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1.0 Executive Summary 

Section 303(d) of the Federal Clean Water Act (CWA) requires the Minnesota Pollution Control 

Agency (MPCA) to identify water bodies that do not meet water quality standards and to develop 

total maximum daily pollutant loads for those water bodies.  A total maximum daily load (TMDL) 

is the amount of a pollutant that a water body can assimilate without exceeding the established 

water quality standard for that pollutant.  Through a TMDL, pollutant loads can be distributed or 

allocated to point and non-point sources within the watershed that discharge to the water body.   

 

This report prepared by Wenck Associates, Inc. (Wenck) for the Clearwater River Watershed 

District (CRWD), presents data collected in Phase II of the TMDL process for the listed segment 

of the Clearwater River between Clear Lake and Lake Betsy and for Lake Louisa in the CRWD 

located in central Minnesota. 

 

• Phase I consisted of a review of existing information to better define existing conditions, 

identify data gaps, and develop plans for collecting and analyzing necessary additional 

information in subsequent phases.   

• Phase II consisted of data collection and evaluation, the results of which are presented 

herein.   

• Phase III will consist of setting the TMDL.  Water quality models will help the CRWD 

quantify the TMDL and allocate loads to point sources and non point sources.  An 

implementation plan to meet the load reductions will also be prepared.  A work plan for 

Phase III was submitted to the MPCA in July 2007.   

• Phase IV will consist of implementation of the load reductions established in Phase III.   
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Two 303d Impaired Waters are addressed in this report: 

• Lake Louisa (MnDNR Lake ID 86-0282-00), and  

• Clearwater River between Clear Lake and Lake Betsy in Meeker County (stream segment 

07010203-502) 

 

A segment of the Clearwater River between Grass Lake and the Mississippi River was added to the 

impaired waters list for dissolved oxygen in 2006.  Phase I and II for this reach will be addressed in 

a separate report, Phase III for this reach will be combined with Phase III for the two segments 

addressed herein. 

 

Lake Louisa is impaired due to excess nutrients, which can affect swimming and other recreational 

uses.  Listed stream segment 07010203-502 is located on the Clearwater River between Clear Lake 

and Lake Betsy in Meeker County.  The segment is listed because monitoring data have revealed 

that: 

• Dissolved oxygen (DO) concentrations at times fall below the 5-milligram per liter 

(mg/L) water quality standard, which could impact fisheries and aquatic life,  

• Discrete fecal coliform (FC) bacteria concentrations at times exceed 2,000 colony 

forming units per 100 milliliters (CFU/100 mL), and/or the geometric mean FC of at 

least 5 samples collected within a calendar month across several years of monitoring 

data at times exceeds 200 CFU/100 mL.  This could pose a risk to swimmers and limit 

other recreational uses.  

 

During Phase I of this TMDL, existing data collected by the MPCA, CRWD, and United States 

Geological Survey (USGS) between 1981 and 2003 was analyzed to define the extent, 

persistence, and severity of the DO depletion and FC exceedance in the Clearwater River, and 

sources of excess nutrients in Lake Louisa.  Potential sources were reviewed.  The results of that 

study are contained in the Phase I Report.   Phase II of the TMDL study included field data 

collection to fill the data gaps necessary to establish the TMDL in Phase III. 
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The following is a synthesis of findings from Phase I and Phase II for each of the TMDLs: 

 

Clearwater River-Clear Lake to Lake Betsy: 

Dissolved Oxygen 

o The DO impairment is generally limited to the area of Kingston Wetland and 

downstream during low flow conditions (Q<6 cfs).  This is supported by historic 

data as summarized in Phase I.    

o Though long-term monitoring conducted between 1981 and 2003 show that 56% 

of DO violations occurred between 1989 and 1994, however recent data 

collection indicates the impairment is ongoing.   

o Data shows that DO concentrations are fairly consistent from upstream to 

downstream, with the exception of a DO sag in the area of Kingston Wetland. 

Bacteria 

o The variety of conditions under which bacteria concentrations in the Clearwater 

River and its tributaries exceed both the 200 CFU/ 100 mL and the 2,000 CFU/ 

100 mL standards point to a combination of sources that influence in-stream 

bacteria concentrations differently under different conditions.   

o Specific conditions contributing to the impairment are non-point source and 

include manure application, urban runoff, and livestock grazing in riparian areas. 

o Bacteria concentrations routinely exceed the chronic standard in tributaries along 

the listed reach indicating that the sources are widespread geographically. 

