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TMDL Summary Table  

EPA/MPCA Required 
Elements 

Summary  
 

TMDL 
Page # 

Location Lake Volney is located in the east-central portion of Le 
Sueur County, Minnesota.  At 277 acres, Lake Volney 
represents one of the smaller lake systems found within 
the Cannon River watershed. The Lake Volney 
watershed is only 2,017 acres and therefore represents 
a very small portion of the Cannon River Watershed. The 
Cannon River Watershed is located in south central 
Minnesota and represents a major tributary to the 
Mississippi River. 

 

303(d) Listing 
Information 

 

Describe the waterbody as it is identified on the 
{ǘŀǘŜκ¢ǊƛōŜΩǎ олоόŘύ ƭƛǎǘΥ 

¶ Lake Volney (40003300) 

¶ Affected designated use - Aquatic Recreation 

¶ Pollutant or Stressor ς Nutrient/Eutrophication 

¶ Target start/completion date: 2008/2011 

¶ Original Listing year: 2002 

 

Applicable Water 
Quality Standards/ 
Numeric Targets 

The applicable standards are the water quality standards 
for the North Central Hardwood Forest Ecoregion for 
deep lakes at 40 ppb and recreational standards for all 
class 2B waters.  
 
For adjustments made to the modeled standard values, 
refer to Section 5.3 ς Margin of Safety 
 

 

Loading Capacity 
(expressed as daily 

load) 

Loading capacity: 1.796 lbs/day  
Critical Condition: In summer when TP concentrations 
are typically worst.  

 

Wasteload Allocation 

No existing permitted sources for nutrient loading exist 
within the watershed.  
Construction storm water was estimated at 0.104% of 
the total LA (with the assumption that no more than 
0.104% of the watershed would be under construction 
at any one time). 
 
 
 
 
 

Source Permit # Individual WLA   
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CAFO A 079-66439 Must be 0 

CAFO B 079-80335 Must be 0 

CAFO C 079-99682 Must be 0 

CAFO D 079-66600 Must be 0 

CAFO E 079-99660 Must be 0 

Permitted 

Stormwater 

(i.e. MS4, 

constr.) 

NA 0.104% 

Straight 

Pipe Septic 
NA must be 0 

WWTP A NA NA 

Reserve 

Capacity 
NA NA 

 

Load Allocation Source LA  (lbs/day) 

Watershed 0.431 

Internal Load 0 

Monitored Inflow (V2) 0.957 

Monitored Inflow (V3) 0.128 

Atmospheric 

Precipitation 
0.203 

Natural Background NA 

For this TMDL study, the load allocation is a combination 
of all non-point sources, including natural background. 
This approach was decided on since a numerical 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.   

 

Margin of Safety The MOS was set at 10%, and used to develop the TMDL 
value.  The 10% value was modeled through a standard 
value adjusted to 36 µg/L (40 µg/L less 10%). 

 

Seasonal Variation Within the context of the TMDL, all target reductions are 
calculated for the total nutrient budget of the lake.  This 
budget was developed using annual loading data, and 
targets were determined based on the highest loading 
periods (typically the summer months).  Using these 
methods, seasonal variation was accounted for within 
the annual loading calculation. 

 

Reasonable Assurance To 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.   
 

 



4 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The state of Minnesota requires that an Implementation 
Plan also be developed to address the impairment and 
the methods best suited to meeting the goals of the 
TMDL 

Monitoring A specific monitoring plan has not been created at this 
time.  Monitoring will include existing programs and 
programs to be developed and implemented in the 
future based on watershed goals.  at/!Ωǎ ǿŀǘŜǊǎƘŜŘ 
approach begins in 2011 for the Cannon River 
watershed and will include monitoring for 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, goals, 
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 8.0).     
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1.1 Executive Summary  
The federal Clean Water Act (CWA) requires states to adopt water-quality standards to protect 
surface waters from pollution.  These standards define how much of a pollutant can be in the 
water and still allow it to meet designated uses, such as drinking water, fishing and swimming.  
! ǿŀǘŜǊ ōƻŘȅ ƛǎ άƛƳǇŀƛǊŜŘέ ƛŦ ƛǘ Ŧŀƛƭǎ ǘƻ ƳŜŜǘ ƻƴŜ ƻǊ ƳƻǊŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘΦ  
Section 303(d) of the Clean Water Act requires that states develop Total Maximum Daily Load 
(TMDL) studies for surface waters that do not meet and maintain applicable water quality 
standards.  The TMDL by definition (40 CFR Part 130, section 130.2, 130.7, and 130.10) is the 
sum of all Waste Load Allocations (point source) and Load Allocations (non-point source) with 
the inclusion of a margin of safety and natural background conditions.  A TMDL study reviews 
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 
ŜƭƛƳƛƴŀǘŜ ǘƘŜ ƛƳǇŀƛǊƳŜƴǘ ƻŦ ǘƘŀǘ ǎǳǊŦŀŎŜ ǿŀǘŜǊΩǎ ŘŜǎƛƎƴŀǘŜŘ ǳǎŜΦ  
Lake Volney is located in the east central portion of Le Sueur County, Minnesota.  At 277 acres, 
Lake Volney represents one of the smaller lake systems found within the Cannon River 
watershed. The Cannon River Watershed is located in south central Minnesota and is a 
tributary to the Mississippi River. The Lake Volney watershed covers 2,017 acres and is 
dominated mostly by agricultural land use.  
In 2005, the Minnesota Pollution Control Agency (MPCA) listed Lake Volney as impaired for 
aquatic recreation due to 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 document. In order to meet the TMDL of 1.796 
lbs/day, a 72% reduction needs to be made in Lake Volney. The two main sources 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 as re-establishment of native vegetation 
within the basin itself. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



6 

 

ACKNOWLEDGEMENTS 
 

Project Sponsor 
Water Resources Center, 

Minnesota State University, Mankato 
Shannon Fisher, Director 

 
Project Coordinators 

Joe Pallardy/Katie Brosch Rassmussen 
 
 

MPCA Project Manager 
Shaina Keseley 

 
 

Minnesota DNR Division of Waters 
Greg Kruse 

Daniel Henely 
Lisa Pearson 

 
Technical Support 

Pat Baskfield, MPCA 
Scott Bohling MSU WRC 
John Erdmann, MPCA 

Tom Fisher, BWSR 
Lauren Klement, Lesuer County 

Todd Kolander, DNR 
Steve McComas, Blue Water Science 

Bill Thompson, MPCA 
Aaron Willis, CRWP 

 

 

 

 

 

 

 

 

 

 

 

 



7 

 

 

Abbreviations and Acronyms 

cfs   Cubic Feet per Second 
CLP   Curlyleaf Pondweed 
EPA   Environmental Protection Agency 
GIS   Geographic Information Systems 
MDNR   Minnesota Department of Natural Resources 
mg/L   Milligrams per liter 
MPCA   Minnesota Pollution Control Agency 
NCHF   North Central Hardwood Forest (eco-region) 
NO3+NO2  Nitrate + Nitrite Nitrogen 
PO4   Ortho-phosphorus 
ppm   Part per million 
TMDL   Total Maximum Daily Load 
TN   Total Nitrogen 
TP   Total Phosphorus 
TSS   Total Suspended Sediment 
mg/L   Milligrams per liter 
 µg/L   Micrograms per liter 
WRC   Water Resources Center (Minnesota State University, Mankato) 
BMP    Best Management Practice 
CWA    Clean Water Act 
LA    Load Allocation 
MOS    Margin of Safety 
QA/QC   Quality Assurance/Quality Control 
QAPP    Quality Assurance Protection Plan 
RC    Reserve Capacity 
WLA    Waste Load Allocation   
 

 

 

 

 

 

 

 

 

 

 

 

 



8 

 

Table of Contents 

Section 1.0 - Introduction 
  1.1 Site Description 
  1.2 Problem Statement 
  1.3 Purpose 
Section 2.0 ς Background information 
  2.1 Landscape and Setting 

                A Watershed, Lake and inflow/outflow description  
 2.2 Lake Characteristics 
  2.2 A Lake 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 analysis (Appendix A)  
 2.7 Recreational use 

Section 3.0 ς Applicable Water Quality Standards / Water Quality Numeric Targets 
 3.1 Description of Excess Nutrients  
 3.2 Applicable Minnesota Water Quality Standards  

3.3 Minnesota Standards for Class 2 B Lakes 
Section 4.0 ς Water Quality Data and Analysis 

 4.1 Data Collection 
 4.2 Monitoring Parameters  

                 4.3 Data Summary 
  4.4 Flux Results 
  4.5 In-lake Results 
   4.5 A. 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 ς 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 and Residential Sources 
   5.2. E. Failing SSTS 



9 

 

   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 ς Implementation Plan  
Section 7.0 ς Reasonable Assurance  
Section 8.0 ς Public Participation  
Section 9.0 ς References  
Appendix A: MPCA Biological Monitoring Report for the Lake Volney Wetland 
Appendix B: Blue-Green Algae Rapid Response Summary 
Appendix C: /ŀǊƭǎƻƴΩǎ ¢ǊƻǇƘƛŎ State Index values 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 Land use Characteristics for the Lake Volney watershed. 
Table 2.5 A. Average daily maximum and minimum temperature and average precipitation for Le Sueur 
County, Minnesota 1971-2000 (USDA Natural Resources Conservation Service).  
Table 3.2. Applicable Minnesota Water Quality Standards. 
Table 4.2. Sample Method Data. 
Table 4.3 A. V2 water quality data summation for 2009/10 monitoring season. 
Table 4.3 C. V3 water quality data summation for 2009/10 monitoring season.  
Table 4.3 D. V4 water quality data summation for 2009/10 monitoring season. 
Table 4.3 E. V5 water quality data summation. 
Table 4.3 F. V6 water quality data summation. 
Table 4.4 A. Flux results for Lake Volney monitored inflow/outflows. 
Table 4.7 A: Lake Volney MINLEAP model predictions using 2009 data. 
Table 4.7 B: Lake Volney MINLEAP model predictions using 2010 data. 
Table 4.7 C: Lake Volney MINLEAP model predictions using 2009 and 2010 data. 
Table 4.8 A: BATHTUB initial predictions Lake Volney. 
Table 4.8 B. Predicted loads for Lake Volney. 
Table 4.8 C. BATHTUB results corrected for internal loading.  
Table 4.8 D. Mass Balance with internal loading added. 
Table 4.8 E. Lake Volney BATHTUB modeled to standards. 
Table 4.8 F. Lake Volney mass balance modeled to standards.  
Table 4.9 A. Lake Volney Mass Balance. 
Table 5.2. A. Pre-settlement TP concentrations based on diatom reconstruction.  

Table 5.6 A.1. Current daily TP load and reduction needed to meet TMDL seperated by the major 
sources. 
Table 5.6 A.2. Total phosphorus wasteload, load allocation, and TMDL daily and annual loads.  

15 
19 
21 
22 
26 
28 
29 
30 
32 
33 
33 
42 
42 
43 
45 
45 
46 
46 
47 
47 
48 
53 
59 
 
59 

 

List of Figures 

Table Page 
Number 

Figure 2.1 A: Geographical location of the Lake Volney Watershed. 
Figure 2.1 B. Land use in the Lake Volney watershed is comprised mostly of agriculture. At a total 
acreage of 2,017 acres, the watershed to lake ratio for Lake Volney is approximately 7.3:1. Lakes that 
have a watershed to lake ratios less than 10:1 often have a greater potential for restoration. 
Figure 2.1 C. Lake Volney sub-watersheds calculated using ARCSWAT watershed delineation tool and 
10 meter DEM clipped to the Lake Volney watershed boundary. 
Figure 2.4 A. Soil profile for the Lake Volney Watershed.  
Figure 2.6 A. Commercial fishing operations on Lake Volney removed large quantities of carp and 
buffalo from Lake Volney in July, 2009.  
Figure 3.2. ¢ƘŜ b/IC ǎǘŀƴŘŀǊŘ ŦƻǊ ŘŜŜǇ ƭŀƪŜǎ ŜǉǳŀǘŜǎ ǘƻ ŀ /ŀǊƭǎƻƴΩǎ ¢{L ǎŎƻǊŜ ƻŦ рсΦрΦ  
Figure 4.3 A. Monitoring location V2 flows into the northeast corner of Lake Volney. 
CƛƎǳǊŜ пΦо .Φ aƻƴƛǘƻǊƛƴƎ ƭƻŎŀǘƛƻƴ ±о Ŧƭƻǿǎ ƛƴǘƻ [ŀƪŜ ±ƻƭƴŜȅΩǎ ǿŜǎǘŜǊƴ Ƴƻǎǘ ǎƘƻǊŜƭƛƴŜ 
Figure 4.3 C. TMDL outflow monitoring site V4 is located on the southern shoreline of Lake Volney.  
Figure 4.3 D. TMDL grab sample location V5 is located on the northern shoreline of Lake Volney. 
Figure 4.3 E. TMDL grab sample location V6 is located on the northwestern shoreline of Lake Volney. 
Figure 4.5 C.1. The TP concentration observed in water quality samples collected during the 2009 
season was consistently above the NCHF ecoregion standard (indicated by green bar) except for a brief 
period in mid-September. 
Figure 4.5 C.2. The TP concentration observed in water quality samples collected during the 2010 

14 
16 
 
 
16 
 
18 
20 
 
23 
28 
28 
29 
31 
32 
36 
 
 
36 



11 

 

season was consistently above the NCHF ecoregion standard (indicated by green bar) except for a brief 
period in mid-September. 
Figure 4.5 C.3. 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 
in 2009. The NCHF ecoregion standard for TP is 0.040 mg/l. 
Figure 4.5 C.4. 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 
in 2010. The NCHF ecoregion standard for TP is 0.040 mg/l. 
Figure 4.5 C.5. The Chl-a concentration of water quality samples was less (better) than the NCHF 
ecoregion standard of 14  µg/L during a majority of the 2009 monitoring season.  
Figure 4.5 C.6. The Chl-a concentration of water quality samples was less (better) than the NCHF 
ecoregion standard of 14  µg/L during 8 of 15 samples collected in 2010. 
Figure 4.5 C.7. Secchi disk readings exceeded the NCHF standard for deep lakes of 1.4 m throughout 
the 2009 monitoring season with the exception of a brief period in late July and early August during 
which an aphanizomenon bloom occurred.  
Figure 4.5 C.8. Secchi disk readings exceeded the NCHF standard for deep lakes of 1.4 m during most 
of the 2010 monitoring season. The only exception was a late April sampling event and a brief period 
in late July and early August during which an aphanizomenon bloom occurred.  
Figure 4.5 C.9. Carlson Trophic State Index based on TMDL data collected in 2009/10 for Lake Volney.  
Figure 4.6 A. Schematic diagram of the contributing area associated with each monitored inflow/grab 
sample location within the Lake Volney watershed. * These sites could not directly be represented 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 permitted feedlots within the Lake Volney watershed. 
Figure 5.2 A. Location of culverts/sewer lines entering into Lake Volney. 

