
Preliminary Draft ï Not for Formal Review 

 

 

 

 

 

 

 

 

Total Maximum Daily Load Evaluation 

of Phosphorus Impairment 

in the Byllesby Reservoir 

 

 

 

For Submission to: 

Minnesota Pollution Control Agency 

 

 

Submitted by: 

 

Cannon River Watershed Partnership (CRWP) (501(c)(3) 

8997 Eaves Avenue 

Northfield, Minnesota 55057 

 

Project Leaders: Elizabeth Croteau-Kallestad 

   Hilary Ziols 

 

 

 

Byllesby Reservoir TMDL Technical Committee: 

 

Lee Ganske, MPCA, Project Manager 

Steve Heiskary, MPCA 

Mark Tomasek, MPCA 

Justin Watkins, MPCA 

Elizabeth Croteau-Kallestad, CRWP 

Hilary Ziols, CRWP 

Travis Bistodeau, Dakota County SWCD 

Paul Gillispie, City of Dennison 

Mark Knoff, City of Faribault 

Steve Pahs, Rice County SWCD 

Al Schmidt, DNR Fisheries 

 

 

 

 

Preliminary Draft ï September 30, 2007 



Preliminary Draft ï Not for Formal Review 
 

DRAFT  9/30/2007 i 

 

 

Table of Contents 
 

1.0 Executive Summary  

 

2.0 Introduction   

 Purpose and Problem Statement 

 

3.0 Background Information  

 Including: Location of Byllesby Reservoir, Watershed characteristics (Land use, 

Population trends), Subwatersheds (Upper Cannon and Straight River watersheds, Chub Lake 

watershed, Prairie Creek watershed, Spring Creek and Byllesby Creek watersheds), Brief history 

of the reservoir, Lake  morphometry and hydrology, Stream flow characteristics,  Geology and 

bedrock, Soils, Climate, Ecological diversity ( Aquatic vegetation, Phytoplankton, Terrestrial 

vegetation, Fishery), Recreational uses. 

 

4.0 Water Quality  

 4.1 Background information provided by previous studies 

 4.2 Cannon River water quality 

4.3 Byllesby Reservoir water quality 

 4.4  Applicable water quality standards and numeric water quality targets 

 

5.0 Phosphorus Source Assessment  

 5.1 Phosphorus source inventory 

 5.2 Assessment and analysis of phosphorus contribution from identified sources 

  

5.2.1 Point source loads, including WWTF, NPDES permitees (industrial and 

feedlot), MS4 Communities (stormwater), Individual septic treatment systems, 

unsewered communities 

  5.2.2 Nonpoint source loads, including overland runoff and open tile intakes, 

livestock, wildlife and natural background 

 

 

6.0  Phosphorus Loading Capacity of Byllesby Reservoir  

 6.1  Total Maximum Daily Load equation 

 6.2  Analysis of Flow Conditions 

 6.3 Estimated Phosphorus Loading and Loading Capacities 



Preliminary Draft ï Not for Formal Review 
 

DRAFT  9/30/2007 ii 

7.0  Phosphorus TMDL and Allocations 

 

 7.1 TMDL Description 

 7.2  Allocations and Margin of Safety 

  7.2.1 Margin of Safety 

  7.2.2 Wasteload Allocation 

  7.2.3 Load  Allocations  

 7.3  Critical Conditions and Seasonality 

 7.4  Impacts of Growth and Other Watershed Changes; Reserve Capacity 

  

8.0 Monitoring Plan  

 

9.0  Public participation (record of participation throughout TMDL plan development)  

 

10.0  Implementation Plan  

  

 

11.0 Footnotes 

 

12.0  References  

 

13.0 Appendices 

 

 

  

 



Preliminary Draft ï Not for Formal Review 
 

DRAFT  9/30/2007 iii 

TABLES AND FIGURES 

 

Table            Page 

 

2.1  Technical committee members and stakeholder representatives for  

Byllesby TMDL project 

 

3.1  Land use composition (Interquartile range ï 25
th
 ï 75

th
 percentile) for    

  reference lake watersheds and Byllesby Reservoir watershed 

3.2 Population projections for the six counties of the watershed 

3.3 Chub Lake water quality data summary 

3.4 Morphometry of reservoir segments 

3.5 Byllesby reservoir algal composition 

 

4.1  Identification of stream monitoring sites 

4.2 Average summer water quality and trophic status indicators 

4.3  Interquartile ( 25-75 Percentile) Range of Phosphorus Concentration for Minimally 

Impacted Streams in Minnesota. Data from 1970 ï 1992 

4.4 Identification of lake monitoring sites 

4.5 Summer mean water quality parameters  

 

6.1 Cannon River Flow Percentiles for Different Years and Periods of Record 

6.2 Estimated Total Phosphorus Loading to Lake Byllesby 

6.3 Total Phosphorus Loading Capacities for Lake Byllesby 

 

7.1 Lake Byllesby TMDL expressed in kilograms/year total phosphorus 

7.2 Lake Byllesby TMDL expressed in kilograms/month total phosphorus 

7.3 Lake Byllesby TMDL expressed in Kilograms/day total phosphorus 

7.4 Lake Byllesby TMDL expressed in percent of total phosphorus loading capacity 

 

8.1 Byllesby  watershed TMDLs 

 

9.1 CRWP newsletter articles related to the Byllesby reservoir 

9.2 Byllesby Reservoir TMDL Technical Committee 

 

 

Figure            Page 

 

2.1  Aerial photograph of Byllesby Reservoir 

 

3.1 Cannon River watershed and its location in Minnesota 

3.2 Byllesby reservoir watershed 

3.3 Minnesota Level III ecoregions 

3.4 Major lobes of the Cannon River watershed 

3.5 Surface water in the Cannon River watershed 

3.6 Aerial view of Byllesby Reservoir, illustrating lake segments and 



Preliminary Draft ï Not for Formal Review 
 

DRAFT  9/30/2007 iv 

 sampling sites 

 

4.1  Cannon River monitoring sites 

4.2 Chlorophyll-a results from selected sites on lake Byllesby 

4.3 Dissolved Oxygen profile, Near dam site 105 

4.4 Inorganic Solids by Lake Segment ( 1991 and 1996 data) 

4.5 Aerial view of Byllesby Reservoir, illustrating lake segments and sampling sites 

4.6 Byllesby summer mean TP by segment 

4.7 Byllesby summer mean Chlorophyll-a by segment 

4.8 Byllesby summer mean Secchi disk depth by segment 

4.9       Minnesota draft eutrophication criteria for North Central Hardwood Forest and Western 

Cornbelt Plains ecoregions 

 

6.1 Average annual and maximum annual flow at Welch 

6.2 Straight and Cannon River Flows (1966-1971; 1992-2006) 

 

 

 

8.1 River monitoring sites Byllesby  watershed TMDLs 

 

 

 

 

 

 



Preliminary Draft ï Not for Formal Review 
 

DRAFT  9/30/2007 1 

Section 1.0 Executive Summary 

  

The Byllesby Reservoir was placed on the 2002 303(d) list for impairment of its 

recreational uses due to excess nutrients. The Byllesby Reservoir Total Maximum Daily Load 

Excess Nutrients project began with measurements of phosphorus, total suspended solids, and 

chlorophyll-a concentrations, and of turbidity in the inflow stream and water clarity in the 

reservoir. A current background assessment was done in 2002-2004, but historic water quality 

and flow data were essential for complete analysis and modeling. 

  

At the time of the listing, the standard for nutrient impairment was narrative. The first 

major goal of this project was to adopt quantitative standards as in-lake goals. Reductions in the 

input of phosphorus to the reservoir needed to restore its recreational uses were derived from the 

numeric goals, using the BATHTUB model. 

 

In order for the Byllesby Reservoir to attain water quality goals established by the 

technical committee and vetted to stakeholders, a 43% reduction in phosphorus loading will be 

required under low flow conditions. A 60% reduction in phosphorus loading will be required 

under higher flow conditions. 

 

 

Section 2.0 Introduction an d Problem Statement 

 

 The watershed to water surface area ratio for the Byllesby Reservoir is 730,000 acres to 

1435 acres, nearly 510:1. The same ratio for a typical Minnesota lake is 5:1 or 10:1.  

 

 The fact that this water body is a reservoir and not a lake, and the following aerial 

photograph speak volumes about its eutrophication. 
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Figure 2.1  Aerial photo of Byllesby Reservoir (Source: CRWP files, 2003) 

 

 

 

In this photo, one can see the Cannon River entering from the west, the delta that is 

forming from dropped sediment loads, the dam at the east end, and the outflowing river. Also 

evident is the preponderance of agricultural land, which is reflective not only of the immediate 

area, but also of the reservoirôs watershed. Homes on the Dakota County (North side) and 

Goodhue County (South) side are visible. Three creeks empty into the reservoir. They are, 

clockwise from the mid-south section, Prairie Creek, Spring Creek, and Chub Creek on the far 

west end, north of the river. Chub Creek was re-engineered to join the Cannon River instead of 

emptying directly into the reservoir, during the Highway 56 bridge construction over the Cannon 

River in the 1950ôs. 

 

Continuing land use changes which began 150 years ago in agricultural sod-busting for 

small grains and pasture land, to intensive row-crop farming, including the current conversion of 

legume and corn rotation to corn planted on corn for ethanol production, contribute to 

eutrophication. The type of land development which creates high volumes of surface runoff 

contributes not only a direct load of phosphorus from urban materials, but also creates intense 

flows that cause in-stream or bank erosion, resuspending sediment-borne phosphorus. 

Demographic increases create phosphorus inputs to wastewater treatment plants that are 

expensive to mitigate. 
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However, the people who have served on the technical committee and who were willing 

to represent their stakeholder group as advisory committee members for this TMDL project 

represent points of view and areas of expertise that will contribute solutions to these problems. 

They are listed in Table 2.1. Authors of an article in the journal, ñLake and Reservoir 

Managementò stated it this way. ñFew would question that lake management requires multiple 

disciplines, such as fisheries biologists, limnologists, engineers, and hydrologists. Yet, watershed 

and lake management is fundamentally social in nature éVirtually every lake in the world 

experiences dynamics influenced by human activityéResolving lake management issues 

requires the interaction and integration of both the hard sciences and the soft sciences, sociology, 

economics, psychology, and political science.ò
1 
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Table 2.1 Technical Committee members and stakeholder representatives for Byllesby 

TMDL project. (Technical Committee members are highlighted) 

 
NAME AFFLIATION AREA OF EXPERTISE

Mark  Alberts Cannon Falls Wastewater Treatment Facility Cannon Falls WWTF

Dan Arndt Steele Co SWCD SWCD

Travis Bistodeau Dakota Co SWCD SWCD- water quality

Bruce Blair Dakota Co Parks Dakota County Parks

Dan Boykin Lake Byllesby Association Lake Byllesby Improvement Association 

Brad  Carlson U of M Extension U of M Extension

Don Clemmensen City of Medford WWTF Medford City Council

Dave Cross Faribault Foods - Faribault Division NPDES - Canned fruits and vegetables

Matt Drewitz BWSR- Clean Water Specialist Agricultural phosphorus

Lee Ganske MPCA MPCA Project Manager

Paul Gillispie City of Dennison Dennison WWTF

Roger Hanson City of Elysian Wastewater Treatment Facility Elysian WWTF

Steve Heiskary MPCA MPCA Lakes Expert

Nancy Heskett MPCA MPCA Permit Division

John Jaschke Executive Director - BWSR Director of MN Board of Soil and Water 

Brian Johnson Met Council Lakes Specialist

Jim Johnson  City of Ellendale Wastewater Treatment Facility Ellendale WWTF

Beth Kallestad CRWP CRWP Watershed Analyst

Lauren Klement LeSueur Environmental Services LeSueur County Environmental Health

Mark Knoff City of Faribault Public Works Director of Public Works, Faribault

Herb Krueger Morristown Wastewater Treatment Facility Contractor - Morristown WWTF

Rich Kucera City of Medford WWTF Medford WWTF

Cathy Larson Met Council Mpls./St. Paul Metropolitan Council  

Glenn Lindroos City of Northfield WWTF Northfield WWTP

Galen Malecha Rice County Commissioner Rice County Commissioner

Henry Morgan City of Faribault WWTF Faribault WWTP Manager

Dean  Nelson City of Owatonna WWTF Owatonna WWTP Manager

Steve Pahs Rice Co SWCD Rice County SWCD District Manager

Seth Peterson Bolton & Menk Contractor Medford WWTP

Rick Plank Jennie-O Turkey Store NPDES - Turkey processor

Gary Rast North American Hydro Byllesby Reservoir dam-water quality 

Glen Roberson Goodhue Co SWCD Goodhue County SWCD

John Roessler City of Elysian Wastewater Treatment Facility Elysian WWTF

Roger Ruhland Le Sueur Co SWCD LeCenter WWTF

Dave Sanderson Morristown Wastewater Treatment Facility Morristown WWTF

Al Schmidt DNR Fisheries MN DNR Fisheries

Kris Sigford MCEA MN Center for Environmental Advocacy 

Jenny  Smet North American Hydro Byllesby dam Operations and regulatory

Jeff Smith MPCA MPCA- Regional municipal wastewater

Carl  Sonnenberg City of Waseca WWTF Waseca WWTP

Judy Sventek Met Council Mpls./St. Paul Metropolitan Council

Dan Timm North American Hydro Byllesby dam and river level transmitters

Mark Tomasek MPCA Enviro. Analysis & Outcomes MPCA Water Quality Standards

Russ Vlasak City of Lonsdale Public Works Director Lonsdale WWTP

Rick Vollbrecht  City of Waterville Wastewater Treatment Facility Waterville WWTP

Rick Vollbrecht Kilkenny Wastewater Treatment Facility Kilkenny WWTP

Al Voracek City of Lonsdale Wastewater Treatment Facility Lonsdale WWTP

Marle Watje Waseca Co SWCD Waseca County SWCD

Justin Watkins MPCA MPCA Regional watershed division

Brian Watson Dakota Co SWCD Dakota SWCD

Dan Wenstrom Lake Byllesby Association Lake Byllesby resident

Hilary Ziols CRWP CRWP outreach Coordinator

 Hope Creamery Discharge Permit Holder NPDES Creamery

 Lakeside Foods Inc - Owatonna Plant NPDES processed meats

Steve McDowell Nerstrand Wastewater Treatment Facility Nerstrand WWTF

 Plainview Milk Products Coop NPDES- milk products

 The Turkey Store - Faribault NPDES - turkey processing plant

Jim Klang, P.E. Keiser Associates Keiser and Associates; MPCA 
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3.0 Background Information  

 

 

Location of Byllesby Reservoir  

 

The Byllesby Reservoir (DNR Bulletin 25, Lake ID #19-0006) is a run-ofïthe-river 

reservoir on the Cannon River in southeastern Minnesota. The dam which forms the reservoir is 

located in the city of Cannon Falls (population 3,960 in 2005). Figure 3.1 shows the location of 

the Cannon river watershed within the state of Minnesota, the Cannon River and its principal 

tributary, the Straight River, and the counties which overlay the riverôs watershed. This map also 

shows locations of the incorporated cities of the watershed. The small city of Randolph 

(population 320 in 2000) is located slightly upstream of the reservoir, near the confluence of 

Chub Creek and the Cannon River outlet to the reservoir. 

