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Table 4.3.V6 water quality data summation.

2010 TP NO;¢NO, | TSS | PO4 | % PO4
(mg/L) | (mg/L) (mg/L) | (mg/L)

Average 0.14 20.05| 14.67 0.11 67.11

Max 0.21 34.30/ 34.00f 0.14| 68.93

Min 0.09 8.26| 3.00| 0.08| 65.29

Number of 3 3 4 2 2

samples taken

V7 Grab Sample Site DownstreanMuafnitoring Location V2

This site is located near the intersection of #G@reet and 185 avenue in Le Center, MN. The
purpose of collecting grab samples at this location was to verify the presence/absence of a
significant change in the mean concentration of nutrient parameters at monitoring location V2
verses at the point whe this ditch system enters Lake Voln&yater quality samples taken on
April 20" indicated that a significant difference was not present; therefore sampling
downstream of V2 was decidedly unnecessary.

4.4 Flux Results

Table 4.4 A provides a summartioé flow rate, estimated nutrient and sediment loading, and
flow weighted mean concentrations (FWMC) from each TMDL monitoredvisite during the
TMDL studyThese values were calculated using the FLUX Model, a computer program
designed by the U.S. Arn@orps ofEngineer Waterways Experimental Station. FLUX is used to
estimate the load of nutrients or other water quality constituents passing a location over a
given period of time. The FWMC data in table 4.4 A is calculated by dividing the total
constituent load by the total flow volume. This provides an overall average concentration for
each constituent during the monitoring period.

Table 4.4 AFlux results for Lake Volney monitored inflow/outflows.

TMDL Site ID, Year 2009 2010 | Mean
(Input to
BATHTUB)
V2 Monitoring Period* 3/24-11/5 | 3/17-11/1
Flow Rate (hniyr) 0.3 13 0.8
TSS FWMCuUg/L) 13,776 61,425 52,161
TSS Load (kgly) 4,312 79,668 41,990
NO; ¢NO; FWMC (ug/L) 2,697 3,854 3,629
NO; ¢NO; Load (kgly) 844 4,999 2,922
TP FWMC (ig/L) 381 637 729
TP Load (kgly) 119 826 587
PO4 FWMC NA 280 280
PO4 Load NA 363 363
PO4/TP NA 44 NA
TMDL Site ID, Year 2009 2010 Mean




(Input to
BATHTUB)
V3 Monitoring Period* 3/24-11/5 | 3/17-11/1
Flow Rate (hriyyr) 0.1 0.4 0.2
TSS FWMCug/L) 18,481 51,856 46,699
TSS Load (kgly) 1,290 19,809 10,550
NO;¢NO, FWMC {ug/L) 13,992 9,524 10,152
NO;¢NO, Load (kgly) 949 3,638 2,293
TP FWMC ig/L) 287 589 542
TP Load (kgly) 20.0 225 122.5
PO4 FWMC NA 330 330
PO4 Load NA 126 126
PO4/TP NA NA NA
TMDL Site ID| Year 2009 2010| Mean
(Input to
BATHTUB)
V4 (Outlet) Monitoring Period* 3/24- 3/17-
11/5 11/1
Flow Rate (hriyyr) 0.3 2.9 16
TSS FWMCug/L) 3,480 | 11,422 10,743
TSS Load (kgly) 950 | 33,354 17,151
NO;¢NO, FWMC {ug/L) 311 860 813
NO;¢NO;, Load (kgly) 85| 2,511 1,298
TP FWMC ig/L) 232 136 144
TP Load (kgly) 63 397 230
PO4 FWMC NA 48 48
PO4 Load NA 139 139
PO4/TP NA 35 NA
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4.5 Inlake Sampling Results

4.5 A In-Lake Sampling Summary

In-lake TMDL sampling began on 4/21/2009 with the collection-ofidathly water quality
samples and ended on 10/21/2010 with the collection of the lagake sample. ktake

samples were taken at the deepest point found within Lake Volney. The deepaswas then
saved on a GPS; each sampling round that followed was conducted at the saved GPS location.
Vertical profiles (1 meter intervals) were constructed for temperature, pH, conductivity, and
dissolved oxygen using a mygi@rameter probe. Other pameters tested in the field included
Secchi disk depth and color. Water quality samples were analyzed far(@ith phaeophytin
correction), TP, Orth® and TSS. The Minnesota Valley Testing Laboratories, Inc. (MVTL), a
MDH certified lab, was used for alysis. Given the maximum depth of Lake Volney is greater
than 2 m, surface samples were taken using a-tagter integrated sampler that collected a
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sample from the @ 2 m depth. The integrated sample was then transferred telafastic
bottle.

Additionally, a sample was taken from the hypolimniwhenthe lake experienced thermal
stratification as identified by a significant change in the temperature of the water column
and/or changes in DO concentrations. Deep sampling for nutrients was typicallyalone
determine if a significant release of nutrients from the sediments had occurred due to
anaerobic conditions in the hypolimnion. This condition was determined during the vertical
temperature D.O. profile. Anaerobic conditions were typically defined.®y Boncentrations
below .8 mg/l. To collect a nutrient sample, for the above stated purpose, the sample was
collected within 1 m of the bottom, making certain that the bottom sediments were not
disturbed. If the sediments were disturbed with the sampleerfhmerer or Van Dorn type) the
boat was moved and a sample was taken from a nearby undisturbed site.

There were 13 sampling events on Lake Volney in 2009, 14 integrated surface water samples
were taken during this time with one sample being a duplicatefda used to ensure

laboratory accuracyThirteen additional samples were taken from the hypolimnion during the
2009 monitoring season during 12 of the 13 sampling events; a duplicate sample was taken
once to ensure laboratory accuracy and accounts foretkiea sampleln 2010, there wasa
sampling events,3integrated surface samples were taken during this tifk@urteen

additional samples were taken from hypolimnion in 2010. All samples were collected over the
deepest point found inLake Volney67 fed).

4.5 B Seasonality

Nutrient loading can potentially vary greatly due to seasonal influences. Based on data
collected within Lake Volney,-lake TP concentrations were consistently above the NCHF class
2Beco region standard except during a briefriod between June 3band August 28 2010. A
general trend observed in 2009 and 2010 in Lake Volney is that TP concentrations often start
out highest early in the season and decrease as the season progresses before increasing again
at the end of the sapling season. This trend has been observed in prior studies of Lake Volney
(Schuler, 1997). Although nutrient loading from the watershed has historically increased as the
season progresses, TP concentrations within the epilimnion have historically degtiesathe
season progresses. The strong thermal stratification present during the summer may account
for the decrease in TP concentrations sampled at the surface as a greater proportion of the TP
coming in from the watershed is likely being retained witthia hypolimnion duringhe

summer when thermal stratification is strongdS&chuler, 1997).

4.5 CWater Quality Results

Total PhosphoruéSurface)

During the 2009 sampling season, the TP concentration found in water quality samples was
equal to or greater than the NCHF eco region standard of 4Q4®g/L)during12 of13

sampling eventgFigure 4.5 C.1puring the 2010 sampling season, thecdRcentration found

in water quality samples was equal to or greater than the NCHF eco region standard in 12 out of
15 sampling events. Total phosphorus concentrations were lowest between Jiiren80



36

August 28, and were very close to or below thNCHFtandard during this timéFigure 4.5
C.2) The overall average TP concentration the entire TMDL study was 8ig/L; twice as high

as theNCHF ecoregiostandard of 4Qug/L
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Figure 4.5 @. The TP concentration observed in water quality samples collected during the 2009 season was
consistently above thBICHF ecoregion standafiddicated by green bagxcept for a brief period in mid

September.
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Figure 4.5 @. The TRoncentration observed in water qualisamples collected during the 20%8ason was
consistently above th&lCHF ecoregion standafiddicated by green bagxcept for a brief period in mid

September.
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In 2009 Lake Volnewas thermally stratified during the first sampling event conducted on April
21% and remained stratified until the last sampling event conducted on Octob®2029. The

TP concentration of samples taken from the hypolimnion was significantly greaiethie TP
concentration observed at the surfadering all but one sampling event in 2009 (Figure 4.5
C.2) Arelease of phosphorus from sediments was likely occurring as dissolved oxygen
concentrations approachegerowithin the hypolimnion In 2010, Lak¥olney was once again
thermally stratified during the entire monitoring seas@tratification was weakest at the
beginning of the season, the TP concentration of samples taken from the hypolimnion was not
significantly greater than the TP concentrati@uhd in surface samples indicating that some
mixing may have been occurring at this time. As the season progressed, and stratification
became stronger the difference between the TP concentration observed within the epilimnion
and that observed within theypolimnin became more pronounced (Figure 4.5 C.3).
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Figure4.5 C3. The TP concentration of water quality samples taken from the hypolimnion had a higher mean TP
concentration in comparison with samples taken from the epilimnion on Lake Volney irdR€i6g the period of
thermal stratification that lasted from early Mdlrough August (Blue Shaded Region).
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Figure4.5 C4. The TP concentration of water quality samples taken from the hypolimnion had a higher mean TP
concentration in comparison with samples taken from the epilonnon Lake Volney for every sampling event
during the 2010 sampling season with the exceptioor# event on April 14th

Ortho Phosphorus

Ortho Phosphorus (OP) made up6 of the TP found within Lake Volney in 2009. The

existence of high levels of OP within Lake Volney suggests that an ample amount of nutrients
were readily available for uptake Ipyants and algae throughout the growing season. In 2010,

OP values were equal to or less than the detection limit (5ppb)ant of the 15samples. The
presence of low levels of OP suggests that algae and plants had rapidly consumed all available
OP and are limited by the absence of @fing these times. OveralDP represented

approximately 3% of the TP present within Lake Volney durif@® indicating that an excess
amount of biologically available phosphorus was present during the monitoring season.