 

Lake Louisa: 

o Phosphorus loads to Lake Louisa are primarily the result of loads from Clearwater 

River, but are also affected by internal cycling of phosphorus. 

o The wetland upstream of the lake is acting as a sedimentation basin removing 

nutrients from river inflows to the lake.     

o Though water quality in Lake Louisa has improved dramatically since 1981, 

average summer TP concentrations were reduced by 80%; the lake is still 

impaired with respect to nutrients.
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2.0 Introduction 

The Clearwater River Watershed District is a predominantly agricultural 168-square mile 

watershed in central Minnesota (Figure 2.1).  The Clearwater River and the Clearwater River 

Chain of Lakes are the predominant water features in of the District.  Lake Louisa is one lake in 

the Clearwater River Chain of Lakes.  As specified in Minnesota Rules, Chapter 7050, the 

Clearwater River’s and Lake Louisa’s designated uses for Class 2B waters are aquatic life, 

recreation, industrial consumption, agriculture, wildlife, aesthetic enjoyment, and navigation.   

 

The Clearwater River Watershed District has been proactive in the protection and improvement 

of water quality and has made considerable improvements in water quality throughout the 

District.  However, monitoring data has shown that a 9.7-mile stretch of Clearwater River 

between Clear Lake and Lake Betsy does not meet water quality standards for fecal coliforms 

and dissolved oxygen (DO), and that Lake Louisa does not meet water quality standards for 

nutrients.  

 

The Clean Water Act requires the State to develop TMDLs for impaired waters.  A TMDL is the 

amount of a pollutant that a water body can assimilate without exceeding the pollutant’s water 

quality standard.   

 

The State of Minnesota’s Clean Water Act Section 303(d) list of impaired waters within the 

Clearwater River Watershed District is summarized in Table 2.1 and Figure 2.2. 
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Figure 2.1   Clearwater River Watershed District 
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Table 2.1  Summary of 303(d) Listings in the CRWD 

 

Water Body Reach/ Lake ID Listing 

Parameter

Impaired 

Use

Addressed in 

this Report

Lake Louisa 86-0282-00 Excess Nutrients Swimming Yes 

Fecal Coliform Swimming Yes Clearwater River, 
Clear Lake to Lake 

Betsy 

07010203-502 

Low Oxygen Aquatic Life Yes 

Clearwater River, 

Grass Lake to the 

Mississippi River 

07010203-511 Low Oxygen Aquatic Life No* 

 
* A Work Plan for Phase III for all current listings was submitted to the MPCA in July 2007.  

Phase I & II for the newly listed reach of the Clearwater River between Grass Lake and the 

Mississippi is ongoing.  The report documenting Phase II data collection in that segment, as 

well as a review of existing data will be presented under separate cover when all field work 

is complete in late 2007 or early 2008. 
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Figure 2.2   Impaired Waters in the CRWD 
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In October 2003, the CRWD applied for a grant under the TMDL program to conduct a Phase I 

TMDL Study.  Phase I included compilation and analysis of existing water quality data for the 

watershed and preparation of a work plan to outline the remaining work necessary to complete 

the TMDLs for Lake Louisa and for the Clearwater River between Clear Lake and Lake Betsy.  

This report presents the data collected in Phase II, a detailed work plan for Phase III was 

submitted to the MPCA in July 2007.  

 

The TMDL process will provide science-based pollutant load allocations and information that 

the District and other local officials can use when making decisions regarding land use, and land 

management that will affect water quality within the watershed.  The main objectives for the 

Clearwater River Watershed District’s TMDL Project are listed below:  

 

• Define the spatial extent, persistence, severity, and causes of the DO depletion and 

high bacteria problem in the Clearwater River; 

• Quantify point and non-point sources of oxygen demand and bacteria to the 

Clearwater River and nutrients to Lake Louisa.  Assess their contributions to water 

quality impairments by land use category and main-stem river and tributary sub-

watersheds for targeting priority areas for rehabilitation as well as protection; 

• Allocate the Clearwater River and Lake Louisa assimilative capacity to both point 

and non-point sources of pollution and develop a margin of safety (MOS) protective 

of water quality standards; and 

• Develop models for evaluating the impact of management practices and rehabilitation 

alternatives on water quality. 
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3.0 Data Collected 

Field monitoring for the Clearwater River between Clear Lake and Lake Betsy and Lake Louisa 

was conducted between August 2005 and October 2006 to fill data gaps identified in Phase I.  