 

 

Figure 3.1 Cannon River watershed and its location in Minnesota  
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Figure 3.2 illustrates the extent of the Byllesby Reservoir watershed, a subwatershed of 

the Cannon River watershed, again locating the towns and cities of the watershed, and its 

tributary relationship to the Mississippi River. The Byllesby watershed comprises 733,400  acres, 

or 78% of the  941,000 acre Cannon River watershed. 

 

Other important locators for the Byllesby Reservoir are its subwatershed relationship to 

the Upper Mississippi River Basin, Lower portion, and also to Lake Pepin (HUC 25-0001-00) 

which is impaired for turbidity and excess nutrients, for which a TMDL is underway. In addition, 

a TMDL for turbidity in the Lower Cannon River, below the Byllesby dam, was completed in 

2007.
1
  

 

 

Figure 3.2 Byllesby Reservoir watershed 
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The watershed of the Byllesby Reservoir straddles two Minnesota Level III ecoregions, 

as defined by US EPA, North Central Hardwood Forests, and Western Cornbelt Plains ( see 

Figure 3.3)
 
 Ecoregions reflect regional patterns in geomorphology, soils, land use, and climatic 

characteristics, and ñserve as a spatial framework for the research, assessment, management, and 

monitoring of ecosystems and ecosystem components.ò
2 
 MPCA has an established precedent of 

using the ecosystem framework to identify and assess lake and reservoir impairments. 

 

Although MPCA considers Level III ecoregions, and not Level IV ecoregions, it is of 

interest to note the Level IV descriptions. See footnote
2
.  

 

Figure 3.3 Minnesota Level III ecoregions  (Map: CRWP GIS. Metadata: MN DNR DataDeli) 
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Watershed characteristics 

 

 

 Land use 

 

An understanding of regional patterns in land use, phosphorus export, and factors related 

to watershed-lake interactions are useful in the criteria-setting process.
3 
 The Byllesby watershed 

is compared to ecoregion reference lakes in Table 3.1. This land use data is from 1990. More 

current data would be helpful. 

 

 

Table 3.1  Land use composition (Interquartile range ï 25
th

 ï 75
th

 percentile) for reference 

lake watersheds and Byllesby Reservoir watershed 
4, 5 

 

Land use  North Central Hardwood 

Forests 

Western Cornbelt 

Plains 

Byllesby Reservoir 

watershed 

Forest 6-25% 0-15% 7% 

Water and Wetland 14-30% 3-26% 4% 

Cultivated 22-50% 60-82%  

Pastured 11-25% 5-15%  

Cultivated and 

Pastured 

36-68% 68-90% 84% 

Developed 2-9% 0-2% (ñUrbanò) 4% 

 

Heiskary and Wilson (2005) made the following points about land use which are relevant 

to the clean-up of the Byllesby reservoir.  

 

ñThe combination of land uses in the watershed of a lake, in combination with the 

morphometry and water flow-through characteristics of a lake are primary factors in determining 

the quality of a lakeéThe percentage of land in developed land uses can be expected to play a 

very significant role in determining the water quality of a lake. Based on reported phosphorus 

export coefficients (Rast and Lee, 1983 and Reckhow, et. al.1980) its influence may be 

equivalent to or greater than that of cultivated land.ò
6
  

 

A more complete description of regional patterns in land uses, and their relevance to 

water quality may be found in Heiskary and Wilson, Minnesota Lake Water Quality Assessment 

Report: Developing Nutrient Criteria, 3
rd

 Edition, 2005, pgs. 86-88. 
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Population trends  

 There is a trend toward increasing population in the watershed, as shown in Table 3.2. 

These changes will affect the proportion of phosphorus attributable to point and nonpoint 

sources, as outlined in the Detailed Assessment of Phosphorus Sources to Minnesota 

Watersheds, prepared by Barr Engineering Company, and presented to the MN Legislature in 

2004.  

 

Table 3.2 Population projections for the six counties of the Cannon River watershed. 

(Source: Minnesota State Demographic Center 

http://www.demography.state.mn.us/projections.html ); accessed 9-19-07 

 

County 2005-2015 

% change in Population 

2005-2035 

% change in Population 

Dakota 12 26 

Goodhue 8 22 

LeSueur 15 37 

Rice 15 37 

Steele 12 30 

Waseca 2 6 

 

http://www.demography.state.mn.us/projections.html
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Subwatersheds 

 

 

 Upper Cannon River and Straight River watersheds 

 

To understand sources of nutrient contributions to the reservoir, two major 

subwatersheds, the Upper Cannon River and the Straight River watersheds, were characterized in 

the Byllesby Reservoir 319 Project: An Examination of the Reservoirôs Water, Sediment, and 

Nutrient Budgets, (ñ319 projectò) completed in July, 2004. Figures 3.4 and 3.5 illustrate land 

area, and location and type of waters of the major lobes of the Cannon River watershed.  

 

 

Figure 3.4  Major Lobes of the Cannon River watershed 
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Figure 3.5  Surface water in the Cannon River watershed  

 

 

 

Excerpts from the 319 project explore differences between two major subwatersheds of 

the Byllesby Reservoir. 

 

ñThe two focus regions ï the Upper Cannon River Watershed (UCRW) and the 

Straight River Watershed (SRW) ï are distinctly different areas.  The SRW is extensively 

drained by ditches and tile lines (some stretches of the river itself are classified as ditch); 

the recently glaciated UCRW holds most of the entire Cannon River Watershedôs lakes 

and wetlands.  While the SRW is nearly 40% larger than the UCRW, it contains only 

approximately 30% of the wetland acreage found in the UCRW. 

 

A subcategory of the wetlands found in the UCRW is óshallow open waterô ï a 

label that includes the many lakes of that watershed.  There are eight lakes in the 

watershed comprising a total of about 7,500 acres that act as storage chambers on the 

Upper Cannon River. The river flows through each.  Assigning a generic mean depth of 

10 feet to the eight lakes suggests an approximate storage capacity of about 24 billion 
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gallons. A river flow of 300 cubic feet per second is equal to about 200 million gallons 

per day. Thus, a rough estimate suggests that the lakes and reservoirs along the Upper 

Cannon River can hold over 100 days of typical flow.  Consequently, water and nutrients 

that enter the UCRW may be held in that system for many days. 

 

In contrast, the SRW includes very little water storage. There are no basins in the 

path of the river, and very little wetland acreage throughout the watershed.  Water that 

enters the Straight River and is not lost to groundwater or evaporation will leave via the 

mouth in 0 ï 3 days. In addition to the disparity in wetland acreage, the general land use 

in the two watersheds differs greatly.  The SRW contains approximately 100,000 more 

acres of cultivated land than are found in the UCRW.  The average size of the contiguous 

cultivated areas in the SRW is greater than 1,000 acres, while in the UCRW such plots 

are typically less than 500 acres.  In summary, the Straight River Watershed is an 

extensively drained basin with no flow-through lakes or basins that includes many acres 

of large blocks of cultivated land. The Upper Cannon River Watershed drains a once-

glaciated region that, despite extensive development, still includes a number of lakes and 

wetlands, some of which hold river water for extended periods of time, and notably less 

cultivated land (with respect to the SRW). 

 

Another distinct difference lies in the human populations of the two watersheds.  

The SRW hosts the relatively large city of Owatonna, and includes an overall population 

of approximately 24,000 people.  In total, the SRW includes five wastewater treatment 

plants, three of which are continually discharging wastewater (Owatonna, Medford, 

Faribault), and two of which are pond systems (Ellendale, Geneva). The city of Waseca, 

although included in the SRW, discharges its wastewater to the Le Sueur River. 

 

The UCRW holds only small communities - Waterville, Morristown and 

Kilkenny.  Approximately one-third of the city of Faribault is included in the UCRW.  

Thus, given that the populations of the three small communities is approximately 3,000, 

the overall population of the UCRW is estimated to be 12,000 ï 15,000 (5,000 of 

Faribault population, 3,000 in small communities, and 5,000 estimated rural population).  

The wastewater treatment plant discharge in the UCRW is minimal ï Waterville and 

Morristown are the only continuous discharges, servicing 2,500-2,700 people.  Kilkenny 

treats waste by means that do not result in a continuous flow to a waterbody.  Although a 

fraction of the city of Faribault is included in the UCRW, the Upper Cannon River does 

not receive the cityôs wastewater.ò
7 

 

 

Chub Lake subwatershed  

 

Chub Lake (HUC 19-0020) was added to Minnesotaôs Impaired Waters list in 2002, as 

was the Byllesby Reservoir, both because of excess nutrients affecting aquatic recreation 

potential. As assessment including a description of the watershed, lake morphometry, and trophic 

status was conducted in 2004. The scheduled TMDL for Chub Lake has been subsumed into the 

Byllesby TMDL. As with other Cannon River watershed water bodies, it is hoped that reductions 

made to meet the goals of the reservoir will also improve water quality upstream. The Chub Lake 
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Assessment Report is included in Electronic Exhibit A. Excerpts from that report are included 

below. Historic water quality data are shown in Table 3.3.
 

 

ñChub Lake is a small, shallow waterbody located in southwest Dakota County.  

It is a headwater, in that it sits at the top of one of the main lobes of the Chub Creek 

watershed.  Chub Creek drains to the Cannon River system at the west end of the 

Byllesby Reservoir. While Chub Lake is on the fringe of the Minneapolis-St. Paul 

metropolitan area, it does not receive significant recreation pressure, as there is no public 

access and there are only a handful of homes on or near its shore.
 

 

Chub Lake drains 1035 acres (approximately 2 square miles), most of which lies 

in the North Central Hardwoods ecoregion. This area accounts for only 2.3% of the Chub 

Creek watershed, and 0.13% of the Cannon River watershed.  The watershed is situated 

at the top of the Chub Creek basin; it abuts the Vermillion River watershed to the 

northwest.ò
8 

 

 

Table 3.3  Chub Lake water quality data summary (Source: Watkins, Justin; ñChub Lake 

(19-0020) Assessment Reportò)  

 

count ppb ppb ppb countppb ppb ppb countmetersmetersmeters

1980Met Council 2 70 140 105 2 8 105 56 2 0.5 1.1 0.8

1993Met Council 13 50 130 79 12 18 43 31 14 0.4 1 0.57

1994Met Council 14 30 170 96 14 7 90 35 14 0.3 2 0.65

1995Met Council 11 40 220 129 11 12 100 39 11 0.2 1.5 0.58

2000CLMP 0 0 6 0.15 0.46 0.3

2004CRWP 6 204 335 276 6 96 178 144 6 0.23 0.23 0.23

CRWP - Cannon River Watershed Partnership 

Year Collecting 

agency

CLMP - Citizen Lake Monitoring Program

Secchi Data

[count/min/max/mean]

Total Phosphorus Data 

[count/min/max/mean]

Chlorophyll-a Data

[count/min/max/mea

 
 

Prairie Creek watershed
  

 

 Prairie Creek enters the Byllesby Reservoir on its south side, above the dam. Sampling 

for nutrient levels near this creekôs mouth was conducted during the 319 project. 

 The Prairie creek watershed of 50,952 acres comprises 6.4% of the reservoirôs watershed. 

 

 

Spring Creek and Byllesby Creek watersheds 

 

 Spring Creek enters the Byllesby Reservoir on its south side, above the dam; sampling of 

this subwatershed was not conducted. The Spring Creek watershed of 8,741 acres comprises 
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1.2% of the reservoirôs watershed. 

 Byllesby Creek enters the reservoir on its north side, above the dam and within the 

Dakota County park limits; sampling of this subwatershed was not conducted. The Byllesby 

Creek watershed of 3,482 acres comprises .5% of the reservoirôs watershed. 

 

 

Brief history of reservoir 

 

 The reservoir exists, and continues to exist, because of human intervention upon the 

Cannon River. According to the Lake Byllesby Regional Park Master Plan, the lake created by 

the dam in 1912 submerged the southernmost portion of Randolph Township and the sites of 

Native American and Euro-American settlement alike. The reports adds that ñwhile the presence 

of the lake prevented further settlement in that portion of the township, the dam encouraged it in 

the surrounding area by providing not only power but also pleasure, giving residents a place of 

beauty and recreation.ò 
9 

 

Some
 
significant dates in the reservoirôs history are: 

1911: Construction of dam complete. 

1967: Lake Byllesby Improvement Association (LBIA) founded. 

1968: Dakota & Goodhue Counties purchase dam from Northern States Power. 

1968: Flashboard installation raises water level three feet. 

1977-1978: Reservoir drained; draw down study, sluice gate dam repairs. 

1979: Dam repairs complete, reservoir refilled. 

1982: Dakota County agrees to sell lakeshore to private landowners; Goodhue County does not. 

1987: Hydropower production resumes. 

 

 The dam was rehabilitated in 1983 by North American Hydro, which continues to operate 

it, as well as two flow monitoring stations. One station is near Carleton College in Northfield, 

upstream of  the reservoir. The second station is at the dam itself. Data from both these stations 

was used as reference points in the modeling of the TMDL study (See Sections 6.0 and 7.0.) 

 

 

Lake morphometry and hydrology 

 

The reservoir includes approximately 1,435 acres of open water.  It is relatively shallow 

with a mean depth is estimated at 9 feet, and a maximum depth of 50 feet, at a small area near 

the north end of the dam.   

