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1.0     Introduction 

The Clearwater River Watershed District (CRWD) has conducted a stream, precipitation, and 

lake monitoring program since 1980.  The monitoring program has focused on collecting 

baseline data to assess long-term water quality trends within the CRWD.  Appendix A describes 

the 2007 monitoring program in detail, Figure 1.1 shows the monitoring locations. 

 

In 2003 the CRWD, in partnership with the Minnesota Pollution Control Agency, began a Total 

Maximum Daily Load (TMDL) study to address the District’s impaired waters.  As demonstrated 

in Appendix B and Appendix C, lake water quality has improved dramatically and in stream 

nutrient and sediment loads were reduced as the result of the Chain of Lakes Restoration Project 

and other District initiatives.  However, some water bodies do not meet state water quality 

standards. TMDL Studies are on-going for the following waters (Figure 1.2 shows locations): 

o Clearwater River between Clear Lake and Lake Betsy for dissolved oxygen (DO) and 

fecal coliform bacteria,  

o Clearwater River between Grass Lake and the Mississippi River for DO, and 

o Lake Louisa for nutrients.   

 

Data was collected during the 2007 season for the DO TMDL for the Clearwater River between 

Grass Lake and the Mississippi River.  These data are presented in a report to the MPCA: “Phase 

II Addendum Project Report to the MPCA: Grass Lake and the Mississippi River DO TMDL” 

(see Attachment 1).  Data for the other 303d-listed waters was collected during the 2005 and 

2006 field seasons.  These data are presented in the report: “Phase II Project Report to the 

MPCA: Lake Louisa Nutrient TMDL and The Clearwater River, Clear Lake to Lake Betsy 

Bacteria and Dissolved Oxygen TMDL” (see Attachment 2).  These reports can be found in an 

electronic format on CDs enclosed in this report following the appendices.   
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Ten other CRWD Lakes were added to the 2008 303d Impaired Waters List at the request of the 

CRWD including Clear Lake, Lake Betsy, Union Lake, Scott Lake, Lake Marie, Lake Augusta, 

Lake Caroline, Swartout Lake, Albion Lake, and Henshaw Lake.  The TMDLs for these lakes 

will be set using existing data where appropriate in Phase III of the ongoing TMDL study.     

Monitoring locations for the 2007 program included two long-term stations:  CR-28.2 in the 

upper watershed just upstream of Lake Betsy and CR-10.5 in the lower watershed, downstream 

of Clearwater Lake.  Warner Creek was also monitored near its inflow to Clearwater Lake at 

WR-0.2.  The inlet and outlet of Union Lake were also monitored.   

 

Eight lakes were monitored by CRWD including Lake Augusta, Betsy Lake, Clearwater Lake 

East, Lake Louisa, Otter Lake, Pleasant Lake, School Section Lake, and Union Lake.   

 

Citizen Precipitation Recorders (CPRs) collecting precipitation data in Watkins and Annandale 

comprise the precipitation records.  Citizen volunteers also collected Secchi depths for nine 

CRWD lakes.  

 

Continuous stream flow was measured by the MPCA on the Clearwater River at Fairhaven and 

CSAH 40, and the provisional for the Fairhaven station is reported. 

 

Additional monitoring was also conducted in the Cedar Lake subwatershed in 2007.  Samples 

were collected from four lakes, including Albion Lake, Cedar Lake, Henshaw Lake, and 

Swartout Lake.  Samples were also collected from eight tributary streams in the subwatershed.  
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Figure 1.1   2007 Monitoring Locations 
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Figure 1.2  Impaired Water Bodies in CRWD 
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2.0     Precipitation 

Precipitation during 2007 was below normal overall, but was above normal during February, 

March, August, September, October, and December.  Table 2.1 and Figures 2.1-2.3 show the 

precipitation records for the CRWD (Appendix D).   

 

Table 2.1   Clearwater River Watershed District 2007 Precipitation Records and Normals 

(inches) 

2007 St. Cloud 
(Saint Cloud 
WSO Airport)

2007 
Collegeville 

St. Johns

1971-2000 
Normal      

(St. Cloud)

2007 
Watkins 

(Meeker)*

1971-2000 
Normal 

(Litchfield)

2007 
Annandale/ 

Corinna 
(Wright)

1971-2000 
Normal 

(Cokato)
January 0.16 0.25 0.76 0.18 0.79 0.39 0.93
February 1.42 1.71 0.59 1.97 0.67 0.69 0.70
March 3.33 3.84 1.50 3.14 1.55 2.29 1.69
April 1.69 2.7 2.13 2.07 2.35 1.78 2.33
May 1.3 1.79 2.97 1.04 3.37 2.37 3.30
June 2.92 2.05 4.51 1.96 4.89 2.29 4.62
July 1.63 1.17 3.34 3.23 4.02 1.84 4.04
August 4.14 6.1 3.93 4.65 3.67 4.97 4.00
September 4.1 3.22 2.93 3.74 2.92 5.20 2.78
October 4.11 5.2 2.24 3.76 2.15 4.79 2.23
November 0.01 0.03 1.54 0.00 1.50 0.02 1.73
December 1.01 1.35 0.69 0.84 0.68 1.19 0.71

Total 25.82 29.41 27.13 26.58 28.56 27.82 29.06  
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Figure 2.1   2007 St. Cloud and Collegeville Precipitation Records, and Normal 

Precipitation Record (inches) 
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Figure 2.2   2007 Watkins Citizen Precipitation Record and Normal Precipitation Record 

(inches) 
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Figure 2.3   2006 Annandale Citizen Precipitation Record and Normal Precipitation Record 

(inches) 
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3.0     Streams 

3.1 RUNOFF AND DISCHARGE 
 

In 2007, the MPCA maintained continuous stage recorders on the Clearwater River at the 

Fairhaven Dam, located at the outlet of Lake Marie near the center of the watershed, and at the 

Clearwater River at CSAH 40 at the downstream end of the watershed (Figure 1.1).  Figure 3.1 

shows the provisional flow record for the Fairhaven Dam; the complete flow record for CSAH 

40 was not available at the time of this report. 

 

Figure 3.1 Clearwater River Discharge at Fairhaven Dam, 2007 
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Runoff over the upper watershed was 1.0 inch at CR 28.2.  Runoff may have been under 

predicted at CR 28.2, since monitoring is weighted towards summer (April-July), which was 

drier than normal in 2007.  Runoff was 6.2 inches at Fairhaven Dam in the center of the 

watershed, 3.0 inches at CR10.5, and 4.8 inches at CSAH 40 at the downstream end of the 

watershed.  It is likely that the runoff at Fairhaven Dam (6.2 inches) is high compared to the 

runoff at CR10.5 (3.5) and CSAH 40 (4.8 inches) due to the storage in the lakes between the two 

stations.   

 

Average flows at the Fairhaven Dam, CR10.5 and CSAH 40 were 41cfs, 34 cfs and 50 cfs 

respectively.  Table 3.1 summarizes the runoff volumes and average flows for the automated 

stations, and Figure 3.2 compares the long-term precipitation to runoff for the CRWD as 

recorded at CR 10.5.   