 
 
37 
 
 
37 
 
 
38 
 
39 
 
39 
 
 
40 
 
 
40 
41 
 
 
 
49 
52 
56 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction 



12 

 

 
1.1 Site Description 
Lake Volney, located in Le Sueur County Minnesota is a small lake at only 277 acres; however, 
Lake Volney has a maximum depth of 65 feet and a mean depth of 22.7 feet making it one of 
the deepest lakes in southern Minnesota. Lake Volney is situated in a watershed that is 
comprised of moderate to steeply sloping hills that have been cleared primarily for agricultural 
purposes.  The total acreage within the Lake Volney watershed is 2,017 acres; most of the 
watershed is dominated by agricultural land use. The watershed to lake 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 LLC). Lake Volney is a dimictic waterbody, meaning it has two periods 
ǿƘŜǊŜ ǘƘŜ ƭŀƪŜ ƳƛȄŜǎ ƻǊ άǘǳǊƴǎ ƻǾŜǊέ ǘƘŀǘ ƻŎŎǳǊ ŀƴƴǳŀƭƭȅΦ ¢ƘŜ ǎǘǊŀǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘƛǎ ƭŀƪŜ ƛǎ ƘƛƎƘƭȅ 
beneficial to the water quality of this basin because a large percentage of the phosphorus load 
is retained within the hypolimnion (bottom layer of lake during stratification) during a majority 
of the sampling season. The combination of a small watershed-to lake ratio and the thermal 
stratification of the Lake Volney basin give this waterbody a better than average chance for 
restoration.  
 Fifty-four percent ƻŦ [ŀƪŜ ±ƻƭƴŜȅΩǎ ǎǳǊŦŀŎŜ ŀǊŜa is greater than 15 feet deep; therefore, 
approximately 46% of the surface area is within the littoral zone that is capable of supporting 
plant growth. Although curly-leaf pondweed (CLP) has been found in Lake Volney, the growth of 
this species has not become problematic. Moderately dense stands of CLP were found in a 
small percentage of the lake in 2010. The sediment within Lake Volney has been found to be 
not conducive to supporting extremely dense stands of CLP (Pers. Comm. Steve McComas, 
2008). The overall macrophyte community found in Lake Volney is extremely limited, with a 
total of three species found during the point intercept surveys conducted in 2009.  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 analysis was to quantify the nutrient reduction that 
will be required to meet the water quality standards established for lakes in the North Central 
Hardwood Forest (NCHF) eco-region. Furthermore, this study identified the largest sources of 
nutrients (phosphorus) to Lake Volney and complements existing studies to provide reduction 
strategies for source areas in accordance with section 303(d) of the Clean Water Act. 
 
1.3 Problem Statement 
Prior to ǘƘŜ мфулΩs, Lake Volney was considered a favorite swimming location of many residents 
in Le Sueur County. However, due 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 the last 20 
years in response to the algal blooms which seem to now plague the lake (Schuler, 1997).  
Several citizen complaints were filed to the 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 
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present in Lake Volney during the summer of 1986. Results from this 1986 study documented 
TP concentrations of 160  µg/L; placing Lake Volney at the 92nd percentile in a sample of 1,028 
Minnesota lakes (Wilson, 1987). Lake Volney was listed as impaired for aquatic recreation in 
2002; excess nutrient/eutrophication was the defined stressor. Lake Volney is in the NCHF 
ecoregion and is a deep lake, and therefore needs to meet standard of 40  µg/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 watershed since it has historically 
been the dominant source of nutrients to Lake Volney.   Elevated TP concentrations were again 
observed in water quality samples taken from this ditch system in 2009 and 2010. The 
Minnesota Pollution Control Agency (MPCA) conducted a comprehensive survey of the wetland 
in the summer of 2010, results from this survey indicate that the wetland is severely degraded 
and may be acting as a source of nutrients to the lake (Appendix 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 summer. Documentation of a severe 
blue-green algae bloom consisting mostly of (Aphanizomenon sp. and Microsystis sp.) occurred 
in the summer of 2009, and 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 lake at this time. In 2009, there were two reported cases 
where children experienced rashes, while 1 child experienced a fever after swimming in Lake 
Volney. Additionally, a dog was reported to be near death after playing fetch in the water 
during the summer of 2009. Additional information regarding the sampling of blue-green algae 
following the protocol designed by the MPCA (Pers. Comm. Steve Heiskary) can be seen in 
Appendix B.  
²ŀǘŜǊ ǉǳŀƭƛǘȅ ǎŀƳǇƭŜǎ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ мффлΩǎ ǘƘǊƻǳƎƘ ǘƘŜ нлллΩǎ ƘŀǾŜ ŎƻƴǎƛǎǘŜƴǘƭȅ 
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 the basin based on water quality samples taken in 
1993 and again in 2007 (Appendix C).  /ŀǊƭǎƻƴΩǎ ¢ǊƻǇƘƛŎ LƴŘŜȄ ƛǎ ŎƻƳƳƻƴƭȅ ōǊƻƪŜ Řƻǿƴ ƛƴǘƻ ǘƘŜ 
three following categories: 
 

¶ Oligotrophic -generally very little or no aquatic vegetation, high water clarity  
¶ Mesotrophic ς Moderate aquatic vegetation, with moderate water clarity. 
¶ Eutrophic.  ς Abundant aquatic vegetation, with lower water clarity. 
¶ Lakes with extreme trophic indices may also be considered hyperoligotrophic or 

hypereutrophic. 
 
/ŀǊƭǎƻƴΩǎ ¢ǊƻǇƘƛŎ {ǘŀǘŜ LƴŘŜȄ Ǿŀlues Lake Volney indicate that eutrophic conditions have 
persisted on Lake Volney for the past 15 years.  Members of the community want to see Lake 
Volney restored to the lake it once was. Efforts in 2009 to restore the public beach on the 
southern shore of Lake Volney represent the vision the community has and the beginning 
stages of returning Lake Volney to a more pristine state.   
 
Section 2.0 Background Information 
2.1 Landscape and Setting 
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A. Watershed and Lake Description 
The Lake Volney watershed is located in the 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 Basin (Figure 2.1 A.).   
 

 
 Figure 2.1 A: Geographical location of the Mississippi River Basin (i), Cannon River Watershed(ii) and Lake 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 Forest ecoregion; however the 
watershed is located close to the border of the Western Cornbelt ecoregion. Land use within 
the watershed features characteristics common to both ecoregions (Figure 2.1 A). All land use 
data is based on the 2009 NASS land use statistics, which is the most current version available 
during the creation of the TMDL.   
Lake VolneyΩǎ watershed is 2,017 acres. Cultivated land use practices account for 52% of the 
total watershed area represented mostly by corn and soybean (Figure 2.1B; Table 2.1.).  
Housing subdivisions, 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 sloped with interspersed poorly drained swales 

iii.) Lake VolneyWatershed
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and sloughs (Schuler, 1997). Historically, much of the watershed was covered with hardwoods; 
a vast majority of these hardwoods have been cleared for agricultural land use upon settlement 
(Schuler, 1997).  
The Lake Volney watershed can be further subdivided into subwatersheds based upon the 
hydrology of the landscape (Figure 2.1 C.). A comparison of nutrient inflows from each of the 
different subwatersheds is useful because it provides a method for identifying areas of the 
watershed that contribute a disproportionate amount of nutrients.  Each of the two monitored 
inflow locations has a defined sub watershed; these two sub watersheds have historically 
contributed the greatest amount of flow and nutrients to Lake Volney (Figures 2.1 C).  
Discharge from the largest ditch system draining the north eastern portion of the watershed 
and passing through monitoring location V2 has historically contributed a majority of the TP 
entering into Lake Volney. Discharge from a small ditch system 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 Volney.  Additional sub watersheds exist within the Lake 
Volney watershed and periodically contribute flow. An attempt was made to collect grab 
samples from these subwatersheds when flow was present; however, loading from these sites 
have not historically contributed a large proportion of the overall nutrient load and this project 
did not calculate loads at these other locations. 
 
Table 2.1. Summary of Land use Characteristics for the Lake Volney watershed.  

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 

Grassland-Herbaceous 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 
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Figure 2.1 B. Land use in the Lake Volney watershed is comprised mostly of agriculture (corn, soybean, sweet corn, 
alfalfa, dry beans, and peas). The land uses within the watershed were determined using the 2009 National 
!ƎǊƛŎǳƭǘǳǊŜ {ǘŀǘƛǎǘƛŎ {ŜǊǾƛŎŜΩǎ ƭŀƴŘ ǳǎŜ ƭŀȅŜǊΦ 
 
 

 
Figure 2.1 C. Lake Volney sub-watersheds calculated using ARCSWAT watershed delineation tool and 10 meter 
DEM clipped to the Lake Volney watershed boundary. Monitoring site V2 is comprised of subwatersheds 1,2, and 
3. Monitoring site V3 is comprised of subwatershed 9. 
 

 
 
 

 
V3 

 
V2 

 
V7 
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2.2 Lake Volney Hydrology  
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 Volney (Figure 2.1 C). 
Discharge from this 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 season (Figure 2.1 E). Together these sites comprised close to 92% of the total flow 
volume (not including runoff from the watershed)entering Lake Volney during the 1995 study; 
therefore, these locations were chosen as the main sampling points for the TMDL study. Based 
on data collected during the 2009 and 2010 sampling seasons, flow from V2 was again the 
dominant surface water inflow site within the watershed. Flow passing through V2 represented 
35.5% of the total flow by volume entering Lake Volney during this study; V3 contributed 12.9% 
of the total flow by volume to Lake Volney. The remaining 51.6% of the flow volume to Lake 
Volney was derived from overland flow from the watershed, contributions from tile lines and 
non-monitored inlets, and from direct precipitation.  
 
2.3 Geography  
Lake Volney is located in the eastern portion of Le Sueur County. The eastern portion of Le 
Sueur County contains several lakes and small streams that influence the downstream water 
quality of the Cannon River and subsequently, the Mississippi River. The surrounding 
geographic landscape was formed during the period of glaciation that began nearly 2 million 
years ago and ended about 10,000 years ago (Le Sueur County, 1994). During this time, the Des 
Moines lobe of the Late Wisconsin Glaciations deposited yellowish gray, calcareous, medium 
textured material across all of Le Sueur County (Le Sueur County, 1994). Lake Volney was 
mostly likely formed from an ice block deposited in glacial till (Wilson, 1997).   In the central 
portion of the county where Lake Volney is located, the landscape consists mostly of upland 
habitat with some rolling hills separated by swales and drainage ways (Le Sueur County, 1994).  
Much of the soil in Le Sueur County is poorly drained; therefore a large proportion of farmland 
is artificially drained with tile lines (Le Sueur County, 1994).  
 
2.4 Soils 
A total of eleven different soil associations are found within the Lake Volney watershed; (Figure 
2.4 A). Four of these soil associations are more common than others within the watershed. 
Kilkenny clay loams can be found on slopes from 2-18 percent; however a majority of this soil 
type is found on slopes between 6 and 12 percent. This soil association is often found in areas 
where erosion has occurred within the watershed and is represented by the yellow areas in 
Figure 2.4 A. Lerdal clay loams are found on portions of the watershed with slopes from 2- 12 
percent; these soils are typically found on upland habitats that 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 agriculture; these 
soils are colored pink in Figure 2.4 A. The 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 have been drained for agricultural purposes, therefore extensive tile drainage exists 



18 

 

within these areas. Dassel loams (dark blue) are found around the eastern and western 
shoreline of Lake Volney and consist of a fine sandy material. Dundas soils (white) are only 
found in one location in the watershed, typically Dundas soils are black and poorly drained 
(Anoka County SWCD Soil Directory).   
 

 
Figure 2.4 A. Soil profile for the Lake Volney Watershed 

 
2.5 Climate 
 
2.5 A Temperature 
Climatological data was taken daily at St. Peter located in Le Sueur County, Minnesota over the 
course of 30 years from 1971 to 2000 by the United States Department of Agriculture Natural 
Resources Conservation Service (USDA NRCS, 2010). Results from this data depict an average 
daily maximum temperature of 56.0ºF and an average daily minimum temperature of 34.5ºF. 
On average, January is the coldest month of year, and July is the warmest (Table 2.5 A; USDA 
NRCS, 2010). The total number of growing degree days in the 30 year time frame for southern 
Minnesota crops was averaged at 4,648 days with a threshold of 40ºF.  
 