ChlorophyHa

The Chlorophya (Chla) concentration found in water quality samples was greater than the
NCHF eco region standard of d@b only twice in the 2009 monitoring seasons. The two
sampings events that had a mean ehlconcentration greater than 14ppb occurred during the
aphanizomenon bloom that occurrdzbtween lateJune and early August 200Rigure 4.5 C.5.)
Chta concentréions during this time were greater than 60 ppb; indicative of the abundance of
aphanizomenon present at this time. In 2010, tBlela concentration was observed to be
greater than 14 ppb during 7 of 15 sampling eveAtsaphanizomen bloom was once again
documented in early Julyriowever, thebloom was not as severe @svas in 2009. Ckd
concentrations found in the hypolimnion were commontyoa below the detection limit due to
light not penetrating that deep into the water column

4/21 5/27 6/24 7/22 8/19 9/16 10/12

Figure4.5C 5. The Chh concentration of water quality samplegas less (better) than thRCHF ecoregion
standardof 14 ug/Lduring a majority of the 2009 monitoring seasdie exception occurred during an
aphanizomenon bloom that lasted between late June and earfyusii2009.
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Figure4.5C. 6. The Clad concentration of water quality samplegas less (better) than thRCHF ecoregion
standardof 14 pg/Lduring 8 of 15 samples collected in 2010.

Secchi disk transparency

Secchi disk transparency exceeded (was better than) the NCHF eco region standardlturing
but one sampling everduring the 2009 sampling season. Secchi disk transparency was
documented to be less than the e@mjion standard orugust &', 2009 indicative of the
aphanizomenon bloom occurring during this tintie 2010, secchi disk transparency was greater
than the eco region standard duridg. sampling events, worse during 2 sampling events, and
equal to the standard on another 2 sampling events. afaing 12 meter secchi disk reading
observed on May 1®was the best secchi digund during the course of the studyA 5 meter
rope had to be attached to the existing 7m secchi disk rope to verify the disk was actually still
being observed at 12 m. Thwerall secchi disk reading based on all data collected during the
TMDL study was 3.9m, nearly 3 times better than the eco region standard of 1.4 m.
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Figure4.5C7. Secchi disk readings exceeded the NCHF standard for deep lakes of taughtiut the 2009
monitoring season with the exception of a brief period in late July and early August during which an
aphanizomenon bloom occurred.
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Figure4.5C8. Secchi disk readings exceeded the NCHF standard for deep lakes of 1.4 m duringimec0 b
monitoring seasonThe only exceptionwasa late April sampling event andtaief period in late July and early
August during which an aphanizomenon bloom occurred.

Based on all information collected during the TMDL study, using the mean wdliresdata,
the TSI value was calculated at 55.2; placing Lake Volney in the eutrophic category (Figure 4.5
C9).
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Figure 4.8C9. Carlson Trophic State Index based on TMDL data collected in 2009/10 for Lake Volney.

4.6 ¢ Watershed Datd\nalysis/Methods

For the purposes of this TMDL, two models will be used to analyze the various factors impacting
Lake Volney In order to accurately use the models, the interaction and influence of the areas
contributing waters td_ake Volnewlso needdo be investigated, and loading data needs to be
calculated.
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In order to do this, the following watersheds were used: TMDL inflowwvstevatershedTMDL
inflow siteV3watershed,andthe Lake Volney Watershed. Additional inflow sites that were
monitored but were not included in the BATHTUB model are V5, V6, and V7.

Lake Volney Watershed
- NASS Land use Data
- *Grab sample locations
-V5, V6, V7 Inflow Site V2
Total Watershed Size: 2,017 Acre Watershed Size810.24

\ /

Inflow Site V3
Watershed Size: 287.21 Acreg Lake Volney

!

Outflow Site V4

Figure 4.6A. Schematic diagram of the contributing area associated with each monitored inflow/grab sample
location within the Lake Volney watershedThese sites could not directly be represented in the BATHTUB model
because no flow values were associated with these samphesy were accounted for by the land use practices
present within the watershed.
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two modelswere used to evaluate the data. These models examine the datayanel used to

determine if additional data analysigasNS |lj dzA NB R ® {GFNIOAY3 Lakd K | a]
Volneywas evaluated usg the MINLEAP model. Based on the results, additional assessments

were also necessary using additional models. Descriptions of the models are below, as well as

initial data results.

4.7 MINLEAP model

~h

5SSt 21LSR 6& . NUzOS 2Aftazy IyR 5N 2AftALFY 2| f
lylIfe@aAad t NPOSRdAzZNB¢ 2NJ alLb[9!tX Aa | aAYLXS Yy
and lake response based on specific lake data when compared to referdesenihin the

same eco region.

This model is useful because it allows the comparison between the predicted phosphorus,
chlorophylta and Secchi depths to the actual, observed data. This comparison allows a quick
method of comparing what the lake shoulé at based on its location and reference lakes in

the area, to actual loading levels based on the sample results. This information can be used to
perform a cursory comparison and calculation based on the reductions necessary to meet the
standards. Simityy, the model can be calibrated to calculate the necessary loading to predict
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the same values as the observed valubsing information such as inflow, mean lake depth,
and residence time, MINLEAP will estimatdaike TP, Chhlevels, and average Secchi depth

Lake Volney
Table 4.7 ALake Volney MINLEAP model predictions using 2009 data.
Avg TP TP Load Phos Ret Lake Outflow Res Time Areal
Inflow (ug/L) (kglyr) Coef (hm3/yr) (years) Water Load
(m/yr)
172 191 0.83 1.1 7 0.99
Var Observed Predicted Std Err Residual T-test
TP (ug/L) 95 29 12 0.51 2.76
Chla (pg/L) 15.6 9.1 6.1 0.23 0.74
Secchi (m) 4.6 2.1 0.9 0.34 1.68

* Yellow highlighted sections indicate a significant difference between the predicted values for lakes in the NCHF
and the observed value.

Based on the initial modeling run using only data from 2009, Lake Volney is predicted to have a
lower TP and a loweEhta value in comparison with other lakes found in the NCHF eco region.
MINLEAP predicts that TP concentratiortd;&concentrations, an@ecchi disk readings should

all be better than the NCHF standard (Table 4.7A).Wasdikely due to the small size of the

Lake Volney watershed and the fact that the watershed to lake ratio is less than 10:1. MINLEAP
uses average values for land usehiita given eco regioe.,NCHF, the mean depth of a given
lake, and run off coefficients to predict what is likely entering the system. The mean depth of
Lake Volney is much deeper than a large percentage of the lakes within the NCHF ecoregion;
this affected the predicted readind.he observed TP concentration for Lake Volney was
significantly higher than the predicted TP concentration; this indicates that the TP

concentration present in Lake Volney is significantly higher than the mean TP concentration
found in other lakes within the NCHF that have a similar watershed size and similar basin
morphometry.

Table 4.78: Lake Volney MINLEAP model predictions using 2010 data.

Avg TP Inflow TP Load Phos Ret Lake Outflow Res Time Areal Water

(ng/L) (kglyr) Coef (hm3l/yr) (years) Load (m/yr)
172 191 0.83 1.1 7 0.99
Var Observed Predicted Std Err Residual T-test
TP (ug/L) 81 29 12 0.44 2.39
Chta (ug/L) 17.5 9.1 6.1 0.29 0.9
Secchi (m) 3.3 2.1 0.9 0.19 0.93

* Yellow highlighted sections indicate a significant difference between the predicted values for lakes in the NCHF
and the observed value.

Based on the initial modeling run using all data collected during the 2010 monitoring season,
MINLEAP predicts that TP concentrations &mdla concentrations should be less (better) than
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and secchi disk transparency readings greater (better) than the-NGhdard given the
watershed size and morphometry of the Lake Volney basin. The observed mean TP
concentration during the 2010 monitoring season was significantly worse than the predicted
values for lakes with similar morphometry and watershed size €14l C).

Table 4.7C. Lake Volney MINLEAP model predictions using 2009 and 2010 data.

Avg TP Inflow TP Load Phos Ret Lake Outflow Res Time  Areal Water Load

(ng/L) (kglyr) Coef (hm3/yr) (years) (ml/yr)
172 191 0.83 1.11 7 0.99
Var Observed Predicted Std Err Residual T-test
TP (ug/L) 87 29 12 0.48 2.56
Chla (ug/L) 14.2 9.1 6.1 0.2 0.62
Secchi (m) 3.9 2.1 0.9 0.27 1.31

* Yellow highlighted sections indicate a significant difference between the predicted values for lakes in the NCHF
and the observed value.

Based on the initial modeling run using all data collected durin@@®® and2010 monitoring
seasos, MINLEAP predis that TP concentrations ar@@hla concentrations should be less
(better) than and secchi disk transparency readings greater (better) than the NCHF standard
given the watershed size and morphometry of the Lake Volney basin. The observed mean TP
concentation during the2009 and2010 monitoring seas@was significantly worse than the
predicted values for lakes with similar morphometry and watershed size (Tabig. 4.7

The MINLEAP modeas been demonstrated to perform well in the Northern Lake/Forest and
Northern/Central Hardwood forest areaBata collected during the summer of 1985 was used
02 RSY2yaGN}raGS aLb[9!'tQa OFLIOAGE G2 ARSYyGATE
and William Walker, deelopers of the MINLEAP program; Lake Volney was used as a case
study. Results from this analysis found that the mean TP @hka concentration observed

within Lake Volney was significantly greater than values predicted by the MilNbhBdel. As a
result, Wilson and Walker concluded that Lake Volney was subjective to extensive nutrient
loading (Wilson and Walker, 1989). Results from the MINLEAP model conducted using data
from the 2009 and 2010 monitoring seasons found similar reslitts.mean TP concentration
observed was significantly greater than predicted valudsoth 2009 and 2010. Based on these
results, it can safely be concluded that Lake Volney is still subjective to extensive nutrient
loading today.

4.8 BATHTUB Model

BATHUB is a model developed by William Walker while working for the US Army Corp of
Engineers Waterways Experimental Station. This model has been widely used to model
nutrient balance calculations within a steadfate, spatially segmented hydraulic netwdrk
calculating advective and diffusive transport, and nutrient sedimentation dynamics within the
system. Tle data can be used to develoatrophication model and nutrient budget for a
multiple basin reservoir system.
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BATHTUB is designed to handle dtameous modeling/analysis for connected or segmented
reservoirs obasinshowever this model can be used for a single lake basin as well such as Lake
Volney. The modeling process is primarily used to perform diagnostic analysis of the current
conditionsof the basin, or to predict impact of potential changes within the system. BATHTUB
generates output in various formats, as appropriate for specific applications, as well as
calculating confidence levels by performing error analysis based on all watéydoplits as

well as any limitations of the model itself. Eutrophicatretated water quality conditions
(expressed in terms of total phosphorus, total nitrogen, chloropdaytiansparency, organic
nitrogen, non orthephosphorus, and hypolimnetaxygen depletion rate) are predicted using
empirical relationships previously developed and tested for reservoir applications (Walker
1985).