 

Table 3.1  2007 Runoff Volume and Average Flow 

 2007 

Station/  Location 

Tributary 
Sub-

watershed 
Area 

(acres) 

Runoff 
Volume 
(ac-ft) 

 Runoff 
Over 

Watershed 
(inches) 

Average 
Flow 
(cfs) 

CR28.2* 33,977 2,726 1.0 5 
Fairhaven Dam 58,291 29,972 6.2 41 
CR10.5 99,200 24,707 3.0 34 
CR 40 105,272 42,210 4.8 50 
T:\0002\106\CR40_Fairhaven Q Records Summary Tables   

 

*Runoff at CR28.2 was likely under predicted due to below average precipitation during the 

monitoring period in 2007.   
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 Figure 3.2  Clearwater River Watershed District, Historical Precipitation and Runoff (At 

CR 10.5)  
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Table 3.2 compares historic annual precipitation and runoff in the CRWD calculated using 

discrete flow measurements collected at CR 10.5 as part of the TMDL project.  Supplemental 

information from the CSAH 40 station maintained by the MPCA was used to determine the 

period during which the Clearwater River was flowing during 2007.  
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Table 3.2   Historic Annual Precipitation and Runoff Volume at CR 10.5 
Precipitation (inches of water)

Area-Weighted Runoff
Year Watkins Kingston Maine Prairie Annandale/ Corinna  Precipitation  Average (inches)
1981 -- -- -- -- 19.76 (1) 3.6
1982 -- -- -- -- 24.58 (1) 6.8
1983 46.54 -- 42.32 35.02 41.78 17.4
1984 32.23 30.13 32.37 36.07 32.95 13.3
1985 40.72 39.49 45.28 -- 42.22 12.0
1986 40.02 35.63 39.68 33.40 37.26 16.0
1987 18.97 15.40 19.41 16.16 17.52 1.4
1988 16.57 18.98 15.96 15.01 16.48 0.7
1989 22.13 22.68 21.80 16.96 20.68 3.0
1990 40.35     39.18     41.36      32.18      37.94      11.7
1991 41.30 45.11 43.41 36.28 41.01 20.7
1992 23.06 18.41 20.47 24.35 22.01 12.9
1993 40.17 35.27 (2) 37.54 (2) 33.33 36.71 15.5
1994 34.77 -- 30.13 30.26 31.98 9.0
1995 33.80 -- 33.65 28.66 32.21 8.8
1996 31.31 -- 24.32 (2) 26.13 (2) 27.59 4.8
1997 24.18 -- 21.90 27.37 24.43 6.3
1998 30.03 -- 29.39 27.43 (2) 29.05 5.5
1999 22.08 -- 22.31 (2) 27.71 23.84 3.9
2000 23.83 -- 20.56 19.91 21.22 1.0
2001 31.00 -- 33.56 29.57 31.28 2.8
2002 37.50 -- 40.27 44.72 40.57 7.6
2003 22.63 -- 21.34 26.77 (2) 23.02 6.5
2004 33.58 -- 33.58 31.67 33.10 2.8
2005 32.30 (2) -- -- 41.47 36.89 (4) 7.1
2006 22.59 -- -- 24.15 23.37 4.2
2007 26.58 -- -- 27.82 27.20 3.5

Mean 29.59 7.7
Std. Dev. 8.1 5.4

T:\0002\106\[Precip_Runoff_07.xls]Historical Runoff_07  
Table 3.2 Notes:  Whole watershed runoff is based on time-weighted average flow at Clearwater Lake outlet 
(station CR 10.5), and total drainage area of 155 square miles. 

1. Data for single gauge in east-central part of watershed (Camp Heritage on Lake Caroline). 
2. Average values of other stations in CRWD were used to fill in missing data. 
3. Location of Watkins Station changed slightly 
4. Calculated using continuous flow data from MPCA at CSAH 40  

 

 

3.2 WATER QUALITY 

 

Baseline total phosphorus (TP) concentrations in the Clearwater River remain low as compared 

with conditions monitored in the early 1980s.    Flow-weighted mean total phosphorus 

concentrations at CR 28.2, just upstream of Lake Betsy, ranged from 740 to 920 μg/l in the early 

1980s but were 228 μg/l in 2007.  The TP load at CR 28.2 in 2007 was 1,692 lbs.  Although 
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there has been some fluctuation in recent years, TP concentrations at CR 28.2 have been 

declining overall.  Figure 3.3 shows the historical phosphorus load at CR 28.2.  

 

Figure 3.3 Historical Total Phosphorus Loading and Mean Concentration at CR 28.2 
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Flow-weighted mean TP concentrations at CR-10.5 and WR-0.2 were 31 μg/l and 64 μg/l 

respectively.  Total phosphorus loads were 2,057 lbs at CR 10.5 and 76 lbs at WR 0.2, well 

below historic levels (Figures 3.4 and 3.5).  TP concentrations have been declining and have 

remained stable at both CR 10.5 and WR 0.2 since the early 1990s.   
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Figure 3.4  Historical Total Phosphorus Loading and Mean Concentration at CR 10.5 
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Figure 3.5  Historical Total Phosphorus Loading and Mean Concentration at WR-0.2 

 

 

 

 

 

 

 

 

 

 

 

 

Soluble reactive phosphorus (SRP) (dissolved form of phosphorus easily utilized by algae) was 

also monitored.  At CR 28.2, SRP was between 9% and 75% of the total fraction, with the 

highest ratio of 75% occurring in early summer.  SRP was below the detection limit and 

therefore represented a very low percentage of the total phosphorus at CR 10.5 for all but one 
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event in July for which the ratio was 81%.  The ratio at station WR 0.2 ranged from 38% to 66% 

increasing in the late summer and early fall.  These values are higher than observed historically, 

likely due to low flow in 2007.  The values potentially indicate the export of soluble phosphorus 

from wetlands in the upper watershed. 

 

Appendix B shows historical phosphorus loads, stream flows, and flow-weighted mean 

concentrations. 
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4.0     2007 Lake Water Quality 

4.1 REGULAR MONITORING 

 

CRWD lakes are sampled on a rotating basis.  Lake Augusta, Lake Betsy, Clearwater Lake, Lake 

Louisa, Otter Lake, Pleasant Lake, School Section, and Union Lake were each sampled four 

times from June to September in 2007.  Albion Lake, Cedar Lake, Henshaw Lake, and Swartout 

Lake were also sampled four times each as part of the monitoring performed in the Cedar Lake 

subwatershed.  Parameters analyzed include total phosphorus, soluble reactive phosphorus, 

chlorophyll-a, and a field reading of secchi depth.  Lake profiles of lake water temperature and 

dissolved oxygen were also collected.   

 

Water quality of the lakes monitored in 2007 was generally comparable to monitoring in recent 

years.  Summer average (June 1-September 30) values were compared with the MCPA 

eutrophication standards for phosphorus, chlorophyll-a, and Secchi disk depth, based on 

ecoregion and lake type.  The MPCA uses separate standards for shallow (less than 15 foot 

maximum depth or 80% of lake area less than 15 feet deep) and deep lakes (greater than 15 foot 

maximum depth).  The appropriate standards for lakes monitored in the CRWD, which is in the 

North Central Hardwood Forest ecoregion, are shown in Table 4.1. 

 

Table 4.1  MPCA Standards for Lakes in the North Central Hardwood Forest Ecoregion   

  
Total 

Phosphorus Chlorophyll-a Secchi Depth 
Lake Category μg/L μg/L meters (not less than)
Shallow Lakes  60 20    1
Deep Lakes 40 14 1.4
        
Source: Minnesota Pollution Control Agency 
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Figures 4.1 and 4.2 compare the average total phosphorus concentrations in lakes sampled in 

2007 to the MPCA phosphorus standard.   

Figure 4.1  2007 Summer Average Total In-Lake Phosphorus Concentrations (Deep Lakes) 
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Figure 4.2 2007 Summer Average Total In-Lake Phosphorus Concentrations (Shallow Lakes) 
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Figure 4.3 compares the most recent average total phosphorus concentration to the standard for 

deep lakes.    Since all four shallow lakes monitored by the CRWD were monitored in 2007, 

Figure 4.2 compares the average total phosphorus concentration to the standard for shallow 
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lakes.  Based on the most recent monitoring data for each lake, Union, Caroline, Marie, Louisa, 

Scott, Clear, Betsy, Albion, Swartout, and Henshaw Lakes are impaired for total phosphorus.  

