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1. EXECUTIVE SUMMARY 

Throughout 2019 and early 2020, the Big Eagle Lake Improvement Association (BELIA) , Sherburne Soil 

and Water Conservation District (SWCD), and WSB, collaborated to collect and assess water quality data 

for Big Eagle Lake and its tributaries to determine if Big Eagle Lake is impaired by elevated nutrients, 

assess the source of the impairment (loads), and identify potential best management practices (BMPs) to 

implement to improve water quality. 

Based on data collected in 2019 by BELIA and Sherburne SWCD, Big Eagle Lake is impaired for 

nutrients as the in-lake growing season average for total phosphorous was 46 µg/l, 6 µg/l higher than the 

state standard, secchi depth was measured at 1.3 meters, 0.1 meter shallower than the state standard, 

and chlorophyll-a concentration was 39.52 µg/l, 25.52 µg/l higher than the state average.   

To determine the source of these impairments or loading of total phosphorous, WSB first used a P8 

model to identify the contribution from five (5) subwatersheds surrounding Big Eagle Lake.  This modeling 

effort shows that the largest amount of total phosphorous comes from the Northeast subwatershed which 

outlets into the east side of Big Eagle Lake after crossing under 183rd Avenue NW (station 100).  

This subwatershed was further assessed by directly measuring flow and nutrient concentration (total 

phosphorous) at station 100 to develop a measured load using FLUX software.  Monitoring found that the 

load from this subwatershed was 1,171 pounds of total phosphorous/year, 10 times the next highest 

subwatershed total and ~5 times the P8 modeled load.  This may be due to the elevated amount of 

precipitation received in 2019 and nuances between the land use classification in the model.  Backflow 

from the Big Eagle Lake outlet was also evident from data collected at station 700 and 100 and was 

accounted for in the FLUX analysis.  A total phosphorous sample was taken in October 2019 in the outlet 

stream and near station 204.  Results showed the in-lake total phosphorous concentration was much 

higher than the in-stream sample, indicating that backflow, while inhibiting the outlet, may not be 

contributing to the overall total phosphorous load. 

To assess the entire load affecting Big Eagle Lake water quality, internal loading was also measured from 

anoxic sediment release and bioturbation from rough fish such as common carp.  The load from anoxic 

sediment release was calculated by using a release rate measured from Big Eagle Lake sediment cores 

analyzed by the St. Anthony Falls Lab and dissolved oxygen profiles measured by BELIA volunteers that 

identified the depth of anoxia (no oxygen).   

Loading from carp was calculated by developing a carp biomass estimate and using published rates from 

LaMarra.  

Initial calculations showed that most of the total phosphorous load was coming from the northeast 

subwatershed; 1,171 pounds of the total load of 2,511 pounds (see Tables 12 and 13). 

This analysis was further refined by using BATHTUB software to compare calculated loads with observed 

water quality values.  Under this final analysis, Big Eagle Lake was receiving 3,058 pounds of Total 

Phosphorous in 2019, with external loading (all subwatersheds and atmospheric deposition) contributing 

1,555 pounds and internal loading (carp and anoxic sediment release) contributing 1,502 pounds per 

year. 

To address this a series of BMPs were identified and discussed in detail in section 6.0.  These BMPs 

include both external and internal practices.  BATHTUB was used as a predictive model to determine how 

much the total load would need to be reduced by and where those reductions would need to come from.  
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To meet water quality standards, the overall load to Big Eagle Lake will need to be reduced by 1,172 

pounds per year or 65.1%.  While there a number of external load reduction BMPs available, many of 

them account for only a small percentage of the total load reduction needed, with the exception of the 

wetland restorations.  Internal load reduction, by sequestering anoxic total phosphorous release via an 

alum treatment, provides the largest load reduction and would be necessary to meet the load reduction 

required, but is also the single most expensive alternative. 

 

Next steps should include: 

• Distribution of the report to members of BELIA and partner agencies. 

• Complete 2020 in-lake sampling to satisfy MPCA surface water sampling data requirements for 

listing Big Eagle Lake as impaired. 

• Prioritization of BMPs based on public and agency input. 

• Refinement of cost estimates for top priority BMPs or those the BELIA and its partners plan on 

implementing or pursuing funding for in the near future.  For example, the cost for the alum 

treatment is a conservative estimate.  Additional analysis on dosing would need to be completed 

to provide a more exact estimate and the treatment area could potentially be decreased in size to 

reduce overall cost or the applications may be phased over a few years. 

• Develop site specific plans for external BMPs. 

• Further analysis of the Northeast subwatershed to determine if wetlands are a source or sink.  

This could include multi-year wetland hydrology monitoring during various precipitation cycle or 

adding water quality sampling stations further upstream within the northeast subwatershed. 

  

Load Source Existing Load  

(Pounds/Year) 

Sum of Load 

Reduction From BMPs 

(Pounds)1 

Sum of Load 

Reduction From BMPs 

(Pounds)2 

Central Subwatershed 144.4 25.3 25.3 

West Subwatershed 68.2 17.2 17.2 

South (Direct) 

Subwatershed 

24.8 21.9 21.9 

Northwest Subwatershed 25.6 12.5 25 

Northeast Subwatershed 1,168.9 62 124 

Atmospheric 123.4 0 0 

Septic Systems 18.8 0 0 

Total External Load 

Reduction 

 138.9 229.9 

Internal-Anoxic Sediment 

Release 

1,140 9123 9694 

Internal- Carp 362 259 259 

Sum of Internal BMPs  1,171 1,228 

Total Load Reduction  1,309 1,457 
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2. PROJECT OVERVIEW 

2.1 Background and Project Purpose 
Eagle Lake, locally referred to as Big Eagle Lake, is located in Orrock Township, Sherburne County, 

Minnesota.   The nearest city is the City of Big Lake roughly 0.77 miles to the south-southwest of the lake. 