 

ñThe flow through the dam is highly regulated. The operator of the dam (North American 

Hydro) is required to maintain ñinstantaneousò flow through the dam so every storm or 

precipitation event is passed downstream with no increase in reservoir volumeéThe pool (lake) 

elevation is maintained at 856.7 feet above mean sea level. With the exception of a few weeks in 

the spring, when the poll can rise as much a s a foot and a half, the pool does not usually 

fluctuate more than +/- 0.3 feet.ò
10
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Like many reservoirs, the Byllesby Reservoir may be said to have three segments, named 

Inflow, Transitional or Middle, and Near-dam, (See figure 3.6 and Table 3.3) which have 

different physical characteristics and differing effects on suspended solids and dissolved 

phosphorus as these move with the riverôs flow through the water body. Responses to 

concentrations of total suspended solids and total phosphorus - algae production, measured by 

Chlorophyll-a concentration, and water clarity measured with the Secchi disk - also change with 

flow through the reservoir. This dynamic system was carefully considered in technical 

committee discussions, and in developing modeling scenarios to meet stated in-lake goals, which 

are further discussed in Sections 6 and 7. 

 

 

Figure 3.6  Aerial view of Byllesby Reservoir, illustrating lake segments and sampling sites 

 

 

 

 

Table 3.4 Morphometry of reservoir segments 

 

Segment (Site) Area 

(acres) 

% Surface Area Average  

Depth (feet) 

% Volume 

Inflow (101) 346 25 5 11 

Transitional, or Middle (103) 865 63 14 71 

Near-dam (105) 153 12 18 17 
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Stream flow characteristics 

 

A brief analysis of varying flow regimes might be included here, to create a picture of the range 

of flows and what this means for the water body. 

 

Given that dam operation controls the output of water from the reservoir, the volume of 

the water body varies. However, a typical measurement is 12,400 acre-feet.
11 

 

 

Geology and bedrock 

 

The limestone, sandstone, and shale bedrock of southeastern Minnesota tell of a time 500 

to 300 million years ago when shallow seas, beaches, sand dunes, and tropical 

temperatures defined the place on Earth that became Minnesota. Geologic evidence discloses 

that the Cannon River itself, and its major tributary, the Straight River, were formed at the edge 

of a retreating glacier in the relatively recent late-Wisconsinan Age, 25,000 to 12,000 years 

ago. The topography of the riverôs watershed reveals features left by melting ice sheets, 

including gravel and sand deposits, and lakes formed between hummocks of sediment in the 

wasting ice.  

 

Although much of the watershed was covered by the most recent glacial ice lobe, the Des 

Moines lobe, the Byllesby Reservoir is in the area beyond the edge of that late Wisconsinan ice. 

Byllesby is located in what was then a windswept landscape with a big, braided stream running 

through it. The silty loess sediment that is so nice to farm (while it lasts) was deposited by winds 

coming off the ice and sweeping across the braided streams, depositing fine dust over the 

landscape. Much of this loess cap has already been hastened on its way to Lake Pepin and the 

Mississippi River by human actions.
12 

 

ñThe Cannon River has eroded the valley down to the Ordivician age Prairie du Chien 

bedrock, specifically, to its upper formation, the Shakopee dolomite.  The base of the Byllesby 

dam is constructed on top of this dolomite bedrock.  Above the Prairie du Chien lies the St. Peter 

Sandstone. The steep cliffs on the southeast portion of the lake expose the St. Peter formation.  

At the top of the stratigraphy lie the Glenwood, Platteville and Decorah formations. These 

formations are generally covered by the forested slopes found to the southeast of the lake.ò 
13 

 

 

Soils    

 

ñSoils on the north and west sides of the lake primarily consist of a relatively thin layer of 

loam and/or sandy loam (Wadena and Esterville series).  These soils are well drained to 

somewhat excessively drained.  They were formed on outwash plains and stream terraces.  These 

soils overlay coarse sand and gravel subsoils which provide poor filtering for septic system 

effluent and make the area generally more susceptible to ground water contamination.  Coarse 

sand and gravel subsoils often suggest a strong ground water component to (or from) the 

hydrology of a lake system, and area farmers corroborate rise and fall of water tables in their 

fields to lake levels as controlled by dam operators. 
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The soils on the western end of the reservoir consist of mineral and organic deposits 

common to wetland areas of lakes and streams (Aquolls and Histosols).  Further west, the soils 

primarily consist of coarse sandy loam of various slopes (Harwich, Kalmaville, Zumbro series).  

There are a considerable number of gravel pits in the vicinity of the lake. 

The soils in the southwest region of the lake consist primarily of a relatively thin layer of 

silt loams (Fairhaven, Waukegan and Estherville series) which are underlain by sand and gravel 

outwash deposits. Many of the soils in this area have shallow to moderate slopes and can be 

excessively well drained.  Many areas to the southwest also have Salida series soils comprised of 

gravelly coarse sand. 

In general, the soils in the southeast region of the lake tend to be comprised of sandy silt 

loams, which may have been formed as wind-deposited loess.  The steep to very steep terrain of 

the southeast area often leaves a thin soil layer over bedrock.ò
14 

 

 

Climate 

 

Based on state Climatology records, precipitation averaged 26 inches annually in this part 

of the state.  

 

 

Ecological diversity   

 

 

Aquatic vegetation 

 

Morrison et. al.stated in their lake assessment, ñEven though a study of macrophytes was 

not a part of this lake assessment, it is likely that a majority of plant biomass in Lake Byllesby 

may be algal (not including shoreland cattail areas). Suspended solids create such turbid 

conditions that little sunlight can reach the bottom, therefore limiting the amount of vegetation 

that can grow. The few submerged macrophytes that do remain are susceptible to being uprooted 

by rough fish. Aquatic vegetation is critical spawning and nursery habitat for populations of 

largemouth bass, bluegill, and black crappie. Lack of such habitat in the lake limits that 

abundance of these species.ò 
15 

 

 

Phytoplankton 

 

Morrison et. al. completed a survey of the reservoirôs algae for the 1996 report. For 

excellent detail on algal ecological succession through spring and summer, and nutrient, light 

and oxygen preferences of the different groups of algae, refer to Morrison et. al.  That survey, 

excerpted below, was upheld in 2006, when a sample taken 8/21/06 revealed the familiar blue-

green algae species as shown in Table 3.5. 
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Table 3.5 Byllesby reservoir algal composition August 21, 2006 Source: E-mail 

communication from MPCA, 9/26/06. 

 

Sampling Site Sample Composition 

101 75% Aphanazomenon, 10% Microcystis, ( 85% blue-greens), 15% diatoms 

103 95% Aphanazomenon, 5% Microcystis, ( 100% blue-greens) 

105 95% Aphanazomenon, 5% Microcystis, ( 100% blue-greens) 

 

 

ñAlgae samples were collected at the near dam site (location # 105) on May 30th, July 

16th, August 13th, and September 10th, 1996. Another sample was collected in the transitional 

area of the lake (location # 103) on June 25th. All samples were collected with a two meter 

integrated surface sampler (2 meter long pipe inserted vertically into the water column). In very 

general terms, for the summer of 1996, the diatom populations comprised the bulk of the algal 

volume in the spring and the blue-green cyanobacteria dominated the ñalgaeò populations for 

nearly all of the summer months. The general succession in eutrophic lakes from diatoms to 

greens to blue-greens seems to be mostly true for this waterbody also. It should also be noted 

that, in general, algal scums are most likely to accumulate near the surface during extended hot 

and calm periods.ò
16

 

 

Phytoplankton species succession was discussed in the technical committee meetings 

because an increase in Chlorophyll-a does not always correlate well with a decrease in Secchi 

depth measurements. Some of  the dominant species form clumps, allowing light transmission, 

even in high algae concentrations. However, even though water clarity might be acceptable, user 

perception data reveals recreational unsuitability, known locally as ñswimming in pea soup.ò 

 

 

Terrestrial vegetation 

 

 A recent ecological assessment of land to be used for Dakota County park development 

was completed by Hoisington Koegler Group, LLC in 2005. The Lake Byllesby Regional Park 

Master Plan includes comprehensive sections describing plant communities of the western and 

eastern units of the park.
17  

The report states that, 
 ñ
The ecological quality assessment of the park 

evaluates the degree of ecosystem degradation as the result of human disturbance. Lake Byllesby 

Park has been greatly impacted by previous agricultural uses. The original prairies were plowed 

and the fields have since been abandoned. Regional disturbance of this type does not allow for 

prairie habitats to re-establish because the seed source of native plants has been completely 

eliminated. Soils are also drastically altered ï they become compacted and poor in plant nutrients 

ï losing their potential to support the original diversity of plant species. The floodplain forests of 

the park are indirectly impacted by human activity; they are being over-run by buckthorn species 

that will eventually out-compete the native forest. Weedy species are common or dominant in the 

park. Natural processes are highly altered, the result of repeated human disturbance.ò 
18  
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Fishery 
 

 Morrison et. al. document surveys conducted of the reservoirôs fishery. Excerpts form 

that report are as follows:  

  

ñThere are currently many factors influencing the fish community structure of Lake 

Byllesby. The steady decline in water quality and fish habitat in Lake Byllesby is typical of 

many artificial reservoirs. Initially, reservoirs provide a unique habitat for riverine fish. Slowly, 

however, the impoundment fills in with sediment, builds up nutrients, and is rendered unsuitable 

for gamefish. Less desirable species such as carp thrive in these degraded environments. These 

speciesô feeding and spawning habits increase turbidity by uprooting vegetation and re-

suspending phosphorus rich sediment. Wind and wave action similarly increase turbidity, 

limiting sunlight penetration. Bluegreen algae also thrive in this nutrient rich water, out-

competing more desirable rooted plants for sunlight and nutrients. Each of these conditions alone 

can create poor water quality. Unfortunately, many of these factors tend to perpetuate each other, 

making it difficult to improve the situation. 

The high nutrient levels in Lake Byllesby undoubtedly allow for a great deal of fish 

biomass and carrying capacity. However, poor water quality also makes the lake well-suited for 

species such as common carp, black bullhead, and freshwater drum. These species are very 

adaptable and can tolerate poor environmental conditions that more desirable species cannot. 

Current water quality and turbid conditions do not favor sight-feeding predators such as 

largemouth bass.  

Large numbers of fish such as carp and buffalo also compound water quality and 

turbidity problems. These species tend to uproot aquatic vegetation, overgraze zooplankton, and 

resuspend bottom sediments. Although rough fish removal efforts are a popular fish management 

program, it is evident that rough fish removal in Lake Byllesby is likely only treating a symptom. 

Poor water quality remains the main problem.
ò 19

 

 

 

Recreational uses  

 

Many of the reservoirôs uses by humans reflect the perception of the reservoir as a lake. It 

is called ñLake Byllesbyò in common parlance. The confusion about the reservoirôs identity is 

reflected in the following description from a Dakota County webpage.
 
ñLake Byllesby Regional 

Park is nestled in the scenic Cannon River Valley on Lake Byllesby Reservoir, the largest lake in 

southern Dakota County. This beautiful park offers vast open space for a variety of year-round 

active sports or quiet recreation for company picnics, family reunions or other large and small 

group gatherings. Lake Byllesby Regional Park is located in Randolph Township near Cannon 

Falls, Minnesota. 
20 

(italics and underlining added.) 

 

The 2005 Lake Byllesby Regional Park Master Plan  alludes to important human values 

of this water body. The following excerpts from the Master Plan describe important uses and 

values. 

 

ñThe Cannon River Valley is becoming an important regional recreation 

destination and Lake Byllesby is envisioned to be one of the primary recreational hubs of 
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the valley. Lake Byllesby is the largest recreational lake in the far southern metro area 

and for that matter, in southern Minnesota. The 620-acre Lake Byllesby Regional Park 

has been a Dakota County recreational facility since 1970.
ò 13

 

ñThe primary focus of the recreational experience at Lake Byllesby Regional Park 

is the reservoir. Unfortunately, water quality problems due to upstream agricultural 

runoff limit direct-contact (swimming) water recreation during portions of the year. Lake 

elevation draw-downs every fall expose mudflats in Byllesby that provide high quality 

shore bird habitat. According to avid birders, the Byllesby mudflats offer some of the 

best shore bird watching in Minnesota. The dam itself, although not technically in the 

park boundary, also provides recreational and cultural interest to visitors. The base of the 

dam is a popular fishing spot and the dam structure and function is intriguing. 

 

Here are some basic statistics about Lake Byllesby Regional Park: 

¶ Park size: 620 acres (lake not included) 

¶ Lake Byllesby water surface area: 1,300 acres. 

¶ The park extent is roughly 3 miles north to south and 2 miles east to west. 

¶ Topographic change: 230 feet 

¶ land area currently developed for recreational use: 6% 

¶ land area dedicated to recreational development by this master plan: 30% 
ò 21

 

 

The Master Plan elaborates on the meaning, values, and importance of the regional park. 

These values are included and emphasized here as relevant to the forthcoming TMDL 

Implementation Plan. 

 

ñDakota County is one of numerous park implementing agencies that operates in 

coordination with the Metropolitan Council to designate a regional system of recreational 

facilitieséDakota County owns seven recreational facilities designated as part of the 

Regional Park System... which contains four major park classifications; park reserves, 

regional parks, regional trails, and special recreation features. Lake Byllesby is one of two 

Dakota County facilities designated as a óregional park.ô  

Regional Parks are areas of natural or ornamental quality for nature-oriented 

outdoor recreation such as picnicking, boating, fishing, swimming, camping and trail 

uses. The minimum size is 100 acres with a desired size of more than 200 acres. Access to 

water bodies suitable for recreation is of particular importance in regional 

parks.
ò22

(Italics added.) 
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4.0  Water Quality  

 

 Because the Byllesby Reservoir is a run-of the-river reservoir, an understanding of its 

water quality is predicated on an understanding of the Cannon River itself. Section 4.1contains 

important background information related to water quality published in two previous studies, the 

Byllesby Reservoir 319 Project: An Examination of the Reservoirôs Water, Sediment, and 

Nutrient Budgets, completed in 2004 
1 
, and an MPCA assessment report. 

2
 ( Morrison et.al., 

1996) An identification of and rationale for choices of monitoring locations is presented first. 

Data pertaining to the river before it enters the reservoir are presented and discussed in 

Section 4.2, Cannon River Water Quality. 

 Once the river discharges to the reservoir, the impoundment begins to create a new set of 

conditions that affect water quality as water moves through the ñlake.ò Data taken from in-lake 

points is presented in Section 4.3, Byllesby Reservoir Water Quality.  

 Section 4.4 presents applicable water quality standards and numeric, in-lake water quality 

targets.  