The BATHTUB model allows continuous calibration by checking against predicted nutrient
loading versus the actual iment loading data collected through the grab samples. The data
can be calibrated by reviewing individual data points, or all data points in a global calibration, as
well as changing individual factors such as levels of internal loading or nutriergmesitdme.

The set up within the BATHTUB model requires that all areas contributing to the lake be
RSAAIAYFGSR a aasS3avySyidaé¢ 2N adNAROdzil NAS&a¢ @
areas that cannot be spatially separated due to the nature e¥dlavithin the system. For the
purposes of thd_ake VolneffMDLno segments (upstream lakes) are directly connected with
Lake Volney. All inflow sources wemedeled as a tributarfrom either a monitored inflow

location or from the watershed itseltJsirg multiple tributaries also allowed the model to use
runoff coefficients and runoff data to model nonpoint source data, as well as measured flow
and loading data from the monitored inflow site$he appropriate runoff coefficient from nen
point sourceswvas selected such that theredicted outflow rate from the BATHTUB model
matched the meamutflow rate observed at monitoring location \&uring the course of this

study. Inflow from monitoring locations V2, and V3, and inflow from the Lake Volney watershed
represent the three tributaries that were used in the BATHTUB model.

Lake Volney BATHTU8sultsusing 2009 and 2010 Data

The initial results from the BATHTUB model for Lake Volney predicted TP concentrations to be
lower (better) than observed values. BAT | . Q& A Yy A (i A ChtacdnieBrRisnO i A 2 y &
were greater (worseand secchi disk readings were lower (worse) than observed values (Table
4.8A). The rank values presented below are relative to a data set of reference lakes. A high
ranking indicates that observed conditions were significanigyerthan the geometric mean

of the reference lakeg=or example, the observed Secchi disk reading on Vekey is

significantly greater (better) than the geometric mean of reference lakes and therefore falls
within the 95" percentile. However, observed TP concentrations were also greater (worse) than
the geometric mean of reference lakes and thereforeithin the 74" percentile.
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Table 4.8 A: BATHTUB initial predictions Lake Volney

Variable

Predicted Mean cv Rank
TOTALP MG/M3 72.0 0.38 66.1%
CHEA  MG/M3 22.7 0.33 86.9%
SECCHI M 1.5 0.30 68.8%
Observed Mean cVv Rank
TOTAIP MG/M3 87.0 74.6%
CHEA  MG/M3 14.2 70.4%
SECCHI M 3.9 95.4%

Based on the overall mass balance, the total predi®ddads are shown in table 4.8 B

In the table below, the column type value is recorded as a one or a two. A value of one
represents that thissa measured inflow, with recorded water quality data. A value of two
represents that the calculated load is an estimate based on the size ofdkershed area, the
land uses within that area, and the runoff coefficients associated with those land uses.

Table 4.8 BPredicted loads for Lake Volney

Overall Mass Balance Based Upon Predicted
Component: TOTAL P
Load
Trb Type Seq Name kalyr %Total
1 1 1 TMDL Inflow V2 587.1 63.7%
2 1 1 TMDL Inflow V3 122.4 13.3%
3 2 1 Lake Volney Watershed 178.9 19.4%
PRECIPITATION 33.6 3.6%
TRIBUTARY INFLOW 709.5 77.0%
NONPOINT INFLOW 178.9 19.4%
**TOTAL INFLOW 922.0 100.0%
ADVECTIVE OUTFLOW 114.6 12.4%
**TOTAL OUTFLOW 114.6 12.4%
**RETENTION 807.5 87.6%

In order to calibrate the BATHTUB model such that predicted values would more closely match
observed values, internal loadingas the primary area adjustl. This reflects the fact that all
estimated sources from the watershed based upon existing landwsee accounted forAs
previously mentioned, contributions from grab sample locations V5 and V6 and other non
monitored surface water inflows are contributing sources to Lake Volney, thedges could

not be directly accounted for in BATHTUB because no flow value was associated with these
samples. Rather, BATHTUB uses the landuse practices within the watershed to account for what
is likely coming in from these sources. When the predictddesawere still less than the

observed values, the only area capable of being adjusted were internal solBgessing an

internal loading factor 00.84 mg/m*day, BATHTUB predictions then matched the olegiP
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concentration.PredictedChl-a and Secchidisk readings could not be matched with observed
readings. As the values for TP were calibrated (flea values often were over calculated

based on the actual observed values within the lake system. This is likely due to the methods
used by the BATHTUBodel to calculate th&hl-a values. Cka is often modeled as a response
variable, which will continue to elevate as the TP levels increase. However individual lake
conditions, growing season influences, and other parameters can influence the acelaldév
chla measured within the systenThe main priority of this TMDL is the excess nutrients and
focuses on the limiting nutrients, which in this case is phosphorus. The exact value<olféhe
as predicted by the model were not a priority for day@nent within the TMDL study.

Table 4.8CBATHTUB results corrected for internal loading.

Variable

Predicted Mean CcVv Rank
TOTALP MG/M3 87.0 0.39 74.6%
CHEA  MG/M3 24.6 0.32 89.4%
SECCHI M 1.4 0.29 64.7%
Variable

Observed Mean cVv Rank
TOTALP MG/M3 87.0 74.6%
CHEA  MG/M3 14.2 70.4%
SECCHI M 3.9 95.4%

By adding the level of internal loading to the model, the mass balance is also changed. The
balance changes from a system that has 100% of nutrient loading derived from the watershed
to a system wher7.2%6 of the entire nutrient load is derived from soascalready present in

the lake. With the internal loading value added, the total suspected loa@#7.5kg of
phosphorus per year.

Table 4.8 DMass Balance with internal loading added.

Overall Mass Balance Based Upon Predicted
Component: TOTAL P
Load
Trb Type Seqg Name kalyr %Total
1 1 1 TMDL Inflow V2 587.1 46.4%
2 1 1 TMDL Inflow V3 122.4 9.7%
3 2 1 Lake Volney Watershed 178.9 14.1%
PRECIPITATION 33.6 2.7%
INTERNAL LOAL 343.9 27.2%
TRIBUTARY INFLOW 709.5 56.0%
NONPOINT INFLOW 178.9 14.1%
**TOTAL INFLOW 1266.0 100.0%
ADVECTIVE OUTFLOW 138.3 10.9%

**TOTAL OUTFLOW 138.3 10.9%
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**RETENTION 1127.6 89.1%

To compare and calculate loading levels that would meet the standard, the observed TP values
would be required to be at 36 mg(the proposed standard is 40 mg/L, with a 10% margin of
safety)The BATHTUB model was used to determine the reduction necessary such that
predicted values aligned with the proposed standaithese results can be seen in the

following tables.

Table 4.8 H.ake Volney BATHTUB modeled to standards.

Variable
Predicted Mean CV| Rank
TOTALP MG/M3 36.0| 0.36| 37.5%
CHEA  MG/M3 14.7] 0.39| 71.9%
SECCHI M 22| 0.33] 83.1%
Variable
Observed
TOTALP MG/M3 87.0 74.6%
CHEA  MG/M3 14.2 70.4%
SECCHI M 3.9 95.4%
Table 4.8 H_ake Volney mass balance modeled to standards.
Overall Mass Balance Based Upon Predicted
Component: TOTAL P
Load
TIrb Type Seqg Name kalyr %Total
1 1 1 TMDL Inflow V2 158.5 53.3%
2 1 1 TMDUnflow V3 33.1 11.1%
3 2 1 Lake Volney Watershed 72.1 24.3%
PRECIPITATION 33.6 11.3%
TRIBUTARY INFLOW 191.6 64.4%
NONPOINT INFLOW 72.1 24.3%
**TOTAL INFLOW 297.3 100.0%
ADVECTIVE OUTFLOW 57.2 19.2%
**TOTAL OUTFLOW 57.2 19.2%
**RETENTION 240.1 80.8%

Based on the model, the total phosphorus load entering into Lake Volney that would allow Lake
Volney to meet the standards 207.3kg/year, or approximately 815kg/day. This would

require a reduction o72% of the TP concentration coming from agricultural and urban land use
practicesa 73% reduction of the TP concentration coming fromnitoring locations V2 and

V3,and 100% of the TP loading coming from internal sources. Nutrient loading coming from
wetlands, forests, and pasture/grassland areas are not likely capable of being reduced further
below their current nutrient loading rates.
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4.9 Lake VolneHydrologicBalance

Table 4.9A. Lake Volney Mass Balance

Overall Water & Nutrient Balances

Overall Water Balance Averaging 1.00 years
Period =
Area Flow Variance CV Runoff
Trb Type Seg Name km®  hm’/yr (hm3/yr)* - mlyr
1 1 1 TMDL Inflow V2 3.3 0.8 0.00E+00 0.00 0.25
2 1 1 TMDL Inflow V3 1.2 0.2 0.00E+00 0.00 0.19
3 2 1 Lake Volney 3.7 0.6 0.00E+00 0.00 0.15
Watershed
PRECIPITATION 1.1 1.1 0.00E+00 0.00 0.99
TRIBUTARY INFLOW 4.4 1.0 0.00E+00 0.00 0.23
NONPOINT INFLOW 3.7 0.6 0.00E+00 0.00 0.15
**TOTAL INFLOW 9.3 2.7 0.00E+00 0.00 0.29
ADVECTIVE OUTFLOW 9.3 1.59 0.00E+00 0.00 0.17
**TOTAL OUTFLOW 9.3 1.59 0.00E+00 0.00 0.17
*»**EVAPORATION 1.1 0.00E+00 0.00

Themeantotal flow rate atthe monitoredoutflow location(V4) based orall stage and velocity
data recorded during the 2009 and 2010 monitoring seasonslvE@hm®/yr. BATHTUB used
all monitoring data collected from V2 and V3, and estimated inflow rates from various non
point sources based on land use practices within the watershid.runoff depth used in the
BATHTUB model to estimate contributions from nonpsimtrces was adjusted such that the
tributary inflow rate combined with monitored inflow rates from monitoring locations V2 and
V3 produced an outflow rate equal togtoutflow rateobserved at the outlet monitoring site
(V4) during the 2009 and 2010 fieddason.