2.5 B Precipitation 
Between 1971 and 2000, there was an average of 29.67 inches of precipitation per year in Le 
Sueur County, Minnesota (USDA NRCS, 2010).  There is also an average of 29.6 inches of snow 
falling per year with at least 1 inch of snow being present on the ground an average of 41 days 
per year (USDA NRCS, 2010). There will usually be at least one inch of snow that falls per month 
between November and April. On 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 2.5A; USDA NRCS, 2010). A TR 525 rain gauge equipped with a tipping 
bucket located near the Jefferson-German Chain of Lakes (approximately 15 miles south of Lake 
Volney) in Cleveland, MN was used to determine the amount of precipitation that had fallen 
within the watershed in 2009 and 2010. A similar device was placed in the Lake Volney 
watershed; however, this device failed to record accurate precipitation data.  Precipitation data 
collected by the rain gauge includes results from the dry 2009 monitoring season and the wet 
2010 monitoring season. Rainfall total during the 2009 monitoring season (4/3-11/1/2009) was 
18.14 inches; rainfall total for the 2010 monitoring season (3/16-11/5/2010) was 27.55 inches. 
Rainfall totals during the 1993 sampling season (April-September) was 35.9 inches; indicative of 
the very wet conditions that existed during this study (Le Sueur County, 1994). The 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 difference 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 A.  Average daily maximum/minimum temperatures and average precipitation for Le Sueur County, 
Minnesota 1971-2000 (USDA Natural Resources Conservation Service). Precipitation data observed during the 
2009/10 monitoring seasons represents rainfall totals from a very dry 2009 year and a wet 2010 year.  

 
2.6 Biological Monitoring 
 
2.6 A Fishery survey and analysis 
Lake Volney was last surveyed by the MNDNR in 2008; results from this survey indicate the 
walleye population has remained stable since the 2006 survey (MNDNR, 2011). Walleye caught 
in gill nets ranged in size from 16 to 22 inches (MNDNR, 2011). Black crappies were the most 
abundant fish surveyed in trap nets, and were also commonly sampled in gill nets (MNDNR, 

Month Avg. 
Max 
Temp 

Avg. 
Min. 
Temp 

Avg.  Monthly 
Precipitation 
(inches) 

2009 Precipitation 
Data Summary/ Rain 
Gauge Reading 

2010 Precipitation 
Data Summary/Rain 
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 42.1 22.4 1.89 Very wet/NA Below Average/NA 
April 58.1 34.6 2.29 Below Average/1.57 Below Average/1.54 
May 71.7 47.1 3.55 Drought/1.23 Below Average/2.41 
June 80.3 56.7 4.89 Drought/3.01 Wet/5.91 
July 83.8 61.3 3.94 Drought/1.84 Wet/5.38 

August 81.2 59.0 4.12 Above Average/5.25 Below Average/3.22 

September 73.2 49.0 2.76 Drought/ 0.46 Extremely Wet/7.88 

October 60.8 37.0 2.22 Above Average/4.78 Below Average/1.15 

November 41.1 24.1 1.7 Below Average/NA Above Average 

December 27.5 9.7 0.89 Below Average/NA Average 

  Total (Apr-Oct.) 23.77 18.14 27.49 
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2011). Yellow perch represented a majority of the 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 Volney (MNDNR, 2011). Common carp are 
extremely abundant in Lake Volney and were sampled at sizes ranging from 27 to 37 inches 
during the 2008 survey. A commercial fishing operation removed 10,000 pounds of common 
carp and buffalo in July of 2009 and 40,000 pounds of carp in November, 2009 (Figure 2.6 A).  
 
 

 
Figure 2.6 A. Commercial fishing operations on Lake Volney removed large quantities of carp and buffalo from Lake 
Volney in July, 2009. 

 
 The lack of emergent, submergent, and floating leaf vegetation on Lake Volney may limit the 
potential for this system to support game species such as northern pike, largemouth bass, and 
bluegill.  Overall, a majority of the shoreline on Lake Volney has been developed; a portion of 
the eastern shoreline contains some natural vegetation. The restoration of natural shoreline 
vegetation and the enhancement of the existing submergent macrophyte community would 
likely be beneficial to the fishery.  
 
2.6 B Plant Survey and Analysis 
Staff from the Water Resource Center in coordination with the Minnesota Pollution Control 
Agency used a point-intercept sampling technique to provide a representative survey of the 
aquatic plant community on Lake Volney. Lake Volney was sampled twice in 2009; the first 
survey was completed on May 12th, when CLP was most abundant. The second survey was 
completed on August 11th when native species are typically most abundant in Lake Volney.  
Overall, the aquatic plant community of Lake Volney is extremely limited. The deep 
morphometry and composition of sediment found in Lake Volney prohibits extensive 
macrophyte growth. Results from both aquatic plant surveys illustrate the lack of macrophyte 
growth within this basin (Appendix D).  
 
2.7 Recreational Use 
In the 1960's and 70's Lake VolneyΩǎ Ŏƻǳƴǘȅ ǇŀǊƪ was the popular swimming place for Le Sueur 
County. Many people living in the towns of Montgomery and Le Center, and Le Sueur went to 
the County Park and beach. There was a large public building, a concession stand, and a large 
dock with a large raft in deeper water. Students from Montgomery were transported by bus for 
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swimming lessons.  The lake was reported to be extremely clear at that time. !ŦǘŜǊ ǘƘŜ мфтлΩǎΣ 
the lake quality declined and so did the amount of people recreating.  
Since the public beach was restored in 2009; this facility has been used more consistently by 
lakeshore owners and members of the county on a consistent basis throughout the monitoring 
season. Lake Volney occasionally became very busy during the summer months, with multiple 
user groups present.  The use of the public beach and the presence of a large number of 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 ς Applicable Water Quality Standards and Water Quality Numeric Targets 
 
3.1 Description of Excess Nutrients  
 
Phosphorus (P) and nitrogen (N) are the primary nutrients that, in excessive amounts, pollute 
our lakes, streams, and wetlands (MPCA, 2008).  While both N and P are elements of the 
impaired waters listing, P is the focus 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.  However, it is important to note that the actual amount available for biological 
uptake depends on its chemical form.  The two types of phosphorus sampled within Lake 
Volney were Total Phosphorus (TP) and Ortho-phosphorus (OP).  While OP is the form most 
readily used by plant life due to its chemical nature, TP 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 all in-lake samples taken from the epiliminion during the 2009 
and 2010 monitoring was 84 µg/L. This value is more than two times the NCHF eco region 
standard for deep lakes (Table 3.2).   
 
Nitrogen is another important nutrient for biological growth, and like P, it also can exist in 
several different chemical forms that will influence its availability to plants and algae. Lakes that 
have N to P ratios less than 16:1 create conditions of N limitation that favor blue-green algae 
species that have the ability to fixated N (Schuler, 1997).   Nitrates and Nitrites were however 
only measured at inflow/outflow sites. Results from the analysis of these samples demonstrate 
that the ratio of nitrogen coming into Lake Volney is still more than 16 times the amount of 
phosphorus that comes into the system. Inflow from monitoring location V3 had an amazing 
mean TN to TP ratio of 45:1 in 2009 and 68:1 in 2010.  Interestingly, the TN to TP ratio leaving 
the system was only 1.3:1 in 2009 and 4.8:1 in 2010. The low TN to TP ratio observed at the 
outlet site suggests that Lake Volney is serving as a massive nitrogen άretention pointέ. 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 processes 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, nutrients such as P are 
bound to particulate matter and carried into lakes. Particulate P is continually removed from 
the upper layers of water due to sedimentation, but can potentially be recycled within the 
water column through bio-turbation, or during certain anoxic conditions.    
 
Bio-turbation that causes the re-suspension of sediments can cause an additional exchange of 
nutrients, including P, between the sediment and the water column.  Rooted aquatic plants can 
provide natural fish habitat and can help counteract algae blooms by stabilizing sediments.  
 
Lastly, chlorophyll, specifically chlorophyll-a (chl-a), is a pigment produced by algae.  By 
measuring chl-a concentrations, it is possible to estimate the level or frequency of algal 
production in a lake.  During the 2009 and 2010 monitoring season, the average chl-a 
concentration was 18 µg/L. Concentrations from 10-20 µg/L would be perceived as a mild algal 
bloom, while concentrations greater than 30 µg/L would generally be perceived as severe 
nuisance conditions (Heiskary and Walker, 1988). Chl-a levels were significantly the highest 
during the immense aphanizomenon bloom that occurred in both 2009 and 2010; Chl-a 
concentrations peaked at 68 µg/L during the worse bloom that occurred in the last week of July 
in 2009.  
 
3.2 Applicable Minnesota Water Quality Standards  
 
The MPCA uses ecoregion-ōŀǎŜŘ ǘƻǘŀƭ ǇƘƻǎǇƘƻǊǳǎ ƎǳƛŘŜƭƛƴŜǎ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ /ŀǊƭǎƻƴΩǎ 
Trophic State Index (TSI) to classify lakes in their level of quality for aquatic recreation (Table 
3.2). 
 
Table 3.2 ς Applicable Minnesota Water Quality Standards (ppb is equivalent to µg/L). 

 
These suggested values can be compared to the TSI scale.  This scale ranges from 1 to 150, with 
the higher value reflecting higher nutrient loading.  Different parameters are used to develop 
the final TSI calculation.  These parameters include the TP (ppb), Chl-a (ppb), and secchi 
transparency (m) (Figure 3.2).   
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Figure 3.2: The NCHF standard for deep lakes equates ǘƻ ŀ /ŀǊƭǎƻƴΩǎ ¢{L ǎŎƻǊŜ ƻŦ рсΦ5. 

 
The federal Clean Water Act (CWA) requires states to adopt water-quality 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 water, or aquatic 
recreation.  ! ǿŀǘŜǊ ōƻŘȅ ƛǎ άƛƳǇŀƛǊŜŘέ ƛŦ ƛǘ Ŧŀƛƭǎ ǘƻ ƳŜŜǘ ƻƴŜ ƻǊ ƳƻǊŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎΦ  
Once the water is listed as impaired, it must have a TMDL study completed to determine to 
what level the water body is impaired, why it is impaired and what measures need to be taken 
for restoration. 
  
Water quality standards have existed in Minnesota since 1967, and have been periodically 
ǳǇŘŀǘŜŘ ƻǊ ŀŘŘŜŘ ǘƻ ǿƛǘƘ ƴŜǿ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴΦ  aƛƴƴŜǎƻǘŀΩǎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎ 
meet or exceed federal requirements (MPCA website, 2008).  While water quality standards 
ƛƴŎƭǳŘŜ ǎŜǾŜǊŀƭ ŎƻƳǇƻƴŜƴǘǎΣ ǘƘƛǎ ¢a5[ ƛǎ ǇǊƛƳŀǊƛƭȅ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ άōŜƴŜŦƛŎƛŀƭ ǳǎŜǎέ ŀƴŘ 
άƴǳƳŜǊƛŎ ǎǘŀƴŘŀǊŘǎέΦ   
 
3.2 A. Beneficial Uses  
ά.ŜƴŜŦƛŎƛŀƭ ǳǎŜǎ, the identification of the uses our water resources provide to people and 
wildlife,έ 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 are defined in Minn. R. 7050.0200. These uses and the 
use-class designations are listed below. The class numbers 1ς7 are not intended to imply a 
priority ranking to the uses (MPCA website, 2008). Lake Volney is a class 2 water of the state.  

Class 1. Domestic Consumption 
Class 2. Aquatic Life and Recreation 
Class 3. Industrial Consumption 
Class 4. Agriculture and Wildlife 
Class 5. Aesthetic Enjoyment and Navigation 
Class 6. Other Uses 
Class 7. Limited Resource Value 
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3.2 B. Numeric Standards 
Numeric standards ς allowable concentrations of specific pollutants in a waterbody, established 
to protect the beneficial uses. aƛƴƴŜǎƻǘŀΩǎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎ ƛƴŎƭǳŘŜ ŀ ƴǳƳŜǊƛŎ ŎǊƛǘŜǊƛƻƴ 
for nutrient impairment as a measure of whether a water body meets its designated uses. 
Specifically, Minn R. ch. 7050.0220, Specific Standards of Quality by Associated Use Classes, 
states:  

ΦΦΦ ά¢ƘŜ ƴǳƳŜǊƛŎŀƭ ŀƴŘ ƴŀǊǊŀǘƛǾŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎ ƛƴ ǇŀǊǘǎ тлрлΦлннм ǘƻ 
7050.0227 prescribe the qualities or properties of the waters of the state 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 designated uses or 
ŜǎǘŀōƭƛǎƘŜŘ ŎƭŀǎǎŜǎ ƻŦ ǘƘŜ ǿŀǘŜǊǎ ƻŦ ǘƘŜ ǎǘŀǘŜΦέ 
 

3.2 C. Class 2B waters  
The primary water classification that this TMDL addresses are 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 ς Minnesota Standards for Class 2B Lakes 
 
The state of Minnesota has long recognized excess nutrient loading as a primary pollutant 
ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ ŜǳǘǊƻǇƘƛŎŀǘƛƻƴ ƻŦ ƭŀƪŜǎ όaƛƴƴŜǎƻǘŀΩǎ олр. ǊŜǇƻǊǘ ǘƻ /ƻƴƎǊŜǎǎύΦ   
In order to properly assess and rank the water quality within a lake system, all water quality 
standards and criteria were developed using eco-region and area specific sample data.  Lakes 
were ranked and categorized by common characteristics, such as depth/lake morphometry, 
lake ecology, geographic setting, and reference lake conditions.  Because of regional diversity in 
lake and watershed characteristics, it was felt that a single total phosphorus value could not be 
adopted as a statewide criterion for lake protection in Minnesota (Heiskary, et al. 1987). By 
using the eco-region derived data, natural lake loading is taken into account, and lakes are 
assessed based on natural landscape settings, local land use, and loading typical 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 lakes were used accordingly (Table 3.2).  
 
The full report can be found on the MPCA website: 

http://www.pca.state.mn.us/publications/reports/lwq-a-nutrientcriteria.pdf 
 
Section 4.0 ς Water Quality data 
4.1 ς Data collection 
 
Additional monitoring was completed through the TMDL to continue assessing the current 
water quality, as well as gather additional data to be used for the BATHTUB modeling program. 
Many previous projects collected additional water quality data, which will be used within the 

http://www.pca.state.mn.us/publications/reports/lwq-a-nutrientcriteria.pdf
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TMDL whenever possible (1986 MPCA Lake Assessment Program, 1995 Diagnostic and 
Feasibility Study; Schuler, 1997). Many of these prior studies gathered additional water quality 
data that will be used within the TMDL whenever possible.  While many of these studies have 
investigated 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 can help 
provide a framework to investigate how the lake has changed over time.  
Water quality data was collected via grab samples at inflow/out flow sites using sterile bottles 
supplied through Minnesota Valley Testing Laboratories (MVTL) a MDH certified lab.  In-lake 
samples were taken two meters below the water surface at a geo-located position using a two 
meter long integrated sampler. Additional deep lake samples were taken below the 
thermocline during periods of thermal stratification using a Van Dorn sampler. 
 