 

Figure 1.  Big Eagle Lake Location 

 

Historical data and anecdotal information suggest that Big Eagle Lake is not meeting water quality 

standards due to elevated total phosphorus concentrations and regularly experiences algal blooms due to 

this.  This project provides the Big Eagle Lake Improvement Association (BELIA) with analysis to identify 

and quantify the sources of total phosphorous (TP) and develop an implementation plan to address those 

sources to reduce loading and rehabilitate Big Eagle Lake so it may meet water quality standards. 
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Big Eagle Lake is not currently listed as impaired for nutrients due to a lack of water quality data to 

request listing. Work completed under this project and efforts by the Sherburne Soil and Water 

Conservation District (SWCD), Minnesota Pollution Control Agency (MPCA), and BELIA generated the 

necessary data to determine if Big Eagle Lake is impaired. 

To complete this project, the project team implemented eight (8) tasks identified below and discussed in 

detail in this report. 

1. Aggregate and Assess Existing Spatial, Fisheries, Water Quality, and Previous Best Management 

Practices Implementation Data 

2. Calculate loading based on existing watershed map (direct and indirect) as a modeling exercise 

3. Collaborate with BELIA, Sherburne SWCD, and MPCA on water quality sampling for 2019-2020 

4. Analyze Sediments for Phosphorus Release Rates in 2019 

5. Assess fishery in 2019 and calculate load contribution from rough fish 

6. Develop a sampling plan for inlet and outlet to assess flow-based load for both 

7. Development of a Big Eagle Lake Phosphorus Budget 

8. Draft list of potential implementation activities to address loading 

 

2.2 Identification of Waterbodies 
Waterbodies within the project area include Big Eagle Lake, and two (2) unnamed stream sections, one of 

which is the inlet to Big Eagle Lake and the other forms the outlet of Big Eagle Lake and eventually flows 

into the Snake River.  The Snake River drains into the Elk River shortly after the confluence of the Big 

Eagle Lake Outlet and the Snake River.  Elevated water levels in the Elk and Snake Rivers contribute to 

periodic backflows in Big Eagle Lake. 

Affected 
Use: 

Pollutant/
Stressor 

Aquatic Unit 
Identification # 

(AUID) 

Stream or Lake 
Name 

Location/Rea
ch Description 

Designate
d Use 
Class 

Listing 
Year 

Aquatic 
recreation: 
Nutrient/E
utrophicati

on  
Biological 
indicators 
(Phosphor

us) 

71-0067-00 Eagle (Big 
Eagle) Lake 

3 Mi N of Big 
Lake 

2B, 3C Not Listed 

07010203-692 Unnamed 
Stream (Outlet) 

Eagle Lake to 
Snake River 

2B, 3C Not Listed 

07010203-999 Unnamed 
Stream (Inlet) 

Unassessed; 
tributary to 
Eagle Lake 

2B, 3C Not Listed 

Table 1. Waterbody Identification  

Water quality data and supporting documentation are available for Big Eagle Lake and the outlet stream 

(AUID 07010203-692) on the MPCA Surface Water Dashboard, but there is no supplemental data 

available for the inlet stream (AUID 07010203-999) beyond what is presented in this report from 2019 

data collection activities. 
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None of the waterbodies identified are listed as impaired, and the inlet stream is unassessed. 

 

Figure 2. AUIDs within the Project Area 

 

2.3 Priority Ranking 
The Prioritization Plan for Minnesota 303(d) Listings to Total Maximum Daily Loads Minnesota Pollution 

Control Agency September 2015 indicates that intensive watershed monitoring was scheduled to begin in 

2009.  Intensive Watershed Monitoring (IWM) was completed in the Mississippi River-St. Cloud 

Watershed in 2009 and 2010, but due to the number of impaired waterbodies in this project area, some 

were deferred until 2019; including Big Eagle Lake.  Big Eagle Lake is included in the 2019/2020 IWM 

effort. 
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3. APPLICABLE WATER QUALITY STANDARDS AND 

NUMERIC WATER QUALITY TARGETS 
 

3.1 Numeric Water Quality Criteria 
The pollutant of concern for this report is total phosphorous (TP).  Total phosphorous is a nutrient found in 

aquatic environments that drives productivity (algae production) and subsequently impacts water clarity 

and the ability of the waterbody to provide designated uses and meet water quality standards. 

In addition to meeting phosphorus limits, chlorophyll-a (Chl-a) and Secchi transparency standards must 

be met. In developing the lake nutrient standards for Minnesota lakes (Minn. R. ch. 7050), the MPCA 

evaluated data from a large cross-section of lakes within each of the state’s ecoregions (MPCA 2005). 

Clear relationships were established between the causal factor total phosphorus and the response 

variables Chl-a and Secchi transparency. Based on these relationships it is expected that by meeting the 

phosphorus target in each lake, the Chl-a and Secchi standards will likewise be met.  

While Big Eagle Lake and the connected inlet and outlet stream reaches are not currently listed as 

impaired for aquatic recreation/nutrients, available data suggests that Big Eagle Lake is impaired for 

nutrients and is not currently meeting established numeric water quality standards or providing 

designated beneficial uses. 

 

 Water Quality Parameter 

 TP (µg/L) Chl-a (µg/L) Secchi (m) 

North Central 
Hardwoods Forest 
Ecoregion (Class 2B 
Lakes) 

40 14 Not less than 1.4 

Central Rivers (Class 
2B Streams) 

100 18 NA 

Table 2.  Numerical Water Quality Standards 

 

There are different applicable numeric water quality standards for lakes, shallow lakes, and reservoirs.  A 

shallow lake is defined as a lake having a maximum depth of 15’ or a lake with > 80% littoral area (area 

shallow enough for aquatic vegetation to grow). For purposes of this report, Big Eagle Lake is classified 

as a lake, not a shallow lake, based on maximum depth (20’), and that only 71% of the Big Eagle Lake is 

considered littoral ( MN DNR Lakefinder).  Big Eagle lake also stratifies, as is evident from the 2019 

growing season temperature and dissolved oxygen profiles. 