4.10Loading Sources to Lake Volney

Inflow from monitoring location V2 has historically been the dominant nutrient sotaréeke
Volney.Data collected in 2009 and 20H0ggests thathe ditch passing through monitoring
location V2 has continued to serve as the major TP source to Lake Volney. The three largest
sources of phosphorus to Lake Volney are contributions from monitoring location V2, internal
loading, and direct runoff fromgaicultural land uses (Figureld.A.)
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Lake Volney TP Load by Sour

Forested Agriculture
0.2% 8.19%  Yrban/Developed

3.6%

TMDL Monitorin Pasture/Hay
Location (V3) 2.1%

9.7% Wetland

Figure 410 A. Contributions of TP by source to Lake Volney
Section 5.0 TMDL Allocation

The TMDL process establishes the allowable loading of pollutants for a waterbody based on the
point and nonpoint pollution sources, natural background conditions, arsiream water
guality conditions. In general terms, the process can be described by the following equation:

¢a5[ ' [/ T H2[! B H[! b ah{
Where:
LC= loading capacity, or the miamum amount of loading a water body can
receive without violating water quality standards;

WLA= Waste load allocation, or the portion of the TMDL allocated to existing
or future point sources;

LA= Load allocation, or the amount of the TMDL allocated to existing or
future nonpoint sources;

MOS= margin of safety, or an accounting of uncertainty about the
relationship between pollutant loads and the receiving water quality;
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Within the WLA, LA,ral MOS, there are additional categories and values taken into account.

5.1¢ WLA allocation

The waste load allocation is the sum of all the permitted discharges within the watershed of an
impaired reach. All permitted sources are designed to not exteedutrient (TP) standard

due to permit limits, but must be considered when calculating total loading within a system.

The WLA includes three subcategories: municipalities subject to MS4 NPDES permit
requirements; Wastewater Treatment and Industriapn-MS4 waste water treatment
facilities, and Construction and Industrial Stormwater (NPDES).

5.1 A.Municipalities subject to MS4 NPDES permit requirements

The development of urban areas have also led to drainage alteration with impervious surfaces
andvarying volumes of storm water being delivered to area streams and rivers. Municipalities
of a certain size or density, or located in a sensitive area are subject to Municipal Separate
Storm Sewer Systems (MS4) rules (Minnesota Rules, Chapter 7090)|imhgthe amount of
discharge from storm water within the area. These MS4 values are calculated for the TMDL by
reviewing the developed area within the impaired reach watershed, and adding 5% to the value
(to account for future growth). MS4 permits apeoken down into the three categories:

1 Mandatory MS4sMS4s in urbanized areas as defined by the 2000 Census are required
to obtain a NPDES/SDS stormwater permit. An "urbanized area" is defined as a land area
O2YLINR AAY3T 2yS 2N BaND LIVIROSXKSo d By DNy i RS
AdzNNR dzy RAY3 FFNBF 6ddzNBlFy FNAYy3ISéov GKIFG (23
50,000 and a density of at least 1,000 people per square mile. The definition also
includes any other public storm sewer systoated fully or partially within an
urbanized area.

2. Designated MS49MS4s outside of urbanized areas that have been designated by the
MPCA for permit coverage under Minn. R. ch 7090 are required to obtain a NPDES/SDS
stormwater permit. MS4s designated by rule are cities and townships with a population
of at least 10,000and cities and townships with a population of at least 5,000 and
discharging or the potential to discharge to valuable or polluted waters. These
designated MS4were required to obtain permit coverage by February 15, 2007.

3. Petition MS4s MS4s that are degnated through the petition process under Minn. R.
ch. 7090 are required to obtain a NPDES/SDS stormwater permit. The public can petition
the Commissioner for the designation of an MS4 based on the designation criteria
established in the rules.

Lake Vailey and its surrounding watershed are not considered a part of a MS4 community
under any of these conditions, and therefore have no WLA loading under the MS4 category.
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5.1 B.Wastewater Treatment and Industrial

All wastewater treatment facilities (WastWWater Treatment Plants or Water Treatment Plants)
and Industrial facilities with permitte@Plimits are reviewedThe permitted value is calculated

by taking the maximum allowable discharge amount (in this TMDL, the pollutant of interest is
TP dischargeand then calculating the total discharge based on the design flow of the facility.
To ensure an accurate calculation, the discharge type and duration of the facility is considered.
There are no wastewater treatment facilities or industrial facilitieth permitted TP limits in

the Lake Volney watershed. In this TMDL, the loading value attributed to this source is zero.

5.1 CConstruction and Industrial Stormwater (NPDEAS) construction and industrial
A02NXoF GSNI LISNY¥AG K2f RSNBR IINB fAalSR Ay GKS
any construction activities disturbing: one acre or more of soil; less than one acre of soil if that

FOGAQ@GAGE AZNILDNGY 2yF U 4y NH RSGSE 2LIYSyd 2NJ al

or less than one acre of soil, but the MPCA determines that the activity poses a risk to water
resources.

Although stormwater runoff at construction sites that do not have adequat®sfiucontrols

can be significant sources of sediment and nutrients on a per acre basis (MPCA Stormwater web
page, 2006)MPCA records indicate théss than Jpermitted construction permits have been
issued in the past 10 yeansthin the watershed A eview of all permits over a 10 year period
only revealed several permitted feedlots (Figure 5.0 A); however a direct nutrient load cannot
be assigned to feedlots. In order to avoid a zero allocation for constructi@iOa6 estimate

was used to accourfor loading from constructionRers. Comm. Mike Trojan Stormwater
ProgramMPCA). The 0.104% estimate assuthes no more than0.104% of the total

watershed (approximatel20 acres) will ever be under permittazbnstruction at one time. The
construction sormwater is then considere@.104% of the total waste load allocation. Within

each of the watersheds of the impaired reaches, all permitted facilities are listed and mapped
within the area. All of thepermitted facilities within the watershed are permetd feedlots

(Figure 5.0); which while permitted, have no nutrient or flow discharges, and therefore have no
loading.

For the purposes of the TMDL, the WLA includes the following:

H 2 [ !'NPDES Permitted values (0.00) + Construction stormw@ttd46)

t
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Legend

®  ActivePermittees_2011

/

Figure 5.0Active permitted feedlots within the Lake Volney watershed.

5.2¢ Load allocation

The load allocation (LA) is the portion of the total loading capacity assigned to nonpoint and
natural background sources of nutrient loading. While substantial research has been
conducted to estimate the amount of nutrient contribution from different nomint or natural
sources, the individual reach allocations in this report do not subdivide the LA. There are
several reasons for this. First, current research is not sufficient to precisely define either
nonpoint or natural background sources, particlyawithin the individual impaired reaches due
to the varying terrains and sources of nutrients. Secondlydsubion of the LA is not required
by the EPA.

The LA is composed of several different sources which are listed below:

5.2 A Natural Background
When addressing the natural background loading levels within a TMDL #tedy isthe
following guidance:

TheLakes Nutrient TMDL Protocol and Submittal Requirenmeakes the following statement:

Natural background load is a poni@f the watershed loading and internal loading, and
should be defined as precisely as possible. This will range from having paleolimnologic
data (as derived from sediment cores) for the TMDL lake to using ecoregion ranges for
lakes of a similar type.



53

Exsting methods, such as core data or diatom reconstruction, could potentially define a general
value for natural background in the watershed but determining a specific percentage that

would be an accurate and defensible value or calculation method withindinidual

watershed is difficult. Impacts within individual watersheds could include unique stressors,

such as elevations changes, channel alteration, upland management practices and other factors
which lead to differing rates of natural and/or accelem@ nutrient loading.

During the development of thBlinnesota Lake Water Quality Assessment Report: Developing
Nutrient Criteri&@ §( KS &G dzRé &2dzZAKG 2dzi I yR OF NB¥dz f &
which were used within the development of theastdards applied within this TMDL. This study
included diatom/TP reconstruction, and other recommended methods. The reference
ecoregion data prepared in the report are used to identify and examine the suspected natural
loading levelsResllts from a 200&tudy conducted by the MPCA determined thepre

settlement nutrient concentrations using diatom fossil reconstruction for each of the

ecoregions of Minnesota. The psettlement TP concentration for the NCHF ecoregion is
presented below (Table 5.2 A.).

Table 5.2. A. Prsettlement TP concentrations based on diatom reconstruction.

Ecoregions
North Central Hardwood Forest
Parameter Shallow Deep
Total phosphorus concentration (ug/L 47 26

For the purposes of i TMDL, it was decidetthat anumerical value or percentage attributed

to natural background is not required by the EPA as a submittal requirement, and a specific
value would not be defensible or ultimately beneficial to the final TMDL project. The load
allocation within this TMDL & combination of all nonpoint sources, including natural
background. Future implementation planning will consider ongoing research and theories of
related source contributions to the excess nutrient impairments including the levels of natural
background.

5.2B. TMDL Monitored Inflows

The two monitored inflow sitegand grab sample locations investigated in this sthdye been
monitoredduring several projestin the pastincludinga Lake Assessment Program conducted
in 1987, a 1992 water quality study abucted by the MPCA in response to concerns from
residents, and an intensive Phase | Diagn@siit Feasibility studgonductedin 1995 The
loading dataapplied in this studyvas developed through the use of FLUX softvaare data
collected during the 20®and 2010 monitoring seasandhis program calculated loading based
on recorded flow and sample data. Data was reviewed fpoior studies however only flow

and sample data recorded during t2809 and 201@ampling seasons was used imstimodel
Theflow and sample data frorprior studieswere not used for the models, but were used as a
means of comparison to see hdvake Volneyeacts to varying levels of precipitatiohhe most
intensive study conducted on Lake Volney prior to the current TMDL stadythe19% Phase |
Diagnostic and Feasibility study. Rainfall during the 1995 sampling season was estimated at

AF
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25.79 inches, slightly less than the 27.55 inches that fell in 2010 but significantly greater than
the 18.14 inches of rainfathat occurredduring the extrenely dry 2009 monitoring season.