 
4.2 Monitoring Parameters 
 
4.2 A ς Phosphorus (P) 
Phosphorus data was collected both within Lake Volney and at surface water inflows/outflows. 
The P samples were then delivered to MVTL in New Ulm and analyzed for both Total and Ortho 
phosphorus concentrations (Table 4.2).   
 
4.2 B ς Nitrogen (N) 
Nitrogen data was collected very similarly to the P data; using grab samples at the 
inflow/outflow sites, in-lake water quality samples were not analyzed for their N content.  The 
N samples were analyzed for nitrate-nitrite nitrogen (Table 4.2). 
 
4.2 C ς Chlorophyll-a (Chl-a) 
Chl-a data was also collected at the Lake Volney in-lake sampling site using the below surface 
sample method.  Chl-a was not sampled at the inflow/outflow sites. All samples are collected, 
and then temporarily stored in an opaque plastic or amber glass bottle to prevent any 
additional development or breakdown of the Chl-a within the sample.   
 
4.2 D ς Temperature, Dissolved Oxygen (DO), Specific Conductance (SCond), and pH 
Temperature, DO, SCond, and pH data were collected using a YSI 6820 V2 Data Sonde 
connected to a YSI 650 multiparameter handheld display unit. This unit was equipped with a 23 
m (75 ft.) cable that allowed vertical profiles to be taken of the entire water column at 1 m 
intervals at the in-lake sampling location. The unit was lowered slowly into the water and 
allowed to equilibrate at each depth interval until a constant reading was achieved (Table 4.2).  
 
4.2 E ς Secchi Depth 
The Secchi disk is a flat, circular object used to measure water transparency in oceans and 
lakes. The disc is divided into four evenly spaced sections alternating with colors of black and 
white. The disc is mounted on a pole or line, and lowered down in the water. The depth at 
which the pattern on the disk is no longer visible is taken as a measure of the transparency of 
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the water. This measure is known as the Secchi depth and is related to water turbidity (Table 
4.2). 
 
Table 4.2 ς Sample Method Data 

Analyte Sample 
Quantity 

Sample 
Container 

Preservative Holding 
Time 

Analytical Method 

Chlorophyll a 
 

1 L Amber glass Cool to 4°C 4 HϞ SM* 10200 H 

Total 
Phosphorus 

500 mL Plastic H2SO4 to pH 
<2,  
Cool to 4°C 

28 D EPA 365.1 Rev 2.0 

Ortho- 
Phosphorus 
 

500 mL Plastic Cool to 4°C 2 D EPA 365.1 Rev 2.0 

Nitrate + 
Nitrite 

250 mL Plastic H2SO4 to pH 
<2,  
Cool to 4°C 

28 D EPA 353.2 Rev 2.0 

Total 
Suspended 
Solids 

500 mL Plastic Cool to 4°C 7 D USGS I-3765-85 

ϞMay be stored on ice in the dark for up to 48 hrs. prior to analysis, otherwise, filter within 48 
ƘǊǎΦ ŀƴŘ ǎǘƻǊŜ ŦǊƻȊŜƴ ŀǘ Җ -20 
 
4.3 ς Inlet/Outlet Data Summary 
  
4.3 A. Summary 
Water quality data was collected from two inflow sites (V2 and V3) and one outflow site (V4) 
during the 2009 and 2010 monitoring seasons (Figure 4.3 A). Additional grab samples were 
collected on 2-4 occasions at three additional inflow sites; however no flow data was recorded 
with this data. Monitoring location V6 is a 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 
Ϥмуέ tile drains a grassed waterway.  This site was also sampled and is referred to as V5 tile.  
Both of these sites had a high Escherichia coli (E. coli) concentration.  V7 was the third 
additional site sampled, and is located on the downstream end of the ditch as it goes under the 
roadway before entering Lake Volney.  Monitoring location V2 is located upstream from this 
location; very little difference in the TP concentration was observed between monitoring 
location V2 and the downstream location (V7). 
All water quality samples were taken from the middle of each monitoring location where the 
thalweg (or channel) 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 accurate. A difference of 0.03 between 
the two devices was maintained. Flow data and water quality samples were used to calculate 
mean weighted flows for nutrients entering Lake Volney. As samples were collected, a 
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transparency tube reading, general weather, and general notes were recorded.  Water quality 
samples were sent to Minnesota Valley Testing Laboratories (MVTL) for analysis. 
 
 
4.3 B. Monitoring Location V2 Northeast Corner of Lake Volney 
Inflow site V2 is located on a ditch adjacent to a feedlot that is adjacent to 400th street near Le 
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 sensor which use continuous 
wave Doppler technology to measure mean velocity. The sensor transmits 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 transducer. The equipment takes a reading every 3 minutes, averages the data, and 
compiles the stage and velocity data every 15 minutes. Stage and velocity data were stored on 
the module until the data was downloaded using Flowlink® software installed to a PC. In 2010, 
it was decided that V2 would be better equipped with an INW9805 submersible pressure 
transducer that was connected to a CR 1000 datalogger. The pressure transducer was used to 
measure the stage height. The equipment recorded a stage reading every 3 minutes, averaged 
the data, and compiled the stage data every 15 minutes. This data was then downloaded and 
stored on a PC using PC 200W software. Water quality samples were taken 22 times in 2009 
and 36 times in 2010 with an emphasis placed upon sampling during or following storm events 
(Table 4.3.B). The 2009 sampling season began on 3/24 with the collection of grab samples and 
flow measurements; monitoring equipment was installed on 3/27. The 2009 monitoring season 
ended on 11/09 with the final grab sample collection and removal of equipment. 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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Figure 4.3 B. Monitoring location V2 flows into the northeast corner of Lake Volney.  

 
Table 4.3 B. V2 water quality data summation for 2009/10 monitoring season.  

2009 TP 
(mg/L) 

NO3 ςN02 
(mg/L) 

TSS 
(mg/L) 

PO4 
(mg/L) 

% PO4 *T-Tube  
(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 
samples taken 

22 22 22 NA NA 22 

2010 TP 
(mg/L) 

NO3 ςN02 
(mg/L) 

TSS 
(mg/L) 

PO4 
(mg/L) 

% PO4 *T-Tube 
(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 
samples taken 

36 36 36 26 26 36 

* The actual T-Tube reading was often greater than 60 cm.  
 
4.3 C Monitoring Location V3 Western Shore Lake Volney 
TMDL inflow site V3 is located off of Lake Volney Lane, in Le Center Minnesota. The ditch at this 
location flows underneath Lake Volney Lane and into Lake Volney (Figure 4.3 C). In 2009 and 
2010, V3 was equipped with an INW9805 submersible pressure transducer that was connected 
to a CR 1000 datalogger. The pressure transducer was used to measure the stage height. The 
equipment recorded a stage reading every 3 minutes, averaged the data, and compiled the 
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stage data every 15 minutes. This data was then downloaded and stored on a PC using PC 200W 
software. Water quality samples were taken during 29 sampling events in 2009; a total of 31 
samples were generated during these sampling events. Water quality samples were taken 
during 36 sampling events in 2010; a total of 37 samples were taken during this time (Table 4.3 
C). The 2009 sampling season began on 3/24; however equipment was not officially installed at 
this site until 4/1. The last water quality sample was taken on 11/5; all equipment was removed 
at this time. The 2010 sampling season began on 3/12 with the installation of sampling 
equipment and ended on 11/1 when all equipment was removed. 

 

Figure 4.3 C MƻƴƛǘƻǊƛƴƎ ƭƻŎŀǘƛƻƴ ±о Ŧƭƻǿǎ ƛƴǘƻ [ŀƪŜ ±ƻƭƴŜȅΩǎ ǿŜǎǘŜǊƴ Ƴƻǎǘ ǎƘƻǊŜƭƛƴŜΦ  
 
Table 4.3 C V3 water quality data summation for 2009/10 monitoring season.  
2009 TP 

(mg/L) 
NO3 ςN02 
(mg/L) 

TSS 
(mg/L) 

PO4 
(mg/L) 

% PO4 *T-Tube 
(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 5.4 

Number of 
samples taken 27 27 27 NA NA 27 

2010 TP 
(mg/L) 

NO3 ςN02 
(mg/L) 

TSS 
(mg/L) 

PO4 
(mg/L) 

% PO4 *T-Tube 
(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 
samples taken 

37 37 37 26 26 37 

* The actual secchi disk was often greater than 60 cm.  
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4.3 D Monitoring Location V4 Outlet for Lake Volney 

TMDL outflow site V4 is located off of Beach Lane that intersects 185th avenue in Le Center, MN 
(Figure 4.3 D). This location serves as the outlet site for Lake Volney and is located on the 
southwest shoreline (Figure 4.3 D). V4 was equipped with a single ISCO 2150 area velocity flow 
module and sensor in 2009, no rain gauge was present at this location. The 2150 Flow Module 
uses continuous wave Doppler technology to measure mean velocity. The sensor transmits 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 transducer. The equipment takes a reading every 3 minutes, averages the 
data, and compiles the stage and velocity data every 15 minutes. Stage and velocity data were 
stored on the module until the data was downloaded using Flowlink® software. In 2010, Le 
Sueur County replaced both the monitored culvert and an adjacent collapsed culvert with 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 boards that stretched the 
entire width of the culvert.  
 
Table 4.3 D. V4 water quality data summation for 2009/10 monitoring season. 

2009 TP 
(mg/L) 

NO3 ςN02 
(mg/L) 

TSS 
(mg/L) 

PO4 
(mg/L) 

% PO4 T-Tube 
(cm)*  

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 
(mg/L) 

NO3 ςN02 
(mg/L) 

TSS 
(mg/L) 

PO4 
(mg/L) 

% PO4 T-Tube 
(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 
samples taken 

34 34 34 25 25 34 
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Figure 4.3 D TMDL outflow monitoring site V4 is located on the southern shoreline of Lake Volney.  
 

4.3 E. V5 Grab Sample Site on Northern Shore of Lake Volney 

TMDL inflow site V5 is located off of 400th street in Le Center, Minnesota. The ditch at this 
location flows underneath 400th street and into Lake Volney through an 18 inch tile line (Figure 
4.3 E). Water quality samples were taken four times from this location during the 2010 
monitoring season. The TP concentration observed during the first sampling event conducted 
on April 16th was 2.89 mg/L. The TP concentration observed on April 16th was the highest TP 
concentration observed in any grab sample collected during the 2009 and 2010 sampling 
seasons from 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 high. Flow was not measured at this location, so a load cannot be computed.  

 
Figure 4.3 E. TMDL grab sample location V5 is located on the northern shoreline of Lake Volney.  
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Table 4.3 E. V5 water quality data summation. 

 
 
 
 
 
 
 
 

 
4.3 F. V6 Grab Sample Site Northwestern Shore of Lake Volney 
TMDL inflow site V6 is also located off of 400th street in Le Center, Minnesota (Figure 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 1999. A number of tile lines were connected into this 
system following the installation of holding ponds 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 collected during the 2010 monitoring season.  
 

 
Figure 4.3 F. TMDL grab sample location V6 is located on the northwestern shoreline of Lake Volney. 
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2010 TP (mg/L) NO3 ςN02 
(mg/L) 

TSS 
(mg/L) 

PO4 (mg/L) % PO4 

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 
samples taken 

4 4 4 2 2 
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Table 4.3 F. V6 water quality data summation.   

 
 
 
 
 
 
 
 

 
V7 Grab Sample Site Downstream of Monitoring Location V2 
This site is located near the intersection of 400th street and 185th 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 where this ditch system enters Lake Volney. Water quality samples taken on 
April 20th 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 summary of the flow rate, estimated nutrient and sediment loading, and 
flow weighted mean concentrations (FWMC) from each TMDL monitored inflow site during the 
TMDL study. These values were calculated using the FLUX Model, a computer program 
designed by the U.S. Army Corps of Engineer 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 A. Flux 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 (hm3/yr)  0.3 1.3 0.8 

TSS FWMC ( µg/L)  
TSS Load (kg/y) 

13,776 
4,312 

61,425 
79,668 

52,161 
41,990 

NO3 ςN02 FWMC ( µg/L) 
NO3 ςN02 Load (kg/y) 

2,697 
844 

3,854 
4,999 

3,629 
2,922 

TP FWMC ( µg/L) 
TP Load (kg/y) 

381 
119  

637 
826 

729 
587 

PO4 FWMC 
PO4 Load 
PO4/TP 

NA 
NA 
NA 

280 
363 
44 

280 
363 
NA 

TMDL Site ID  Year 2009 2010 Mean 

2010 TP 
(mg/L) 

NO3 ςN02 
(mg/L) 

TSS 
(mg/L) 

PO4 
(mg/L) 

% PO4 

Average 0.14 20.05 14.67 0.11 67.11 

Max 0.21 34.30 34.00 0.14 68.93 

Min 0.09 8.26 3.00 0.08 65.29 

Number of 
samples taken 

3 3 4 2 2 
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(Input to 
BATHTUB) 

V3 Monitoring  Period* 3/24-11/5 3/17-11/1  

Flow Rate (hm3/yr)  0.1 0.4 0.2 

TSS FWMC ( µg/L)  
TSS Load (kg/y) 

18,481 
1,290 

51,856 
19,809 

46,699 
10,550 

NO3 ςN02 FWMC ( µg/L) 
NO3 ςN02 Load (kg/y) 

13,592 
949 

9,524 
3,638 

10,152 
2,293 

TP FWMC ( µg/L) 
TP Load (kg/y) 