Specifically, the field data collection was conducted to determine the spatial and temporal extent 

of the DO and bacteria impairments on the Clearwater River and to quantify the sources.  Data 

was further collected to measure in-lake nutrient concentrations and nutrient loadings to Lake 

Louisa.   

 

Field monitoring for the Clearwater River between Grass Lake and the Mississippi River is on-

going in 2007. Field data collection is under way to determine the spatial and temporal extent of 

the DO impairment on the Clearwater River and to quantify the sources.   

 

Monitoring was conducted in accordance with the work plan approved in Phase I and is 

described in sections 3.1 and 3.2 of this report.  There were no significant deviations from the 

approved Monitoring Plan detailed in the Phase I Report.    

 

 
3.1 CLEARWATER RIVER, CLEAR LAKE TO LAKE BETSY 

 

Figure 3.1 shows the monitoring locations for the DO and bacteria TMDL in the Clearwater 

River between Clear Lake and Lake Betsy.  Table 3.1 lists monitoring station descriptions.  Data 

collection at these locations included: 

 

• Both low and high flow synoptic surveys of the Clearwater River between Clear Lake 

and Lake Betsy were conducted.  Low flow synoptic surveys were conducted August 15, 

2005 and September 26-27, 2005 (Appendix A).  Dissolved oxygen and bacteria were 
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measured during the August 15, 2005 survey because flows were zero throughout most of 

the reach.   

• The Clearwater River main stem was also sampled approximately twice monthly in 2006 

as flow conditions permitted between May and October.  The high-flow synoptic survey 

was conducted April 18-19, 2006.  Longitudinal water quality, flow, and loading profiles 

from 2006 sampling are included in Appendix B.  

• Box plots in Appendix C show the mean, max, min and standard deviation of water 

quality parameters from upstream to downstream for data collected during Phase II (2005 

and 2006). Field and lab data sheets are in Appendix D. 

• Continuous DO measurements were collected during each synoptic survey, and for an 

extended period in 2005 and 2006.  Data are plotted in Appendix E. 

• Continuous stage was measured at Fairhaven Dam and upstream of Lake Betsy in 2005 

and 2006.  Rating curves were developed and flow records were produced.  Results are in 

Appendix F. 

• A time of travel dye study was conducted in the listed reach under two flow regimes 

September 27-29, 2005 and April 19-20, 2006.  During the time of travel study, flows at 

the downstream end of the reach (CR 25.6) were 9.5 cfs during the 2005 survey and 

32.6 cfs during the 2006 survey, therefore satisfying the project requirements of 

obtaining time of travel during high and low flow. Results are shown in Appendix G.   

• A field survey was conducted.  Appendix H contains a digital map; users can point and 

click locations on the map to view photos and the field survey results.  The riparian 

corridor study included evaluation of riparian canopy and vegetation, in-stream 

macrophytes, stream substrate, and channel stability.   

• Passive sampling for optical brighteners was conducted on the Clearwater River April 19 

through May 2, 2006.  Results are shown in Appendix I. 
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Figure 3.1  Phase II Monitoring Locations 
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Table 3.1 Monitoring Station Descriptions 
 