 

Figure 4.3 Summer Average Total In-Lake Phosphorus Concentrations Most Recent 

Monitoring Data (Deep Lakes) 
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Figures 4.4 and 4.5 compare the most recent summer average chlorophyll-a concentration for all 

CRWD lakes to the appropriate chlorophyll standard.  The most recent average chlorophyll-a 

concentrations in Augusta, Clearwater West, Caroline, Clear, Scott, Betsy, Marie, Louisa, 

Albion, Swartout, and Henshaw Lakes are above the standard for chlorophyll-a. 
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Figure 4.4 Summer Average Chlorophyll-a Concentrations, Most Recent Monitoring Data 

(Deep Lakes) 
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Figure 4.5 Summer Average Chlorophyll-a Concentration,s Most Recent Monitoring Data (Shallow 

Lakes) 
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Figures 4.6 and 4.7 compare the most recent average Secchi disk depth for all CRWD lakes to 

the appropriate Secchi standard.  The most recent average Secchi depths demonstrate that Bass, 

Louisa, Clear, Scott, Betsy, Swartout, and Henshaw Lakes are below the Secchi depth standard.   

 

Figure 4.6 Summer Average In-Lake Secchi Depth, Most Recent Monitoring Data (Deep 

Lakes) 
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Figure 4.7 Summer Average In-Lake Secchi Depth, Most Recent Monitoring Data (Shallow 

Lakes) 

 

0.0

0.5

1.0

1.5

2.0

2.5

School Section Albion Sw artout Henshaw

Se
cc

hi
 D

ep
th

 (m
et

er
s)

MPCA Secchi depth standard for 
Shallow  Lakes in the NCHF 
Ecoregion: not less than 1.0 meters

T:\ 0 0 0 2 \ 10 6 \ [ LA KE W Q 0 7.xls] M ean chl sec 0 7

 

 

 

 

 

 

 

 

 

 



 

T:\0002\106\Report_text_07.doc 4-6

The Carlson Trophic Status Index (TSI), or level of nutrient enrichment in a lake, was calculated 

for lakes monitored in 2007 (Table 4.2).  Otter Lake is mesotrophic based on the TSI.  

Additionally, School Section Lake and Clearwater Lake are on the high end of mesotrophy.  

Union, Pleasant, Augusta, Cedar, Louisa, and Albion are considered eutrophic, and Betsy, 

Swartout, and Henshaw are all hypereutrophic.   

 

Table 4.2  2007 Trophic Status Index 

 

Lake Avg TSI TP TSI Chla-a TSI Secchi 
TSI

TSI Based 
Classification

Otter 36 47 15 46 Mesotrophic
School Section 49 54 41 50 Mesotrophic
Clearwater  East 50 52 48 49 Mesotrophic

Union 52 58 49 48 Eutrophic
Pleasant 53 57 53 49 Eutrophic

Cedar 53 52 54 52 Eutrophic
Augusta 55 54 58 53 Eutrophic
Louisa 66 67 74 59 Eutrophic
Albion 70 79 73 58 Eutrophic
Betsy 75 88 72 65 Hypereutrophic

Swartout 83 84 81 83 Hypereutrophic
Henshaw 87 90 86 85 Hypereutrophic

T:\0002\106\[LAKE_WQ_07.xls]2007 Data  
 
 
Water quality observed in most lakes monitored during 2007 (Table 4.3) is within ranges seen in 

recent years.  However, phosphorus levels in Lake Betsy, Pleasant Lake, and Lake Louisa 

showed a slight increase from the most recent year that each lake was monitored. Although the 

2007 average phosphorus concentrations were higher than the last time each of these three lakes 

was monitored, the average phosphorus concentrations were still in the range of average 

phosphorus concentrations in recent years.      

 

Overall, based on the most recent monitoring data for all lakes within CRWD, water quality is 

generally good.  Table 4.4 compares CRWD lakes to MPCA impairment standards.  
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Table 4.3  2007 Mean In-Lake Total Phosphorus, Chlorophyll-a, and Secchi Depth, and 

Historical Ranges 

 

LAKE 2007 Mean Historical 
Range Mean 2007 Mean Historical 

Range Mean 2007 Mean
Historical 

Range 
Mean

Albion 186 130-296 79 60-204 1.1 0.5-1.2
Augusta 31 28-300 17 4-73 1.6 1.1-1.9
Betsy 343 120-700 70 4-170 0.7 0.5-2.4
Cedar 29 26-58 11 3-20 1.7 1.1-3.0
Clearwater  East 28 23-130 6 3-85 2.2 1.2-3.0
Henshaw 390 150-390 278 53-278 0.2 0.2-0.9
Louisa 79 33-440 79 4-101 1.1 0.6-1.5
Otter 20 13-34 1 1-8 2.6 1.9-3.0
Pleasant 39 15-51 10 4-12 2.2 2.0-3.0
School Section 33 21-50 3 3-14 2.0 1.0-2.2
Swartout 262 200-421 168 144-444 0.2 0.2-1.0
Union 43 31-88 7 7-39 2.3 1.0-2.3
T:\0002\106\[mean in lake_tp_chla_secchi_07.xls]Table

Total Phosphorus ug/l Chlorophyll-a ug/l Secchi Depth (meters)

 
 
 
Table 4.4  Lake Trend and Impairment Summary 

Lake
Last 

Monitored Phosphorus Trend Use 
Albion 2007 Increasing P Impaired
Augusta 2007 Recent Flat P Trend Full Use
Bass 2006 Slightly Increasing P Full Use
Betsy 2007 Flat P Trend Impaired
Caroline 2007 Recent Flat P Trend Impaired
Cedar 2006 Increasing P Full Use
Clear 2006 Increasing P Impaired
Clearwater East 2007 Decreasing P Trend Full Use
Clearwater West 2006 Decreasing P Trend Full Use
Grass 2003 Decreasing P Trend Full Use
Henshaw 2007 Increasing P Impaired
Little Mud 2006 Decreasing P Trend Full Use
Louisa 2007 Recent Flat P Trend Impaired
Marie 2006 Recent Flat P Trend Impaired
Nixon 2004 Decreasing P Trend Full Use
Otter 2007 Flat P Trend Full Use
Pleasant 2007 Flat P Trend Full Use
School Section 2007 Flat P Trend Full Use
Scott 2006 Flat P Trend Impaired
Swartout 2007 Slightly Increasing P Impaired
Union 2007 Flat P Trend Impaired
Wiegand 2005 Decreasing P Trend Full Use
T:\0002\106\[LAKE_WQ_07.xls]Summary  
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Historical lake data and trends are in Appendix C.  Citizen Secchi depths are in Appendix E.  

Water quality lab reports are in Appendix F, and field notes are in Appendix G.  

 

4.2 SUPPLEMENTAL MONITORING 

 

In addition to the 2007 regular monitoring program, supplemental monitoring was conducted as 

part of the Cedar Lake Restoration Project, and at the request of Bass Lake landowners.  This 

monitoring is discussed in the sections below.   

 

4.2.1  Cedar Chain of Lakes Restoration 

 
The Cedar Chain of Lakes Restoration project was started in 2007 in response to a petition by 

lake shore residents to address the declining water quality and severe algae blooms in Cedar 

Lake.  The primary phosphorus source to Cedar Lake is phosphorus export from the upper 

watersheds routed through upper watershed lakes.  The primary phosphorus source to the upper 

watershed lakes is internal cycling of phosphorus.   

 

To reduce the phosphorus concentrations in Cedar Lake it is necessary to reduce the nutrient load 

from the upper watershed, and to reduce the in-lake concentrations in the upper watershed lakes:  

Lake Albion, Swartout Lake and Henshaw Lake.   

 

Several alternatives were considered, and in 2007 BMPs were implemented to reduce the 

phosphorus load to Cedar Lake. Part of the restoration project includes on-going monitoring of 

progress. The restoration efforts, monitoring, and results are discussed below. 

 
 
4.2.1.1 BMPs Implemented 

 

BMPs implemented in 2007 included installation of rough fish barriers, a wetland treatment 

basin, buffers, and tile inlet replacements.  The locations of these improvement projects are 

shown on Figure 4.8. 
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Three fish barriers were installed during early spring 2007 on the Cedar Lake inlet upstream of 

Highway 55, and at the Swartout Lake and Henshaw Lake outlets to prevent rough fish 

migration.  Photos of these barriers are shown in Figure 4.9.   