5.2 B.1V2 (Large Ditch System Draining Northeast Section of Watershed)

For the purposes of the TMDL, V2 is listed as a monitored inflow within the models. Even with
the data on the ditch, in general tesV2 is still a nonpoint source, since much of the loading
within the ditch system comes from many diffuse sources within the V2 watershed. For this
reason, no specific loading total is given to the ditch. Loading values for V2 accounted for
46.5% of tle total load coming into Lake Volney in the initial BATHTUB model before internal
loading was accounted for. After accounting for internal loading, TP loading from V2 comprised
25.6% of the total load derived from all sources. This value may under reptésemormal
contribution from this site, as loading from this site was significantly reduced during the
extremely dry 2009 monitoring season. In 2009, a portf this ditch system was periodically
stagnant, furthermore sections of the stream briefly dried out leaving a series cfio@ing

puddles. However, this site is extremely flashy and can contribute a large amount of nutrients
in a short amount time, often responding quickly to large raiargs. In 2010, flow from this
location wagpresent throughout the entire monitoring seasand had the potential to

contribute a large amount of nutrients especially during/following storm everie. stream at
TMDL site V2 rose 1.84 feet in 48 hours folftg a large storm evéron September 2% and

23, Historically flow from this location had been the predominant source of nutrients to Lake
Volney. Loading passing through this ditch system accounted for 61.7% of the subwatershed TP
load entering Lak&olney during the 1995 monitoring seaséonNA 2 NJ RA a OdzaaA 2y a
the V2 watershed have focused on restoring the large wetland complex loogttteam of V2
and/or restoring some additional wetlands downstream of the large wetland complex that
would serve as settling basins for nutrients and TSS.

5.2 B.2V3 (Large Ditch System Draining Western Portion of Watershed)

For the purposes of the TMDL, V3 is listed as a monitored inflow within the models. Even with
the data on the ditch, in generaétms V3 is still a nonpoint source, since much of the loading
within the ditch system comes from many diffuse sources within the V3 watershed. For this
reason, no specific loading total is given to the ditch. Loading values for V3 accounted for 7.9%
of the total load coming into Lake Volney in the initial BATHTUB model before internal loading
was accounted for. After accounting for internal loading, TP loading from V3 comprised 4.4% of
the total load derived from all sources. In 2009, flow from this s continuous despite

minimal rainfall. This indicates that a large proportion of the water is derived from tiles lines
located within the watershed. The TSS load from this site was often minimal;tahd t
measurements from this location often exceedd@ cm.Nitrate and Nitrite(NO’ + NO)
concentrations were extremely high at V3 during the 2009 and 2010 sampling seasons. Nitrates
move faster through the soil in comparison with phosphorus; therefore possiblethat a

majority of this nitrogen is derived from nitrogen mobilized from the fertilizers applied to
agricultual soils that subsequently movlerough the soil layers and intihe network of

underground tile drainagpresent within this watershedHistorially, V3 has been the

predominant source of nitrogen to Lake Voln@WMDL inflow site V3 had the highest mear’NO

2 ¥
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+ NG concentration in 2009 and 2010, however inflow site V2 contributed the greatest amount
of NG + NGto Lake Volney.

5.2C Internal Lading

In addition to nutrient loading from external sources, internal loading of phospheassa

large source of the nutrient® Lake VolneyWhen compared to nutrients suspended in the
water column, mosphorus is more concentrated in the sedimends. stratification sets in early

in the year, the absence of oxygen sets into motion a series of redox reactions that provide the
chemical potential necessary to reduce certain metals such as iron and manganese present
within these sediments (Schuler, 1997he strong smell of sulphur in water quality samples
taken from the hypolimnion during the 2009 and 2010 study was one of the redoximorphic
features used to verify the presence of reduced conditions within the hypolimnion during the
TMDL study. Becauseraditions became sufficiently anoxic to produce sulfides within the
hypolimnion, it can safely be assumed that iron was sufficiently reduced within the hypolimnion
during the 2009 and 2010 monitoring seasons. When iron is sufficiently reduced, it loses its
ability to bind to phosphorus ions present within the sediment.

Internal loading values were estimated withiake Volneypy comparingoredicted values with
observed values within thBATHTUB modellhe BATHTUB model had to be calibrated to allow
the predicted TP concentration to match the observed TP concentration. This calibration
required apportioning a loading value from internal sourcdss valudor Lake Volney was
0.65mg/m’-day; equivalent to a total loading value 266kg/year.

5.2 D.Urban and residential sources

Untreated stormwater runoff is potentially a large contributdrrutrients toLake VolneyA

large amount of storm water can transport materials such as sediment, fertilizers, vehicle
fluids/chemicals, leaves and grass ciiygs. A large number of culverts and storm systems
directly enterLake VolneyFigure 5.2 A). Many of these culverts transport materials that enter
into the lake system, break down, and release additional nutrients. Since the developed areas
within the Lake Volneyvatershed are not part of a MS4 community, they do not have MS4
requirements regarding stormwater discharges. The stormwater loading was calculated using
the area of total developed spaces, and multiplying them times the runoff coefficiemtgiia

from .5 to 1.25 kg/ha) and recorded climatic data. For exampk]ake Volney atershed has
approximately89 ha of urban land use practicethis includes all roads, houses, and any other
impervious surfaces within the watershelultiplying the mean phosphorus runoff coefficient

for urban land uses of 1 kg/ha B@ hayields89kg of TP derived from urban sources within the
watershed. This value was accounted for in the BATHTUB model.
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¥ i - V¥ ingd
Figure 5.2 ALocation of culved/sewerlinesentering into Lake Volney.

5.2E Failing SSTS

CFrAfAYy3 {dzoadz2NFIF OS {SHSNI ¢NBlIGYSyl {eadaSyvya of
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another possible sage of nutrients. The nutrient source from leeching of septage (partially

treated sewage), may be considerable even under low flow conditions, because it provides

nutrients in the form of orthgphosphorus, a pollutant type that is more readily available f

uptake and use by algae. Pro active implementation and rule enforcement within Le Sueur

[ 2dzy 18 Q& RSLI NILYSYG 2F SY@ANRBYYSyiGlf &aSNIBAOSa
or straight pipe SSTS within the watersh&tirty oneindividual sewage treatment systems

were upgraded between 2000 and ZR0t is likely that nutrient input from septic systems is

probably minimérelative to other sources contributing to Lake Vol@yhis time, but should

not be ruled out. Continuedriplementation at the county level will further reduce this

potential nutrient input, and this will likely be a targeted source within the implementation

plan. Due to this uncertainty, contributions from septic systems will not be accounted for

directly n the TMDL nutrient budget.
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F- Atmospheric Loading

Additional loading to the lake system can result from trace levels of phosphorus carried by
precipitation. This type of phosphorus can enter the lake via direct input (rain falling on the
lakesurface) or transported via overland from stormwater flow.

The additional levels of phosphorus carried through the overland flow or stormwater from the
precipitation are difficult to quantify, but best efforts have been made to calculate the loading

basedon runoff coefficients found in literature. The levels of atmospheric deposition vary

based on the quantities of rainfall and climate conditions in an area, considering both wet and

RNE RSLIR2aAilAzy NIGSao ¢ KSa$sS DetdlleiPésassnenB RA a Odz
Phosphorus Sources to Minnesota Watershiedso . I NNJ 9y AAYSSNRAY3AZ HAanno

For the purposes of this TMDL, the rate is estimated to be 0.3 kg/ha/year. Based on the
calculated deposition rates, atmospheric loading is a small portioneob#erall nutrient load,

and potentially insignificant when compared to the external and internal loading sources. Itis
also important to note that the value, even if small, is important to consider in the overall
budget, especially when this loading soe is not possible to control. Based on the estimated
rate, the total loading value from atmospheric loading is 0.28 Ibs/acre/year, or .0007
Ibs/acre/day.

HLA =nonpoint sources as listed above. No specific allocations for each area.

5.3 Marqin of Sty

The third component, MOS, is the allocation that accounts for uncertainty within the
calculation methods, sample data, or the allocations which will result in attainment of water
guality standards. The Margin of Safety can either be explidgihplicit.

For the purposes of this TMDL, an explicit 10% MOS was seldéddet) the explicit 10% does

not allocate any of the available loading capacity. Instead, the 10% MOS was used in modeling
the standard iAlake TP concentration, meaning that @é/L (40¢ 10%) was the value used in
GKAE Y2RSf® ¢KS at/! dzaSa GKS GSN¥Y GSELX AOAL
are lower than the required ecoregion standard. A 10% MOS accounts for the uncertainty that
the allocations set forth in thiSMDL will result in Lake Volney meeting the required water

guality standards. The uncertainties are a result of the presence of multiplenonitored

ephemeral streams, culverts and storm systems, and the potential capacity for internal loading
via contrbutions from sediment during periods of anoxia. However, uncertainties were also
minimized by comparing current data with historical water quality data, as well as through the
calibration process used in the BATHTUB. Using up to dateitndtatistics ash accurately

defining the watershed boundaries for the Lake Volney watershed further helped to minimize
uncertainties; therefore an excessive MOS was not necessary. Ultimately, incorporating an
explicit standard into the BATHTUB model, and subsequentlyaihg the model to match
observed conditions helped to reduce uncertainty. Many TMDLs within Minnesota have used
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an explicit standard of 10%; this standard provides additional assurance that lakes will meet
water quality standards by requiring the waberdies to reach a more rigorous goal. Choosing a
MOS greater than 10% would provide additional insurance; however, this would ultimately lead
to reduction values that were neither economically feasible, nor practical.

5.4 Reserve Capacity

Within the wateshed and contributing areas, there are no NPDES permits (other than
construction stormwater) pertaining to nutrient loadinghe Lake Volney watershed is not
considered to be an area of future development for businesses or industry; additionally, there
are no wastewater treatment plants within the watershed. Therefoney aew businesses or
industry requiring a NPDES permit for a nutrient discharge would be held under the WLA total
limit any discharge to TMDL standards to be required to use a nutrieditd¢rading system to
offset any dischargeThe reserve capacity for this TMDL is zero.