TMDL Site ID Station Description

CR 25.6
CLEARWATER R AT 732ND AVE, 2.4 MI S OF 
KIMBALL

CR 27.2
CLEARWATER R AT CSAH-15, 3.5 MI S OF KIMBALL 
PRAIRIE

T 27.3
TRIBUTARY TO CLEARWATER R AT 353RD ST, 3.6 
MI S OF KIMBALL

T E 27.8
TRIBUTARY TO CLEARWATER R AT 350TH ST, 4.0 
MI SW OF KIMBALL

T W 27.8
TRIBUTARY TO CLEARWATER R AT 707TH ST, 4.2 
MI SW OF KIMBALL

CR 29.0
CLEARWATER R AT BR IN S20/SEQ 4 MI SE OF 
WATKINS

CR 30.0
CLEARWATER R AT 697TH ST, 3.2 MI SW OF 
KIMBALL

T 30.1
TRIBUTARY TO CLEARWATER R AT 365TH ST, 3.2 
MI SE OF WATKINS

T 30.7
TRIBUTARY TO CLEARWATER R AT 365TH ST, 3.0 
MI SE OF WATKINS

T A 30.9
TRIBUTARY TO CLEARWATER R AT 365TH ST, 3.2 
MI SE OF WATKINS

T B 30.9
TRIBUTARY TO CLEARWATER R AT CO HWY 17, 
3.5 MI SE OF WATKINS

CR 31.8
CLEARWATER R AT CSAH-17, 3.3 MI SSE OF 
WATKINS

T 32.2
TRIBUTARY TO CLEARWATER R AT 355TH ST, 3.5 
MI S OF WATKINS

T A 33.2
TRIBUTARY (CD-20) TO CLEARWATER R AT CSAH-
17 AND 380TH ST, 1.5 MI SE OF WATKINS

T B 33.2
TRIBUTARY (CD-20) TO CLEARWATER R .1 MI N 
380TH ST, 1.2 MI SE OF WATKINS

T C 33.2
TRIBUTARY (CD-20) TO CLEARWATER R AT CSAH-
55, 0.2 MI SE OF WATKINS

T D 33.2
TRIBUTARY (CD-20) TO CLEARWATER R AT 4TH 
ST N, 0.2 MI NE OF WATKINS

T E 33.2

TRIBUTARY (CD-20) TO CLEARWATER R NEAR 
MEEKER-STEARNS BOUNDARY, 1.2 MI NE OF 
WATKINS

T F 33.2
TRIBUTARY (CD-20) TO CLEARWATER R AT CO 
HWY 2, 0.8 MI N OF WATKINS

CR 33.6
CLEARWATER R AT 675TH ST, 1.6 MI S OF 
WATKINS

CR 35.3
CLEARWATER R (CD-44) AT 657TH AVE, 2.8 MI SW 
OF WATKINS

T:\0002\75_TMDL Ph2\Report\[Table 3.1.xls]Sheet1  
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3.2 LAKE LOUISA 

 

• Lake Louisa was sampled five times in May to October 2006 at three depths in both the 

east and west basins of the lake.   

• The Clearwater River directly upstream of Lake Louisa was sampled five times in May to 

October 2006.  Appendix J contains plotted data for Lake Louisa, Appendix K contains 

field and lab data sheets for Lake Louisa.  

• A pressure transducer was installed at the Fairhaven Dam to record flow out of Lake 

Louisa (Appendix E). 
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4.0 Results and Analysis  

4.1 CLEARWATER RIVER, CLEAR LAKE TO LAKE BETSY  

 

Results of the field survey, hydrologic monitoring and water quality sampling conducted in the 

Clearwater River and tributary watershed in 2005 and 2006 are presented in this section.    

 

Water quality data is compared with that of minimally impacted streams in the North Central 

Forest Ecoregion.   

 

Longitudinal water quality profiles allow an evaluation of the extent of impairment.  In stream 

and tributary loadings are calculated and evaluated.  Each of these elements allows an evaluation 

of the sources of bacteria and oxygen demand in the watershed.   

 

4.1.1 Field Survey  

 

The Clearwater River between Clear Lake and Lake Betsy extends between CR 35.3 in the 

upstream end at Clear Lake and CR 25.6 at Lake Betsy.  The channel in this 9.7 mile reach of the 

Clearwater River impaired with respect to dissolved oxygen and bacteria can be broken into 

three distinct sections based on channel characteristics such as slope, morphometry and channel 

bed.  Table 4.1.1 summarizes stream characterization in each reach.   