 

Effective rough fish population management would likely result in a significant reduction in the 

internal loading in upstream watershed lakes, and a decrease in nutrient loading to watershed 

lakes. 
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Figure 4.8 Cedar Lake Subwatershed Improvement Project Locations 
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Figure 4.9  Photographs of Fish Barriers 

Henshaw Lake Fish BarrierHenshaw Lake Fish Barrier
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Construction began on the Segner Pond treatment wetland on the Cedar Lake inlet just 

upstream of Cedar Lake in December 2007.  When complete, the treatment wetland will 

consist of a 2.9 acre sedimentation basin with a limestone treatment filter.  A stream 

diversion will route stream flow to the sedimentation basin to remove particulate 

phosphorus from the inflow to Cedar Lake.  The limestone treatment filter will further 

reduce the phosphorus load to Cedar Lake by removing dissolved phosphorus from the 

inflow.  As the water flows through the limestone filter, the phosphate component in the 

phosphorus comes in contact with the calcium in the limestone. The phosphate binds to 

the calcium and is essentially removed from the water.  Adding the limestone filter to 

target the soluble portion of the phosphorus load to Cedar Lake increases the phosphorus 

removal goal from 50-60%, to about 70-80%.  

 

Watershed best management practices (BMPs) have been implemented in the drainage 

ditch tributary to Swartout Lake that crosses CR 37 and runs between CR 6 and Iresfeld 

Ave NW.  The BMPs include the buffering of five tile intakes for a three year period, 14 

acres of alfalfa buffer for one year, and 132 acres of soybean stubble buffer for one year.   

 

The goal of these measures is to reduce the phosphorus load to the upper watershed lakes 

and ultimately, Cedar Lake.  The measures that are taken on the upper watershed lakes 

will not only improve the quality of Albion, Henshaw, and Swartout Lakes, but Cedar 

Lake and lakes farther downstream as well.   

 

 4.2.1.2    2007 Monitoring  

Cedar Lake, Swartout Lake, Albion Lake, and Henshaw Lake were sampled four times 

by the CRWD in 2007.  Additionally, eight tributary streams were sampled while they 

were flowing in April-June.  The sampling locations are shown on Figure 1-1. 

 

Cedar Lake was also sampled eight times from May to September in 2007 by a lake 

resident as part of a volunteer lake monitoring program.  As shown in Table 4.5, the 2007 
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average total phosphorus and chlorophyll-a concentrations, and Secchi depth were very 

similar from both monitoring programs. 

 

Table 4.5  2007 Cedar Lake Monitoring Data 

Date
Total 

Phosphorus 
(ug/L)

Chlorophyll-a 
(ug/L)

Secchi 
Depth (m)

5/25/2007 18 3.5
6/29/2007 45 11 0.9
7/27/2007 20 9 0.9
8/24/2007 31 14 1.5

2007 Average 29 11 1.7
5/19/2007 26 6 5.2

6/3/2007 37 21 2.1
6/17/2007 28 16 1.4

7/1/2007 34 9 1.1
7/15/2007 20 4 1.7
8/19/2007 20 14 1.4

9/4/2007 19 8 1.4
9/16/2007 21 8 2.0

2007 Average 26 11 2.0
T:\0002\106\Cedar_2007 Comparison\Table

CRWD Sampling 
Results

Volunteer Lake 
Sampling Results

 
Average surface total phosphorus levels were above the MPCA standard in Albion, 

Henshaw, and Swartout Lakes as shown in Figures 4.1 and 4.2.  The average total 

phosphorus level in Cedar Lake was below the MPCA standard in 2007.   

 

Average chlorophyll-a concentrations were above the MPCA standard in Albion, 

Swartout, and Henshaw Lakes as shown in Figures 4.4 and 4.5.  Average Secchi depth 

violated the MPCA standard in Henshaw and Swartout Lakes as demonstrated in Figures 

4.6 and 4.7.   

 

Samples were also collected near the bottom of each the four lakes.  Figure 4.10 shows 

that concentrations of both total and soluble reactive phosphorus were very similar at 

both the surface and near bottom in Albion, Henshaw, and Swartout Lakes.  This data, 

along with temperature profile data collected at each lake, demonstrates that these lakes 

do not stratify and remain mixed throughout most of the summer.  This allows for 

internal loading of phosphorus from the lake sediments.   
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Figure 4.10 Phosphorus Concentrations in Cedar Lake Subwatershed Lakes 
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Eight tributary streams in the Cedar Lake subwatershed were also monitored in 2007.  

Overall, stream flow was lower than normal in these tributaries due to below normal 

precipitation during the summer of 2007.  The majority of the tributaries were flowing 

from April to June, and then did not flow again until significant precipitation events 

occurred in September and October.  Total phosphorus concentrations were similar or 

slightly higher at these monitoring locations than during previous years.  However, as a 

result of the below normal stream flow for most of the summer, total external phosphorus 

loading to Cedar Lake and the other upper watershed lakes was lower than normal in 

2007.  The approximate phosphorus loads at each sampling point are shown on 

Figure 4.11.   

 

The annual total phosphorus loading to each lake was also calculated using a Canfield- 

Bachman model.  A summary of the total phosphorus load to each lake and an estimate of 

the internal load is shown in Table 4.6.  As indicated by the phosphorus loading to each 

lake, internal loading makes up nearly the entire phosphorus load to Swartout, Albion, 
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and Henshaw Lakes.  This helps to explain the poor water quality of these lakes in a year 

with below average precipitation and little runoff over the watershed.   

   

Table 4.6-Cedar Lake Subwatershed Lakes Phosphorus Loading 

Lake

Watershed 
Runoff 
[inches]

Estimated 
External TP 
Load [lbs]

Measured 
External TP 

Loads [lbs/yr]

Estmated Canfield-
Bachmann Annual 

TP Load [lbs]

Estimated Internal 
Load as 

Percentage of 
Annual Load

Cedar 2 734 998 1300 0%
Swartout 2 406 399 6000 93%
Albion 2 77 -- 1600 95%
Henshaw 2 57 -- 4000 99%
T:\0002\106\[CB_Analysis_Swartout.xls]Table 4  
Historical total phosphorus and chlorophyll-a concentrations, along with Secchi depth 

readings for Cedar, Swartout, Albion and Henshaw Lakes are shown in Appendix C.    

Overall, total phosphorus concentration trends have been increasing on all four of the 

lakes that were monitored in the Cedar Lake subwatershed.   

 

Although total phosphorus levels decreased slightly on Swartout and Albion lakes since 

the lakes were last monitored, phosphorus levels remain well above the MPCA standard.  

Total phosphorus levels increased on Henshaw Lake in 2007 and were above the water 

quality standard as well. 

 

In 2007, total phosphorus levels decreased on Cedar Lake in comparison to recent years, 

and the average phosphorus concentration of 29 ug/L was below the water quality 

standard for total phosphorus in deep lakes of 40 ug/L.  The external load of phosphorus 

to the lake of approximately 1,000 lbs was also below normal in 2007 likely due mostly 

to below normal runoff and precipitation.  A previous study conducted as part of the 

Engineers Report for the Cedar, Albion, Swartout, Henshaw Improvement Project 

indicated that a total phosphorus load to Cedar Lake of 1,000 lbs per year or less was 

needed to maintain in-lake phosphorus concentrations below the water quality standard.  

The decrease in average phosphorus concentration that coincided with the reduced load to 

the lake indicates that the water quality of Cedar Lake will respond favorably to a total 
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phosphorus load reduction.  The goal of the projects implemented in the Cedar Chain of 

Lakes subwatershed is to maintain an annual external load of phosphorus of 1,000 lbs per 

year during normal and above normal precipitation years as well.       