5.5¢ Total TMDL and Summary

5.5 A.Lake VolneyMDL
TMDL=LCr? [ #1 [ +MOS+RC
1.796 =0.001867Ibs/day+ +10%

Modeled to 36ug/L
TMDL =
297.3kglyear
655.43Ibs/year
1.796 Ibs/day

5.6. A.Necessary Reductions

While not required within the context of the TMDL, it is often helpful to look at TMDLSs in the
terms of loading reductions necessary to meet the standartis. following reductions were

will be required for Lake Volney to meet standards set forth for the NCHF ecoregion (Bable 5.
Al, Table B A2)
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Table5.6 A.1. Current daily TP load andduction needed to meet TMDL seperated by the major sources.

Lake |Allocation |Source Current TP Load |TMDL TP Load |Load
(Ib/day) |[(Ib/yr) |(Ib/day) |(Ib/yr) |Reduction
(Ibfyr) (%)
Lake |[Wasteload [Construction 0.002 0.680 0.0 0.680 0
Volney|Load Watershed 1.080 394.38 [0.431 158.9% |235.410
(Nonpoint flow) (59.69%)
Agricultural 0.619 225880 |0.173 63.50 [162.6
Land Use (72%)
Developed / 0.277 100.9® |0.080 28.20 [72.69
Urban Land Use (72%)
Forested 0.0157 5.79 0.0157 5.79 0
Pasture/Hay 0.157 57.463 0.157 57.463 |0
Wetland 0.012 4.291 0.012 4.291 0
Internal Load 2.077 758.10 (O 0 758.10
(100%)
Monitored Inflow |3.546 1,294.3 |0.957 349.43) (944.83
(V2) (73%)
Monitored Inflow |0.739 269.8 [(0.18 72.858 [196.9D
(V3) (73%)
Atmospheric 0.203 74.00 0.203 74.00 |0
(Precipitation)
Total Load 6.513 2,377.1® |1.797 655.99 (1,721.1D
(72.4%)
Table 56 A.2 Total phosphorus wasteload, load allocation, and TMDL daily and annual loads.
Lake Wasteload Margin of | Total Phosphorus
Allocation (TP) Safety TMDL
(Ibs/day) | (Ibs/yr) (Ibs/day) | (Ibs/day) | (Ibs/yr)
Lake Volney | 0.0018& | 0.68 Explicit 1.796 655.43

Section 6.0; Implementation Activities

This portion of the TMDL study provides an outline of the major implementation practices that
will be required to help Lake Volney meet the water quadtgndards set forth for the NCHF
ecoregion. A separatdraft implementation plarhas beercreated; a final draft will be
completedwithin one year of the approval of the TMDder Minnesota requirements

The phosphorus reductions required for Lake Voldemand aggressive management practices
within the watershed. Assigning a predetermined reduction amount per implementation
practice is not within the scope of this project. There is not enough research to determine the
exact phosphorus reduction incurrdxy the implementation of given BMPs. Rather, a list of
tasks to be completed both within the short term and long term is provided along with a goal
statement outlining the potential for phosphorus reduction. Management practices will strive
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to reduce bothexternal and internal nutrient sources to Lake Volbaged upon findings
observed during the TMDL study.

6.1 External Source Reduction

6.1 A

Reduce loading from monitoring location V2

Task 1Work with landowners andppropriate agencies toonduct a wetland
rejuvenationon the large wetland complex and to restore additional wetlands
upstream/downstreanof the large wetland complex.

Task 2Exploreconveringthe ditch(or a portion of the ditch) atmonitoring location V2
to a two staged ditch design.

6.1 B.Reduce loading from monitoring location V3

6.1 C.

Taskl. Work with landowners and appropriate agencies to conduct a wetland
restoration upstream or adjacent to the ditch at monitoring location V3 before it enters
LakeVolney.

Reduce loading from agricultural Land uses.
Taskl. Identify and target highly erodible lands, promote BM&sracesand
consenation practices (ndill farming) in these areas.

Task2. Promote nutrient management, crop residue nagement, and any other
practice utilized by the Le Sueur County SWCD to producers within the watershed.

6.1C Developed Land Uses

Task 1ldentify lakeshore property owners that are willing to install rain gardens,
complete a shoreline restoratioimstall a rain barrebr implenent some type of
stormwater BMP ortheir property. Install rain gardens, completboreline
restorations, and promote the use of rain barrels throughout the watershed.

Task 2Several holding ponds were created upstreafithe V6 grab sample monitoring
location in 1999. These ponds hdikelyfilled in with sediments and nutrientsince

1999 and therefore need to be dredged so that these ponds can continue to serve as
nutrient retention basins.

Task3. Identifyand collect water quality samplesofn major storm water culvertand

tile lines located in developed areas, implem&MPS accordinglipetermine the
potential to redirect culverts through treatment ponds or through rain gardens before
directly enterirg Lake Volney.
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6.2 InLake/Near Shore Source Reductimhancement of Biological Integrity
Task 1Reestablishnativeemergentand submergentvegetation along the shoreline.
LakeVolney isnearly completely devoid of emergent vegetation; therefore, sediment
near shore isnore likely to be disturbedia wave action or through biturbation from
fish (mainly carp)This project would consist d@fistalling a temporary barrieio allow
nativeemergentspecies such as bulrushes to begin growing. Native emergents would
be transportedin from surrounding area lakes, purchased from local native plant
nurseries, and/ogrown from seed. The barrier would be removed once the plants had
become estiblished(2-3 years)If the initial phase was successful, this project could be
expanded to a larger scale to include native submergent species growing at deeper
depths.

Task 2Continue commercial fishing efforts. Large amounts of common carp and
bigmouth buffalo have historically been removed from Lake Volney. The removal of
large volumes of these species should be continued.

Task 3Determinethe feasibility of alum treatments. If feasible, design an alum
treatmentthat will reduce internal phosphorus loadingxpancda citizen lake
monitoring progranto collect water quality samples to test for effectiveness of alum
treatments.

Section 7.0; Reasonable Assurance

lff ¢as5[a | NS NBIdANBS a2 ydosd S { a%tdzNI i/20 SIEINRGFA
programs ability to reduce loading levels to meet or exceed and maintain water quality
standards.

Due to the lack of permitted sources, this TMDL deals almost exclusively with nonpoint sources
and loading. In théake Nutrient TMDL Protocols and Submittal Requiremémtsfollowing
guidance is offered:

Although EPA does not require reasonable assurances in this type of TMDL, the MPCA
requires a description of reasonable assurances for nonpoint only TMDLs. Reasonable
assurances in these types of TMDLs allow the MPCA to evaluate the potential options
available to enable reductions from nonpoint sources.

The MPCA and other state and federal agencies have limited regulatory authority over the
majority of the nutrient sarces in this TMDL reportTo address the major loading portion of

the TMDL, the nonpoint source allocations, a wide variety of management practices will need
to be considered and implemented to address the loading issues. Ideally, the implementation
plan will be iterative and adaptive in nature, providing a method to explore the effectiveness of
the practices installed, and be able to adapt to any changes within the system and continue to
target the most sensitive areas with the best suited practid BMPs or other practices aimed

at improving water quality should also be implemented in a phased approach. This will require



62

the understanding that solving any water quality issues within the lake system is a long term
goal that will best be attained gy numerous, incremented gains, as opposed to looking for a
aAy3AtS aaArf OSNI odzZ €t Siie @

The reduction needs demonstrated by the TMDL to meet water quality standards represent
aggressive goals. These goals will also need to reflect realistic social antheacono
consideration when addressing implementation. In order to reach the large scale reductions
under various flow conditions, a wide variety of management changes may have to be made
across the landscape. In general, broad changes in existing hydroldgyaser

retention/storage capacity will need to be addressed to meet water quality standards.

Targeting of practices is critical in terms of maximizing water quality benefit while minimizing
finical inputs. Targeting of practices should include infdramasuch as physical location, soil

types, land uses, size of area effected (both up and down stream of any practice) and a
calculation of the potential impact of the practice in both terms of pollutant reduction and
economic impact in general. Praescshould also be based on targeted flow and loading
conditions, as effectiveness of practices can change based on variations caused by seasonal or
individual conditions.

The changes withihake Volneythat have contributed to water quality impairmentook place

over the course of decades, so it is highly likely the changes necessary to improve water quality
will also take an extended amount of time. Any implementation will likely need to be handled

in a phased approach, allowing for adjustments éwrinformation, technology, and demands

on both the landscape and water resources by society.

Section 8.Q; Public Participation

8.1 Introduction

Public participation and involvement are important in the successful design, review, and
implementation of a TMDL study. For this reason, W& TMDL project worked closely with a
broad array of county, state and citizen groups and organizations.

To address the broad interests that would be involved in the project, the technical advisory
team wascreated and wasomposed of various representatives of stakeholders groups to help
ensure that all groups would remain up to date and able to raise coscand/or opinions as
necessary.

The Technical group included stasad local government employees, research groups and

projects, and joint powers boards. Agencies on the mailing and contact lists id@QWIED,
MPCA, CRWP, BWSR, MSU, DNR, Countyyeegénd LVLAnembers.

8.2 Stakeholder and Advisory Meetings
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1 Organized & hosted public/stakeholder open house meeting on ApH] 2209. This
YSSGAYy3 gt a KSEtR I {(,whichis in closiziproxdmity talkaké S NIy
Volney.The overall olgctives for the TMDL study were discussed at this time. A large
number of stakeholders and concerned citizens voiced their opinion in regards to
different aspects of the study. All of these opinions were documented and implemented
into the overall projectlesign.

1 Stakeholder Meeting November £2009: The WRC at MSU, Mankato in conjunction
with the MPCA, and CRWP provided a powerpoint presentatidmigiging progress
made to date A majority of the presentation focused on water quality data collected
during the 2009 season as well as results from the aquatic plant survey conducted in
2009. This information was presented by Katie Brosch Rassmussen and Joe Pallardy of
the WRC at MSW/Jankato. Shaina Keseley of the MPCA provided additional data
regarding the overall TMDL process. All questions and input from stakeholders were
addressed accordingly at this time.