 

 

4.1 Selection of Water Quality and Flow Monitoring Sites 

 

 The TMDL study was preceded by ñAn Examination of the Reservoirôs Water, Sediment, 

and Nutrient Budgetsò, conducted by the Cannon River Watershed Partnership and the MN 

Pollution Control Agency from 2001-2004, under a Section 319 grant. The report of that project 

explains the selection of monitoring sites. 
 

 

ñFour main sites were chosen in an effort to construct sound water and nutrient budgets 

for the Byllesby Reservoir: one each to account for an inflow (STORET S001-582) and an 

outflow (STORET S001-784), and one each to differentiate the Straight River Watershed (SRW) 

and the Upper Cannon River Watershed.  The Second Street footbridge (or walking bridge) in 

Faribault (STORET S001-581) was selected because it includes a watershed equal to nearly the 

entire SRW.  It does not include the discharge from the Faribault wastewater treatment plant; the 

site does capture discharge from the cities of Owatonna, Medford, and all other small 

communities in the SRW.  The United States Geological Survey (USGS) maintains a gauging 

station approximately seven miles upstream from this site (USGS 05353800 STRAIGHT RIVER 

NEAR FARIBAULT, MN  http://waterdata.usgs.gov/mn/nwis ).  The Hulett Avenue bridge in 

Faribault (STORET S001-783) includes nearly all of the Upper Cannon River Watershed.  Data 

from the USGS continuous flow-monitoring station at Welch, MN (USGS 05355200 CANNON 

RIVER AT WELCH, MN) was also used because it provides a record of flow since 1909. 

In addition to sites at the mouths of the two main watershed lobes, a site was established 

at the Canada Avenue bridge, near Waterford, just downstream from Northfield (STORET S001-

582).  North American Hydro maintains a gauging station at Carleton College ï less than two 

miles upstream from this site.  The Canada Avenue site watershed includes all of the wastewater 

treatment plant discharge upstream of the Byllesby Reservoir. 

STORET site S001-784  in Cannon Falls was chosen as a reservoir ñoutletò site ï it is 

less than two miles downriver from the dam that is the discharge of the reservoir, and there is 

very little hydrological input between the dam and the site.  Points near the mouths of Prairie 

Creek (S001-785) and Chub Creek (S001-786) were chosen as secondary sites.ò
3 

http://waterdata.usgs.gov/mn/nwis
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Figure 4.1 is a map of these sites, showing identification numbers used during the 

preliminary project. The sitesô STORET numbers are related to those project numbers in Table 

4.1.  

 

 

Figure 4.1 Cannon River Monitoring sites. Project site numbers shown here are related 

to STORET ID numbers in Table 4.1.
3 

 

 
 

 

Table 4.1 STORET IDs for river and stream monitoring sites 

 

STORET ID Waterbody Project Site    Description     

S001-783 Cannon River Hulett Ave (103) just upstream of confluence with Straight R 

S001-582 Cannon River Canada Ave (105) short distance upstream of the reservoir 

S001-784 Cannon River Cannon Byll Out (109) just downstream of reservoirôs dam 

S001-581 Straight River Straight FB (205)     just upstream of confluence with Upper Cannon R 

S001-785 Prairie Creek Prairie (505)  just upstream of mouth (at the reservoir) 

S001-786 Chub Creek Chub (605 and 606) just upstream of mouth (joins Cannon near  

  reservoir) 
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Background information related to water quality published in two previous studies 

 

The Cannon River as it enters the Byllesby Reservoir delivers a mixture of waters 

originating in at least two major and distinct areas, the Upper Cannon River watershed, where 

waters have been impeded and slowed, and the Straight River watershed, a relatively unimpeded 

stretch of river. A third type of area includes the smaller lake and creek watersheds that 

discharge to the Middle Cannon River or directly to the reservoir. These include Circle and 

Union Lake watersheds, and the Chub Creek, Prairie Creek, Spring Creek, and Byllesby Creek 

watersheds. The impeded and slowed waters of the Upper Cannon River watershed, and the 

Circle and Union Lakes constitute 35% of the reservoirôs watershed. Unimpeded water input 

from the Straight River and Middle Cannon River between Faribault and the reservoir inlet 

downstream of Randolph constitutes almost 49%. Chub, Prairie, Spring, and Byllesby Creeks 

discharge directly to the reservoir, constituting over 15% of the reservoirôs watershed.
4
  

 

 

1996 Lake Assessment Report Excerpts 

 

Byllesby Reservoir was sampled by the Minnesota Pollution Control Agency (MPCA) 

during the summer of 1996 as a part of the Lake Assessment Program (LAP). This program is 

designed to assist lake associations or municipalities in the collection and analysis of baseline 

water quality data in order to assess the trophic status of their lakes.
5 
The text explaining the 

importance of the various parameters measured in 1996 is excerpted for this report because of its 

current relevance. Please refer to Figure 3.6 to see the lake sampling sites. 

 

 

Total Phosphorus 

 

 ñTotal phosphorus (TP) concentrations (an important nutrient for plant growth) ranged 

from 103 µg/L (micrograms per liter or parts per billion) in May to 495 µg/L in September with 

an overall 1996 summer lake average of approximately 269 µg/L. The summer average surface 

water TP concentration was 258 µg/L. In contrast, a common range of summer mean total 

phosphorus for WCBP lakes is from 98 to 230 µg/L, which would indicate that Lake Byllesby 

had an excessive amount of phosphorus in the lake in 1996. Further comparison of the Lake 

Byllesby average to the TP range for minimally-impacted reference lakes of the WCBP 

ecoregion (65 ï 150 µg/L) reflects the excessive phosphorus loading which enters Lake 

Byllesby. The TP concentrations alone would indicate that this lake had severe hypereutrophic 

conditions throughout the summer of 1996.ò
6 

 

Chlorophyll a  

 

 ñChlorophyll a (chl. a) concentrations provide an estimate of the algal biomass in a lake. 

Chlorophyll a is also used as an indicator for the amount of algal production in a lake. In general 

terms, it is desirable to have moderate levels of chl. a in a lake because moderate levels of chl. a 

indicate good algal production, the basis for the food chain. However, it is not desirable to have a 

lake that contains high levels of chl. a since this represents the accumulation of excessive algal 

biomass. Chlorophyll a concentrations above 30 to 40 µg/l are often considered representative of 
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excessive biomass and would be considered ñnuisance bloomò levels. During 1996, chl. a 

concentrations on Lake Byllesby ranged from less than 6 µg/l to 207 µg/L, with an overall 

summer average of 62.5 µg/l. Chlorophyll a concentrations in excess of about 55 µg/L are also 

indicative of hypereutrophic conditions. 

 

 éThe trophic status of the lake based on chlorophyll a analyses alone would suggest that 

the western  portion of the lake (having relatively low chl. a concentrations) would be considered 

eutrophic and low in chl. a for WCBP lakes. In this segment, high turbidity and high flushing 

rates may limit algal production to some degree. The central and near dam portions of the lake, 

however, are well within the typical range of hypereutrophic WCBP lakes and exhibit 

chlorophyll-a concentrations that are very high even for WCBP lakes. It is possible that the 

overall flushing affects of this flow-through lake system may help to limit the build-up of algal 

scums. 

 

A comparison of Chl a. average summer concentrations between portions of the lake 

indicates that there were higher average Chl. a concentration in the central and near-dam 

portions of the lake than there were for the western in-flow portion of the lake. This tends to 

suggest that algal growth in the western portions of the lake may be limited by the stress of 

sediment loading and the subsequent decrease in transparency and light penetration.ò
7 

 

 

Figure 4.2 Chlorophyll a results from selected sites on Lake Byllesby  
(Source:Morrison et. al., p. 14

8
) 
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Secchi Disk Transparency: 

 

 ñThe transparency in Lake Byllesby is a function of the amount of algae and suspended 

sediments in the water. It should also be noted that color due to dissolved organic material can 

also be a factor that reduces water transparencyé. 

 

 The overall summer mean Secchi depth was approximately 0.8 meters (specifically, 2.75 

feet) for 1996. This would indicate a generally eutrophic lake in terms of transparency alone. 

There was a noticeable difference in summer mean transparency between the different portions 

of the lake. The western in-flow part of the lake had a summer mean Secchi transparency of 

approximately 0.5 meters (1.53 ft.), while the central portion of the lake had a mean transparency 

of about 0.9 meters (2.83 ft.) and the eastern near-dam portion of the lake had a mean 

transparency of about 1.2 meters (3.90 ft.). This spatial variation is typical for reservoirs. 

 

A comparison of the summer Secchi transparency averages to the total suspended solids 

(TSS, or suspended clay and silt size particles) in the lake (data from 1996 and some from 1991) 

shows a general correlation with higher TSS and decreased transparency in the western in-flow 

portion of the lake and increased transparency and decreased TSS in the eastern near-dam 

portion of the lake. This again suggests that the western in-flow portion of the lake appears to 

have sediment dominated transparency while the eastern portions of the lake have algal-

dominated transparency. Also, the presence of large colonial algae such as Aphanizomenon may 

allow higher transparency readings in the eastern portion of the lake relative to what would have 

been expected based upon the phosphorus values alone (i.e.: if the lake was dominated by 

another species of algae, the water clarity in the lake could be even less).ò
9 

 

The LAP team also assessed Dissolved Oxygen and temperature, Total nitrogen, Total 

Suspended Solids, and Phytoplankton species distribution. Excerpts from those sections of the 

LAP report are included below because they provide excellent background for descriptions of 

water quality in the reservoir ï descriptions which still appear completely relevant when more 

recent data are considered. The LAP report section on trophic status is also included. An  

analysis of trophic status has not been made using more recent data, but values for stimulus (TP) 

and response (Chlorophyll a and Secchi depth) variables have continued in the same ranges to 

indicate a hypereutrophic reservoir system. 

 

Dissolved oxygen and temperature 

 

ñDissolved oxygen and temperature profiles were taken at one meter intervals at each of 

the three sample sites on the five sample dates. The western in-flow, shallow portion of the lake 

(site 101) did not show any significant difference between the surface and one meter down 

except for the month of July. In the July sample, there was a distinct decline in both temperature 

and dissolved oxygen content with depth. 

 

The temperature profile for the central portion of the lake indicated that there was an 

overall temperature gradient in the lake for the months of May, June and July. The near-dam 

portion of the lake had a steep temperature gradient from about one meter to three meters in 
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depth indicating that there is some stratification present in early summer in the lake. The 

temperature profiles for all three sites for the months of August and September show no 

evidences of a thermocline, and virtually no stratification in the lake with a only a slight 

temperature gradient in the deepest portion of the lake. 

 

The dissolved oxygen profile for the central portion of the lake showed a moderate 

gradient for the months of May, June and July, with the steepest changes occurring in July after 

approximately three meters depth. The lowest D.O. concentrations in the central portion of the 

lake were recorded at the bottom (16 feet) in June at 4.5 parts per million. There was no 

difference in D.O. concentrations in the central portion of the lake in August and September. The 

D.O. profile for the near-dam site, however, did exhibit a severe amount of deep water oxygen 

depletion for the months of June, July, August and September ( see Figure 4.3) In general, the 

deep water (below approximately 22 feet) dissolved oxygen concentrations during the summer 

were below the two to three parts per million. 

 

When looking at the trends in both D.O. and temperature for the lake, it appears that a 

poorly defined or ñweakò stratification is most evident in July. Also, the temperature and D.O. 

profiles show a typical pattern which is often found in reservoirs.ò
10 

 

 

Figure 4.3 Dissolved Oxygen Profile, Near Dam Site 105 (Source: Morrison et.al., p. 14 
11

) 
 

 
 
 

Total Nitrogen 
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ñThe total nitrogen (TN) concentrations, which consists of Total Kjeldahl nitrogen (TKN) 

plus nitrite and nitrate-N, averaged 4.18 mg/L on Lake Byllesby over the 1996 summer. The 

average TN concentration range for WCBP reference lakes is from 1.31 mg/L to 2.72 mg/L. The 

TN average for NCHF ecoregion lakes is even lower at <0.61 mg/L to 1.21 mg/L. Lake data 

from summer, 1991 (7.66 mg/L avg. TN) confirms that excessively high levels of total nitrogen 

can be found in this lake system. 

 

A breakdown of the nitrogen types, however, suggests that much of the total nitrogen 

loading in this system is in the form of nitrite and nitrate. Nitrite and nitrate-N (N2N3) 

concentrations averaged 2.3 mg/L in 1996. This concentration is comparable to the median for 

streams in the WCBP ecoregion. In contrast, however, the average concentration of nitrite and 

nitrate-n concentrations in WCBP reference lakes ranges from 0.01 mg/l to 0.02 mg/L. Again, 

data from 1991 (5.77 mg/L avg. N2N3), supports the conclusion that there is an excessive 

amount of nitrogen in the lake system in the form of nitrite and nitrate. Nitrates can come from 

fertilizers, wastewater treatment plant discharges, and many other nitrogen sources that have 

been in the system a long time. 

 

The Total Kjeldahl nitrogen (TKN), which is a sum of the organic nitrogen and ammonia 

nitrogen, averaged 1.9 mg/L in the summer of 1996. The typical TKN concentration range for 

WCBP ecoregion reference lakes is from 1.3 mg/L to 2.7 mg/L. This indicates that the organic 

nitrogen concentrations in the lake are similar to other lakes in this region. Lake data from 1991 

(1.9 mg/L avg. TKN) again confirms that organic nitrogen levels are typical of WCBP lakes. 

 

The ratio of TN:TP can provide an indication as to which nutrient is limiting the 

production of algae in the lake. For Byllesby Reservoir, the TN:TP ratio is about 16:1 with 

ranges from 6:1 to 47:1. This suggests that there may be periods of time when the lake system is 

nitrogen limited (i.e. 6:1, September) and times when the lake may be phosphorus limited (i.e.: 

47:1 late June). In 1996, however, there appeared to be an excess supply of both nitrogen and 

phosphorus. 

 

It is also important to note, that while the nitrite plus nitrate (N2N3) concentrations are 

extremely high for a lake-only scenario (2.29 mg/L), the N2N3 average summer concentrations 

are also elevated as compared to minimally impacted streams from the NCHF ecoregion which 

have a summer average N2N3 concentration range of 0.03 mg/l to 0.12 mg/l. In contrast, the 

N2N3 concentrations are well within the mean summer N2N3 concentration range for 

minimally-impacted streams in the WCBP ecoregion (0.89 mg/L to 6.5 mg/L). This suggests 

that, although greater than half of the upstream portion of the watershed is in the NCHF 

ecoregion, Lake Byllesbyôs water quality is more characteristic of the WCBP streams (i.e. the 

Straight River sub-watershed). 