 

Figure 4.11 Phosphorus Loading at Tributary Stream Sampling Locations 
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4.2.2 Bass Lake 

In response to concerns about an apparent decline in the water quality in Bass Lake, the 

CRWD proposed to conduct water quality monitoring after precipitation events at 

locations around the lake in 2007.  Although there are no channelized inflows to Bass 

Lake, there are several points around the lake where runoff from the lake’s direct 

watershed flows into the lake following significant precipitation events.   

 

Since the flow duration is very short and occurs only during significant precipitation 

events, the CRWD enlisted a lake resident to collect water quality samples.  The 

volunteer was unable to collect samples during the 2007 monitoring season due to the 

short duration of flow and lack of concentration of the flow.   
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5.0     Conclusions  

1. Area weighted annual precipitation was 27.20 inches in 2007, 2.39 inches below the 

mean.     

 

2. Continuous flow measurements recorded at Fairhaven Dam near the center of the 

watershed show that runoff over the watershed was 6.2 inches, while the calculated 

runoff at CR 10.5 was 3.0 inches, both below the annual mean of 7.9 inches. 

 

3. The Clearwater River phosphorus load was about 2,057 pounds at CR-10.5.  This is low 

compared with historical averages.  The upper watershed load was similar to those 

measured in the recent past for similar runoff conditions, 1,692 pounds at CR 28.2, well 

below the established phosphorus-loading goal of 5,000 pounds for Clearwater Lake.   

 

4. The water quality of CRWD lakes is generally good, most lakes are considered full use 

based on MPCA nutrient criteria.  Some lakes experienced an increase in total 

phosphorus concentrations in 2007, even though precipitation and runoff were lower than 

normal in 2007.  The CRWD will continue to pay special attention to evaluating the 

water quality in Clear Lake, Lake Betsy, and Bass Lake in upcoming years. 

 

5. Water quality in Cedar Lake was better than it was in 2006, likely due to a decrease in the 

external load of phosphorus to the lake.  Although precipitation and runoff were lower 

than normal in 2007, the water quality in the upper watershed lakes in this subwatershed 

continued to decline.  The 2007 monitoring results confirm that water quality in Cedar 

Lake is driven by external phosphorus loads from the upper watershed lakes.  The 2007 

monitoring results also confirm that water quality in Albion, Swartout, and Henshaw 

lakes is driven by internal loading of phosphorus.   



Appendix A 
 
 

2007 Water Quality Monitoring Program 
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DRAFT MEMORANDUM 
 
TO:  Clearwater River Watershed District Board of Managers 
 
FROM: Norman C. Wenck 
  Engineer for the District 
 
DATE:  February 11, 2007 
 
RE:  Proposed 2007 Water Quality Monitoring Program 
 
Introduction 
The Clearwater River Watershed District conducts annual water quality monitoring at selected 
lakes and selected locations on streams.  The District’s proposed 2007 program is intended to 
provide data throughout the District.  Three TMDL studies, currently underway, will focus on the 
impaired waters.  Phase II of the TMDL study (data collection) will continue in 2007.   
 
The 2007 proposed lake monitoring follows the long-term plan shown in Table 1.  The proposed 
stream monitoring sites together with laboratory and field parameters are shown in Table 2. 
 
Lake Monitoring 
The District 2007 regular lake monitoring includes Clearwater Lake East, Lake Augusta, Lake 
Louisa, Lake Betsy, Pleasant Lake, School Section Lake and Otter Lake.  The Clearwater River 
below Grass Lake will also be monitored under the TMDL Grant.  The proposed stations and the 
parameters to be monitored are shown on Table 2.  Citizens also monitor approximately 10 lakes 
for secchi depth.  The Cedar Lake watershed and its upper watershed lakes will be monitored under 
a special program as part of the Cedar, Albion, Swartout, Henshaw Improvement Project No 06-1. 
 
Stream Monitoring 
The Clearwater River will be monitored at station CR28.2.  Warner Creek will be monitored at WR 
0.2. These stations will be monitored six times for water quality and flow.  Parameters are total 
phosphorus and soluble reactive phosphorus.  
 
Bass Lake 
Several (5) run-in points to Bass Lake have been identified and will be sampled and analyzed 
during three storm events in 2007.  No flow occurred for this proposed sampling during 2006. 
 
Estimated Cost  
This proposed basic program is estimated to cost $19,700. 
 
Summary 
The proposed monitoring program continues the program in place since 1981, coordinates with 
other programs, and reflects input from the Board and citizens.  Please feel free to call me at 763-
479-4201 or Rebecca Kluckhohn at 763-479-4224 with any questions or comments that you may 
have. 



TABLE 1
PROPOSED LONG-TERM WATER QUALITY MONITORING PLAN FOR CRWD LAKES

LAKE STATIONS(1) 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Clearwater Lake:

Clearwater East X X X X X X X X DNR X X
Clearwater West X X X X X X X X DNR X X X

Main Stem Lakes:
Augusta X X X X DNR X X
Louisa X X X X TMDL/ DNR TMDL X X
Caroline X X X DNR X X X
Scott X X X X X X X
Marie X X X X DNR X X X
Betsy X X X X X X X

Other Lakes:
Cedar X X X X X X X X
Pleasant X X X X MPCA X X
School Section X X X X X X
Nixon X X X X X X
Otter X X X X X X
Bass X X X MPCA/ DNR X X
Clear X X X X X X
Union X X X MPCA X
Henshaw X X X X X
Little Mud X X X X
Wiegand X X X X
Swartout X X X X X
Albion X X X X X
Grass X X DNR X

Number of Lakes 
Monitored W/ 
CRWD Funding 9 9 20 6 9 9 10 10 7 10 9 8 9 9

Note: (1)Lake selection based on total lake size ranking scores (Lake Priority Ranking, 1990)

T:\0002\106\CRWDSAMP_2007



TABLE 2
Proposed 2007 CRWD Monitoring Plan Summary

Category 2007 Schedule Station Parameters

Lakes:

May 15 -16 The CRWD will monitor Clearwater (East), 
Augusta, Louisa, Betsy, Grass, Pleasant, 
School Section, and Otter

Field:  Secchi depth, DO and temperature 
profiles  

June 19 -  20 Cedar, Albion, Swartout, and Hensaw Lakes 
will be monitored under Project No. 06-1

Lab:  surface samples only for total 
phosphorus, soluble reactive phosphorus, 
chlorophyll-a

Jul 24 - 25
Aug 28 - 29 Citizen Secchi:  10 sites not listed here

Streams: April 10 WRO.2 Field:  flows, DO and temperature
May 1 Lab:  total phosphorus, soluble reactive 

phosphorus, total suspended solids

CR 28.2
June 5 The Clearwater River downstream
July 10 of Grass Lake will be monitored through
August 2 the TMDL Study
September 5
Bi-weekly River Stage at CR10.5(TMDL)

Precipitation: Daily Watkins and Corrinna

Special:

3 events Bass Lake Run in points Tributaries Field:   DO, temperature, 
conductivity, pH profiles;  Lab:  total 
phosphorus, soluble reactive phosphorus

Lakes Field:   DO, temperature, 
conductivity, pH profiles;  Lab:  3 profile 
samples for total phosphorus, soluble 
reactive phosphorus, iron, chlorophyll-a

T:\0002\106\CRWDSAMP_2007
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APPENDIX B
Historical Mean Flow and Phosphorus Loading

Clearwater River Watershed District

2007 Annual Report
Flow-Weighted

Average 
Total Phosphorus

Station Average Stream Flow Concentration Total Phosphorus Load
Main Stem: Year (cu m/sec) (cfs) (mg/l) (kg) (lb)

CR 28.2 1981 (1) -- -- 1.400 -- --
1981

(Actual River 1982 (1) 0.93 32.8 0.740 19,700 43,500
Mile  27.2) 1983 2.62 92.6 0.920 76,000 168,000