287 
20.0 

589 
225 

542 
122.5 

PO4 FWMC 
PO4 Load 
PO4/TP 

NA 
NA 
NA 

330 
126 
NA 

330 
126 
NA 

TMDL Site ID  Year 2009 2010 Mean 
(Input to 
BATHTUB) 

V4 (Outlet) Monitoring  Period* 3/24-
11/5 

3/17-
11/1 

 

Flow Rate (hm3/yr)  0.3 2.9 1.6 

TSS FWMC ( µg/L)  
TSS Load (kg/y) 

3,480 
950 

11,422 
33,354 

10,743 
17,151 

NO3 ςN02 FWMC ( µg/L) 
NO3 ςN02 Load (kg/y) 

311 
85 

860 
2,511 

813 
1,298 

TP FWMC ( µg/L) 
TP Load (kg/y) 

232 
63 

136 
397 

144 
230 

PO4 FWMC 
PO4 Load 
PO4/TP 

NA 
NA 
NA 

48 
139 
35 

48 
139 
NA 

 
4.5 In-lake Sampling Results 
 
4.5 A. In-Lake Sampling Summary 
In-lake TMDL sampling began on 4/21/2009 with the collection of bi-monthly water quality 
samples and ended on 10/21/2010 with the collection of the last in-lake sample. In-lake 
samples were taken at the deepest point found within Lake Volney. The deepest point was 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 multi-parameter probe. Other parameters tested in the field included 
Secchi disk depth and color. Water quality samples were analyzed for Chl-a (with phaeophytin 
correction), TP, Ortho-P and TSS. The Minnesota Valley Testing Laboratories, Inc. (MVTL), a 
MDH certified lab, was used for analysis.  Given the maximum depth of Lake Volney is greater 
than 2 m, surface samples were taken using a two-meter integrated sampler that collected a 
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sample from the 0 ς 2 m depth. The integrated sample was then transferred to a 2-L plastic 
bottle. 
Additionally, a sample was taken from the hypolimnion when the 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 typically done to 
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 by D.O. concentrations 
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 sampler (Kemmerer 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 duplicate sample used to ensure 
laboratory accuracy. Thirteen 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 for the extra sample. In 2010, there was 15 
sampling events, 15 integrated surface samples were taken during this time. Fourteen 
additional samples were taken from hypolimnion in 2010. All samples were collected over the 
deepest point found in Lake Volney (67 feet).  
 
4.5 B. Seasonality  
Nutrient loading can potentially vary greatly due to seasonal influences.  Based on data 
collected within Lake Volney, in-lake TP concentrations were consistently above the NCHF class 
2B eco region standard except during a brief period between June 30th and August 25th 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 sampling 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 decreased as the 
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 within the hypolimnion during the 
summer when thermal stratification is strongest (Schuler, 1997).  
 
4.5 C. Water Quality Results 
 
Total Phosphorus (Surface) 
 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 40 ppb (40 µg/L) during 12 of 13 
sampling events (Figure 4.5 C.1). During the 2010 sampling season, the TP concentration 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 June 30th and 
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August 25th, and were very close to or below the NCHF standard during this time (Figure 4.5 
C.2). The overall average TP concentration for the entire TMDL study was 87 µg/L; twice as high 
as the NCHF ecoregion standard of 40 µg/L.  

 
Figure 4.5 C.1. The TP concentration observed in water quality samples collected during the 2009 season was 
consistently above the NCHF ecoregion standard (indicated by green bar) except for a brief period in mid-
September.  
 
 
 
 
 
 

 
 

 
 

 
 

 
 
 
 

 
 
 
 
 
Figure 4.5 C.2. The TP concentration observed in water quality samples collected during the 2010 season was 
consistently above the NCHF ecoregion standard (indicated by green bar) except for a brief period in mid-
September.  
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In 2009, Lake Volney was thermally stratified during the first sampling event conducted on April 
21st and remained stratified until the last sampling event conducted on October 12th 2009.   The 
TP concentration of samples taken from the hypolimnion was significantly greater than the TP 
concentration observed at the surface during all but one sampling event in 2009 (Figure 4.5 
C.2). A release of phosphorus from sediments was likely occurring as dissolved oxygen 
concentrations approached zero within the hypolimnion. In 2010, Lake Volney was once again 
thermally stratified during the entire monitoring season. Stratification was weakest at the 
beginning of the season, the TP concentration of samples taken from the hypolimnion was not 
significantly greater than the TP concentration found 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 the hypolimnin became more pronounced (Figure 4.5 C.3).  
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
Figure 4.5 C.3. 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 in 2009 during the period of 
thermal stratification that lasted from early May through August (Blue Shaded Region).   
 
 

 
 
 
 
 
 
 
 
 
 
 
 

NCHF Deep Lake TP Standard ï 40 µg/L 

NCHF Deep Lake TP Standard ï 40 µg/L 
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Figure 4.5 C.4. 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 for every sampling event 
during the 2010 sampling season with the exception of one event on April 14th.  

 
Ortho Phosphorus 
 Ortho Phosphorus (OP) made up 61% 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 by plants and algae throughout the growing season. In 2010, 
OP values were equal to or less than the detection limit (5ppb) in 5 out of the 15 samples. 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 OP during these times. Overall, OP represented 
approximately 31% of the TP present within Lake Volney during 2010; indicating that an excess 
amount of biologically available phosphorus was present during the monitoring season.  
 
Chlorophyll-a  
The Chlorophyll-a (Chl-a) concentration found in water quality samples was greater than the 
NCHF eco region standard of 14 ppb only twice in the 2009 monitoring seasons. The two 
samplings events that had a mean chl-a concentration greater than 14ppb occurred during the 
aphanizomenon bloom that occurred between late June and early August 2009 (Figure 4.5 C.5.). 
Chl-a concentrations during this time were greater than 60 ppb; indicative of the abundance of 
aphanizomenon present at this time. In 2010, the Chl-a concentration was observed to be 
greater than 14 ppb during 7 of 15 sampling events. An aphanizomen bloom was once again 
documented in early July; however, the bloom was not as severe as it was in 2009. Chl-a 
concentrations found in the hypolimnion were commonly at or below the detection limit due to 
light not penetrating that deep into the water column.  

 
Figure 4.5 C. 5. The Chl-a concentration of water quality samples was less (better) than the NCHF ecoregion 
standard of 14 µg/L during a majority of the 2009 monitoring season. The exception occurred during an 
aphanizomenon bloom that lasted between late June and early August 2009.   
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Figure 4.5 C. 6. The Chl-a concentration of water quality samples was less (better) than the NCHF ecoregion 
standard of 14  µg/L during 8 of 15 samples collected in 2010.  

 
Secchi disk transparency  
Secchi disk transparency exceeded (was better than) the NCHF eco region standard during all 
but one sampling event during the 2009 sampling season. Secchi disk transparency was 
documented to be less than the ecoregion standard on August 5th, 2009; indicative of the 
aphanizomenon bloom occurring during this time. In 2010, secchi disk transparency was greater 
than the eco region standard during 11 sampling events, worse during 2 sampling events, and 
equal to the standard on another 2 sampling events.  An amazing 12 meter secchi disk reading 
observed on May 19th was the best secchi disk found during the course of the study. A 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. The overall 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.  

 
 

 
 

 
 

 
 

 
 
 

 
 
Figure 4.5 C.7. Secchi disk readings exceeded the NCHF standard for deep lakes of 1.4 m throughout 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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Figure 4.5 C.8. Secchi disk readings exceeded the NCHF standard for deep lakes of 1.4 m during most of the 2010 
monitoring season. The only exception was a late April sampling event and a brief 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 values of the data, 
the TSI value was calculated at 55.2; placing Lake Volney in the eutrophic category (Figure 4.5 
C.9).  
 

 
Figure 4.5 C.9. Carlson Trophic State Index based on TMDL data collected in 2009/10 for Lake Volney.  

 
4.6 ς Watershed Data Analysis/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 to Lake Volney also needs to be investigated, and loading data needs to be 
calculated.  
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In order to do this, the following watersheds were used: TMDL inflow site V2 watershed, TMDL 
inflow site V3 watershed, and the Lake Volney Watershed. Additional inflow sites that were 
monitored but were not included in the BATHTUB model are V5, V6, and V7.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.6 A. Schematic diagram of the contributing area associated with each monitored inflow/grab sample 
location within the Lake Volney watershed. * These sites could not directly be represented 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.  
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two models were used to evaluate the data.  These models examine the data, and were used to 
determine if additional data analysis was ǊŜǉǳƛǊŜŘΦ  {ǘŀǊǘƛƴƎ ǿƛǘƘ ŀ ά[ŜǾŜƭ L !ǎǎŜǎǎƳŜƴǘέΣ Lake 
Volney was evaluated using 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  

 
5ŜǾŜƭƻǇŜŘ ōȅ .ǊǳŎŜ ²ƛƭǎƻƴ ŀƴŘ 5ǊΦ ²ƛƭƭƛŀƳ ²ŀƭƪŜǊ WǊΦΣ ǘƘŜ άaƛƴƴŜǎƻǘŀ [ŀƪŜ 9ǳǘǊƻǇƘƛŎŀǘƛƻƴ 
!ƴŀƭȅǎƛǎ tǊƻŎŜŘǳǊŜέ ƻǊ aLb[9!tΣ ƛǎ ŀ ǎƛƳǇƭŜ ƳƻŘŜƭƛƴƎ ƳŜǘƘƻŘ ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ƭƻŀŘƛƴƎ ƭŜǾŜƭǎ 
and lake response based on specific lake data when compared to reference lakes within the 
same eco region.  

This model is useful because it allows the comparison between the predicted phosphorus, 
chlorophyll-a and Secchi depths to the actual, observed data.  This comparison allows a quick 
method of comparing what the lake should be 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.  Similarly, the model can be calibrated to calculate the necessary loading to predict 

Inflow Site V3 
Watershed Size: 287.21 Acres 

Inflow Site V2 
Watershed Size: 810.24 
Acres 

Lake Volney 

Outflow Site V4 

Lake Volney Watershed 
 - NASS Land use Data 
 - *Grab sample locations  
  - V5, V6, V7 
Total Watershed Size: 2,017 Acres 
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the same values as the observed values.  Using information such as inflow, mean lake depth, 
and residence time, MINLEAP will estimate in-lake TP, Chl-a levels, and average Secchi depth. 

Lake Volney 
 
Table 4.7 A: Lake Volney MINLEAP model predictions using 2009 data. 

Avg TP 
Inflow (µg/L) 

TP Load 
(kg/yr) 

Phos Ret 
Coef 

Lake Outflow 
(hm3/yr) 

Res Time 
(years) 

Areal 
Water Load 
(m/yr) 

172 191 0.83 1.1 7 0.99 

Var Observed Predicted Std Err Residual T-test 

TP (µg/L) 95 29 12 0.51 2.76* 
Chl-a (µg/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 lower Chl-a value in comparison with other lakes found in the NCHF eco region. 
MINLEAP predicts that TP concentrations, Chl-a concentrations, and Secchi disk readings should 
all be better than the NCHF standard (Table 4.7A). This was likely 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 use within a given eco region i.e., 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 reading. The 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 4.7 B: Lake Volney MINLEAP model predictions using 2010 data. 

Avg. TP Inflow 
(µg/L) 

TP Load 
(kg/yr) 

Phos Ret 
Coef 

Lake Outflow 
(hm3/yr) 

Res Time 
(years) 

Areal Water 
Load (m/yr) 

172 191 0.83 1.1 7 0.99 

Var Observed Predicted Std Err Residual T-test 
TP (µg/L) 81 29 12 0.44 2.39 
Chl-a (µg/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 and Chl-a concentrations should  be less (better) than 
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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 
concentration during the 2010 monitoring season was significantly worse than the predicted 
values for lakes with similar morphometry and watershed size (Table 4.7 C).    

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

Avg TP Inflow 
(µg/L) 

TP Load 
(kg/yr) 

Phos Ret 
Coef 

Lake Outflow 
(hm3/yr) 

Res Time 
(years) 

Areal Water Load 
(m/yr) 

172 191 0.83 1.11 7 0.99 

Var Observed Predicted Std Err Residual T-test 
TP (µg/L) 87 29 12 0.48 2.56 

Chl-a (µg/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 during the 2009 and 2010 monitoring 
seasons, MINLEAP predicts that TP concentrations and Chl-a 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 
concentration during the 2009 and 2010 monitoring seasons was significantly worse than the 
predicted values for lakes with similar morphometry and watershed size (Table 4.7 E).    
 