1 Technical Committee Meeting June™2010: The WRC at MSU, Mankato in
coardination with the MPCA, Le Sueur County, and the CRWP held a technical meeting.
A large amount of information was discussed at this time, including many historical and
future implementation strategie?eople from the previously mentioned groups were in
attendance.

1 Implementation Meeting April 20, 2011: Joe Pallardy of the WRC at MSU, Mankato
met with Hugh Valiant of the MNDNRdthree of the property owners that owand
that directlyborders the wetland complex in the Lake Volney watershed to discuss
potential wetland restoration options.

| Lake Association/Stakeholder Meeting May'22011: Shaina Keseley from the
MinnesotaPollution Control Agency (MPCA) and Joe Pallardy of the WRC at MSU,
Mankato presented a draft of the Lake Volney TMDL to tHeALAaron Willis of the
CRWP provided technical support and helped to arrange the meeting location.
Members of the LVLA were given the chance to ask questions about the TMDL. The
members of the LVLA were supportive of findings from the TMDL study.

8.3Websites, Mailings, an@itations in Newsletters
1 The CRWP website maintained updates on the progress of the TMDL study on their
websiteswww.cwrp.net
1 In May 2010, CRWP sent out a newsletter to Lake Volney property owitbars
information highlighting progress made on the TMDL study to date.
1 The CRWP sent out a mailing to all stakeholders within the Lake Volney watershed
informing stakeholderf the November 19, 2009meeting.



http://www.cwrp.net/
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1 The CRWP sent out a mailing to all stakeholders within the Lake Volney watershed
informing stakeholdersof the April 229, 2009meeting.

1 A press release waent out to local newspapers informing area residents of the April
22" 2009and November 12, 2009 meeting.
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Section 10.0 Appendices
Appendix A: MPCA Biological Monitoring Report for the Lake Volney Wetland
Biological Monitoring Report: Lake Volney Wetland
John Genet &Mark Gernes
February 2011

South Biological Monitoring Unit
Environmental Analysis and Outcomes Division
Minnesota Pollution Control Agency
St. Paul, MN 55155

In the summer of 2010 Minnesota Pollution Control Agency (MPCA) staff biologists collected

wetland plant, macroinvertebrate, and water chemistry data from a large wetland complex
f20FGSR Ay GKS y2NIKSIFAG§SNY O2NJyadkhegofa [ | 1| S +2
Routine Assessment Method (MNRAM version 3.0) was performed to evaluate the ecosystem
services and societal values this wetland provides. The purpose of this monitoring was to
characterize the biological condition of this wetland and gaiete understanding of this
gSGftlFIYRQa NREtS Ay (KS 4l SNEKSR NB3IFNRAY3I ydzi

Lake Volney Wetland

2S OFrtt OGKA& gSGflyR GKS a[F1S £2tySe 2Safl yR
Inventory, the Lake Volney wetland isunnamte R K & | S5ABA&AA2Y 2F 2| (€
002200. It is approximately 63 acres and is bisected by a field access road that splits the

wetland into a smaller western basin and a larger eastern basin (connected via a culvert). Both
basins are largely cgmised of dense, emergent marsh vegetation with pockets of open water

and submerged aquatic vegetation. Based on attempts to gain access to the interior portions of

the Lake Volney wetland during field survey work it appears that the majority of the emierg

vegetation in this wetland is dominated by a floating mat of cattdijgpbhaXglaucaand Typha

angustifolig over a water column of varying depths.

Surface water enters the Lake Volney wetland via three inlets which are distributed along the

North side of the wetlandKigure D.1) as well as through several drain tiles (Schuler 1997).

¢KS fIFyRaOIFILIS 2F GKAa ¢SitlyRQa OFGOKYSyYyG I NB
that is primarily native vegetation. The outlet is located in sbatheast corner of this wetland

where surface water then flows approximately 1.5 km before entering Lake Volney.
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MPCA Wetland Monitoring

MPCA staff visited Lake Volney wetland on June 21, 2010 to collect aquatic macroinvertebrate
and water chemistrylata. Aquatic macroinvertebrate samples were collected from locations A
and B (Figure@.1) with Dframe dip nets. The resulting data from these samples were used to
calculate an index of biological integrity (IBI) score, an indicator used to assessthigon of

the wetland. A macranvertebrate IBI score (100 range) was generated for each sample.
Water chemistry samples were collected from locations A and B as well as from ilets 1

Water temperature, pH, specific conductance, and dissolva@en were also measured at

these locations using a Hach metet40d18). Transparency was measured using a 100 cm
transparency tube (fube).

On July 8, 2010 MPCA staff visited Lake Volney wetland to collect wetland plant and water
chemistry data as wkeas perform a functional assessment of the wetland. The wetland plant
community was characterized at locations A and B (Figdr®,ITecording the presence and
estimated relative cover of species occurring within 210m x 10m sampling plots. This plant
community data was used to calculate an IBI scor&(0 range) for each location. Water
chemistry data was collected from the three inlets during this sampling visit. The MnRAM
functional assessment that was conducted considered the entire wetland hasstern &
eastern portions) during the evaluation.

Monitoring Results & Discussion

Macroinvertebrate IBI scores for Lake Volney Wetland were 45 and 38 for locations A and B,
respectively. Compared to leagdisturbed regional reference sites these separe indicative

of a poor

A
R .
. Outlet to
. Lake Volney

% §
& '-"; ” o

Figurel0.1 Aefial photograph
inlet water chemistry stations.

(200) of Lake Volney Wetland indicating the location of wetland sampling stations (A&B) and

aguaticmacroinvertebrate community. Based on the samples that were collected, the
macroinvertebrate community of Lake Volney wetland can be described as having low overall
taxa richness, very few sensitive taxa, and moderate densities of tolerant individtaieth

Al YLX Ay3 f20FGA2yas AG gFa RAFFAOMA G G2 2001 A
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duckweed that covered the water surface (Figure 2). This inhibited field picking, a process used
to separate macroinvertebrates from the detritus anefyetation that also gets collected while
sweeping the dip net through the water column, and may have lowered the resulting IBI scores.

Plant IBI scores from the Lake Volney wetland were 25 and 9 in sampling locations A and B,
respectively. Compared to thaand IBI scores from least disturbed reference wetlands from
this region of the state these scores indicate a wetland in poor condition based on the aquatic
plant community. A total of 11 plant species were observed, and the five dominant species
(TyphaX glaucaTypha angustifolisLemna minorCeratophyllum demersuiand Phalaris
arundinacag are generally considered to be tolerant of pollution and disturbance.

o gl
ot > s it N Lo "'. ; g ;_.@
tebrate sampling locations A (left) and B (right) wittake Volney Wetland. Photos taken

Figure.2. aroinver
on June 21, 2010.

Water chemistry results from the two locations within Lake Volney Wetland and its three inlets
are presented in Table 1. Similar to the biological indicators, some of the water chemistry
parameters can be compared to the range of values obtained at-thaiirbed reference sites
occurring within the same ecoregion. At location A, transparency, nitrate+nitrite, and sulfate
concentrations were within the range of values obtained at reference sites, while total
phosphorus and total chloride were above thégéige. At location B transparency was the only
parameter within the range of values obtained at reference sites, while total Kjeldahl nitrogen,
nitrate+nitrite, total chloride, and total sulfate concentrations were all considered elevated.
Total phosphors concentrations at location B were considered intermediate, occurring above
the 75" percentile of the reference site distribution of phosphorus concentrations.

Overall, there are indications that the aquatic macroinvertebrate and wetland plant
communities are being impacted by elevated nutrient concentrations (relative to reference
sites) entering this wetland from adjacent agricultural areas. Low dissolved oxygen
concentrations, an overabundance of submerged aquatic and flodgenged plant gowth

(pers. obg, and high nitrate+nitrite concentrations all likely contribute to the low
macroinvertebrate IBI scores observed within this wetlahulitrient loading to the Lake Volney
wetland has very likely adversely impacted the plant communithiatwetland and promoted
dominance by pollution tolerant species. Though no quantitative data are available on
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hydraulic loading to the wetland it is likely that water level fluctuations in this wetland are not
in the normal range as evidenced by the fation of Typhamats within the wetland and free
floating speciesliemna minoand Ceratophyllum demersundominating in the open water
pockets.

According to MNRAM, Lake Volney wetland was rated high for the following functions: flood
attenuation and progction of downstream water quality. Unfortunately, the MNRAM
assessment tool is a qualitative estimate of functional capacity based on landscape setting and

Al R2SayQid GIFr1S Ayid2z O2yaARSNIYGAZ2Y (GKS L}2aaro

nutrients. Therefore, even though Lake Volney wetland is well positioned in the landscape to
protect downstream water quality, the amount of nutrients and other pollutants entering this
wetland over the years is likely to have accumulated to a point wiiesewetland is no longer

able to sufficiently perform this function and may in fact be a source of nutrient loading
downstream to Lake Volney. Previous studies in this watershed suggest that this may be the
case (e.g., Schuler 1997). Maintenance of avetlwater quality, characteristic hydrologic

regime, characteristic wildlife habitat structure, and characteristic fish habitat functions were
all rated as medium. The vegetative diversity/integrity function and the aesthetics/recreational
value of this vetland were both rated as low.
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Table D.1 Water chemistry data from Lake Volney Wetland and three of its main surface water inlets.