1984 1.49 52.6 0.760 35,700 78,800
1985 2.32 81.9 0.900 65,500 144,000
1986 3.20 113 0.780 55,200 122,000
1987 0.11 3.90 0.130 460 1,020
1988 0.09 3.12 0.660 1,850 4,080
1989 0.02 0.72 0.190 120 260
1990 0.51 18.0 0.440 7,040 15,500
1991 1.11 39.1 0.290 10,200 22,500
1992 0.26 9.30 0.200 1,660 3,650
1993 1.28 45.2 0.290 11,600 25,600
1994 1.17 41.2 0.280 10,100 22,300
1995 1.15 40.4 0.288 10,400 22,900
1996 0.33 11.7 0.274 2,860 6,300
1997 0.27 9.36 0.260 2,170 4,790
1998 0.41 14.4 0.250 3,190 7,020
1999 0.08 2.78 0.160 400 870
2000 0.02 0.72 0.380 240 530
2001 (4),(5) 0.27 9.46 0.510 4,309 9,500
2002 0.47 16.50 0.291 4,290 9,460
2003 0.28 9.92 0.190 1,710 3,770
2004 0.48 17.04 0.166 1,248 2,751
2005 (6) 1.11 39.28 0.306 1,862 4,105
2006 0.31 11.10 0.130 1,328 2,928
2007 0.14 5.02 0.228 767 1,692

CR 10.5 1981 (1) 1.15 40.6 0.050 2,060 4,550
1982 (1) 2.20 77.8 0.070 4,990 11,000
1983 5.64 199 0.100 18,500 40,800
1984 4.28 151 0.050 6,620 14,600
1985 3.88 137 0.140 16,700 36,800
1986 5.52 195 0.150 23,700 52,300
1987 0.46 16.2 0.040 600 1,320
1988 0.23 7.95 0.040 260 580
1989 0.97 34.2 0.080 2,340 5,150
1990 3.77 133 0.030 3,060 6,750
1991 6.68 236 0.050 10,500 23,200
1992 4.16 147 0.060 8,090 17,800
1993 5.01 177 0.040 6,330 14,000
1994 2.92 103 0.030 2,850 6,290
1995 2.83 100 0.034 3,040 6,710
1996 1.53 54.2 0.041 1,970 4,350
1997 2.06 72.8 0.040 2,690 5,940
1998 1.78 63.0 0.040 2,330 5,120
1999 1.25 44.1 0.040 1,520 3,350
2000 0.31 10.8 0.030 280 610
2001 (4),(5) 0.90 31.7 0.030 850 1,873
2002 2.46 87.0 0.035 2,950 6,500
2003 2.11 74.6 0.024 1,590 3,500
2004 1.66 58.8 0.022 639 1,409
2005 (6) 3.05 107.6 0.023 59 130
2006 (6) 1.76 62.2 0.032 1,263 2,785
2007 0.97 34.1 0.031 933 2,057

T:\0002\106\Stream_Loads_Historic_07Table 2 1/16/2008 1 of 2



APPENDIX B
Historical Mean Flow and Phosphorus Loading

Clearwater River Watershed District

2007 Annual Report
Flow-Weighted

Average 
Total Phosphorus

Station Average Stream Flow Concentration Total Phosphorus Load
Main Stem: Year (cu m/sec) (cfs) (mg/l) (kg) (lb)

Tributaries:

WR 0.2  (2) 1981 (1) 0.07 2.60 0.170 390 860
1982 (1) 0.23 8.20 0.160 780 1,720
1983 0.47 16.50 0.090 1,270 2,800
1984 0.60 21.20 0.050 950 2,100
1985 0.48 17.10 0.140 2,130 4,700
1986 0.86 30.40 0.200 4,630 10,200
1987 0.04 1.50 0.070 100 230
1988 0.01 0.40 0.170 60 130
1989 0.03 1.19 0.140 80 180
1990 0.06 2.28 0.370 750 1,660
1991 0.26 9.22 0.111 860 1,900
1992 0.11 4.02 0.050 170 370
1993 0.24 8.59 0.100 760 1,670
1994 0.18 6.34 0.060 320 700
1995 0.12 4.27 0.054 210 460
1996 0.05 1.78 0.110 180 380
1997 0.09 3.15 0.077 220 480
1998 0.09 3.11 0.110 290 650
1999 0.06 2.03 0.070 130 280
2000 (3) 0.01 0.44 0.060 25 56
2001 (4),(5) 0.08 2.88 0.100 257 567
2002 0.26 9.17 0.114 930 2,060
2003 0.16 5.79 0.062 320 710
2004 0.07 2.6 0.063 78 172
2005 0.58 20.6 0.066 22 48
2006 0.06 2.1 0.090 102 224
2007 0.9 0.064 34 76

NOTES:

         Flow values are time-weighted averages unless otherwise noted.
         Total phosphorus values are flow- and time-weighted averages unless otherwise noted.

(1) Values in 1981 and 1982 are arithmetic means
(2) Station WR 0.2 was designated Station WC 0.2 in 1981-1983
(3) Phosphorus values in 2000 are flow-weighted and adjusted per log-log regression on flow

so as to correspond to annual mean flows.
(4) 2001 Flow and total phosphorus values are arithmetic averages.
(5) 2001 total phosphorus loads estimated from arithmetic averages of flow and total 

phosphorus values.
(6) Values in 2005 and 2006 were calculated using supplemental flow data from CSAH 40 near Clearwat

T:\0002\106\[Stream_Loads_Historic_07.xls]Table 2
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Appendix C

Summary of Historical Lake Water Quality Data
Summer (June-September) Epilimnetic Means

Clearwater River Watershed District

2007 Annual Report

Number of
Samples Mean (3) Std. Dev. Mean Std. Dev. Mean Std. Dev.

ALBION

1996 4 130 24 204 224 0.5 0.3
1999 4(5) 220 65 169 72 0.8 0.0
2003 4 199 78 117 73 1.0
2005 4 248 182 60 44 0.8
2006 3 296 82.28 203 82 1.2
2007 4 186 83 79 107 1.1
Mean 213 86 139 100 0.9 0.1

AUGUSTA

1981 7 260 400 25 14 1.4 0.3
1982 7 140 120 34 21 1.4 0.6
1983 7 300 90 4 3 1.8 1.0
1984 7 90 30 4 2 1.6 0.8
1985 7 120 120 23 12 1.2 0.2
1986 6 90 40 69 91 1.9 0.5
1987 7 30 10 20 12 1.3 0.3
1988 5 40 10 19 6 1.4 0.3
1989 6 80 30 26 40 1.5 0.4
1990 5 90 20 73 105 1.7 0.7
1991 3 80 40 56 73 1.1 0.4
1992 8 30 20 19 6 1.6 0.7
1993 4 (1) 68 20 42 19 1.2 0.4
1995 4 (2) 28 (4) 15 21 12 1.8 0.7
1997 4 46 (4) 13 20 (5) 1 1.7 0.2
1999 4(6) 37 4 9 2.7 1.6 0.2
2001 2 48 6 6 0.0 1.8 0.0
2002 SWCD 84.3 14 1.9
2003 3 42 15 29 23 1.5
2007 4 31 13 17 7 1.6

Mean 87 53 27 25 1.6 0.4

BASS

1994 4 13 (4) 14 5 0.8 3.2 0.4
1998 4 28 11 2 1.0 3.1 0.6
1999 3 22 5 3 1.4 3.1 0.7
2001 2 25 4 3 1.0 4.2 1.8
2005 9 17 4 4 1.5

Mean 21 8 3 1 3.4 1

BETSY

1981 7 700 190 8 5.6 2.4 1.1
1982 7 650 90 59 50 1.3 0.7
1983 7 560 270 5 4 1.1 1.3
1984 7 350 160 7 5 0.8 0.2
1985 7 280 230 30 26 1.1 0.6
1987 2 120 0 74 35 0.9 0.41
1995 4 (2) 290 183 18 13 1.0 0.34
1997 4 245 108 100 (5) 98 0.8 0.05
1999 3(8) 247 110 170 85 0.8 0.2
2001 2 420 368 4 1 0.5 0.0
2003 4 194 78 45 52.0 1.3
2005 4 140 58 20 11.4 1.1
2007 4 343 174 70 95.0 0.7

Mean 349 155 45 32 1.1 0.5

Phosphorous (ug/l)
Total

Chlorophyll-a (ug/l) Transparency (m)
Secchi Disk
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Appendix C

Summary of Historical Lake Water Quality Data
Summer (June-September) Epilimnetic Means

Clearwater River Watershed District

2007 Annual Report

Number of
Samples Mean (3) Std. Dev. Mean Std. Dev. Mean Std. Dev.