The MINLEAP model has been demonstrated to perform well in the Northern Lake/Forest and 
Northern/Central Hardwood forest areas. Data collected during the summer of 1985 was used 
ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ aLb[9!tΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ƛŘŜƴǘƛŦȅ ǇǊƻōƭŜƳǎ ǿƛǘƘƛƴ ŀ ƎƛǾŜƴ ƭŀƪŜ ōȅ /Φ .ǊǳŎŜ ²ƛƭǎƻƴ 
and William Walker, developers of the MINLEAP program; Lake Volney was used as a case 
study.  Results from this analysis found that the mean TP and Chl-a concentration observed 
within Lake Volney was significantly greater than values predicted by the MINLEAP model. 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 results. The mean TP concentration 
observed was significantly greater than predicted values in both 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 
 
BATHTUB 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 steady-state, spatially segmented hydraulic network by 
calculating advective and diffusive transport, and nutrient sedimentation dynamics within the 
system. This data can be used to develop a eutrophication model and nutrient budget for a 
multiple basin reservoir system.   
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BATHTUB is designed to handle simultaneous modeling/analysis for connected or segmented 
reservoirs or basins; however 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 
conditions of 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 water quality inputs as 
well as any limitations of the model itself.  Eutrophication-related water quality conditions 
(expressed in terms of total phosphorus, total nitrogen, chlorophyll a, transparency, organic 
nitrogen, non ortho-phosphorus, and hypolimnetic oxygen 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 nutrient 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 nutrient residence time. 
The set up within the BATHTUB model requires that all areas contributing to the lake be 
ŘŜǎƛƎƴŀǘŜŘ ŀǎ άǎŜƎƳŜƴǘǎέ ƻǊ άǘǊƛōǳǘŀǊƛŜǎέΦ   {ŜƎƳŜƴǘǎ Ŏŀƴ ōŜ ǳǎŜŘ ƛŦ ǘƘŜ ƭŀƪŜ Ƙŀǎ ŎƻƴƴŜŎǘŜŘ 
areas that cannot be spatially separated due to the nature of flows within the system.  For the 
purposes of the Lake Volney TMDL, no segments (upstream lakes) are directly connected with 
Lake Volney. All inflow sources were modeled as a tributary from either a monitored inflow 
location or from the watershed itself. Using 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 sites.  The appropriate runoff coefficient from non-
point sources was selected such that the predicted outflow rate from the BATHTUB model 
matched the mean outflow rate observed at monitoring location V4 during 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 BATHTUB results using 2009 and 2010 Data 
The initial results from the BATHTUB model for Lake Volney predicted TP concentrations to be 
lower (better) than observed values. BATI¢¦.Ωǎ ƛƴƛǘƛŀƭ ǇǊŜŘƛŎǘƛƻƴǎ ŦƻǊ Chl-a concentrations 
were greater (worse) and secchi disk readings were lower (worse) than observed values (Table 
4.8 A). The rank values presented below are relative to a data set of reference lakes. A high 
ranking indicates that observed conditions were significantly higher than the geometric mean 
of the reference lakes. For example, the observed Secchi disk reading on Lake Volney is 
significantly greater (better) than the geometric mean of reference lakes and therefore falls 
within the 95th percentile. However, observed TP concentrations were also greater (worse) than 
the geometric mean of reference lakes and therefore fall within the 74th percentile.  
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Table 4.8 A: BATHTUB initial predictions Lake Volney 

Variable 
 

  

Predicted Mean CV Rank 

TOTAL P    MG/M3 72.0 0.38 66.1% 

CHL-A      MG/M3 22.7 0.33 86.9% 

SECCHI         M 1.5 0.30 68.8% 

Observed Mean CV Rank 

TOTAL P    MG/M3 87.0  74.6% 

CHL-A      MG/M3 14.2  70.4% 

SECCHI         M 3.9  95.4% 

 
Based on the overall mass balance, the total predicted P loads 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 this is a measured inflow, with recorded water quality data.  A value of two 
represents that the calculated load is an estimate based on the size of the watershed area, the 
land uses within that area, and the runoff coefficients associated with those land uses.   
 
Table 4.8 B. Predicted loads for Lake Volney 

Overall Mass Balance Based Upon 
Component: 

Predicted 
TOTAL P 

    Load  

Trb Type Seg Name kg/yr %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 loading was the primary area adjusted.  This reflects the fact that all 
estimated sources from the watershed based upon existing land uses were accounted for. As 
previously mentioned, contributions from grab sample locations V5 and V6 and other non 
monitored surface water inflows are contributing sources to Lake Volney, these values 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 predicted values were still less than the 
observed values, the only area capable of being adjusted were internal sources.  By using an 
internal loading factor of 0.84 mg/m2-day, BATHTUB predictions then matched the observed TP 
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concentration. Predicted Chl-a and Secchi disk readings could not be matched with observed 
readings. As the values for TP were calibrated, the Chl-a 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 BATHTUB model to calculate the Chl-a values. Chl-a 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 actual levels of 
chl-a measured within the system.  The main priority of this TMDL is the excess nutrients and 
focuses on the limiting nutrients, which in this case is phosphorus.  The exact values of the Chl-a 
as predicted by the model were not a priority for development within the TMDL study. 
 
Table 4.8C. BATHTUB results corrected for internal loading. 

Variable 
 

  

Predicted Mean CV Rank 

TOTAL P    MG/M3 87.0 0.39 74.6% 

CHL-A      MG/M3 24.6 0.32 89.4% 

SECCHI         M 1.4 0.29 64.7% 

Variable 
 

  

Observed Mean CV Rank 

TOTAL P    MG/M3 87.0  74.6% 

CHL-A      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 where 27.2% of the entire nutrient load is derived from sources already present in 
the lake. With the internal loading value added, the total suspected load is 1,227.5 kg of 
phosphorus per year.  
 
Table 4.8 D. Mass Balance with internal loading added.  

Overall Mass Balance Based Upon 
Component: 

Predicted 
TOTAL P 

    Load  

Trb Type Seg Name kg/yr %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 LOAD  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/L (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 standard.  These results can be seen in the 
following tables. 
 
Table 4.8 E. Lake Volney BATHTUB modeled to standards. 

Variable 

 
  

Predicted Mean CV Rank 

TOTAL P    MG/M3 36.0 0.36 37.5% 

CHL-A      MG/M3 14.7 0.39 71.9% 

SECCHI         M 2.2 0.33 83.1% 

Variable 
 

  

Observed 

 

  

TOTAL P    MG/M3 87.0  74.6% 

CHL-A      MG/M3 14.2  70.4% 

SECCHI         M 3.9  95.4% 
 
Table 4.8 F. Lake Volney mass balance modeled to standards.  

Overall Mass Balance Based Upon 
Component: 

Predicted 
TOTAL P 

    Load  

Trb Type Seg Name kg/yr %Total 

1 1 1 TMDL Inflow V2 158.5 53.3% 

2 1 1 TMDL Inflow 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 is 297.3 kg/year, or approximately 0.815 kg/day. This would 
require a reduction of 72% of the TP concentration coming from agricultural and urban land use 
practices, a 73% reduction of the TP concentration coming from monitoring 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 Volney Hydrologic Balance 
 
Table 4.9 A. Lake Volney Mass Balance 

Overall Water & Nutrient Balances      

         

Overall Water Balance   Averaging 
Period = 

1.00 years 

    Area Flow Variance CV Runoff 

Trb Type Seg Name km
2
 hm

3
/yr (hm3/yr)

2
  - m/yr 

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 
Watershed 

3.7 0.6 0.00E+00 0.00 0.15 

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  

 
The mean total flow rate at the monitored outflow location (V4) based on all stage and velocity 
data recorded during the 2009 and 2010 monitoring seasons was 1.59 hm3/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 watershed. The runoff depth used in the 
BATHTUB model to estimate contributions from nonpoint sources was adjusted such that the 
tributary inflow rate combined with monitored inflow rates from monitoring locations V2 and 
V3 produced an outflow rate equal to the outflow rate observed at the outlet monitoring site 
(V4) during the 2009 and 2010 field season.    
 
4.10 Loading Sources to Lake Volney 
Inflow from monitoring location V2 has historically been the dominant nutrient source to Lake 
Volney. Data collected in 2009 and 2010 suggests that the 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 from agricultural land uses (Figure 4.10 A.) 
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Figure 4.10 A. Contributions of TP by source to Lake Volney 

 
Section 5.0 ς 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, and in-stream water 
quality conditions.  In general terms, the process can be described by the following equation: 
 
 
¢a5[ Ґ [/ Ґ ң²[! Ҍ ң[! Ҍ ah{  

Where: 
LC = loading capacity, or the maximum 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, and MOS, there are additional categories and values taken into account. 
 
 
5.1 ς 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 exceed the nutrient (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 Industrial); non-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 
and varying 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), which limits the 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 are broken down into the three categories: 

1  Mandatory MS4s: MS4s 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 
ŎƻƳǇǊƛǎƛƴƎ ƻƴŜ ƻǊ ƳƻǊŜ ǇƭŀŎŜǎ όάŎŜƴǘǊŀƭ ǇƭŀŎŜǎέύ ŀƴŘ ǘƘŜ ŀŘƧŀŎŜƴǘ ŘŜƴǎŜƭȅ ǎŜǘǘƭŜŘ 
ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀ όάǳǊōŀƴ ŦǊƛƴƎŜέύ ǘƘŀǘ ǘƻƎŜǘƘŜǊ ƘŀǾŜ ŀ ǊŜǎƛŘŜƴǘƛŀƭ ǇƻǇǳƭŀǘƛƻƴ ƻŦ ŀǘ ƭŜŀǎǘ 
50,000 and a density of at least 1,000 people per square mile. The definition also 
includes any other public storm sewer system located fully or partially within an 
urbanized area. 

2.  Designated MS4s:  MS4s 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 10,000; and 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 MS4s were required to obtain permit coverage by February 15, 2007. 

3. Petition MS4s:  MS4s that are designated 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 Volney 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 (Waste Water Treatment Plants or Water Treatment Plants) 
and Industrial facilities with permitted TP limits are reviewed. The permitted value is calculated 
by taking the maximum allowable discharge amount (in this TMDL, the pollutant of interest is 
TP discharge) and 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 facilities with permitted TP limits in 
the Lake Volney watershed. In this TMDL, the loading value attributed to this source is zero.  
 
 5.1 C. Construction and Industrial Stormwater (NPDES) ς All construction and industrial 
ǎǘƻǊƳǿŀǘŜǊ ǇŜǊƳƛǘ ƘƻƭŘŜǊǎ ŀǊŜ ƭƛǎǘŜŘ ƛƴ ǘƘŜ at/!Ωǎ 59[¢! ŘŀǘŀōŀǎŜΦ  ! ǇŜǊƳƛǘ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ 
any construction activities disturbing: one acre or more of soil; less than one acre of soil if that 
ŀŎǘƛǾƛǘȅ ƛǎ ǇŀǊǘ ƻŦ ŀ άƭŀǊƎŜǊ ŎƻƳƳƻƴ Ǉƭŀƴ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ƻǊ ǎŀƭŜέ ǘƘŀǘ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ ƻƴŜ ŀŎǊŜΤ 
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 adequate runoff controls 
can be significant sources of sediment and nutrients on a per acre basis (MPCA Stormwater web 
page, 2006), MPCA records indicate that less than 5 permitted construction permits have been 
issued in the past 10  years within the watershed.  A review 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 construction, a 0.104% estimate 
was used to account for loading from construction (Pers. Comm. Mike Trojan, Stormwater 
Program MPCA). The 0.104% estimate assumes that no more than 0.104% of the total 
watershed (approximately 20 acres) will ever be under permitted construction at one time. The 
construction stormwater is then considered 0.104% 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 the permitted facilities within the watershed are permitted 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: 
 
ң²[! Ґ NPDES Permitted values (0.00) + Construction stormwater (0.104%) 
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Figure 5.0. Active permitted feedlots within the Lake Volney watershed. 
 
 
5.2 ς 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 nonpoint 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, particularly within the individual impaired reaches due 
to the varying terrains and sources of nutrients.  Secondly, sub-division 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 study, there is the 
following guidance: 
 
The Lakes Nutrient TMDL Protocol and Submittal Requirements makes the following statement: 
 

Natural background load is a portion of 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. 

 

Legend

ActivePermittees_2011
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Existing 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 within an individual 
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 accelerated nutrient loading.   
 
During the development of the Minnesota Lake Water Quality Assessment Report: Developing 
Nutrient CriteriaΣ ǘƘŜ ǎǘǳŘȅ ǎƻǳƎƘǘ ƻǳǘ ŀƴŘ ŎŀǊŜŦǳƭƭȅ ƛŘŜƴǘƛŦƛŜŘ άŜŎƻǊŜƎƛƻƴ ǊŜŦŜǊŜƴŎŜ ƭŀƪŜǎέΣ 
which were used within the development of the standards 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 levels. Results from a 2002 study conducted by the MPCA determined the pre-
settlement nutrient concentrations using diatom fossil reconstruction for each of the 
ecoregions of Minnesota. The pre-settlement TP concentration for the NCHF ecoregion is 
presented below (Table 5.2 A.).   
 
Table 5.2. A. Pre-settlement TP concentrations based on diatom reconstruction.  

Parameter 

Ecoregions 

North Central Hardwood Forest 

Shallow Deep 

Total phosphorus concentration (µg/L) 47 26 

 
For the purposes of this TMDL, it was decided that a numerical 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 is a 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. 
 
5.2 B. TMDL Monitored Inflows  
The two monitored inflow sites and grab sample locations investigated in this study have been 
monitored during several projects in the past including a Lake Assessment Program conducted 
in 1987, a 1992 water quality study conducted by the MPCA in response to concerns from 
residents, and an intensive Phase I Diagnostic and Feasibility study conducted in 1995.  The 
loading data applied in this study was developed through the use of FLUX software and data 
collected during the 2009 and 2010 monitoring seasons.  This program calculated loading based 
on recorded flow and sample data.  Data was reviewed from prior studies however only flow 
and sample data recorded during the 2009 and 2010 sampling seasons was used in this model.  
The flow and sample data from prior studies were not used for the models, but were used as a 
means of comparison to see how Lake Volney reacts to varying levels of precipitation. The most 
intensive study conducted on Lake Volney prior to the current TMDL study was the 1995 Phase I 
Diagnostic and Feasibility study. Rainfall during the 1995 sampling season was estimated at 



54 

 

25.79 inches, slightly less than the 27.55 inches that fell in 2010 but significantly greater than 
the 18.14 inches of rainfall that occurred during the extremely dry 2009 monitoring season.  
 
5.2 B.1 V2 (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 terms V2 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 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 V2 comprised 
25.6% of the total load derived from all sources. This value may under represent the normal 
contribution from this site, as loading from this site was significantly reduced during the 
extremely dry 2009 monitoring season. In 2009, a portion of this ditch system was periodically 
stagnant, furthermore sections of the stream briefly dried out leaving a series of non-flowing 
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 rain events. In 2010, flow from this 
location was present throughout the entire monitoring season and had the potential to 
contribute a large amount of nutrients especially during/following storm events. The stream at 
TMDL site V2 rose 1.84 feet in 48 hours following a large storm event on September 22nd and 
23rd. 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 Lake Volney during the 1995 monitoring season. tǊƛƻǊ ŘƛǎŎǳǎǎƛƻƴǎ ƻŦ .atΩǎ ǿƛǘƘƛƴ 
the V2 watershed have focused on restoring the large wetland complex located upstream 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.2 V3 (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 general terms 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 site was 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, and t-tube 
measurements from this location often exceeded 60 cm. Nitrate and Nitrite (NO2 + NO3) 
concentrations were extremely high at V3 during the 2009 and 2010 sampling seasons. Nitrates 
move faster through the soil in comparison with phosphorus; therefore, it is possible that a 
majority of this nitrogen is derived from nitrogen mobilized from the fertilizers applied to 
agricultural soils that subsequently move through the soil layers and into the network of 
underground tile drainage present within this watershed. Historically, V3 has been the 
predominant source of nitrogen to Lake Volney. TMDL inflow site V3 had the highest mean NO2 
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+ NO3 concentration in 2009 and 2010, however inflow site V2 contributed the greatest amount 
of NO2 + NO3 to Lake Volney.  
 