The Central Rivers numeric criteria for TP and Chl-a is applied to both stream reaches within the project 

area.  While not listed, there is a total suspended solids (TSS) numeric criteria for streams within the 

Central Rivers Ecoregion of 30 mg/L or 30,000 µg/L. 
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Figure 3. Ecoregions of Minnesota (Lakes) 
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Figure 4. Ecoregions of Minnesota (Rivers) 
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APPENDIX A 

 

FLUX Output Files 

  



FLOW AND LOAD SUMMARIES FOR TP
Method: C/Q Reg3(daily) (6)
DISTRIBUTION OF SAMPLES VS. DAILY FLOWS
Stratum Flow Obs Chm Obs Events Vol % Mean DailySample Flo TP (mg/L)" Flux (lbs/y)Slope LogCR² p > LogC/LogQ
Overall 168 11 11 100 8.913091 8.515368 0.071 1171.1 ‐0.0746 0 0.4522
DAILY FLOW STATISTICS
Daily Flow Duration      168 Days = 0.460 Years
Daily Mean Flow Rate     8.91 (CFS)
Daily Total Flow Volume  1.29378E08 (ft³)
Daily Flow Date Range    05/03/2019 to 10/17/2019
Samples Date Range       05/09/2019 to 09/20/2019
LOAD ESTIMATES FOR TP                   
Method Mass(lbs) Flux(lbs/y) Flux VarianFlw‐WeightC.V.
1  Average Load      480.47 1044.6 35143 0.0595 0.27
2  Flw Wghted Conc.  502.91 1093.4 8767 0.0622 0.13
3  Flw Wghted IJC.   490.8 1067.1 9611 0.0607 0.14
4  C/Q Reg1          501.2 1089.7 8084 0.062 0.12
5  C/Q Reg2(VarAdj)  495.92 1078.2 8400 0.0614 0.13
6  C/Q Reg3(daily)   538.65 1171.1 8402 0.0667 0.12
8  Time Series*      514.98 1119.6 N/A 0.0637 N/A



   
 
Big Eagle Lake Water Quality Assessment and Load Source Assessment 
WSB Project No. 013565-000  APPENDIX 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

 

Eagle Lake Phosphorous Release Study-Technical Memo 
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Eagle Lake Phosphorus Release Study 

 
Objective 

The objective of this study was to determine the sediment phosphorus release from Eagle Lake, 
located in Sherburne County, MN. Sediment cores from Eagle Lake were incubated in the 
laboratory under controlled oxic and anoxic conditions to determine the total phosphorus and 
ortho-phosphate release rates from the sediments. 

Method 

Sediment core collection 

Intact sediment cores with overlying water were collected from three stations in the deepest part 
of Eagle Lake (6.1-m or 20-ft contour) in October 2019 (Figure 1). The coring stations were 
selected based on the locations of existing sampling stations (#203 and #204) in the lake. Using a 
piston corer attached to drive rods, the sediment cores (~30-50 cm sediments with ~40-60 cm 
water column) were extracted into polycarbonate tubes (70 mm O.D). In situ dissolved oxygen 
(DO) and temperature measurements taken at the time of coring indicated that the lake was fully-
mixed and unstratified (Table 1). 

 

 

Figure 1. Map showing the sediment coring stations in Eagle Lake, MN. 
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Table 1. Dissolved oxygen (DO) and temperature measured at the three coring stations in 
Eagle Lake, MN. Measurements were taken around 13:30 on October 23, 2019. 

Water 
depth (m) 

DO (mg/L) Temperature (°C) 
Station 1 Station 2 Station 3 Station 1 Station 2 Station 3 

0.0 9.82 9.32 10.0 8.8 9.0 8.9 
0.5 9.75 9.32 9.40 8.8 9.0 9.0 
1.0 9.70 9.23 9.30 8.8 9.0 9.0 
2.0 9.66 9.18 9.27 8.8 9.0 9.0 
3.0 9.59 9.14 9.24 8.8 9.0 9.0 
4.0 9.56 9.08 9.20 8.8 8.8 8.8 
5.0 9.31 8.87 9.08 8.7 8.8 8.8 

 

Phosphorus release experiments 

In the laboratory, the water overlying the sediments in each core was drained, filtered (using 1.2-
μm glass microfiber filter), and then carefully refilled into the cores without disturbing the 
sediments. Porous air stones attached to vinyl tubing were placed ~5 cm (~2 inches) above the 
sediment surface to serve as bubblers for air (to simulate oxic conditions) or ultrapure nitrogen 
gas (to simulate anoxic conditions) (Figure 2). The phosphorus release study was divided into 
three phases: (1) oxic (~11 mg/L DO) and mixed water column, (2) non-aerated and unmixed 
water column, and (3) anoxic (~0.56 mg/L DO) and mixed water column. The columns were 
kept at room temperature (15 ± 2.3 °C). 

 

 

Figure 2. Eagle Lake sediment cores set up in the laboratory for the phosphorus release 
study.  



 

3 
 

Water samples for total phosphorus (TP) and ortho-phosphate (ortho-P) analyses were drawn 
from approximately the center of the mixed water columns under phases 1 and 3. During phase 2 
(aeration off), an additional water sample was drawn ~8 cm (3.1 inches) above the sediment 
surface to obtain the average phosphorus concentration in the water column; this was done to 
account for the concentration gradient that can develop under unmixed conditions. TP analysis 
was performed on persulfate-digested samples using the ascorbic acid colorimetric method 
(detection limit = 0.025 mg P/L), and ortho-P analysis was performed in a Lachat QuikChem 
8000 series FIA autoanalyzer using ascorbic acid (detection limit = 0.010 mg P/L) (Standard 
Methods 4500 P, APHA/AWWA/WPCF 1995).  