 

In summary, the range of TP and TN concentrations and TN:TP ratios indicate that Lake 

Byllesby is extremely nutrient rich.ò
12 
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Total Suspended Solids 

 

ñA review of samples collected at the three lake sites in 1991 and 1993 indicated typical 

reservoir conditions with high TSS in the inflow portions of the reservoir and lower TSS in the 

downstream portions of the reservoir. This occurs as silt, clay and organic material settle out of 

the water column. The average TSS at site 101 was 45.4 mg/l. This level is consistent with TSS 

values found in WCBP streams. The average TSS at site 103 was 4.6 mg/l and the average TSS 

for site 105 was 9.3 mg/l éIn contrast, these values are consistent with WCPB lakes. The higher 

TSS load in the western in-flow portion of the lake further supports the idea that transparency 

(and lower Chl. a) in this portion of the lake may be limited by TSS.  

 

It should also be noted that the composition of the TSS changed as well as the 

concentration. TSS is a combination of inorganic silt and clay minerals and organic matter. The 

western in-flow portion of the lake had a correspondingly higher percentage of inorganic silt and 

clay load than the other portions of the lake. Site 101 had approximately 80% inorganic TSS 

(note: the 20% organic portion of the total suspended solids is also know as TSV for the 

ñvolatileò fraction of TSS). Site 103 averaged around 46 % inorganic TSS and Site 105 averaged 

around 39% inorganic TSS.ò
13 

 

 

Figure 4.4 Inorganic Solids by Lake Segment (1991 and 1996 data)  

(Source: Morrison et. al., p. 21
14

) 
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Trophic Status 

 

ñOne means to evaluate the trophic status of a lake and to interpret the relationship 

between total phosphorus, chlorophyll a and Secchi disk readings is Carlson's Trophic State 

Index (TSI) (Carlson 1977).
16

 This index was developed from the interrelationships of summer 

Secchi disk transparency and the concentrations of surface water chlorophyll a and total 

phosphorus. TSI values are calculated as follows: 

 

Total phosphorus TSI (TSIP) = 14.42 1n (TP) + 4.15 

Chlorophyll a TSI (TSIC) = 9.81 1n (Chl-a) + 30.6 

Secchi disk TSI (TSIS) = 60 - 14.41 1n (SD) 

TP and chlorophyll a are in µg/L and Secchi disk transparency is in meters. TSI values range 

from 0 (ultra-oligotrophic) to 100 (hypereutrophic). In this index, each increase of ten units 

represents a doubling of algal biomass. The average values for the trophic variables in Lake 

Byllesby and respective TSIs are presented in Table 4. Based on these values, Lake Byllesby 

would be considered hypereutrophic. The mean TSI of 73 ranks Lake Byllesby at the 52nd 

percentile relative to 96 other lakes in the WCBP ecoregion which would imply that this is a 

statistically typical WCBP lake for overall trophic status. However, since this lake can exhibit 

different characteristics at the different parts of the lake, these TSI values need to be kept in 

perspective. There were a wide variety of water quality conditions on the lake in 1996 as 

compared to ecoregion reference lakes and the lake often exhibited characteristics more 

indicative of minimally impacted streams in the NCHF and WCBP ecoregions. The overall TSI 

values for Chl a and Secchi agree with one another. This implies that Secchi transparency 

provides a good estimation of trophic status for Lake Byllesby. More specifically, however, the 

Secchi transparency would likely be a good indicator of the trophic status in the eastern part of 

the lake but would likely be a poor indicator of trophic status in the western portion of the lake 

given the relatively high amount of inorganic suspended solids noted in the western portion of 

the lake. Consideration should be given to coupling Secchi transparency readings with Total 

Suspended Solids (inorganic) analyses in the western portion of the lake in future studies to 

better correlate Secchi readings with trophic status given that transparency might be sediment 

dominated for the western in-flow reach of the lake. 

 

The conductivity values for Lake Byllesby are indicative of high mineral content which is 

typical for lakes in this region. The color value of 22 Pt-Co units indicates moderately clear 

water and little influence from ñbog staining,ò which is more common in lakes which have a lot 

of wetlands in their watershed. Alkalinity results were slightly above the typical range for the 

reference lakes and are indicative of hard water. Chloride concentrations were elevated at 32 

mg/L which may be reflective of high amounts of storm water inputs into the lake system. 

 

Along with CLMP transparency measurements, subjective measures of Lake Byllesbyôs 

"physical appearance" and "recreational suitability" were made by the CLMP observers and 

MPCA staff. Physical appearance ratings range from "crystal clear" (Class 1) ... to "dense algal 

blooms, odor, etc." (Class 5) and recreational suitability ratings range from "beautiful, could not 

be any nicer" (Class 1) ... to "no recreation possible" (Class 5) in this rating system. Based on the 

1996 data, lake conditions were typically characterized as "definite to high algal coloration" 

(Classes 3 and 4) and ñminor aesthetic problemsò and ñswimming slightly impaired (Classes 2 
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and 3) through most of the summer. In the May 30th spring samplings, however, conditions were 

typically rated a class higher in quality for both physical condition and recreational suitability.
17 
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Table 4. 2 AVERAGE SUMMER WATER QUALITY AND TROPHIC STATUS  

INDICATORS: Lake Byllesby. Based on 1996 epilimnetic data.  

(Source: Morrison et. al., p. 23) 

 

 
Note: For the footnotes within the header row of this table, refer to Heiskary, S.A  and Wilson, 

C.B. ñMinnesota Lake Water Quality Assessment Reportò; MPCA; 1990. 

 

4.2 Cannon River water quality 

 

 

Data  

 

 Data pertaining to the Cannon River above its outlet to the Byllesby reservoir is 

organized as follows: 

 

1) Flow records  

 

Flow data from three continuous flow-monitoring stations was used in this assessment. In 

addition, a flow-to-stage rating curve was developed for the Hulett Avenue site (STORET S001-

783) as shown in Appendix C Figure C.1. Complete stream flow data are found in Electronic 

Exhibit C, available on the CD included with this report. 
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2) Water quality data  

 

Total phosphorus and total suspended solids (TP and TSS respectively) concentrations 

were examined at all river and stream sites in 2001, 2002, 2003, and 2004. In 2006, TP, OP, and 

transparency (Transparency Tube) data were collected at the Canada Avenue site (STORET 

S001-582.) Complete data, or references to it, are found in Appendix C. All data is available in 

STORET as well as at MPCAôs STORET interface, ñEnvironmental Data Access ð Water 

Quality Dataò, found at  http://www.pca.state.mn.us/data/edaWater/index.cfm . 

 

ñThe combination of land use and other factors that account for the differing 

characteristics of the ecoregions strongly influence stream water quality. In a statistical 

assessment of water quality data from minimally impacted stream sites, McCollor and Heiskary 

(1993) characterized the ótypicalô water quality of the various ecoregions. Table 4.3 demonstrates 

the differences in TP concentrations between the North Central Hardwood Forests and the 

Western Cornbelt Plains ecoregions. In turn, runoff from the streams strongly influences the 

water quality of the lakes in each ecoregion.ò
19

 

 

 

Table 4.3  Interquartile ( 25-75 Percentile) Range of Phosphorus Concentration for 

Minimally Impacted Streams in Minnesota. Data from 1970 ï 1992 
(Source: Heiskary and Wilson, 2005, p. 89

19
) 

 

 Total Phosphorus (mg/L) 

Region Interquartile range  

North Central Hardwood Forests 0.06-0.15 

Western Cornbelt Plains 0.16-0.33 

  

Cannon River at Canada Avenue To be calculated 

 

 

http://www.pca.state.mn.us/data/edaWater/index.cfm
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4.2  Byllesby Reservoir Water Quality 

 

Byllesby Reservoir was monitored in 1996, 2001, 2002, 2004, and 2004 for Total 

phosphorus, Chlorophyll-a, and Secchi depth. Figure 4.5 and Table 4.4 identify the sampling 

sites. 

 

Figure 4.5  Aerial view of Byllesby Reservoir, illustrating lake segments and sampling sites 

 

 
 

All project lake data were collected at the following sites, illustrated above in Figure 4.5. 

 

Table 4.4 Identification of lake monitoring sites 

 

STORET ID Waterbody  Project Site   Description     

19-0006 Byllesby Reservoir 101   west end, at Cannon R inflow 

19-0006 Byllesby Reservoir 103   mid-lake site 

19-0006 Byllesby Reservoir 105   east end, near dam 
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 Average values for the data collected are shown in Table 4.5. 

 

Table 4.5 Summer mean water quality parameters  

 

Ecoregion reference lakes     TP (µg/L) 
Chl a 
(µg/L) 

Secchi 
(m) 

NCF           

WCBP     65-150     

Ecoregion reference 
streams           

NCF           

WCBP           

1996-summer lake average     258 62.5 0.8 

1996- summer range     103 - 495 6 - 207 .5 - 1.2 

 Byllesby Sites:           

Site 101           

2001     240 25 0.77 

2002     350 33 0.31 

2004     288 28 0.38 

2006     316 73 0.42 

Site 103           

2001     220 64 0.91 

2002     240 45 0.79 

2004     241 38 0.7 

2006     220 18 0.97 

Site 105           

2001     180 16 0.87 

2002     230 74 0.89 

2004     231 45 0.81 

2006     188 29 1.09 
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4.3  Applicable water quality standards and numeric targets 

 The Cannon River, and consequentially, the Byllesby Reservoir, is classified in 

Minnesota Rule 7050 as a Class 2B and 3B water body 
21

. The 2B classification includes all 

waters of the state which do or may support fish, other aquatic life, bathing, boating, or other 

recreational purposes, and where quality control is or may be necessary to protect the public 

health, safety, or welfare
22

. The 3B classification permits use for general industrial processes 

except for food processing. 
23

 

 The technical basis for Minnesotaôs draft lake nutrient criteria is found in a series of  

previously-published Minnesota Lake Water Quality Assessment reports 
24

. These reports 

provide the context for the nutrient, or eutrophic, criteria adopted by the Byllesby Reservoir 

TMDL Technical Committee for computation of load and waste load allocations. The Western 

COrnbelt Plains shallow lakes criteris ( Table 4.9) serve as the primary basis for the Byllesby 

site-specific criteria, and represent a significant reduction in Total Phosphorus and chlorophyll-a 

as compared to data from recent monitoring efforts as shown in Table 4.5. Achieving these 

values should result in a measurable and perceptible reduction in the frequency and severity of 

nuisance algae blooms. Recommended water quality goals include the causal factor, Total 

Phosphorus, and two response criteria, Chlorophyll-a and Secchi disk depth measurements as 

follows: 

¶ TP < 90 ppb as a summer-mean as measured in the combined transitional and near-dam 

segments.  This value is equivalent to the criteria for shallow WCBP lakes.  To achieve 

this in-lake concentration, Cannon River inflow on the order of 150 ppb may be required.  

Relative to minimally impacted streams in the NCHF ecoregion this corresponds to about 

the 75
th
 percentile and for WCBP streams this is below the 25

th
 percentile. 

¶ Viable chlorophyll-a < 30 ppb as a summer-mean as measured in these two segments.  

This should keep  maximum chlorophyll-a below 60 ppb and reduce frequency of 30 ppb 

(severe nuisance blooms) from about 55-60% of the summer to about 30% of the 

summer.  This value is also equivalent to the chlorophyll-a criterion for    shallow WCBP 

lakes. 

¶ Secchi as a summer-mean of 0.8 m or greater as measured in these two segments.  This 

value is close to the long-term mean for the lake and is intermediate between the draft 

criteria values for shallow and deep WCBP lakes (0.7 and 0.9 respectively).  It also 

corresponds with the proposed TP and chlorophyll-a criteria based on MPCA regression 

equations. 

 

These water quality goals should be attained in a range of flows from   ~156 cfs (summer 122 

day one-in-ten year recurrence, 90
th
 percentile flow) up to ~1,000 cfs (~20

th
 percentile), which 

corresponds to a residence time of about 8-10 days. 

 

In addition, to assess compliance with the TMDL, water quality must be monitored at 

consistent sites within each of the three segments. (See Section 8.0: Monitoring) Data from the 

transitional and near dam segments will be area-weighted and the subsequent values will be used 

in follow-up assessments. There appears to be minimal difference in the trophic indicators 



Preliminary Draft ï Not for Formal Review 
 

DRAFT  9/30/2007 36 

between the transitional and near-dam segments, (Figures 4.6, 4.7, and  4.8) and intra-segment 

residence time is quite short. These two segments are the primary focus of recreational activities 

in the reservoir, so it would be reasonable to combine them for purposes of establishing site-

specific criteria and evaluating compliance with the TMDL.  

 

 

Figure 4.6 Byllesby summer mean TP by segment 
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Figure 4.7  Byllesby summer mean Chlorophyll-a by segment 

 

 
 

 

Figure 4.8   Byllesby summer mean Secchi disk depth by segment 
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As of July 23, 2007, MPCA has begun the public input process for changes in its rules 

governing numeric water quality targets. The proposed eutrophication criteria for lakes in the 

two ecoregions in which the Byllesby Reservoir watershed lies are shown in Table 4.9 

 

Table 4.9 Mi nnesota draft eutrophication criteria for North Central Hardwood Forest 

and Western Cornbelt Plains ecoregions 

Ecoregion and Lake 
Type  

Total 
Phosphorus  

Chlorophyl
l-a 

Secchi 
Depth  

Units  
µg/L 

ppb  
µg/L 

ppb  
Meters, 

not less than  

North Central Hardwood Forest  

- Stream trout lakes  20  6  2.5  

- Deep lakes  40  14  1.4  

- Shallow lakes  60  20  1.0  

Western Corn Belt Plains 
     and 
Northern Glaciated Plains  

- Deep lakes  65  22  0.9  

- Shallow lakes  90  30  0.7  

µg/L=micrograms per liter / ppb = parts per billion  

 Because it is a reservoir and drains more than one ecoregion, the draft lake eutrophication 

standard allows for establishment of site-specific criteria for Lake Byllesby.  Given its very large 

watershed, relative shallowness, short water residence time, predominance of agriculture 

throughout the    watershed (consistent with typical land use pattern for WCBP), the focus for 

site-specific criteria for Byllesby should be on reducing the frequency and severity of nuisance 

algal blooms.  This would be consistent with other shallow WCBP lakes.  The shallow lakes 

standards include higher values for TP and Chlorophyll-a, and a lower value for Secchi depth 

because a healthy shallow lake has many aquatic plants. 
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5.0 Phosphorus source assessment 

 

5.1 Phosphorus source inventory 

 

 

  

5.2 Assessment and analysis of phosphorus contribution from identified sources 

 

5.2.1 Point source loads, including WWTF, NPDES permitees (industrial 

and feedlot), MS4 Communities (stormwater), Individual septic treatment systems, 

unsewered communities. 