5.2 C. Internal Loading  
In addition to nutrient loading from external sources, internal loading of phosphorus was a 
large source of the nutrients to Lake Volney.  When compared to nutrients suspended in the 
water column, phosphorus is more concentrated in the sediments.  As 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, 1997).  The 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. Because conditions 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 within Lake Volney by comparing predicted values with 
observed values within the BATHTUB model.  The 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 sources. This value for Lake Volney was 
0.65 mg/m2-day; equivalent to a total loading value of 266 kg/year.  
 
5.2 D. Urban and residential sources 
Untreated stormwater runoff is potentially a large contributor of nutrients to Lake Volney. A 
large amount of storm water can transport materials such as sediment, fertilizers, vehicle 
fluids/chemicals, leaves and grass clippings. A large number of culverts and storm systems 
directly enter Lake Volney (Figure 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 Volney watershed 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 coefficients (ranging 
from .5 to 1.25 kg/ha) and recorded climatic data. For example, the Lake Volney watershed has 
approximately 89 ha of urban land use practices; this includes all roads, houses, and any other 
impervious surfaces within the watershed. Multiplying the mean phosphorus runoff coefficient 
for urban land uses of 1 kg/ha by 89 ha yields 89 kg of TP derived from urban sources within the 
watershed. This value was accounted for in the BATHTUB model. 
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Figure 5.2 A. Location of culverts/sewer lines entering into Lake Volney. 

 
 
5.2 E. Failing SSTS  
CŀƛƭƛƴƎ {ǳōǎǳǊŦŀŎŜ {ŜǿŜǊ ¢ǊŜŀǘƳŜƴǘ {ȅǎǘŜƳǎ ό{{¢{ύΣ ƻǊ ŦŀƛƭƛƴƎ ǎŜǇǘƛŎ ǎȅǎǘŜƳǎ ŀƴŘκƻǊ άǎǘǊŀƛƎƘǘ 
ǇƛǇŜ ǎȅǎǘŜƳǎέ όǎȅǎǘŜƳǎ ǿƛǘƘƻǳǘ ǇǊƻǇŜǊ ƘƻƭŘƛƴƎκŘƛǎŎƘŀǊƎŜ ŀǊŜŀǎύ ŀǊƻǳƴŘ Lake Volney are 
another possible source 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 ortho-phosphorus, a pollutant type that is more readily available for 
uptake and use by algae. Pro active implementation and rule enforcement within Le Sueur 
/ƻǳƴǘȅΩǎ ŘŜǇŀǊǘƳŜƴǘ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎŜǊǾƛŎŜǎ Ƙŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǊŜŘǳŎŜŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŦŀƛƭƛƴƎ 
or straight pipe SSTS within the watershed. Thirty one individual sewage treatment systems 
were upgraded between 2000 and 2005. It is likely that nutrient input from septic systems is 
probably minimal relative to other sources contributing to Lake Volney at this time, but should 
not be ruled out.  Continued implementation 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 in 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 
lake surface) 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 
based on 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 
ŘǊȅ ŘŜǇƻǎƛǘƛƻƴ ǊŀǘŜǎΦ  ¢ƘŜǎŜ ƭŜǾŜƭǎ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ at/! ǊŜǇƻǊǘΣ άDetailed Assessment of 
Phosphorus Sources to Minnesota Watershedsέ ό.ŀǊǊ 9ƴƎƛƴŜŜǊƛƴƎΣ нллпύΦ  
 
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 portion of the overall nutrient load, 
and potentially insignificant when compared to the external and internal loading sources.  It is 
also important to note that the value, even if small, is important to consider in the overall 
budget, especially when this loading source is not possible to control.  Based on the estimated 
rate, the total loading value from atmospheric loading is 0.28 lbs/acre/year, or .0007 
lbs/acre/day.  
 
ңLA = nonpoint sources as listed above.  No specific allocations for each area. 
 
5.3 Margin of Safety 
 
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 
quality standards. The Margin of Safety can either be explicit or implicit. 

 
For the purposes of this TMDL, an explicit 10% MOS was selected.  Using the explicit 10% does 
not allocate any of the available loading capacity.  Instead, the 10% MOS was used in modeling 
the standard in-lake TP concentration, meaning that 36 µg/L (40 ς 10%) was the value used in 
ǘƘƛǎ ƳƻŘŜƭΦ ¢ƘŜ at/! ǳǎŜǎ ǘƘŜ ǘŜǊƳ άŜȄǇƭƛŎƛǘ ǎǘŀƴŘŀǊŘέ ǘƻ ǊŜŦŜǊŜƴŎŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ Ǝƻŀƭǎ ǘƘŀǘ 
are lower than the required ecoregion standard. A 10% MOS accounts for the uncertainty that 
the allocations set forth in this TMDL will result in Lake Volney meeting the required water 
quality standards. The uncertainties are a result of the presence of multiple non-monitored 
ephemeral streams, culverts and storm systems, and the potential capacity for internal loading 
via contributions 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 date land-use statistics and 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 subsequently calibrating 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 waterbodies 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 watershed and contributing areas, there are no NPDES permits (other than 
construction stormwater) pertaining to nutrient loading.  The 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. Therefore, any new 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 nutrient credit trading system to 
offset any discharge.  The reserve capacity for this TMDL is zero. 
 
5.5 ς Total TMDL and Summary 
 
5.5 A. Lake Volney TMDL 
 

TMDL = LC = ң²[! +ң[! + MOS +RC 
  
1.796 = 0.001867lbs/day + 1.7938lbs/day + 10% 
 
Modeled to 36 µg/L 
TMDL = 
297.3 kg/year 
655.43 lbs/year 
1.796 lbs/day 
 
5.6. A. Necessary Reductions 
While not required within the context of the TMDL, it is often helpful to look at TMDLs in the 
terms of loading reductions necessary to meet the standards. The following reductions were 
will be required for Lake Volney to meet standards set forth for the NCHF ecoregion (Table 5.6 
A.1, Table 5.6 A.2).    
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Table 5.6 A.1. Current daily TP load and reduction needed to meet TMDL seperated by the major sources. 

Lake  Allocation  Source  Current TP Load  TMDL TP Load  Load 
Reduction 
(lb/yr) (%)  

(lb/day)  (lb/yr)  (lb/day)  (lb/yr)  

Lake 
Volney  

Wasteload  Construction  0.002  0.680  0.002 0.680  0  

Load  Watershed 
(Nonpoint flow)  

1.080  394.360  0.431  158.950  235.410 
(59.69%)  

Agricultural  
Land Use  

0.619 225.880  0.173  63.250  162.630  
(72%)  

Developed /  
Urban Land Use  

0.277 100.960  0.080  28.270  72.690  
(72%)  

Forested  0.0157  5.750  0.0157  5.750  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  758.170  0  0  758.170  
(100%)  

Monitored Inflow 
(V2)  

3.546  1,294.30  0.957  349.430  944.830  
(73%)  

Monitored Inflow 
(V3)  

0.739  269.850  0.128  72.858  196.990  
(73%)  

Atmospheric 
(Precipitation)  

0.203  74.070  0.203  74.070  0  

 Total Load  6.513 2,377.160 1.797  655.990  1,721.170 
(72.4%)  

 
Table 5.6 A.2. Total phosphorus wasteload, load allocation, and TMDL daily and annual loads.  

Lake Wasteload 
Allocation (TP) 

Load Allocation 
(TP) 

Margin of 
Safety 

Total Phosphorus 
TMDL 

 (lbs/day) (lbs/yr) (lbs/day) (lbs/yr) (lbs/day) (lbs/day) (lbs/yr) 

Lake Volney 0.001867 0.68 1.7938 654.737 Explicit 1.796 655.43 

 
Section 6.0 ς 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 quality standards set forth for the NCHF 
ecoregion. A separate draft implementation plan has been created; a final draft will be 
completed within one year of the approval of the TMDL, per Minnesota requirements.  
 
The phosphorus reductions required for Lake Volney demand 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 incurred by 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 both external and internal nutrient sources to Lake Volney based upon findings 
observed during the TMDL study.  
 
6.1 External Source Reduction  
 
6.1 A. Reduce loading from monitoring location V2 
 Task 1. Work with landowners and appropriate agencies to conduct a wetland 
 rejuvenation on the large wetland complex and to restore additional wetlands 
 upstream/downstream of the large wetland complex.  
  
 Task 2. Explore converting the ditch (or a portion of the ditch) at monitoring location V2 
 to a two staged ditch design.   
  
6.1 B. Reduce loading from monitoring location V3 
 Task 1. Work with landowners and appropriate agencies to conduct a wetland 
 restoration upstream or adjacent to the ditch at monitoring location V3 before it enters 
 Lake Volney. 
 
6.1 C. Reduce loading from agricultural Land uses.  
 Task 1. Identify and target highly erodible lands, promote BMPs, terraces, and 
 conservation practices (no-till farming) in these areas. 
   
 Task 2. Promote nutrient management, crop residue management, and any other 
 practice utilized by the Le Sueur County SWCD to producers within the watershed. 
  
6.1 C. Developed Land Uses 
 Task 1. Identify lakeshore property owners that are willing to install rain gardens, 
 complete a shoreline restoration, install a rain barrel or implement some type of 
 stormwater BMP on their property. Install rain gardens, complete shoreline 
 restorations, and promote the use of rain barrels throughout the watershed. 
  
 Task 2. Several holding ponds were created upstream of the V6 grab sample monitoring 
 location in 1999. These ponds have likely filled in with sediments and nutrients since 
 1999 and therefore need to be dredged so that these ponds can continue to serve as 
 nutrient retention basins.   
  
 Task 3. Identify and collect water quality samples from major storm water culverts and 
 tile lines located in developed areas, implement BMPS accordingly. Determine the 
 potential to redirect culverts through treatment ponds or through rain gardens before 
 directly entering Lake Volney.  
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6. 2 In-Lake/Near Shore Source Reduction/Enhancement of Biological Integrity 
 Task 1. Re-establish native emergent and submergent vegetation along the shoreline. 
 Lake Volney is nearly completely devoid of emergent vegetation; therefore, sediment 
 near shore is more likely to be disturbed via wave action or through bio-turbation from 
 fish (mainly carp). This project would consist of installing a temporary barrier to allow 
 native emergent species such as bulrushes to begin growing. Native emergents would 
 be transported in from surrounding area lakes, purchased from local native plant 
 nurseries, and/or grown from seed.  The barrier would be removed once the plants had 
 become established (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 2. Continue 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 3. Determine the feasibility of alum treatments. If feasible, design an alum 
 treatment that will reduce internal phosphorus loading. Expand a citizen lake 
 monitoring program to collect water quality samples to test for effectiveness of alum 
 treatments. 
  
Section 7.0 ς Reasonable Assurance  
 
!ƭƭ ¢a5[ǎ ŀǊŜ ǊŜǉǳƛǊŜŘ ōȅ ǘƘŜ ¦{ 9t! ǘƻ ǇǊƻǾƛŘŜ άǊŜŀǎƻƴŀōƭŜ ŀǎǎǳǊŀƴŎŜέ ƻŦ ǇǊŀŎǘƛŎŜǎ ŀƴŘ 
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 the Lake Nutrient TMDL Protocols and Submittal Requirements the following 
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 sources in this TMDL report.   To 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 practice.  All BMPs or other practices aimed 
at improving water quality should also be implemented in a phased approach.  This will require 
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the understanding that solving any water quality issues within the lake system is a long term 
goal that will best be attained using numerous, incremented gains, as opposed to looking for a 
ǎƛƴƎƭŜ άǎƛƭǾŜǊ ōǳƭƭŜǘέΦ 
 
The reduction needs demonstrated by the TMDL to meet water quality standards represent 
aggressive goals.  These goals will also need to reflect realistic social and economic 
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 hydrology and water 
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 information such 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.    Practices should 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 within Lake Volney  that have contributed to water quality impairments took 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 in new information, technology, and demands 
on both the landscape and water resources by society.   
 
Section 8.0 ς 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, the UCL 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 was created and was composed of various representatives of stakeholders groups to help 
ensure that all groups would remain up to date and able to raise concerns and/or opinions as 
necessary.  
 
The Technical group included state, and local government employees, research groups and 
projects, and joint powers boards.  Agencies on the mailing and contact lists included SWCD, 
MPCA, CRWP, BWSR, MSU, DNR, County Employees, and LVLA members. 
 
 
 
8.2 Stakeholder and Advisory Meetings 
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¶ Organized & hosted public/stakeholder open house meeting on April 22nd, 2009. This 
ƳŜŜǘƛƴƎ ǿŀǎ ƘŜƭŘ ŀǘ {ǘΦ tŀǳƭΩǎ [ǳǘƘŜǊŀƴ /ƘǳǊŎƘ, which is in close proximity to Lake 
Volney. The overall objectives 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 project design.  

 

¶ Stakeholder Meeting November 12th 2009: The WRC at MSU, Mankato in conjunction 
with the MPCA, and CRWP provided a powerpoint presentation highlighting 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 MSU, Mankato. 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.  
 

¶ Technical Committee Meeting June 17th 2010: The WRC at MSU, Mankato in 
coordination 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 strategies. People from the previously mentioned groups were in 
attendance. 
 

¶ Implementation Meeting April 20th, 2011: Joe Pallardy of the WRC at MSU, Mankato 
met with Hugh Valiant of the MNDNR and three of the property owners that own land 
that directly borders the wetland complex in the Lake Volney watershed to discuss 
potential wetland restoration options.  
 