Phosphorous (ug/l)
Total

Chlorophyll-a (ug/l) Transparency (m)
Secchi Disk

CAROLINE

1981 7 220 100 39 33 1.3 0.3
1982 7 260 140 54 35 1.4 0.8
1983 7 300 140 3 3 1.8 1.1
1984 7 140 50 5 2 1.3 0.3
1985 7 170 150 41 46 1.5 0.6
1987 2 50 10 46 30 1.1 0.4
1994 4 40 18 55 16 0.8 0.2
1996 4 88 33 36 12 1.2 0.2
1998 4 86 24 55 43 1.2 0.1
2001 (SCWD) 5 43 18 12 10 1.8 0.8
2002 95 45 1.6
2003 (SCWD) 5 66 29 1.5
2004 4 45 8 25 18 1.1 0.0
2006 4 47 20 37 36 1.9

Mean 118 59 34 24 1.4 0

CEDAR

1993 4 30 10 13 5.9 3.0 0.4
1996 4 33 8 13 6.5 2.4 0.3
1999 4 31 8 10 4.4 1.1 0.2
2001 2 26 5 6 1.0 1.8 1.4
2003 4 52 41 11 6 1.9
2004 4 33 15 3 3 2.6 1 reading
2005 5 37 11 9 4 2.9
2006 4 58 40 20 18.8 2.6
2007 4 29 12 11 68.0 1.7

Mean 37 17 11 13 2.2 0.6

CLEAR

1994 4 80 24 17 8 1.2 0.3
1998 4 220 141 110 141 1.0 0.1
1999 4 188 43 85 47 0.5 0.0
2000 4 228 30 134 42.6 0.3 0.1
2003 4 200 52 72 23 0.7
2005 4 307 107 60 82 1.1
2006 4 143 19 60 20 0.9

Mean 195 59 77 52 0.8 0.1
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Appendix C

Summary of Historical Lake Water Quality Data
Summer (June-September) Epilimnetic Means

Clearwater River Watershed District

2007 Annual Report

Number of
Samples Mean (3) Std. Dev. Mean Std. Dev. Mean Std. Dev.

Phosphorous (ug/l)
Total

Chlorophyll-a (ug/l) Transparency (m)
Secchi Disk

CLEARWATER EAST
1981 7 60 20 11 8 2.6 0.7
1982 7 60 30 12 9 2.7 1.6
1983 7 90 50 3 2 2.4 1.8
1984 7 90 40 4 2 1.4 0.2
1985 7 130 60 39 28 1.2 0.3
1986 6 80 40 85 132 2.1 0.8
1987 7 30 10 18 20 2.6 1.2
1988 5 40 10 10 5 2.9 1.8
1989 6 60 20 5 4 3.0 1.9
1990 5 90 100 18 9 2.0 0.6
1991 3 50 20 10 7 1.4 0.2
1992 8 30 10 20 10 2.0 0.6
1993 4 (1) 43 15 42 38 1.5 0.8
1994 4 23 5 14 9 1.4 0.2
1995 4 (2) 30 8 16 10 1.6 0.4
1996 4 33 8 10 3 2.1 0.3
1997 4 52 17 8 (5) 2 1.6 0.2
1998 4 (6) 36 18 11 3 1.9 0.4
1999 4 54 6 10 2.1 1.8 0.2
2000 4 33 18 10 3.4 2.3 1.0
2001 2 40 25 7 0.0 2.4 0.7
2002 36 14 1.8
2003 3 22 5 7 6 2.4
2004 4 29 13 6 3 2.6 0
2007 4 28 11 6 5 2.2

Mean 50.8 23.3 16 13.3 2.1 0.7
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Appendix C

Summary of Historical Lake Water Quality Data
Summer (June-September) Epilimnetic Means

Clearwater River Watershed District

2007 Annual Report

Number of
Samples Mean (3) Std. Dev. Mean Std. Dev. Mean Std. Dev.

Phosphorous (ug/l)
Total

Chlorophyll-a (ug/l) Transparency (m)
Secchi Disk

CLEARWATER WEST

1981 7 60 20 45 71 2.6 0.9
1982 7 100 60 29 25 1.7 0.7
1983 7 160 100 4 5 1.8 1.4
1984 7 70 30 4 2 1.4 0.2
1985 7 110 80 24 17 1.9 1.3
1986 6 50 20 77 137 2.6 1.0
1987 7 40 10 20 12 2.0 0.4
1988 5 40 10 17 10 2.6 1.2
1989 6 70 10 8 4 2.3 0.9
1990 5 50 20 31 15 1.9 0.8
1991 3 60 40 18 12 1.5 0.0
1992 8 60 70 29 24 1.9 0.6
1993 4 (1) 40 0 29 6 1.4 0.3
1994 4 33 15 17 8 1.5 0.2
1995 4 (2) 35 11 21 10 1.4 0.3
1996 4 43 11 9 2 2.0 0.3
1997 4 44 3 13 6 1.5 0.1
1998 4 (7) 34 11 14 3 1.5 0.1
1999 4(6) 31 4 10 2.0 1.6 0.3
2000 4 41 31 9 2.9 1.9 0.4
2001 2 42 11 8 1.0 1.4 0.0
2002 42 18 1.9
2003 3 27 9 14 9 2.2
2004 4 26 8 7 4 1.7 0.0
2006 4 40 12.84 11 24.6 1.9

Mean 54 25 19 17 1.8 1

GRASS

1996 4 38 26 12 5 1.9 0.5
1998 1 30 0
1999 4 25 2 14 9.3 1.9 0.4
2003 2 24 2 1 1 2.9
2005 17 3.2 0.986

Mean 29 8 9 5 2.5 0.6

HENSHAW

1995 4 270 58 238 67 0.4 0.1
1998 4 (5) 150 48 53 22 0.9 0.2
1999 4 295 156 136 166 0.9 0.1
2002 210 103 0.7
2005 5 281 177 144 137.9 0.5
2007 4 390 134 278 127.0 0.2

Mean 241 110 135 98 0.7 0.1

LITTLE MUD

1995 4 55 50 36 38 1.6 0.5
1999 3 62 42 5 4 2.1 0.1
2002 49 21 1.4
2006 4 39 4 5 2 2.8

Mean 51 32 17 14 2.0 0.3
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Appendix C

Summary of Historical Lake Water Quality Data
Summer (June-September) Epilimnetic Means

Clearwater River Watershed District

2007 Annual Report

Number of
Samples Mean (3) Std. Dev. Mean Std. Dev. Mean Std. Dev.