 

 

The complete record of all NPDES permits is available from the MPCA Regulatory Data 

Management and Analysis Unit, Industrial Division. Some complete files are included as 

exhibits in electronic form as Exhibit D on a CD submitted with this report.  

 

Edited files appear in print form in Appendix D as follows: 

Table D.1    Industrial stormwater permits in the Byllesby Reservoir Watershed    

Table D.2: Construction site permits active after 8/31/07. Other current permit holders 

may exist. 

Table D.3. NPDES/SDS permits, including wastewater treatment plants 

Table D.4 NPDES Feedlots 

Figure D.1 Map Byllesby Reservoir Feedlots, including feedlots within 5 miles of 

watershed boundary. 

 

  5.2.2 Nonpoint source loads, including overland runoff and open tile 

intakes, livestock, wildlife and natural background. 
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6.0 Phosphorus Loading Capacity of the Byllesby Reservoir 

 

 

6.1 TMDL Equation  

 

As described in Section 4.4, the eutrophication-related goals that have been established 

for Lake Byllesby include summer-mean total phosphorus and chlorophyll-a concentrations less 

than 90 µg/l and 30 µg/l, respectively, and a summer-mean secchi transparency of greater than 

0.8 meters.  These goals are the basis for the phosphorus loading capacities presented later in this 

section.  The loading capacities, in turn, are the basis for TMDL equation: 

 

TMDL =LC = ɆWLA + ɆLA + MOS 

Where: 

 

TMDL =  total maximum daily load; 

 

LC = loading capacity, or the greatest pollutant load a waterbody can receive without 

violating water quality standards; 

 

WLA =  wasteload allocation; the portion of the TMDL allocated to existing or future point 

sources of the relevant pollutant; 

 

LA = load allocation, or the portion of the TMDL allocated to existing or future nonpoint 

sources of the relevant pollutant.  The load allocation may also encompass ñnatural 

backgroundò contributions; and 

 

MOS = margin of safety, or an accounting of uncertainty about the relationship between 

pollutant loads and receiving water quality.  The margin of safety can be provided 

implicitly through analytical assumptions or explicitly by reserving a portion of 

loading capacity (USEPA, 1999) 

   

In the above equation, TMDL and LC are equivalent.  The difference rests in that the 

time increment for loading capacity may be expressed in terms other than ñdaily.ò  In this case, 

the phosphorus loading capacities for Lake Byllesby are expressed as kilograms per year (kg/yr) 

and kilograms per month (kg/month).  To meet USEPA expectations, these kg/yr figures are also 

presented as an average daily load (kg/day). 

 

The conversion of the concentration-based phosphorus and chlorophyll-a goals, and the 

secchi transparency goal, shown above, to annual phosphorus loading, was accomplished 

through computer modeling.  The lake/reservoir model selected for use in this project was 

BATHTUB.  It was developed in 1981 for use by the U.S. Army Corps of Engineers.  It has been 

employed extensively by the MPCA since 1984 for both general lakes studies and the more 

targeted setting of effluent limits for point source dischargers of phosphorus. 

 

In the simplest of terms, a conversion from concentration to load is based on the 

equation:  Load = (Concentration)(Flow) 
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BATHTUB relies heavily on the flow-concentration relationship to estimate current 

loading, and predict the loading capacity consistent with the attainment of goals.  Beyond the 

simple flow-concentration relationship, however, BATHTUB also considers lake depth, area, 

and volume; different lake segments; wind and temperature effects; and the relationship between 

phosphorus, chlorophyll-a, and secchi transparency. 

 

A second model or program, FLUX, provided input data to the BATHTUB model.  

FLUX was used to analyze empirical water monitoring data collected on the in-flows (i.e. 

Cannon River and other tributaries) to Lake Byllesby and produce phosphorus loads and flow-

weighted concentrations.  In summary, the FLUX model provides the phosphorus inputs to Lake 

Byllesby, and the BATHTUB model processes these inputs to give the lake water quality 

response to the inputs.  Further details on the FLUX and BATHTUB modeling are shown in 

Appendix _. Appendix C, Table C.3 is the May-September Mean Flow percentiles, Cannon River 

at Welch 

 

 

6.2 Analysis of Flow Conditions 

 

A key consideration for establishing a phosphorus loading capacity for a lake, and 

especially a reservoir, is deciding on the flow conditions under which the concentration-based 

goals should apply.  The MPCA has typically applied a 1-in-10 year recurrence probability to 

establish the low flow.  This is simply the lowest flow that is likely to occur once every 10 years 

on average.  The other end of the flow spectrum for Lake Byllesby, and other reservoirs, is 

determined by the residence time of water in the lake or reservoir.  During higher flows in the 

Cannon River, the entire volume of Lake Byllesby can be flushed in a matter of two weeks or 

less.  Under these conditions, Lake Byllesby is functioning more like a river system, and the lake 

concentration-based goals are not appropriate. 

 

The approach taken in the project was to establish was to identify actual years that most 

represent both the low flow condition and the higher flow conditions.  The real flow records 

from those years, then, are used in the BATHTUB model to predict the loading capacity 

consistent with the attainment of goals.  As will be described further, 1950 and 2003 were 

selected as representing low flow conditions; and 2002 was selected as representing higher flow 

(but still lake-like) conditions. 

 

The major in-flow to Lake Byllesby is the Cannon River.  Approximately 15 miles 

downstream of Lake Byllesby at Welch, MN is long-term U.S. Geologic Survey flow gauging 

station.  Average daily flow values are available from this station dating back to 1910, although 

gaps in the record do exist from 1914-1929, and 1972-1990.  This flow data provides the basis 

for prediction of the 1-in-10 year low flow.  With such predictions, it is often the case that the 

entire flow record would be analyzed.  During technical committee discussion, however, 

questions were raised about whether historic flow conditions (including such dry periods as the 

1930ôs) were the appropriate basis for predicting future flow conditions.  As can be seen in 

figure 6.1, it does appear that average annual flows at Welch have been higher in recent years.  

An additional issue for analyzing this flow record is the 1972-1990 gaps in data at Welch.  To 
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provide a more complete picture of flows in this more recent period, this gap was ñfilledò by 

extrapolating flows from the nearby gauging station on the Straight River just south of Faribault, 

MN.  These two stations have 21 years of overlapping flow records.  Figure 6.2 shows the 

relationship between the May-September average flows for these stations of the 21 years.  Based 

on the strong R-squared value (0.85), Cannon River flows for 1972-1990 were estimated based 

on the regression equation shown. 

 

 

Figure 6.1 ï Average Annual (boxes; upward trending line) and Maximum Annual 

(triangles; flatter line) Flow at Welch 
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Figure 6.2 ï Straight and Cannon River Flows (1966-1971; 1992-2006) 

y = 2.3795x + 113.6

R
2
 = 0.853

0

500

1000

1500

2000

2500

3000

3500

0 200 400 600 800 1000 1200

Straight River Mean May-Sept. Flow (cfs)

C
a
n

n
o

n
 R

iv
e
r 

M
e
a
n

 M
a
y
-S

e
p

t.
 F

lo
w

 (
c
fs

)

y = Cannon R.; x = Straight R.

 
 

 

Using the 1972-1990 predicted flow values for the Cannon River, flow percentiles were 

analyzed using different periods of record.  Table 6.1 shows those flow percentiles for the years 

1950, 2002, and 2003.  The full flow percentile analysis is shown in Appendix C, Table C.3. 

 

 

Table 6.1 ï Cannon River Flow Percentiles for Different Years and Periods of Record 

 

 Flow Percentiles 

(0% = lowest flow; 10% = 1 in 10 year low flow) 

Flow Record 1950 2002 2003 

Full:  1910-1913; 1930-present 6% 73% 60% 

30-year:  1977-2006 N/A 48% 27% 

16-year:  1991-2006 N/A 40% 13% 

 

 

Based on this analysis, it was confirmed that both 1950 and 2003 would be used in the 

FLUX and BATHTUB modeling to predict phosphorus loading capacity for low flow conditions 

in Lake Byllesby.  Using these two years gives equal weight to both long-term flow conditions, 

and what appears to be a trend of higher flow in more recent years.  The flow percentiles for 

2002 suggest that lake-like flow conditions occur in 40-73% of years.  In the other years, flows 

are such that Lake Byllesby is functioning more like a river system, and the lake concentration-

based goals are not appropriate.   
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6.3 Estimated Phosphorus Loading and Loading Capacities 
 

Table 6.2 presents estimated total phosphorus loading to Lake Byllesby for lower flow 

conditions (1950 and 2003), and for higher flow (but still lake-like) conditions (2002).  For 2002 

and 2003, the estimates are fully grounded in empirical phosphorus and flow monitoring data.  

For 1950, where there is only flow data available, the estimate is based on phosphorus dynamics 

observed in more recent years.  Stated another way, the phosphorus load for 1950 should be 

viewed as the phosphorus load that would likely occur today if there were a year with flow 

conditions identical to those observed in 1950. 

 

 

Table 6.2 ï Estimated Total Phosphorus Loading to Lake Byllesby 

 

 Lower flow Higher flow 

1950 2003 2002 

Total phosphorus (kg/yr) 48,640 142,700 227,930 

* 1950/2003 average = 95,670 kg/yr 

 

 

Table 6.3 presents total phosphorus loading capacities for lower flow, and higher flow 

lake-like, conditions in Lake Byllesby.  These capacities were derived by simply reducing the 

BATHTUB loading input values (i.e. the values shown in Table 6.2) to the point where 

BATHTUB predicted that Lake Byllesby would meet summer-mean total phosphorus and 

chlorophyll-a concentrations less than 90 µg/l and 30 µg/l, respectively, and a summer-mean 

secchi transparency of greater than 0.8 meters.  The loading capacities for 1950 and 2003 are 

averaged into a single lower flow loading capacity value that will serve as the basis for 

subsequent TMDL allocations. 

 

 

Table 6.3 ï Total Phosphorus Loading Capacities for Lake Byllesby 

 

 Lower flow Higher flow 

Reference Year(s) 1950/2003 2002 

Total phosphorus (kg/yr) 54,190 91,520 

 

Comparing the total phosphorus loading capacities shown in Table 6.3 with the estimated 

ñcurrentò total phosphorus loadings shown in Table 6.2 yields percent reduction figures.  In order 

for Lake Byllesby to attain the water quality goals presented previously, a 43% reduction in 

phosphorus loading will be required under lower flow conditions, and a 60% reduction under 

higher flow conditions.  It should be noted that the nature of the sources contributing phosphorus 

to Lake Byllesby change with flow. 
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7.0 Phosphorus TMDL and Allocations 

 

7.1 TMDL Description  

 

A TMDL for a waterbody that is impaired as a result of excessive loading of a particular 

pollutant can be described by the following equation.  

 

TMDL =LC = ɆWLA + ɆLA + MOS 

 

Where: 

 

TMDL =  total maximum daily load; 

 

LC = loading capacity, or the greatest pollutant load a waterbody can receive without 

violating water quality standards; 

 

WLA =  wasteload allocation; the portion of the TMDL allocated to existing or future point 

sources of the relevant pollutant; 

 

LA = load allocation, or the portion of the TMDL allocated to existing or future nonpoint 

sources of the relevant pollutant.  The load allocation may also encompass ñnatural 

backgroundò contributions; and 

 

MOS = margin of safety, or an accounting of uncertainty about the relationship between 

pollutant loads and receiving water quality.  The margin of safety can be provided 

implicitly through analytical assumptions or explicitly by reserving a portion of 

loading capacity (USEPA, 1999) 

   

In the above equation, TMDL and LC are equivalent.  The difference rests in that the time 

increment for loading capacity may be expressed in terms other than ñdaily.ò  In this case, the 

phosphorus loading capacities for Lake Byllesby are expressed as kilograms per year (kg/yr) and 

kilograms per month (kg/month).  To meet USEPA expectations, the figures are also presented 

as an average daily load (kg/day). 
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7.2 Allocations and Margins of Safety 

 

Tables 7.1-7.3 present the loading capacities, allocations, and margins of safety for Lake 

Byllesby.  Table 7.4 shows the same values expressed as a percentage of the total loading 

capacity. 