The mass of phosphorus in the water column (mg) was calculated by multiplying the phosphorus 
concentration (mg/L) and the water column volume (L). The water volume was adjusted for the 
sample volume withdrawn during each sampling exercise. The change in initial phosphorus mass 
divided by the experimental duration (days) and the sediment surface area (same as the core liner 
area, m2) yielded the phosphorus release rate (mg/m2/day) for each sediment core.  

Water column DO levels were also monitored throughout the study. The DO concentrations in 
the unmixed water columns during the second phase (aeration off) were used to obtain a measure 
of the sediment oxygen demand using the Michaelis-Menten kinetic model (Olsen 2017): 

 

where S is the substrate consumption rate, Smax is the maximum dissolved oxygen consumption 
rate, CO2 is the substrate (oxygen) concentration, and KM is the half-consumption concentration. 
A constant KM of 1.4 mg/L was used for all cores. It is assumed that all DO reduction is due to 
the microbial oxygen demand of the sediments, so KM represents the surface of the sediments. 

Results 

The results of the phosphorus release study are shown in Figure 3. Under oxic conditions, a small 
increase in water column TP was observed for the three sediment cores over 32 days. This 
increase could be due to the mineralization and mobilization of labile organic phosphorus in the 
sediments that releases phosphate into the overlying water (Jensen and Andersen 1992).  

Once aeration was switched off, the DO concentrations slowly decreased in the water columns 
due to the sediment oxygen demand (Figure 4). However, the DO measurements at the end of the 
15-day period was still around 3.6 mg/L, much higher than the 1 mg/L DO limit considered for 
anoxia. The relatively low microbial oxygen demand (0.50 g/m2/day mean) and absence of fully-
anoxic conditions in the three sediment cores corresponded with minimal changes in the water 
column phosphorus, suggesting sediment phosphorus release did not occur in all three cores 
during this phase (Figure 3a). 
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Anoxic conditions were established in the next phase due to nitrogen gas bubbling (mean DO = 
0.56 ± 0.12 mg/L). The sediments released phosphorus under anoxic conditions that resulted in a 
significant increase in the mass of phosphorus accumulated in the water columns during the 32-
day anoxic duration (Figure 3a).  

The ortho-P release behavior was similar to the observations made for TP release, with small 
ortho-P release under oxic conditions and a significant ortho-P release during anoxic conditions 
(Figure 3b). On average, ortho-P constituted a major portion of the TP in the water columns 
(mean SRP:TP = 0.60 during oxic phase, and mean SRP:TP = 0.96 during anoxic phase). 

 

  

  

Figure 3. Water column concentrations and mass of (a) total phosphorus (TP), and (b) 
ortho-phosphate (ortho-P) in the Eagle Lake sediment cores during the phosphorus release 
study. The three phases of the study are separated by solid vertical lines (oxic = aeration 
on; anoxic = N2 bubbling on).  

(b) 

(a) 
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Smax = 0.432 g/m2/day 

 
Smax = 0.599 g/m2/day 

 
Smax = 0.569 g/m2/day 

Figure 4. Dissolved oxygen (DO) concentrations in the unmixed water columns of the Eagle 
Lake sediment cores during the second phase (no aeration) of the phosphorus release 
study. The 1 mg/L reference line for anoxia is shown as dashed line in the plots. Smax is the 
calculated sediment oxygen demand. 

 

The TP and ortho-P release rates calculated for the Eagle Lake cores are summarized in Table 2. 
The anoxic phosphorus release rate for the Station 3 core was higher than the remaining two 
cores. The mean anoxic phosphorus release rate for Eagle Lake is similar to the median for other 
Minnesota lakes (James and Bischoff 2016). 

 

Table 2. Rates of total phosphorus (TP) and ortho-phosphate (ortho-P) release for the 
sediment cores from Eagle Lake. Phosphorus release was calculated over a duration of 32 
days for each phase. 

Station 
ID 

Total phosphorus (TP) Orthophosphate (ortho-P) 

Oxic release rate 
(mg/m2/day) 

Anoxic release 
rate (mg/m2/day) 

Oxic release rate 
(mg/m2/day) 

Anoxic release 
rate (mg/m2/day) 

1 0.921 5.54 0.598 5.94 

2 0.340 6.26 0.667 6.54 

3 0.350 7.89 0.616 8.19 
Mean ± 

Std. Dev. 0.537 ± 0.333 6.56 ± 1.20 0.627 ± 0.036 6.89 ± 1.16 
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Summary 

The phosphorus release study on the Eagle Lake sediment cores showed that:  

a) the lake sediments released a small amount of phosphorus under oxic conditions, likely 
due to the bacterial breakdown of the labile organic phosphorus fraction in the sediments. 
The mean oxic release rate was 0.537 mg TP/m2/day for three cores. 

b) the lake sediments released phosphorus under anoxic conditions, at a mean rate of 6.56 
mg TP/m2/day. 

c) the oxic and anoxic release rates for ortho-P were similar to that of TP.  
d) the sediment oxygen demand measured in the laboratory was relatively low (0.50 

g/m2/day mean).  
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APPENDIX C 

 

Big Eagle Lake BATHTUB Output Files 

  



Big Eagle Model 1

File: K:\013565-000\Admin\Docs\BATHTUB\BigEagleTest2.btb

Overall Water & Nutrient Balances

Overall Water Balance Averaging Period = 1.00 years

Area Flow Variance CV Runoff

Trb Type Seg Name km2 hm3/yr (hm3/yr)2
 - m/yr

1 2 1 Trib 1-NortheastDrainage 7.3 0.6 0.00E+00 0.00 0.08
2 2 1 Trib 2- Northwest Drainage 1.5 0.1 0.00E+00 0.00 0.06
3 2 1 Trib 3- Central Drainage 3.5 0.2 0.00E+00 0.00 0.06
4 2 1 Trib 4- West Drainage 3.9 0.3 0.00E+00 0.00 0.08
5 2 1 Trib 5- South (Direct) 1.3 0.1 0.00E+00 0.00 0.09