Phosphorous (ug/l)
Total

Chlorophyll-a (ug/l) Transparency (m)
Secchi Disk

LOUISA
1981 7 440 110 39 29 1.4 0.4
1982 7 420 140 68 26 1.5 0.5
1983 7 410 170 4 4 1.4 1.4
1984 7 220 80 8 6 1.0 0.1
1985 7 160 100 26 17 1.1 0.3
1986 6 190 50 96 86 1.1 0.1
1987 7 100 10 70 44 0.8 0.2
1988 5 140 60 101 39 0.6 0.3
1989 6 110 40 69 78 0.8 0.5
1990 5 200 80 55 35 1.3 0.5
1991 3 160 70 31 18 1.5 0.3
1992 8 140 140 46 22 1.1 0.3
1993 4 (1) 170 40 35 13 1.2 0.2
1995 4 (2) 100 36 75 27 0.8 0.2
1997 4 68 7 59 (5) 8 0.9 0.2
1999 4 73 29 38 20 1.0 0.1
2001 2 33 30 5 4 0.9
2003 3 100 13 68 28 1.1
2006 Site 1 7 54 21 41 24 1.0
2006 Site 2 7 57 20 43 25 1.0
2007 4 79 44 79 52 1.1

Mean 173 65 49 28 1.1 0.3

MARIE

1981 7 270 130 31 19 1.3 0.5
1982 7 360 120 63 57 1.3 0.6
1983 7 340 160 4 4 0.9 0.3
1984 7 190 60 7 5 0.9 0.3
1985 7 230 210 34 14 1.0 0.2
1986 6 160 30 92 91 1.1 0.1
1987 7 120 30 95 30 0.6 0.1
1988 5 220 80 153 91 0.4 0.1
1989 6 120 40 58 54 0.6 0.4
1990 5 150 60 101 33 0.8 0.2
1994 4 90 99 71 19 0.6 0.1
1996 4 100 39 37 5 0.8 0.1
1998 4 76 15 56 12 1.1 0.1
2000 4 74 18 13 7.7 2.3 1.0
2002 70 37 1.2
2003 3 87 50 81 67 1.3
2004 4 84 45 34 16 1.1 0.0
2006 4 78 30.16 75 65 1.6

Mean 157 72 58 35 1.1 0.3

NIXON

1994 4 25 (4) 25 5 (4) 3.4 1.8 0.7
1997 4 30 8 5 (5) 1.5 2.8 0.2
1999 4 39 17 7 8.7 3.3 0.5
2001 2 21 1 6 3.0 3.2 (8)
2004 4 15 4 2 1 3.0 0.1

Mean 26 11 5 3 2.8 0
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Appendix C

Summary of Historical Lake Water Quality Data
Summer (June-September) Epilimnetic Means

Clearwater River Watershed District

2007 Annual Report

Number of
Samples Mean (3) Std. Dev. Mean Std. Dev. Mean Std. Dev.

Phosphorous (ug/l)
Total

Chlorophyll-a (ug/l) Transparency (m)
Secchi Disk

OTTER

1994 4 13 (4) 4 8 1.8 1.9 0.3
1997 4 23 10 4 (5) 1.5 2.1 0.3
1999 4 34 5 7 4.8 3.0 0.4
2001 2 30 22 4 1.0 2.8 0.4
2004 4 16 10 3 2 2.2 0.0
2007 4 20 10 1 1 2.6

Mean 23 10 4 2 2.4 0

PLEASANT

1993 4 15 (4) 9 12 8 2.0 0.6
1997 4 51 31 9 (5) 2 2.4 0.6
1999 4(6) 25 5 9 5.8 3.0 0.9
2004 4 20 9 4 1 2.3 0.0
2005 9 29 11 12 10 3.0 1.0
2007 4 39 6 10 6 2.2

Mean 29.9 11.8 9 5.5 2.5 0.6

SCHOOL SECTION

1993 4 35 (4) 38 14 9 2.2 0.8
1997 4 29 9 11 (5) 5 1.6 0.4
1999 4(5) 50 12 13 10 1.0 0.5
2004 4 21 9 3 2 2.0 0.0
2007 4 33 11 3 4 2.0

Mean 34 17 10 6 1.7 0

SCOTT

1981 7 660 340 26 27 1.9 0.9
1982 6 540 220 57 39 1.4 0.7
1983 7 450 170 3 3 1.2 1.4
1984 7 270 100 6 5 0.7 0.1
1985 7 260 280 35 29 1.1 0.5
1994 4 160 117 94 71 0.7 0.1
1996 4 280 174 223 68 0.5 0.1
1998 4 (5) 230 176 141 77 0.8 0.1
1999 3 223 163 76 30 0.6 0.1
2002 210 103 0.7
2003 4 158 52 66 33 0.8
2004 4 103 20 51 4 0.8 0.0
2006 3 120 392 61 17 0.8

Mean 282 184 72 34 0.9 0.4

SWARTOUT

1996 4 370 181 173 164 1.0 0.7
1999 4(6) 200 75 151 91 0.7 0.2
2003 4 421 293 444 524 0.9
2005 4 278 41.8 144 53 0.5
2006 3 372 125 207 89.2 0.9
2007 4 262 72 168 124.0 0.2

Mean 317 131 214 184 0.7 0.5
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Appendix C

Summary of Historical Lake Water Quality Data
Summer (June-September) Epilimnetic Means

Clearwater River Watershed District

2007 Annual Report

Number of
Samples Mean (3) Std. Dev. Mean Std. Dev. Mean Std. Dev.

Phosphorous (ug/l)
Total

Chlorophyll-a (ug/l) Transparency (m)
Secchi Disk

UNION

1995 4 43 15 15 1 1.4 0.3
1998 4 (5) 50 27 16 9 1.7 0.4
1999 3 31 15 12 10 1.8 0.9
2002 88 39 1.0
2005 7 58 13 22 17.0 1.9 0.7
2007 4 43 21 7 3.0 2.3

Mean 54 18 21 9 1.6 1

WIEGAND

1995 4 35 5 12 2 1.7 0.2
1999 4(5) 61 44 6 1.1 2.4 0.6
2002 37 5 3.0
2005 4 31 4 3 1.9 3.4

Mean 41 18 7 2 2.6 0.4

Notes:
(1)  The fourth sample was collected on October 6, 1993.
(2)  The fourth sample was collected on October 2 or 3, 1995
(3) Starting in 1993, Total phosphorus means are rounded to two significant figures.  Prior to 1993, the mean values
     were rounded to the nearest 10 ug/l.
(4) Values reported as "Less than" the detection limit were estimated as half of the detection limit. 
(5) Three samples were analyzed for chlorophyll-a.
(6) Three samples were analyzed for total phosphorus.
(7) Three secchi disk readings were recorded.
(8) One secchi disk reading was recorded.
T:\0002\106\[LAKE_WQ_07.xls]Data
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Bass Lake Historical Data
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Clearwater River Watershed District

Lake Albion  Historical Data
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Lake  Betsy  Historical Data

Total Phosphorus

700
650

560

350
280

120

290 245 247

420

194
140

343

0

200

400

600

800

1000

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

C
on

ce
nt

ra
tio

n 
(u

g/
l) Mean Concentration

Historical Trend

Chlorophyll-a

8

59

5 7
30

74

18

100

170

4
20

70

45

0
20
40
60
80

100
120
140
160
180
200

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

C
on

ce
nt

ra
tio

n 
(u

g/
l)

Mean Concentration
Historical Trend

Secchi Depth

2.4

1.1
0.8

1.1
0.9 0.8 0.8

0.5

1.3 1.11.3
1.0

0.7
0

3

6

9

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Fe
et

0.0

1.0

2.0

3.0

M
et

er
s

Mean Depth
Historical Trend

  Appendix C

T:\0002\106\LAKE_WQ_07Lake Betsy



1800 Pioneer Creek Center
Maple Plain, MN  55359

Wenck Associates, Inc.
Environmental Engineers

Wenck
1800 Pioneer Creek Center
Maple Plain, MN  55359

Wenck Associates, Inc.
Environmental Engineers

Wenck    Jan 2008Clearwater River Watershed District

Lake Augusta Historical Data
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Cedar Lake Historical Data
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Citizen Precipitation Records 
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Secchi Data from Citizen’s Lake  
Monitoring Program 



APPENDIX E

Secchi Data from Citizen's Lake Monitroing Program

Clearwater River Watershed District
2007 Annual Report
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Appendix F 
 
 

2007 Water Quality Laboratory Reports and Data 







































































































































Appendix G 
 
 

Field Notes and Measurements 
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