Analyte Sample Wetland Sites Inflow Sites
Date Location A Location B Inlet 1 Inlet 2 Inlet 3
Water Temperature°C) 6/21/2010 21.0 20.3 17.4 18.0 18.0
7/8/2010 no data no data 18.7 20.3 20.2
Transparency (cm) 6/21/2010 > 100 > 100 > 100 no data no data
7/8/2010 no data no data > 100 73.5 24.6
Color (PCU) 6/21/2010 80 70 no data no data no data
7/8/2010 no data no data no data 60 50
Dissolved Oxygen (mg/L) 6/21/2010 1.86 0.26 0.61 5.62 3.66
7/8/2010 no data no data 0.70 5.60 6.49
pH 6/21/2010 6.85 7.22 7.21 7.63 7.29
7/8/2010 no data no data 7.14 7.54 7.00
Specific Conductance §/cm)  6/21/2010 683 842 903 935 891
7/8/2010 no data no data 929 913 877
Total Phosphorus (mg/L) 6/21/2010 1.08 0.237 0.252 0.128 0.626
7/8/2010 no data no data 0.366 0.159 0.395
Nitrate+Nitrite Nitrogen (mg/L.) 6/21/2010 <0.05 53 12 13 0.09
7/8/2010 no data no data 8.4 10 0.46
Total Kjeldahl Nitrogen (mg/L) 6/21/2010 2.35 3.12 2.32 2.34 1.06
7/8/2010 no data no data 1.63 1.21 1.06
Total Organic Carbon (mg/L) 6/21/2010 20 13 10 8.3 10
7/8/2010 no data no data 9.9 8.5 6.2
Total Chloride (mg/L) 6/21/2010 48.5 38.4 39 35.6 65.8
7/8/2010 no data no data 41 34.8 46.8
Total Sulfate (mg/L) 6/21/2010 2.54 49.9 56.1 56.9 13
7/8/2010 no data no data 58.3 52.8 22.5
no flow,
Flow Observations 6/21/2010 n/a n/a noflow  minimal flow intermittent
no flow,
7/8/2010 n/a n/a no flow intermittent

The work by Schuler (1997) suggested that the Volney Lake wetland may be an important
source of nutrient loading to Lake Volney. The findings from the 2010 field work we conducted
support the assertion that this wetland has experienced and continuesgereénce significant
nutrient loads. Interestingly, the photos in Figure 2, the grab sample chemistry findings from
inlets 1, 3 & 2 as well as the invertebrate and plant community results all suggest the western
1/3 of the wetland to be under greater sse than the eastern 2/3. The June and July grab
sample results suggest phosphorus concentrations to be greater in the western section
compared with the eastern 2/3 of the wetland. Because quantitative flow data is not available
it is not clear whetherhie mass load differs between inlet 1 and 2. However, because of the
close proximity of inlet 2 to the wetland outlet, inputs to the majority of wetland could be
expected to be lower due to hydraulic short circuiting from the inlet almost directly to the

outlet. Thus the load retention time from inlet 2 would be expected to lower. In contrast, the
load from inlet 1 would be expected to have a longer retention time due to the field road
GOoSNYE NBAGNAOGAY3A Tt 26 (KNP dgdidd ranKvias igstlied, | y R ®
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1951 aerial photos available http://www.dnr.state.mn.us/maps/landwew.html. This historic

photo further suggests that the current land use conditions within the Lake Volney wetland
catchment to have been present for at least 60 years. Loading of sediment and nutrient into

this wetland has been going on a long time whiiarther substantiates a contention that the
gSGftlFYyR KlFIa tA1Steé& NBFIOKSR AdGaQ OFLIOAGE Fa&a |
management intervention it can be expected to be a net exporter of phosphorus.

Continuous flow based nutrient inputs and puts as well as detailed characterization of the
internal phosphorus load coming from the wetland sediments would be needed to conclusively
determine if the wetland is in fact a bioreactor nutrient pump as Schuler suggested in 1997.
Flow based modeling alet (and outlet) loads and characterization of the wetland sediments
was beyond the scope of our normal wetland work.

AppendixB: BlueGreen Algae Rapid Response Summary

Lake Volney 7/23/2009
Le Sueur County, Minnesota

APHANIZOMENON (blue greblgom
A 2 reported rashes in children (1 with a fever) after swimming and not showering

A 1 reported dog illness (near death), after playing fetch in the water



http://www.dnr.state.mn.us/maps/landview.html

Two samples collected:

A Lake VolneySample #1 (midake)-- 14:30 DST on

7/23/09

(0]

(0]
(0]
(0]
(0]

(@)
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Dissolved oxygen: 14.05 mg/L
Temperature: 24.5C

Specific Conductivity: 331.%&/cm

pH: 9.11

Secchi: 1.15 meters

A Lake Volney (mithke)
YSI sonde measurements from 7/22/09 at 10:00 DST

O OO0 O0OO0Oo

DO: 12.04 mg/L
Temp: 22.77C

Specific Conductivity: 3965/cm

pH: 9.17

Secchi: 1.9 meters

Chlorophyll &g 61.3

Description of bloom:
An Aphanizomenon bloom was evident on Lake Volney from 7/8/09 to 8/1/09. The lake had an
overall pea green hue when the sun was shining on the water; however the clarity of water was
not exceedingly poor due to the type of bloom. Secchi readings welrgrstdter than one

meter. Aphanizomenon was seen throughout the entire water column, several small clumps of
aphanizomenon (most less than one inch in diameter) were observed. On wind driven shores,
the clumps were more dominant. Larger clumps have ks near the boat landing

Figure: Near public boat landing (dock) 7/23/2009.

Figure: Midlake 7/23/09
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If you would like additional photos from 7/09/09, 7/22/09 and 7/23/09 of Lake Volney, please

contact:

Joe Pallardy (Water Resources Center), Joseph.Pallardy@mnsu.ed8887704

AppendixC/ I NI a2y Qa8 ¢NRLKAO {GFdS LYRSE @I fdsSa
conditions have persisted within this basin for over 15 years.
Lake Results / I NI a Zeyitfphicatidn IStatus
Year
Volney TP=78.21 Oftgeteaptse T ptronh frrephd - Moperebrontc
1995 Chl:a= 62.52 Trophic I R T ]
Secchi=41.7
Avg.TSI = 60.81
Volney | TP=61.94 Ot ope e etrophi feeophdt  Moperevtoops
2007 Chl:a= 54.03 Irowhic T 1 1 T e
Secchi= 44.09
Avg. TSI = 53.3f

T2N
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AppendixD: Lake Volney Vegetation Surveys

Introduction

StafffromMSka I y 1 F 6§2Q& 2 SN wSa2dz2NOS / SYyiSNI Ay 022\
Pollution Control Agency used a peintercept sampling technique to provide a representative

sample of the aquatic plant community in Lake Volney. A 100*100 meter gridreated using

' 3S23INI LIKAO AYTF2NXI A2y aeéaitaSya oDL{0 LINROSa
outline the image of each lake basin; the 100*100 meter grid was then placed over the outlined
image of each lake basin.

The pointintercept methal allows researchers to sample a variety of points that include

locations near shore and off shore while ensuring that the entire lake basin is included

(Madsen, 1999). The pouimtercept method is used by both the Wisconsin and Minnesota

Department of Ntural Resources because it provides a less subjective and statistically

appropriate method of sampling across all lake types (Madsen, 1999). The grid points were

then downloaded to a handheld GPS device. We used the Garmin E Trek Legend because of its
capability to store waypoints, therefore being useful in the field to locate each GPS sampling

location.

Methods

At each site, a sample was taken using a 3 m (10 ft.) double headed rake extended to the
bottom of the water column and into the top layer of sediment. The depth and sediment type
LINBaSyid o¢Fa ta2 NBO2NRSR |G S OKNEAGSRAGKER LD
rake two times in the sediment in an attempt to grab any macrophytes at the present location.
The rake sampler method is described as the best means of getting a representative sample at
each locale (UWSP, 2008). At locations under 3 nft)itds recommended to use a pole

sampling method. At locations over 3 m a double headed rake attached to the end of a rope
wasused (UWSP, 2008). At locations over 3 m, the vek®allowed to fall to the bottom of the

lake and into the top layer of gament, and then retrieved back to the surface. The size of the
rake head is the same for both techniques, therefore, the area sanvpdedimilar.

Each rake sample was then carefully lifted up through the water column and any plants that
were attached tahe rake were identified and recorded. Additionally, at each site the
abundance of each species and the overall rake was rated eh scle; 0 = no plants present,

1 = plants filling < 1/3 of the rake head, 2 = 1/3 < plants filling < 2/3 of the rake Beadlants

filling > 2/3 of the rake head, 4 = plants over the entire top of the rake (Crowell, 2006). The
following two plant identification keys were used during each sampling rodfettand Plants

and Plant Communities of Minnesota and Wiscorigigges and Reed, 1997) afdtrough the
Looking Glas@Borman et al.1997). This process was repeated at each of the intercept points
until the grid was completed (Crowell, 2006).

Calculations of plant diversity

The calculation of species diversity used weesfloristic quality index (FQI) and was chosen as

the only necessary calculation needed in response to the extremely poor quality of species
sampled. A FQI is useful for several reasons; the most applicable reason for this study is that the
FQI allows foa means of comparison between lakes (Swink and Wilhem 1994; Rocchio 2007). A
FQI uses aspects of both conservation and rarity to allow for a representative calculation to be



73

made that will help to determine how much disturbance a given lake might hayeriexced
(Rocchio 2007).

Every macrophyte in the state of Minnesota has been assigned a coefficient of conservatism
value (evalue) ranging from 0 to 10. Thevalue of all macrophytes sampled from a lake is used
to determine the FQI for a givdake. Species with avalue of 0 include species like CLP
because this species is noative and indicative of a highly disturbed environment. In
comparison, a species like Oakes pondwdgatdmogeton oakesainyifias a evalue of 10
because this specias extremely rare and only found in undisturbed, pristine settings.

Floristic Quality Index (FQI)

CvL_T [ FK({

C= Mean coefficient of conservatism value
S= Number of species in sample

Results from 5/12/2009 Point Intercept Survey

Anthropogenc changes to shoreline habitat and the introduction of CLP have resulted in a lake
environment that is not capable of supporting a high level of floristic diversity. {&afly
pondweedand sago pondweedere the only two species of plants found in Lake f y S& Q&
basin. In addition to a low level of species diversity, only 18/113 (16%) of locations sampled on
Lake Volney had any macrophytes present. Efforts to reestablish macrophytes within the Lake
may provide a valuable means of combating the algal bktmat occur annually. The FQI score
for May 12" survey conducted on Lake Volney is 2.12. Curly leaf pondweed was the most
predominate species sampled during the May survey, and was found at all 18 of the locations
that supported any type of macrogte within Lake Volney (Figure 10.3

Figure10.3.Curlyleaf pondweed distribution on Lake Volney, May'12009