PRECIPITATION 1.9 2.1 0.00E+00 0.00 1.10
NONPOINT INFLOW 17.5 1.3 0.00E+00 0.00 0.07
***TOTAL INFLOW 19.4 3.3 0.00E+00 0.00 0.17
ADVECTIVE OUTFLOW 19.4 1.8 0.00E+00 0.00 0.10
***TOTAL OUTFLOW 19.4 1.8 0.00E+00 0.00 0.10
***EVAPORATION 1.5 0.00E+00 0.00

Overall Mass Balance Based Upon Predicted   Outflow & Reservoir Concentrations

Component: TOTAL P

Load Load Variance Conc Export

Trb Type Seg Name kg/yr %Total (kg/yr)2
%Total CV mg/m3 kg/km2/yr

1 2 1 Trib 1-NortheastDrainage 114.2 39.4% 0.00E+00 0.00 200.0 15.6
2 2 1 Trib 2- Northwest Drainage 11.6 4.0% 0.00E+00 0.00 140.0 7.9
3 2 1 Trib 3- Central Drainage 65.6 22.6% 0.00E+00 0.00 340.0 18.7
4 2 1 Trib 4- West Drainage 31.0 10.7% 0.00E+00 0.00 100.0 8.0
5 2 1 Trib 5- South (Direct) 11.3 3.9% 0.00E+00 0.00 90.0 8.4

PRECIPITATION 56.1 19.4% 7.87E+02 100.0% 0.50 27.3 30.0
NONPOINT INFLOW 233.8 80.6% 0.00E+00 0.00 182.3 13.3
***TOTAL INFLOW 289.9 100.0% 7.87E+02 100.0% 0.10 86.8 14.9
ADVECTIVE OUTFLOW 96.0 33.1% 3.19E+02 0.19 52.1 4.9
***TOTAL OUTFLOW 96.0 33.1% 3.19E+02 0.19 52.1 4.9
***RETENTION 193.9 66.9% 7.94E+02 0.15

Overflow Rate (m/yr) 1.0 Nutrient Resid. Time (yrs) 1.0951
Hydraulic Resid. Time (yrs) 3.3071 Turnover Ratio 0.9
Reservoir Conc (mg/m3) 52 Retention Coef. 0.669



Big Eagle Model 1

File: K:\013565-000\Admin\Docs\BATHTUB\BigEagleTest2.btb

T Statistics Compare Observed and Predicted Means Using the Following Error Terms:

 1 =  Observed Water Quality Error Only

 2 =  Error Typical of Model Development Dataset

 3  = Observed & Predicted Error

Segment: 1 Big Eagle Basin

  Observed   Predicted  Obs/Pred  T-Statistics ---->

Variable Mean CV Mean CV Ratio T1 T2 T3

TOTAL P    MG/M3 50.0 0.00 52.1 0.19 0.96 -0.15 -0.22
CHL-A      MG/M3 34.4 0.00 25.5 0.30 1.35 0.86 0.98
SECCHI         M 1.4 0.00 1.4 0.28 1.01 0.02 0.02
ANTILOG PC-1 625.3 0.00 473.8 0.55 1.32 0.79 0.50
ANTILOG PC-2 19.1 0.00 15.6 0.08 1.23 0.66 2.63



Big Eagle Model 2

File: K:\013565-000\Admin\Docs\BATHTUB\BigEagleScenario2.btb

Overall Water & Nutrient Balances

Overall Water Balance Averaging Period = 1.00 years

Area Flow Variance CV Runoff

Trb Type Seg Name km2 hm3/yr (hm3/yr)2
 - m/yr

1 1 1 Trib 1-NortheastDrainage 7.3 8.0 0.00E+00 0.00 1.09
2 2 1 Trib 2- Northwest Drainage 1.5 0.1 6.88E-05 0.10 0.06
3 2 1 Trib 3- Central Drainage 3.5 0.2 3.73E-04 0.10 0.06
4 2 1 Trib 4- West Drainage 3.9 0.3 9.60E-04 0.10 0.08
5 2 1 Trib 5- South (Direct) 1.3 0.1 1.27E-04 0.09 0.09

PRECIPITATION 1.9 2.1 0.00E+00 0.00 1.10
TRIBUTARY INFLOW 7.3 8.0 0.00E+00 0.00 1.09
NONPOINT INFLOW 10.2 0.7 1.53E-03 0.05 0.07
***TOTAL INFLOW 19.4 10.7 1.53E-03 0.00 0.55
ADVECTIVE OUTFLOW 19.4 9.2 1.53E-03 0.00 0.48
***TOTAL OUTFLOW 19.4 9.2 1.53E-03 0.00 0.48
***EVAPORATION 1.5 0.00E+00 0.00

Overall Mass Balance Based Upon Predicted   Outflow & Reservoir Concentrations

Component: TOTAL P

Load Load Variance Conc Export

Trb Type Seg Name kg/yr %Total (kg/yr)2
%Total CV mg/m3 kg/km2/yr

1 1 1 Trib 1-NortheastDrainage 531.3 75.2% 0.00E+00 0.00 66.7 72.4
2 2 1 Trib 2- Northwest Drainage 11.6 1.6% 1.35E+00 0.2% 0.10 140.0 7.9
3 2 1 Trib 3- Central Drainage 65.6 9.3% 4.31E+01 5.1% 0.10 340.0 18.7
4 2 1 Trib 4- West Drainage 31.0 4.4% 9.60E+00 1.1% 0.10 100.0 8.0
5 2 1 Trib 5- South (Direct) 11.3 1.6% 1.03E+00 0.1% 0.09 90.0 8.4