¶ Lake Association/Stakeholder Meeting May 21st, 2011: Shaina Keseley from the 
Minnesota Pollution Control Agency (MPCA) and Joe Pallardy of the WRC at MSU, 
Mankato presented a draft of the Lake Volney TMDL to the LVLA. Aaron 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.   

 
8.3 Websites, Mailings, and Citations in Newsletters 

¶ The CRWP website maintained updates on the progress of the TMDL study on their 
websites www.cwrp.net 

¶ In May 2010, CRWP sent out a newsletter to Lake Volney property owners with 
information highlighting progress made on the TMDL study to date.  

¶ The CRWP sent out a mailing to all stakeholders within the Lake Volney watershed 
informing stakeholders of the November 12th, 2009 meeting. 

http://www.cwrp.net/
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¶ The CRWP sent out a mailing to all stakeholders within the Lake Volney watershed 
informing stakeholders of the April 22nd, 2009 meeting. 

¶  A press release was sent out to local newspapers informing area residents of the April 
22nd, 2009 and November 12th, 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 
ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ƴƻǊǘƘŜŀǎǘŜǊƴ ŎƻǊƴŜǊ ƻŦ [ŀƪŜ ±ƻƭƴŜȅΩǎ ǿŀǘŜǊǎƘŜŘΦ  !ŘŘƛǘƛƻƴŀƭƭȅΣ a Minnesota 
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 gain a better understanding of this 
ǿŜǘƭŀƴŘΩǎ ǊƻƭŜ ƛƴ ǘƘŜ ǿŀǘŜǊǎƘŜŘ ǊŜƎŀǊŘƛƴƎ ƴǳǘǊƛŜƴǘ ǊŜǘŜƴǘƛƻƴ ŀƴŘ ŜȄǇƻǊǘΦ  
 
Lake Volney Wetland 

 
²Ŝ Ŏŀƭƭ ǘƘƛǎ ǿŜǘƭŀƴŘ ǘƘŜ ά[ŀƪŜ ±ƻƭƴŜȅ ²ŜǘƭŀƴŘέΦ  !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 5bwΩǎ tǳōƭƛŎ ²ŀǘŜǊǎ 
Inventory, the Lake Volney wetland is unnamed ŀƴŘ Ƙŀǎ ŀ 5ƛǾƛǎƛƻƴ ƻŦ ²ŀǘŜǊΩǎ [ŀƪŜ L5 ƻŦ пл-
0022-00. 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 comprised 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 emergent 
vegetation in this wetland is dominated by a floating mat of cattails (Typha X glauca and Typha 
angustifolia) 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 wetland (Figure 10.1) as well as through several drain tiles (Schuler 1997).  
¢ƘŜ ƭŀƴŘǎŎŀǇŜ ƻŦ ǘƘƛǎ ǿŜǘƭŀƴŘΩǎ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ ƛǎ ƭŀǊƎŜƭȅ ŀƎǊƛŎǳƭǘǳǊŀƭΤ ƻƴƭȅ ƛƴƭŜǘ о ŘǊŀƛƴǎ ŀƴ ŀǊŜŀ 
that is primarily native vegetation.  The outlet is located in the southeast 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 chemistry data.  Aquatic macroinvertebrate samples were collected from locations A 
and B (Figure 10.1) with D-frame dip nets.  The resulting data from these samples were used to 
calculate an index of biological integrity (IBI) score, an indicator used to assess the condition of 
the wetland.  A macro-invertebrate IBI score (0 -100 range) was generated for each sample.  
Water chemistry samples were collected from locations A and B as well as from inlets 1-3.  
Water temperature, pH, specific conductance, and dissolved oxygen were also measured at 
these locations using a Hach meter (HQ40d18).  Transparency was measured using a 100 cm 
transparency tube (T-tube). 
 
On July 8, 2010 MPCA staff visited Lake Volney wetland to collect wetland plant and water 
chemistry data as well as perform a functional assessment of the wetland.  The wetland plant 
community was characterized at locations A and B (Figure 10.1), recording the presence and 
estimated relative cover of species occurring within 10m x 10m sampling plots.  This plant 
community data was used to calculate an IBI score (0-100 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 basin (western & 
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 least-disturbed regional reference sites these scores are indicative 
of a poor  

 
Figure 10.1. Aerial photograph (2008) of Lake Volney Wetland indicating the location of wetland sampling stations (A&B) and 
inlet water chemistry stations. 

aquatic macroinvertebrate 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 individuals.  At both 
ǎŀƳǇƭƛƴƎ ƭƻŎŀǘƛƻƴǎΣ ƛǘ ǿŀǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ƻōǘŀƛƴ ΨŎƭŜŀƴΩ ƛƴǾŜǊǘ ǎŀƳǇƭŜǎ ŘǳŜ ǘƻ ǘƘŜ ǘƘƛŎƪ ƭŀȅŜǊ ƻŦ 
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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 and vegetation 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 data and 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 
(Typha X glauca, Typha angustifolia, Lemna minor, Ceratophyllum demersum and Phalaris 
arundinacae) are generally considered to be tolerant of pollution and disturbance.  
 

          
Figure 10.2. Macroinvertebrate sampling locations A (left) and B (right) within Lake Volney Wetland.  Photos taken 
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 least-disturbed 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 this range.  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 phosphorus concentrations at location B were considered intermediate, occurring above 
the 75th 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 floating-leaved plant growth 
(pers. obs.), and high nitrate+nitrite concentrations all likely contribute to the low 
macroinvertebrate IBI scores observed within this wetland.  Nutrient loading to the Lake Volney 
wetland has very likely adversely impacted the plant community at this wetland 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 formation of Typha mats within the wetland and free 
floating species (Lemna minor and Ceratophyllum demersum) dominating in the open water 
pockets.  
 
According to MnRAM, Lake Volney wetland was rated high for the following functions: flood 
attenuation and protection of downstream water quality.  Unfortunately, the MnRAM 
assessment tool is a qualitative estimate of functional capacity based on landscape setting and 
ƛǘ ŘƻŜǎƴΩǘ ǘŀƪŜ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ŀ ǿŜǘƭŀƴŘ ŜȄŎŜŜŘƛƴƎ ƛǘǎ ŎŀǇŀŎƛǘȅ ǘƻ ǊŜǘŀƛƴ 
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 where this wetland 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 wetland water 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 wetland were both rated as low. 
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Table 10.1  Water chemistry data from Lake Volney Wetland and three of its main surface water inlets.  

 
 

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 continues to experience 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 stress 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 whether the 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 
άōŜǊƳέ ǊŜǎǘǊƛŎǘƛƴƎ Ŧƭƻǿ ǘƘǊƻǳƎƘ ǘƘŜ ǿŜǘƭŀƴŘΦ  Lǘ ƛǎ ƴƻǘ ƪƴƻǿƴ ǿƘŜƴ ǘƘƛs field road was installed, 

Analyte Sample Wetland Sites Inflow Sites

Date Location A Location B Inlet 1 Inlet 2 Inlet 3

Water Temperature (oC) 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 (uS/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 5.3 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

Flow Observations 6/21/2010 n/a n/a no flow minimal flow

no flow, 

intermittent

7/8/2010 n/a n/a no flow

no flow, 

intermittent



70 

 

ōǳǘ ƛǘ ŀǇǇŜŀǊǎ ǘƻ ƘŀǾŜ ōŜŜƴ ŀǘ ƭŜŀǎǘ ǇŀǊǘƛŀƭƭȅ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ŜŀǊƭȅ мфрлΩǎ ŀǎ ŜǾƛŘŜƴǘ ƻƴ ƘƛǎǘƻǊƛŎ 
1951 aerial photos available at http://www.dnr.state.mn.us/maps/landview.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 which further substantiates a contention that the 
ǿŜǘƭŀƴŘ Ƙŀǎ ƭƛƪŜƭȅ ǊŜŀŎƘŜŘ ƛǘǎΩ ŎŀǇŀŎƛǘȅ ŀǎ ŀ ƴǳǘǊƛŜƴǘ όǇƘƻǎǇƘƻǊǳǎύ ǎƛƴƪ ŀƴŘ ǿƛǘƘƻǳǘ 
management intervention it can be expected to be a net exporter of phosphorus. 
 
Continuous flow based nutrient inputs and outputs 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 of inlet (and outlet) loads and characterization of the wetland sediments 
was beyond the scope of our normal wetland work. 
 
Appendix B: Blue-Green Algae Rapid Response Summary 
 

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

 
APHANIZOMENON (blue green) bloom 

Á 2 reported rashes in children (1 with a fever) after swimming and not showering 

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

 

 
 
 
 
 
 
 
 
 

http://www.dnr.state.mn.us/maps/landview.html
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Two samples collected: 
 
Á Lake Volney:  Sample #1 (mid-lake) --  14:30 DST on 

7/23/09 
o 44o ннΩ фΦпрέbΣ фоo оуΩнпΦууέ ² 
o Dissolved oxygen:  14.05 mg/L 
o Temperature: 24.6o C 
o Specific Conductivity:  331.3 µS/cm 
o pH:  9.11 
o Secchi:  1.15 meters 

Á Lake Volney (mid-lake)  
YSI sonde measurements from 7/22/09 at 10:00 DST 

o DO: 12.04 mg/L 
o Temp:  22.77o C 
o Specific Conductivity:  396 µS/cm 
o pH:  9.17 
o Secchi:  1.9 meters 
o Chlorophyll a ς 61.3 

 
Figure:  Mid-lake 7/23/09 

           Figure : Near public boat landing (dock) 7/23/2009. 
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 were still greater 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 been seen near the boat landing  
 
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.edu 507-389-2704  
 
Appendix C: /ŀǊƭǎƻƴΩǎ ¢ǊƻǇƘƛŎ {ǘŀǘŜ LƴŘŜȄ ǾŀƭǳŜǎ ŦƻǊ [ŀƪŜ ±ƻƭƴŜȅ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ŜǳǘǊƻǇƘƛŎ 
conditions have persisted within this basin for over 15 years.  

Lake  
Year 

Results /ŀǊƭǎƻƴΩǎ ¢{L Eutrophication Status 

Volney 
1995 

TP=78.21 
Chl.-a= 62.52 
Secchi= 41.7 
Avg.TSI = 60.81 

 

Volney 
2007 

TP=61.94 
Chl.-a= 54.03 
Secchi= 44.09 
Avg. TSI = 53.35 
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Appendix D: Lake Volney Vegetation Surveys 
Introduction 
Staff from MSU-aŀƴƪŀǘƻΩǎ ²ŀǘŜǊ wŜǎƻǳǊŎŜ /ŜƴǘŜǊ ƛƴ ŎƻƻǊŘƛƴŀǘƛƻƴ ǿƛǘƘ ǘƘŜ aƛƴƴŜǎƻǘŀ 
Pollution Control Agency used a point-intercept sampling technique to provide a representative 
sample of the aquatic plant community in Lake Volney. A 100*100 meter grid was created using 
ŀ ƎŜƻƎǊŀǇƘƛŎ ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳǎ όDL{ύ ǇǊƻŎŜǎǎΦ IŀǿǘƘΩǎ !ƴŀƭȅǎƛǎ ¢ƻƻƭǎ ŦƻǊ !ǊŎ DL{ ǿŀǎ ǳǎŜŘ ǘƻ 
outline the image of each lake basin; the 100*100 meter grid was then placed over the outlined 
image of each lake basin.  
The point-intercept method 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 point-intercept method is used by both the Wisconsin and Minnesota 
Department of Natural 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 
ǇǊŜǎŜƴǘ ǿŀǎ ŀƭǎƻ ǊŜŎƻǊŘŜŘ ŀǘ ŜŀŎƘ ǎƛǘŜΦ ¢ƘŜ ǇŜǊǎƻƴ ƻǇŜǊŀǘƛƴƎ ǘƘŜ άǊŀƪŜ ǎŀƳǇƭŜǊέ ǘǿƛǎǘŜŘ ǘƘŜ 
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 m (10 ft) it is recommended to use a pole 
sampling method. At locations over 3 m a double headed rake attached to the end of a rope 
was used (UWSP, 2008). At locations over 3 m, the rake was allowed to fall to the bottom of the 
lake and into the top layer of sediment, and then retrieved back to the surface. The size of the 
rake head is the same for both techniques, therefore, the area sampled was similar. 
Each rake sample was then carefully lifted up through the water column and any plants that 
were attached to the rake were identified and recorded. Additionally, at each site the 
abundance of each species and the overall rake was rated on a 0-4 scale; 0 = no plants present, 
1 = plants filling < 1/3 of the rake head, 2 = 1/3 < plants filling < 2/3 of the rake head, 3 = plants 
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 round: Wetland Plants 
and Plant Communities of Minnesota and Wisconsin (Eggers and Reed, 1997) and Through the 
Looking Glass (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 was the floristic 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 for a 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 
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made that will help to determine how much disturbance a given lake might have experienced 
(Rocchio 2007).           
Every macrophyte in the state of Minnesota has been assigned a coefficient of conservatism 
value (c-value) ranging from 0 to 10. The c-value of all macrophytes sampled from a lake is used 
to determine the FQI for a given lake. Species with a c-value of 0 include species like CLP 
because this species is non-native and indicative of a highly disturbed environment. In 
comparison, a species like Oakes pondweed (Potamogeton oakesainus) has a c-value of 10 
because this species is extremely rare and only found in undisturbed, pristine settings.  
            
Floristic Quality Index (FQI) 
CvL Ґ /ϝҞ{ 
C= Mean coefficient of conservatism value 
S= Number of species in sample 
 
Results from 5/12/2009 Point Intercept Survey 
Anthropogenic 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. Curly-leaf 
pondweed and sago pondweed were the only two species of plants found in Lake ±ƻƭƴŜȅΩǎ 
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 blooms that occur annually. The FQI score 
for May 12th 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 macrophyte within Lake Volney (Figure 10.3). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10.3. Curly-leaf pondweed distribution on Lake Volney, May 12

th
, 2009.  

 
 
 