 

Table 7.1 Lake Byllesby TMDL expressed in kilograms/year total phosphorus  

 Lower Flow 

Conditions 

(Kilograms/year) 

Higher Flow 

Conditions 

(Kilograms/year) 

Total Loading Capacity 54,190 91,520 

Wasteload Allocation   

City of Faribault WWTF 11,200 11,200 

City of Owatonna WWTF 8,900 8,900 

City of Northfield WWTF 6,000 6,000 

All other non-stormwater municipal 

and industrial facilities that will be 

covered by NPDES permits 

1,900 1,900 

Unpermitted septic systems with 

direct connections to surface waters 

(ñstraight-pipeò systems)  

0 0 

MS4, construction, and industrial 

stormwater that will be covered by 

NPDES permits 

1,174 3,236 

Wasteload Allocation Total 29,174 31,236 

Load Allocation 16,887 46,556 

Margin of Safety (MOS) 8,129 13,728 
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Table 7.2 Lake Byllesby TMDL expressed in Kilograms/month total phosphorus 

 

 

 

Lower Flow Conditions 

(Kilograms /month) 

Higher Flow 

Conditions 

(Kilograms /month) 

Total Loading Capacity 4,516 7,627 

Wasteload Allocation   

City of Faribault WWTF 933 933 

City of Owatonna WWTF 742 742 

City of Northfield WWTF 500 500 

All other non-stormwater municipal 

and industrial facilities that will be 

covered by NPDES permits 158 158 

Unpermitted septic systems with 

direct connections to surface waters 

(ñstraight-pipeò systems)  0 0 

MS4, construction, and industrial 

stormwater that will be covered by 

NPDES permits 98 270 

Wasteload Allocation Total 2,431 2,603 

Load Allocation 1,407 3,880 

Margin of Safety (MOS) 677 1,144 
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Table 7.3 ï Lake Byllesby TMDL expressed in Kilograms/day total phosphorus 

 

 Lower Flow 

Conditions 

(Kilograms/ day) 

Higher Flow 

Conditions 

(Kilograms/ day) 

Total Loading Capacity 148 251 

Wasteload Allocation   

City of Faribault WWTF 31 31 

City of Owatonna WWTF 24 24 

City of Northfield WWTF 16 16 

All other non-stormwater municipal 

and industrial facilities that will be 

covered by NPDES permits 5 5 

Unpermitted septic systems with 

direct connections to surface waters 

(ñstraight-pipeò systems)  0 0 

MS4, construction, and industrial 

stormwater that will be covered by 

NPDES permits 3 9 

Wasteload Allocation Total 80 86 

Load Allocation 46 128 

Margin of Safety (MOS) 22 38 
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Table 7.4 ï Lake Byllesby TMDL expressed in percent of total phosphorus loading capacity 

 

 

all values in percent of total loading 

capacity 

Lower Flow 

Conditions 

Higher Flow 

Conditions 

Total Loading Capacity 100% 100% 

Wasteload Allocation   

City of Faribault WWTF 21% 12% 

City of Owatonna WWTF 16% 10% 

City of Northfield WWTF 11% 7% 

All other non-stormwater municipal 

and industrial facilities that will be 

covered by NPDES permits 4% 2% 

Unpermitted septic systems with 

direct connections to surface waters 

(ñstraight-pipeò systems)  0% 0% 

MS4, construction, and industrial 

stormwater that will be covered by 

NPDES permits 2% 4% 

Wasteload Allocation Total 54% 34% 

Load Allocation 31% 51% 

Margin of Safety (MOS) 15% 15% 
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The processes for calculating the allocations and margins of safety shown in Tables 7.1-

.7.4 were as follows: 

 

7.2.1 Margin of Safety 

 

The FLUX and BATHTUB models utilized in this study provide coefficient of 

variance (CV) statistics that provide a sense of the error or uncertainty associated with the 

loading and in-lake water quality estimates.  The CVôs are shown in the model summary 

tables in    A review of the CVôs for the major in-flow phosphorus 

loading estimates for 1950, 2002, and 2003 show values ranging from 0.039 (3.9%) to 

0.084 (8.4%).  Understanding that there are other areas of error or uncertainty, and to be 

conservative, a MOS of 15%, or nearly double the higher CV, was selected.  

 

7.2.2 Wasteload Allocation 

 

Current permitted total phosphorus loads for all municipal and industrial NPDES sources 

were carefully evaluated to see if they could be accommodated.  This was not possible.  The 

wasteload allocations for these sources will likely require some changes to phosphorus 

treatment methods, especially for the cities of Faribault, Owatonna, and Northfield.  Effluent 

limits for total phosphorus may need to be set at levels below 1 mg/l.  Given the potential 

cost and hardship associated with such effluent limits, the question arises as to whether some 

of the margin of safety or non-point source load allocation could be shifted to wasteload 

allocation.  There are both technical considerations, as well as reasons of allocation balance 

and equity, that explain why this was not done.  The technical considerations include the 

need to maintain margins of safety that reflect actual statistical uncertainty.  In addition, the 

nature of wastewater treatment effluent is an important factor.  Wastewater treatment effluent 

is typically high in ortho-phosphorus, a form of total phosphorus that has a disproportionate 

impact on lake eutrophication.  The BATHTUB model used in this project is able to account 

for the effects of ortho-phosphorus.  These model results were considered, and the total 

phosphorus allocated for the municipal and industrial sources is as large as can be allowed 

for there to be a reasonable chance of attaining the in-lake water quality goals that have been 

set for Lake Byllesby. 

 

The allocation for the remaining wasteload sources (MS4, construction, and industrial 

stormwater) was determined based on the estimated percentage of land in the Lake Byllesby 

watershed affected by these uses.  The land area estimates, which consider potential 

conditions 20 years into the future, are 5% for MS4 communities, 1% for construction 

stormwater sites, and 0.5% for industrial stormwater sites.  There is an equitable nature to 

this approach in that it provides the same area-based (i.e. per acre) allocation to both 

urban/industrial stormwater sources and rural/agricultural sources. 

 

Unpermitted septic systems with direct connections to surface waters (ñstraight-pipeò 

systems) are illegal in Minnesota and, as such, are assigned a 0 wasteload allocation. 
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7.2.3 Load Allocations 

 

The load allocation includes nonpoint sources that are not subject to NPDES permit 

requirements, as well as ñnatural backgroundò sources.  These include sources of phosphorus 

such as soil erosion or nutrient leaching from cropland, phosphorus-laden runoff from 

communities not covered by NPDES permits, and streambed and streambank erosion 

resulting from human-induced hydrologic changes and disturbance of stream channels and 

riparian areas.  In addition, some phosphorus may leach into Lake Byllesby or its upstream 

tributaries from poorly functioning septic systems.  Natural background sources of 

phosphorus include atmospheric deposition, as the relatively low levels of soil erosion from 

both stream channels and upland areas that would occur even under ñnatural conditions.ò  

The load allocations expressed in tables 7.1-7.4 are simply the loading capacity that remains 

after wasteload allocation and margin of safety have been subtracted. 

 

Ideally, the load allocation could be broken down into distinct sub-categories such as 

natural background, commercial fertilizer phosphorus, manure-related phosphorus, runoff 

from lawns, etc.  However, current understanding of the different source contributions of 

phosphorus is not sufficient for such numerical breakdowns in the context of TMDL 

allocations.  Nevertheless, the water quality and watershed analysis completed in this study, 

combined with other literature, is sufficient to allow for a qualitative discussion of the 

importance of different sources, and different portions of the Lake Byllesby watershed. 

 

7.3 Critical Conditions and Seasonality 

 

TMDL studies typically identify what is termed ñcritical conditionsò for a water body.  

For many water bodies, the critical condition may simply be ñlow flow.ò  In the case of Lake 

Byllesby, the entire range of flows from lower to higher as captured in Table 6.1, combined with 

the May-September summer season, represent critical conditions. Due primarily to water 

temperature and photosynthetic potential, lake eutrophication conditions are most pronounced in 

the summer. 

 

7.4 Impacts of Growth and Other Watershed Changes; Reserve Capacity 

 

Because phosphorus loading must be reduced substantially over a range of flow 

conditions, there is no capacity for new sources that will result in more phosphorus being added 

to Lake Byllesby during the months of May-September.  For this reason, no reserve capacity was 

allocated as part of the TMDL.  Nevertheless, development, other land use changes, and even 

new or expanded municipal and industrial facilities can occur provided there are offsets of some 

sort that will result in a decrease, or no net increase, of phosphorus loading to Lake Byllesby.  

Some of these offset will occur as a matter of course with land use change; an old industrial site 

converted to a well-designed low-impact residential development may result in a net reduction of 

phosphorus runoff.  Or, a new livestock facility may have the effect of improving overall nutrient 

and soil management and reducing phosphorus losses on cropland in the vicinity.  A completely 

new industry, on the other hand, will likely need to actively seek ñphosphorus creditsò through 

some type of a pollutant trading program. 
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8.0 Monitoring Plan  

 

Three components of monitoring will be addressed.  They are: 

1. Tracking the adoption of implementation activities. 

2. Monitoring the effectiveness of individual and/or sets of implementation measures. 

3. Resource monitoring for evaluating impairment.  

 

Because development of a monitoring plan should be done in conjunction with TMDLs 

that are related to this Byllesby Reservoir TMDL, Table 8.1  shows where other TDMLs in the 

reservoirôs watershed are anticipated. Of these, only the statewide TMDL for Mercury, and Chub 

Lakeôs TMDL for excess nutrients are underway. 
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1. Tracking the adoption of implementation activities means identifying what Best 

Management Practices have been implemented, and in what geographic locations. Depending on 

the funding sources, projects are required to be reported to the Board of Soil and Water 

Resources (BWSR) via the eLink system. 

(http://www.bwsr.state.mn.us/outreach/eLINK/index.html) . 

 

2. Monitoring the effectiveness of BMPs requires studies on a field or plot scale and on a 

watershed scale. Field and plot plot scale research examines very localized BMPs. Research on  

the watershed scale can test the effects of multiple BMPs.  Timescales for these projects will 

vary, but could be long term, because effects of some practices may not be seen immediately.  

Studies should be of a nested or paired design.  Nested studies require water sampling on a 

stream segment above and below where a BMP was installed.  A paired study compares water 

quality in an area where a BMP was implemented (the ñtreatmentò area) to a similar area where 

no BMP was implemented (the ñcontrolò).  Water quality parameters could include total 

phosphorus, orthophosphorus, transparency, and temperature. Continuous flow should also be 

measured to determine loads. 

 

Point sources, such as wastewater treatment plants, are required to monitor phosphorus 

discharges to ensure compliance with NPDES permits.  These discharge reports should be 

reviewed to determine if the facilities are adhering to their limits and load allocations. 

 

River and stream sites in the Byllesby watershed were monitored as part of the data 

collection portion of the TMDL. ( Figure 8.1).  Five sites where inflow to the reservoir could be 

observed and assessed included Chub Creek at Randolph (site 605), Cannon River at Canada 

Ave (site 105), Upper Cannon River at Hulett Ave (site 103), Straight River Foot Bridge (site 

205), Prairie Creek at 310
th
 St. (site 505) The outlet of the reservoir at Cannon Falls (site 109) 

provided valuable information about the smounts of sediment, chlorophyll-a, and phosphorus 

that settle out upstream of the dam.  Monitoring of all of these sites, and of at least two in-lake 

sites should be continued. Additional monitoring sites may need to be added to provide more 

detailed understanding of inputs to the reservoir, as well as its contributions to the Lower Cannon 

River, and to Lake Pepin. 

 

http://www.bwsr.state.mn.us/outreach/eLINK/index.html
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Figure 8.1 ï River monitoring sites (Source: ñByllesby Reservoir 319 Project: An Examination 

of the Reservoirôs Water, Sediment, and Nutrient Budgets.ò)  
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3. Monitoring of the reservoir itself to evaluate the status of its impairment must be 

continued.  During the TMDL study, three sites within the reservoir were monitored: site 101 

(inflow area), site 103 (transitional area) and site 105 (near dam site) (Figure 3.6).  The site-

specific water quality goals for the reservoir are based on lake -area-weighted averages of  total 

phosphorus and chlorophyll-a concentrations and Secchi disk depth measurements in the 

transitional and near-dam segments. Therefore, these sites must continue to be monitored to 

determine impairment status.  Parameters for monitoring should include: temperature, dissolved 

oxygen, total phosphorus, orthophosphorus, chlorophyll-a corrected for phaeophytin, Secchi disk 

transparency, and conductivity.  Collection of samples should occur yearly between June and  

September at a minimum frequency of one time per month.  An integrated sampler should be 

used to collect samples at the 0-2 meter depth and a depth sample taken at one meter above the 

bottom sediments.  Data regarding fisheries status, lake level and macrophyte population would 

also be valuable.   
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It is important that a detailed monitoring plan be developed so that sufficient data will be 

to guide successive stages of implementation projects, and to aid in determining when the TMDL 

goals are reached. Collaborative monitoring could include citizen monitors, Minnesota Pollution 

Control Agency, the Cannon River Watershed Partnership, the Minnesota Department of 

Agriculture, and the Soil and Water Conservation Districts.   

 

9.0 Public Participation  

 

 The available record of citizen involvement in addressing the eutrophication of the 

reservoir cites a request by the Lake Byllesby Improvement Association (a lake association) to 

conduct a lake assessment in 1996. MPCAôs Lake Assessment Program is ñdesigned to assist 

lake associations or municipalities in their collection and analysis of baseline water quality in 

order to assess the trophic status of their lake.ò Participation by the lake association in MPCAôs 

Citizen Lake Monitoring Program was included in the Byllesby Reservoir Lake Assessment in 

1996, and has been ongoing since that time. 

 

 Outreach and education were components of ñByllesby Reservoir 319/CWP Project: An 

Examination of the Reservoirôs Water, Sediment and Nutrient Budgets,ò conducted by CRWP 

and MPCA from October, 1999 through July, 2004. The final report of that project states, 

ñThroughout the course of the project information was shared with interested entities and the 

general public. The outreach mechanisms were: (1) newsletter articles, (2) newspaper articles, 

(3) presentations at meetings and gatherings, (4) world wide web articles, maps, and figures, (5) 

radio spots, (6) project-specific publications.ò Table 9.1 lists CRWP newsletter articles related to 

the Byllesby Reservoir. The project-specific publication, ñByllesby Reservoir Phosphorus 

Studyò is found in Appendix A. This flyer was also used for outreach during the TMDL study. 

 

 As a result, much awareness had been raised among local citizens who use the reservoir 

for fishing, boating, and swimming, and a foundation for understanding a scientific approach to 

analyzing and solving the reservoirôs eutrophication had been established by the beginning of the 

TMDL study in early 2004. 
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Table 9.1 CRWP newsletter articles related to the Byllesby reservoir 

 

Newsletter 
date Topic or title of newsletter article Author ( Newsletter editor, unless noted.) 