PRECIPITATION 56.1 7.9% 7.87E+02 93.5% 0.50 27.3 30.0
TRIBUTARY INFLOW 531.3 75.2% 0.00E+00 0.00 66.7 72.4
NONPOINT INFLOW 119.5 16.9% 5.51E+01 6.5% 0.06 168.1 11.7
***TOTAL INFLOW 706.9 100.0% 8.42E+02 100.0% 0.04 65.9 36.5
ADVECTIVE OUTFLOW 335.9 47.5% 2.70E+03 0.15 36.4 17.3
***TOTAL OUTFLOW 335.9 47.5% 2.70E+03 0.15 36.4 17.3
***RETENTION 371.1 52.5% 3.01E+03 0.15

Overflow Rate (m/yr) 4.9 Nutrient Resid. Time (yrs) 0.3135
Hydraulic Resid. Time (yrs) 0.6599 Turnover Ratio 3.2
Reservoir Conc (mg/m3) 36 Retention Coef. 0.525



Big Eagle Model 2

File: K:\013565-000\Admin\Docs\BATHTUB\BigEagleScenario2.btb

T Statistics Compare Observed and Predicted Means Using the Following Error Terms:

 1 =  Observed Water Quality Error Only

 2 =  Error Typical of Model Development Dataset

 3  = Observed & Predicted Error

Segment: 1 Big Eagle Basin

  Observed   Predicted  Obs/Pred  T-Statistics ---->

Variable Mean CV Mean CV Ratio T1 T2 T3

TOTAL P    MG/M3 50.0 0.00 36.4 0.15 1.38 1.18 2.06
CHL-A      MG/M3 34.4 0.00 18.5 0.30 1.86 1.80 2.06
SECCHI         M 1.4 0.00 1.8 0.27 0.76 -0.99 -1.02
ANTILOG PC-1 625.3 0.00 267.7 0.54 2.34 2.42 1.58
ANTILOG PC-2 19.1 0.00 15.6 0.08 1.23 0.66 2.62



Big Eagle Model 3

File: K:\013565-000\Admin\Docs\BATHTUB\BigEagleScenario3updated_051820.btb

Overall Water & Nutrient Balances

Overall Water Balance Averaging Period = 1.00 years

Area Flow Variance CV Runoff

Trb Type Seg Name km2 hm3/yr (hm3/yr)2
 - m/yr

1 1 1 Trib 1-NortheastDrainage 7.3 8.0 0.00E+00 0.00 1.09
2 2 1 Trib 2- Northwest Drainage 1.5 0.1 6.88E-05 0.10 0.06
3 2 1 Trib 3- Central Drainage 3.5 0.2 3.73E-04 0.10 0.06
4 2 1 Trib 4- West Drainage 3.9 0.3 9.60E-04 0.10 0.08
5 2 1 Trib 5- South (Direct) 1.3 0.1 0.00E+00 0.00 0.09

PRECIPITATION 1.9 2.1 0.00E+00 0.00 1.10
TRIBUTARY INFLOW 7.3 8.0 0.00E+00 0.00 1.09
NONPOINT INFLOW 10.2 0.7 1.40E-03 0.05 0.07
***TOTAL INFLOW 19.4 10.7 1.40E-03 0.00 0.55
ADVECTIVE OUTFLOW 19.4 9.2 1.40E-03 0.00 0.48
***TOTAL OUTFLOW 19.4 9.2 1.40E-03 0.00 0.48
***EVAPORATION 1.5 0.00E+00 0.00

Overall Mass Balance Based Upon Predicted   Outflow & Reservoir Concentrations

Component: TOTAL P

Load Load Variance Conc Export

Trb Type Seg Name kg/yr %Total (kg/yr)2
%Total CV mg/m3 kg/km2/yr

1 1 1 Trib 1-NortheastDrainage 531.3 22.1% 0.00E+00 0.00 66.7 72.4
2 2 1 Trib 2- Northwest Drainage 11.6 0.5% 1.35E+00 0.2% 0.10 140.0 7.9
3 2 1 Trib 3- Central Drainage 65.6 2.7% 4.31E+01 5.1% 0.10 340.0 18.7
4 2 1 Trib 4- West Drainage 31.0 1.3% 9.60E+00 1.1% 0.10 100.0 8.0
5 2 1 Trib 5- South (Direct) 11.3 0.5% 0.00E+00 0.00 90.0 8.4

PRECIPITATION 56.1 2.3% 7.87E+02 93.6% 0.50 27.3 30.0
INTERNAL LOAD 1700.7 70.6% 0.00E+00 0.00
TRIBUTARY INFLOW 531.3 22.1% 0.00E+00 0.00 66.7 72.4
NONPOINT INFLOW 119.5 5.0% 5.40E+01 6.4% 0.06 168.1 11.7
***TOTAL INFLOW 2407.7 100.0% 8.41E+02 100.0% 0.01 224.3 124.2
ADVECTIVE OUTFLOW 717.0 29.8% 1.71E+04 0.18 77.6 37.0
***TOTAL OUTFLOW 717.0 29.8% 1.71E+04 0.18 77.6 37.0
***RETENTION 1690.7 70.2% 1.76E+04 0.08

Overflow Rate (m/yr) 4.9 Nutrient Resid. Time (yrs) 0.1965
Hydraulic Resid. Time (yrs) 0.6599 Turnover Ratio 5.1
Reservoir Conc (mg/m3) 78 Retention Coef. 0.702



Big Eagle Model 3
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T Statistics Compare Observed and Predicted Means Using the Following Error Terms:

 1 =  Observed Water Quality Error Only

 2 =  Error Typical of Model Development Dataset

 3  = Observed & Predicted Error

Segment: 1 Big Eagle Basin

  Observed   Predicted  Obs/Pred  T-Statistics ---->

Variable Mean CV Mean CV Ratio T1 T2 T3

TOTAL P    MG/M3 50.0 0.00 77.6 0.18 0.64 -1.63 -2.41
CHL-A      MG/M3 34.4 0.00 33.3 0.29 1.03 0.09 0.11
SECCHI         M 1.4 0.00 1.1 0.28 1.28 0.87 0.88
ANTILOG PC-1 625.3 0.00 761.6 0.54 0.82 -0.56 -0.37
ANTILOG PC-2 19.1 0.00 15.5 0.08 1.24 0.69 2.71



Big Eagle Model 4

File: K:\013565-000\Admin\Docs\BATHTUB\IterativePredictions\BE_reducedNE20Reducedinternal0.25.btb

Overall Water & Nutrient Balances

Overall Water Balance Averaging Period = 1.00 years

Area Flow Variance CV Runoff

Trb Type Seg Name km2 hm3/yr (hm3/yr)2
 - m/yr

1 1 1 Trib 1-NortheastDrainage 7.3 8.0 0.00E+00 0.00 1.09
2 2 1 Trib 2- Northwest Drainage 1.5 0.1 6.88E-05 0.10 0.06
3 2 1 Trib 3- Central Drainage 3.5 0.2 3.73E-04 0.10 0.06
4 2 1 Trib 4- West Drainage 3.9 0.3 9.60E-04 0.10 0.08
5 2 1 Trib 5- South (Direct) 1.3 0.1 0.00E+00 0.00 0.09

PRECIPITATION 1.9 2.1 0.00E+00 0.00 1.10
TRIBUTARY INFLOW 7.3 8.0 0.00E+00 0.00 1.09
NONPOINT INFLOW 10.2 0.7 1.40E-03 0.05 0.07
***TOTAL INFLOW 19.4 10.7 1.40E-03 0.00 0.55
ADVECTIVE OUTFLOW 19.4 9.2 1.40E-03 0.00 0.48
***TOTAL OUTFLOW 19.4 9.2 1.40E-03 0.00 0.48
***EVAPORATION 1.5 0.00E+00 0.00

Overall Mass Balance Based Upon Predicted   Outflow & Reservoir Concentrations

Component: TOTAL P

Load Load Variance Conc Export

Trb Type Seg Name kg/yr %Total (kg/yr)2
%Total CV mg/m3 kg/km2/yr

1 1 1 Trib 1-NortheastDrainage 159.3 32.8% 0.00E+00 0.00 20.0 21.7
2 2 1 Trib 2- Northwest Drainage 11.6 2.4% 1.35E+00 0.2% 0.10 140.0 7.9
3 2 1 Trib 3- Central Drainage 65.6 13.5% 4.31E+01 5.1% 0.10 340.0 18.7
4 2 1 Trib 4- West Drainage 31.0 6.4% 9.60E+00 1.1% 0.10 100.0 8.0
5 2 1 Trib 5- South (Direct) 11.3 2.3% 0.00E+00 0.00 90.0 8.4

PRECIPITATION 56.1 11.6% 7.87E+02 93.6% 0.50 27.3 30.0
INTERNAL LOAD 150.3 31.0% 0.00E+00 0.00
TRIBUTARY INFLOW 159.3 32.8% 0.00E+00 0.00 20.0 21.7
NONPOINT INFLOW 119.5 24.6% 5.40E+01 6.4% 0.06 168.1 11.7
***TOTAL INFLOW 485.2 100.0% 8.41E+02 100.0% 0.06 45.2 25.0
ADVECTIVE OUTFLOW 261.1 53.8% 1.45E+03 0.15 28.3 13.5
***TOTAL OUTFLOW 261.1 53.8% 1.45E+03 0.15 28.3 13.5
***RETENTION 224.1 46.2% 1.67E+03 0.18

Overflow Rate (m/yr) 4.9 Nutrient Resid. Time (yrs) 0.3550
Hydraulic Resid. Time (yrs) 0.6599 Turnover Ratio 2.8
Reservoir Conc (mg/m3) 28 Retention Coef. 0.462



Big Eagle Refined Model 3

File: K:\013565-000\Admin\Docs\BATHTUB\BigEagleScenario3updated_052720.btb

Overall Water & Nutrient Balances

Overall Water Balance Averaging Period = 1.00 years

Area Flow Variance CV Runoff

Trb Type Seg Name km2 hm3/yr (hm3/yr)2
 - m/yr

1 1 1 Trib 1-NortheastDrainage 7.3 8.0 0.00E+00 0.00 1.09
2 2 1 Trib 2- Northwest Drainage 1.5 0.1 6.88E-05 0.10 0.06
3 2 1 Trib 3- Central Drainage 3.5 0.2 3.73E-04 0.10 0.06
4 2 1 Trib 4- West Drainage 3.9 0.3 9.60E-04 0.10 0.08
5 2 1 Trib 5- South (Direct) 1.3 0.1 0.00E+00 0.00 0.09

PRECIPITATION 1.9 2.1 0.00E+00 0.00 1.10
TRIBUTARY INFLOW 7.3 8.0 0.00E+00 0.00 1.09
NONPOINT INFLOW 10.2 0.7 1.40E-03 0.05 0.07
***TOTAL INFLOW 19.4 10.7 1.40E-03 0.00 0.55
ADVECTIVE OUTFLOW 19.4 9.2 1.40E-03 0.00 0.48
***TOTAL OUTFLOW 19.4 9.2 1.40E-03 0.00 0.48
***EVAPORATION 1.5 0.00E+00 0.00