   

March, 2001 
"CRWP receives 319 Grant for Phosphorus Loading in the Lake Byllesby 
Watershed"  

March, 2001 in "Year 2000 Highlights": notice of Chub Creek Monitoring   

   

January, 2002 "Present-day Agriculture in Southern Minnesota - - Is it Sustainable?" Gyles W. Randall; U of M Soil Scientist 

March, 2002 in "2001 CRWP Highlights": Byllesby Reservoir Project  

July, 2002 "Phosphorus and Water Quality" Greg Carlson; CRWP Board member 

October, 2002 "Good Tillage Decisions Can Help Reduce Soil Erosion" Gyles W. Randall; U of M Soil Scientist 

October, 2002 
" The Changing Landscape" - Effects of urbanization and changes in 
drainage on water resources Hugh Valiant, MN DNR Fisheries 

      

January, 2003 
Flyer inserted in newsletter: " New phosphorus lawn fertilizer law aims to 
protect MN lakes and rivers" 

MN Dept. Ag, U of MN Extension, MN Office of 
Environmental Assistance 

2002 Annual 
Report in "2002 CRWP Highlights": Byllesby Reservoir Project  

May, 2003 " What's in our Water? The Dirty Truth About Phosphorus"  

July, 2003 "Farming as if the Soil Mattered: Conservation in the Fields" David Legvold; then CRWP Board member 

November, 2003 Federal conservation programs - CSP and others 
Sarah Brennan; CRWP intern, Carleton 
College student 

November, 2003 
in "CRWP Project Updates": Byllesby Reservoir Phosphorus Study and 
TMDL  

      

January, 2004 

announcement of CRWP-sponsored workshop, "Farming to Conserve 
Money and Natural Resources," David Legvold and Gyles Randall, 
speakers  

January, 2004 Local Suppliers of Phosphate-free Products  
2003 Annual 
Report in "Watershed Projects": Byllesby 319 Phosphorus Project  

May, 2004 
in "CRWP Project Updates": Byllesby Reservoir Phosphorus Study and 
TMDL  

May, 2004 Local Suppliers of Phosphate-free Products  
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July, 2004 "Statewide Phosphorus Bill Becomes Law"  

July, 2004 
in "CRWP Project Updates": Byllesby Reservoir Phosphorus Study and 
TMDL  

July, 2004 Local Suppliers of Phosphate-free Products  

September, 2004 
Conservation issues: Urban development, row-crop systems, private 
property rights Justin Watkins, then CRWP Watershed Analyst 

September, 2004 Local Suppliers of Phosphate-free Products  

November, 2004 "Point Source Permitting": re: permits for Faribault and Owatonna WWTP Brian Swiggum 

November, 2004 Local Suppliers of Phosphate-free Products  

      

January, 2005 in "Project Updates": Byllesby Reservoir TMDL Justin Watkins, then CRWP Watershed Analyst 

January, 2005 Phosphorus Content of Major Automatic Dishwasher Detergents  

2004 Annual report in "2004 CRWP Highlights": Byllesby Reservoir TMDL  

May, 2005 "The Real Scoop on the Phosphorus Law" Jerry Spetzman, MN Dept. of Agriculture 

May, 2005 
Table showing pollutants in urban stormwater, including sediment and 
nutrients  

May, 2005 
"Comparing Agroecosystems: Effects of cropping and tillage systems": 
excerpt 

Megan Gregory (student) et al., including 
faculty of St. Olaf College 

May, 2005 Tips about not washing cars in driveways.  

October, 2005 "Kayaking the Cannon": vignettes of the Upper Cannon River watershed Gary Mogren, CRWP Board member 

October, 2005 
in "CRWP Project Updates": Byllesby Reservoir TMDL for Phosphorus 
impairment  

October, 2005 
Tips about raking and preventing leaves and grass from entering storm 
sewers.  

December, 2005 "Conservation Tillage Practices on Display in Rice County" Beth Kallestad, CRWP Watershed Analyst 

      

February, 2006 "Innovations in Agriculture": re: strip tillage and cover cropping  

February, 2006 Impaired Waters list, TMDLs, Rice County lakes, transparency tube use Beth Kallestad, CRWP Watershed Analyst 
2005 Annual 
Report in "2005 CRWP Highlights"; Byllesby Reservoir TMDL  

June, 2006 
"TMDL Project Update": Lower Cannon River and Byllesby Reservoir 
TMDLs Beth Kallestad, CRWP Watershed Analyst 

June, 2006 ISTS problems and solutions 
Aaron Wills, CRWP Community Wastewater 
Facilitator 

      
2006 Annual 
Report in "2006 CRWP Highlight": Byllesby Reservoir TMDL  
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********  

 CRWP coordinated most of the Technical Committee meetings and conducted all of the 

education and outreach activities specific to this TMDL study. Some terms related to public 

participation used in this report are clarified below. 

 

 Stakeholder: Any individual, business, group or agency that has an actual or perceived 

interest in the reservoirôs water quality. The interest may be directly related to the actual water 

quality in the reservoir, such as might be held by a swimmer, boater, or fisherman in the lake. 

The interest may also be an indirect interest in the ramifications of numeric values developed in 

the TMDL. Such stakeholders may not ever use the lake recreationally, but may be affected by 

the practices, benefits, and costs necessary to reach water quality goals. Examples of such 

stakeholders might be members of upstream lake associations whose local lake water quality will 

likely improve as a result of implementation of best management practices to meet the Load 

Allocation. Others are those served by urban wastewater treatment plants (WWTPs), who not 

only pay for phosphorus in industrial and household detergents, or for food that becomes food 

soils delivered to the WWTP, but who also pay through taxes and fees for removal of 

phosphorus from the treatment plantôs effluent. 

 

 Table 2.1 identifies a comprehensive list of stakeholders who received communication 

regarding this TMDL. 

 

 Technical Committee: A subset of the Advisory Committee who participated regularly in 

Technical Committee and public meetings held between March, 2005 and May, 2007. Members 

of the Technical Committee, their professional affiliations and areas of expertise are listed in 

below. 

 

Table 9.2 Byllesby Reservoir TMDL Technical Committee 

 
 Professional Affiliation Area of Expertise-please fill in 

Travis Bistodeau Dakota Co SWCD  

Lee Ganske MPCA  

Paul Gillispie City of Dennison  

Steve Heiskary MPCA  

Beth Kallestad CRWP 
Watershed Analyst; Environmental 
Health background 

Mark Knoff City of Faribault Public Works  

Steve Pahs Rice Co SWCD  

Al Schmidt DNR Fisheries  

Mark Tomasek MPCA Environmental Analysis & Outcomes  

Justin Watkins MPCA  

Hilary Ziols CRWP 

Outreach Coordinator; Biology and 
Physical Sciences education 
background 

 

 

 Advisory Committee: A group of stakeholders identified by the MPCA Project Manager 

and CRWP staff. An invitation to attend the first informational meeting about this TMDL study 

was sent to the Advisory Committee identified in Table 2.1 on March 17, 2005, with a follow-up 
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letter on July 21, 2005. In August, 2005, a letter of invitation to join the Technical Committee 

was sent to this group of stakeholders. Those who replied affirmatively received all 

announcements of all Technical Committee meetings and the notes thereof. Non-responders, or 

those who stated that they did not wish to participate with the Technical Committee received 

compiled notes of the Technical Committee meetings on November, 2005, April, 2006, 

December, 2006, and April, 2007. 

 

 Technical committee and public outreach meetings were held that engaged stakeholders. 

Agendas and draft notes of these meetings are found in Electronic Exhibit A. It is very important 

to consider that the meeting agendas and notes which form part of the record of activities 

conducted during the TMDL study, and which form Electronic Exhibit A exist only in draft 

form. No formal process was used during any meetings conducted for this study to adopt, agree 

on, or certify these agendas or notes, although they were circulated by email to all Technical 

Committee members as soon as they were drafted. 

 

An examination of the agendas and notes of the Technical Committee shows that most 

discussion of the TMDL related to point sources, specifically, to wastewater treatment plants. 

Point source phosphorus contribution to the Byllesby Reservoirôs phosphorus input can be 

calculated, and can be manipulated within the BATHTUB model to predict effects of potential 

point source reductions on Chlorophylll-a and Secchi depth in the lake. CRWP staff and the 

Technical Committee received more input from those representing point sources than nonpoint 

sources. Members of the Technical Committee relied on the participation of Soil and Water 

Conservation District staff to represent agriculturalists who might control erosion, and fertilizer 

and manure application, or other forms of nonpoint phosphorus sources. Outreach to 

stakeholders representing nonpoint sources became more explicit between December, 2006, and 

June, 2007, during which time five meetings and presentations were coordinated to gather input 

related to the TMDL from representatives of nonpoint sources. 

 

The main topics discussed by the members of the Technical Committee are outlined here: 

 

1. The reservoir itself, and the river 

a)  Assumptions about the water body 

b)  Lake Segmentation  

c) Monitoring sites 

d) Infilling  

 

2. Data 

a)  Existence or creation of a database of all data from the reservoir 

b)  Additional monitoring needs in 2006. 

 

3. Monitoring 

a)  In-lake water quality and trends 

b) User perception of water quality  

c) Seasonality 

d) Flow, including flow data, base flow, what constitutes an appropriate period of record, 

and what constitutes a low flow year 
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e)  Base flow, watershed flow, watershed concentration of phosphorus  

f) Applicable flow range for the TMDL  

 

4. Phosphorus  

a) Algae biology and populations 

b) Chlorophyll-a concentration 

c)  Relation of Chlorophyll-a concentration to turbidity and transparency-tube 

measurements 

d)  Phosphorus loading 

e) Internal loading in the reservoir 

f) What is the most accurate Total Phosphorus to Orthophosphorus ratio? 

g) What is the percent of point source phosphorus load delivered to lake? 

h) Fate and transport of phosphorus 

i) Means to accomplish phosphorus reductions 

 

5. Development of State-wide Nutrient criteria 

a)  Site-specific goals for in-lake Total Phosphorus and chlorophyll-a concentrations and 

Secchi depth measurement, 

 

6. The Watershed 

a)  Point Sources 

b) Projected population growth 

 

7. Modeling 

a) The Model (BATHTUB) itself, including assumptions inherent in the model 

b) The appropriate goals of  modelling 

 

8. Pollutant and water quality trading 

 

9. Communication and outreach  

 

10. Allocations 

 

11. Implementation; cost estimates 

 

 

******  

 

 

 The public notice process for the final draft TMDL is, in general, as follows. This process 

is led by the MPCA after CRWP submits its completed draft document. 

 

1. MPCA public information staff and project manager prepare public notice package, to 

include draft TMDL, fact sheet, public notice and news release. 

 

2. Public Notice 
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¶ The draft TMDL must be on public notice for a minimum of 30 days. 

¶ The public notice must be published in the State Register. 

¶ The notice must be published on the MPCA Web site. 

¶ The notice should also be mailed or e-mailed to a list of interested parties for the project, 

¶ and must be mailed to a statewide list of interested parties maintained by the impaired 

¶ waters program coordinator. 

¶ Public meetings during the public notice phase will be determined based on the level of 

¶ public participation and outreach during other phases of the project. 

 

3. Public comments: All written public comments must be provided to EPA with the 

submission of the TMDL. Copies of each comment letter must also be submitted. 

 

4. Final MPCA approvals (either by the Commissioner or the Citizens Board). 

 

5. The TMDL is submitted to EPA for final approval. In accordance with the 2006 Clean Water 

Legacy Act (114D.25), the final TMDL is submitted to EPA no sooner than 30 days 

following the conclusion of the public notice period. 
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10.0 Implementation Plan 

 

Impairments caused by excess nutrients including nitrogen, phosphorus, and other trace 

elements are found in nearly all of Minnesota.  These nutrients enter surface water from multiple 

point and non-point sources.  Urban stormwater and runoff from agricultural lands are major 

non-point sources while wastewater treatment plants and other contributors comprise the point 

sources.  The Byllesby TMDL indicates that major efforts must be undertaken to reduce 

phosphoous movement from the watershed into the Byllesby Reservoir.   

 

10.1 Municipal Treatment Plant Reductions 

 

Numerous municipal treatment plants in the Byllesby watershed contribute considerable 

amounts of phosphorus as point sources.  These sources can and must be managed to attain 

reductions by updating treatment facilities as permit renewal specifications require.  Bringing 

wastewater plant emissions down to a phosphorus level less than 1.0mg/L will be a significant 

accomplishment. 

 

 

10.2 Failed, inadequate, and straight-pipe sewage systems 

 

Reductions in phosphorus loading from non-compliant individual sewage treatment 

systems (ISTS) will be accomplished by establishing uniform ISTS policies within the Byllesby 

watershed.  These policies will include point-of-sale inspections, inspection at issuance of 

building permits, complete inventory of ISTS in each county, implementation of pumping 

ordinances with record retention, and establishment of revolving, low-interest loan programs to 

assist property owners who need to bring systems into compliance. 

 

Reductions in sewage discharges from small communities may be achieved through the 

use of facilitators and financial assistance programs, bringing citizens together to work out 

solutions to wastewater problems.  A stable, long-term funding program is needed to support the 

complex process of finding solutions to wastewater problems.  

 

10.3 Disposal of septage from pump-outs. 

 

Proper treatment of material from ISTS pumping must be an integral part of a 

phosphorus source reduction.  Policies governing these practices vary greatly.  Specified 

practices pertaining to land application of septage and properly maintained records of pump-outs 

and disposal should be implemented at the county level. 

 

10.4 Urban non-point source reduction 

 

Improved urban runoff management and implementation of low-impact development 

policies will achieve reductions through the application of a variety of strategies including 

buffering and stabilization of urban shoreland areas, installation of storm water impoundment 

structures, street sweeping to remove phosphorus bearing materials, and installation of rain 
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gardens.  As MS4 permits become part of each communityôs stormwater management plan, 

significant education programs will need to be put in place to provide guidance for city officials 

as well as property owners. 

 

10.5 Agricultural non -point source reduction 

 

Agricultural activity in the Byllesby Watershed may contribute the largest part of nutrient 

loading, thereby giving the greatest opportunity to effect reductions.  Improved agronomic 

practices that include reduced tillage, no-till, strip tillage, and grazing management will reduce 

sediment transport.   Application of conservation practices in shoreland areas such as filter strips, 

grassed waterways, conservation drainage, buffering of streams and drainage ditches and 

agricultural runoff control basins should be coupled with improved agronomic practices.  

Improved nutrient management through education and the employment of better fertilizer 

application methods such as grid soil sampling and variable rate technology should be 

approached through services available from local SWCDôs, NRCS, University of Minnesota and 

other agronomic providers. 

     

Considering animal waste as a valuable resource and the employment of better 

management of this nutrient source requires a significant shift in the thinking of farmers.  It is 

important to provide the tools that will help manure managers make application decisions based 

on soil and crop need rather than convenience and lowest cost.  Manure management plans, 

adequate manure storage facilities and elimination of discharge from open feedlots will make 

significant reductions in phosphorus loading possible.  

 

Considerable opportunities exist to achieve reductions through adoption of innovative 

farming practices that focus on elimination of erosion and soil transport to surface waters.  A 

great number of hurdles must be overcome to assure voluntary adoption by the farming 

community.  Availability of incentives, assistance in designing conservation plans, and education 

are usable strategies.  However, support for experimentation and innovation must be available to 

those producers who are willing to find new ways to reduce soil loss and keep their soil nutrients 

in place.   

 

 

10.6 Water Quality Credit Trading  

 

An integral part of water quality trading practice is the requirement of overall pollution 

reduction as a part of the trade.  With the use of GIS technology and other potential assessment 

tools areas that can provide significant reductions in nutrient contributions can be identified and 

targeted. The practices of water quality credit trading are still emerging with much study and 

education required before implementation can affect significant reductions.  Support for the 

development of this strategy should be a part of the plan to implement reduction work.  
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