Overall Mass Balance Based Upon Predicted   Outflow & Reservoir Concentrations

Component: TOTAL P

Load Load Variance Conc Export

Trb Type Seg Name kg/yr %Total (kg/yr)2
%Total CV mg/m3 kg/km2/yr

1 1 1 Trib 1-NortheastDrainage 531.3 38.2% 0.00E+00 0.00 66.7 72.4
2 2 1 Trib 2- Northwest Drainage 11.6 0.8% 1.35E+00 0.2% 0.10 140.0 7.9
3 2 1 Trib 3- Central Drainage 65.6 4.7% 4.31E+01 5.1% 0.10 340.0 18.7
4 2 1 Trib 4- West Drainage 31.0 2.2% 9.60E+00 1.1% 0.10 100.0 8.0
5 2 1 Trib 5- South (Direct) 11.3 0.8% 0.00E+00 0.00 90.0 8.4

PRECIPITATION 56.1 4.0% 7.87E+02 93.6% 0.50 27.3 30.0
INTERNAL LOAD 683.0 49.1% 0.00E+00 0.00
TRIBUTARY INFLOW 531.3 38.2% 0.00E+00 0.00 66.7 72.4
NONPOINT INFLOW 119.5 8.6% 5.40E+01 6.4% 0.06 168.1 11.7
***TOTAL INFLOW 1390.0 100.0% 8.41E+02 100.0% 0.02 129.5 71.7
ADVECTIVE OUTFLOW 515.6 37.1% 7.78E+03 0.17 55.8 26.6
***TOTAL OUTFLOW 515.6 37.1% 7.78E+03 0.17 55.8 26.6
***RETENTION 874.4 62.9% 8.23E+03 0.10

Overflow Rate (m/yr) 4.9 Nutrient Resid. Time (yrs) 0.2448
Hydraulic Resid. Time (yrs) 0.6599 Turnover Ratio 4.1
Reservoir Conc (mg/m3) 56 Retention Coef. 0.629



Big Eagle Refined Model 3
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T Statistics Compare Observed and Predicted Means Using the Following Error Terms:

 1 =  Observed Water Quality Error Only

 2 =  Error Typical of Model Development Dataset

 3  = Observed & Predicted Error

Segment: 1 Big Eagle Basin

  Observed   Predicted  Obs/Pred  T-Statistics ---->

Variable Mean CV Mean CV Ratio T1 T2 T3

TOTAL P    MG/M3 50.0 0.00 55.8 0.17 0.90 -0.41 -0.64
CHL-A      MG/M3 34.4 0.00 26.6 0.30 1.29 0.74 0.87
SECCHI         M 1.4 0.00 1.3 0.28 1.04 0.15 0.15
ANTILOG PC-1 625.3 0.00 509.9 0.54 1.23 0.58 0.38
ANTILOG PC-2 19.1 0.00 15.6 0.08 1.23 0.66 2.64



Big Eagle Model 4

File: K:\013565-000\Admin\Docs\BATHTUB\IterativePredictions\BE_reducedNE20Reducedinternal0.25.btb

T Statistics Compare Observed and Predicted Means Using the Following Error Terms:

 1 =  Observed Water Quality Error Only

 2 =  Error Typical of Model Development Dataset

 3  = Observed & Predicted Error

Segment: 1 Big Eagle Basin

  Observed   Predicted  Obs/Pred  T-Statistics ---->

Variable Mean CV Mean CV Ratio T1 T2 T3

TOTAL P    MG/M3 50.0 0.00 28.3 0.15 1.77 2.12 3.92
CHL-A      MG/M3 34.4 0.00 14.4 0.30 2.39 2.52 2.88
SECCHI         M 1.4 0.00 2.3 0.26 0.62 -1.73 -1.84
ANTILOG PC-1 625.3 0.00 173.7 0.53 3.60 3.65 2.42
ANTILOG PC-2 19.1 0.00 15.5 0.08 1.23 0.67 2.66
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APPENDIX D 

 

Big Eagle Anoxic Factor Calculations 

  



Date Anoxic Depth (ft.)
Corresponding Lake 

Area (ac)
Corresponding 
Lake Area (m²)

# of Days 
Anoxic

TP Loading Rate 
(mg P/m²/day) Load (mg) Load (kg)

6/12/2020 18 63 254,898 7 6.56 11,704,916.16 11.70
6/19/2020 16 84.4 341,482 7 6.56 15,680,871.81 15.68
6/26/2020 16 84.4 341,482 7 6.56 15,680,871.81 15.68
7/3/2020 14 148 598,808 7 6.56 27,497,263.36 27.50

7/11/2020 13 170 687,820 8 6.56 36,096,793.60 36.10
7/17/2020 12 182.6 738,800 6 6.56 29,079,152.26 29.08
7/27/2020 17 70.2 284,029 10 6.56 18,632,315.52 18.63
8/1/2020 15 105.2 425,639 4 6.56 11,168,772.61 11.17
8/7/2020 13 170 687,820 6 6.56 27,072,595.20 27.07

8/14/2020 15 105.2 425,639 7 6.56 19,545,352.06 19.55
8/21/2020 16 84.4 341,482 7 6.56 15,680,871.81 15.68

stop-mixed water 
column

9/5/2020 19 38.3 154,962 10 6.56 10,165,494.08 10.17
9/15/2020 19 38.3 154,962 3 6.56 3,049,648.22 3.05
9/18/2020 15 105.2 425,639 8 6.56 22,337,545.22 22.34

stop-mixed water 
column

Total Growing 
Season Load 263.39

Station 203 Anoxic Depth and Associated TP Load



   
 
Big Eagle Lake Water Quality Assessment and Load Source Assessment 
WSB Project No. 013565-000  APPENDIX 

 

 

 

 

 

 

 

 

 

 

APPENDIX E 

 

Big Eagle 2019 Carp Assessment Report 



Mary Newman – Environmental Scientist 
Jordan Wein – Environmental Scientist 

Eagle Lake 



Introduction

Common Carp Management 

Project Area 



Methodology



Results
Carp Population/Biomass Estimate 

Table 1 – 2019 Sherburne County’s Big Eagle Lake Electrofishing CPUE survey data.  

Discussion
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