 

In the 1.7-mile upstream segment between of the Clearwater River between Clear Lake and 

CR 33.6 the slope is 0.  The channel is primarily ditched in this segment, sometimes draining 

large wetland complexes.  The riparian land use is primarily pasture, wetland and agriculture.   
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The next reach between CR 33.6 and CR 29.0 is steeper, in fact the maximum slope of 

33 ft/ mile occurs between 33.6 and 31.8.  Downstream of this the slope ranges from 5 to 

10 ft/ river mile.  The portion of the river between mile 33.6 and 29.0 is more sinuous, the 

sediments are generally coarser.  The channel in this segment is mostly flanked by a woody 

riparian buffer consisting of trees and grasses.   

 

Between CR 29.0 and CR 25.0 the river is ditched through large wetlands.  The first of these 

wetlands is the Kingston wetland located between river mile 29.0 and 27.2.  In 1985 a CRWD 

project diverted low flow streamflow out of the main ditched channel and around to the edges of 

the Kingston wetland allowing stream flow to filter back into the channel through the wetland.  

The project was one of several in the Clearwater River Chain of Lakes Restoration; an effort that 

reduced total phosphorus and sediment loading in the Clearwater River and downstream lakes by 

an order of magnitude.   

 

Downstream of river mile 25.6, the slope of the river is small, and in fact there is backflow from 

Lake Betsy into the Clearwater River from time to time. 

 

Photos of the stream, along with assessment of the sediments, and riparian cover are presented in 

Appendix G.  A summary of field survey results is presented in Table 4.1.1.  
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Table 4.1.1 Stream Characteristics of the Clearwater River between Clear Lake and Lake 

Betsy 

 

River 
Mile

Drainage 
Area 

(acres)
Elevation 
(ft NGVD)

Slope (ft/ 
mile)

Stream 
Width (ft) Tree Canopy

Sediment  
Description Description

CR 35.3 6,801 1,129 -- 12

Mowed turf grass 
riparian, 75% 
upstream, 25% 
downstream

gravel and cobbles, 
medium to coarse sand Clear Lake Outlet

CR 33.6 8,214 1,129 0 12
20% upstream, 
100% downstream

medium to coarse sandy 
clay upstream; coarser 
sand, some gravel and 
cobble.  

Straight narrow ditch with steep 
banks upstream, flowing through 
agricultural land.  Downstream, 
channel has more meanders and 
is heavily forested.  Channel 
widens and sediment is coarser 
graied.

CR 31.8 23,679 1,070 33 14 75% in the area

Fine to medium sand, 
layers of gravel, some 
cobble and boulders

Meandering channel, undercut 
banks, braided, sediment deposits

CR 30.0 25,602 1,060 6 14
100% upstream, 
90% downstream

clean medium to coarse 
sand, organic material at 
surface

Meandering channel, undercut 
banks, braided, sediment deposits

CR 29.0 28,633 1,050 10 18
60% upstream, 90% 
downstream

Medium to coarse sand, 
some gravel

Meandering channel, undercut 
banks, braided, sediment deposits, 
Kingston Wetland downstream

CR 27.2 32,704 1,040 6 43
10% upstream, 60% 
downstream

Wetland soils, organic 
muck

County Road 15, ditched and 
dredged channel

CR 25.6 33,877 1,032 5 35
90% upstream, 20% 
downstream

Sandy edges, organic 
muck

Ditched, straight channel with 
undercut banks.  Forested banks 
upstream.  Cow pasture on the 
northbank downstream.

CR 25.0 33,976 1,032 0 -- Lake Betsy Inlet  
T:\ 0002\75_TMDL Ph2\Report\[Rpt Outline.xls]Table4.1 

 

 

4.1.2 Hydrology 

 

Precipitation and runoff volumes were below average in 2006.  Precipitation was measured by 

the MPCA at the Fairhaven Dam, and in Watkins by a citizen precipitation recorder.  Annual 

precipitation in Fairhaven was 26.13 inches, a 1 inch departure from the 1971-2000 Normal at 

St. Cloud.  Precipitation in the upper watershed near Watkins was 22.59 inches, a 4.54 inch 

departure from St. Cloud normal precipitation (Table 4.1.2). 
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Table 4.1.2 2006 Precipitation in the Upper Clearwater River Watershed District   

 

2006 Precipitation 
1971-2000 
Normal 

(St. 

Fairhaven 
Dam 

(MPCA) Watkins 
January 0.76 0.52 0.09 
February 0.59 0.34 0.71 
March 1.50 0.97 1.17 
April 2.13 4.38 2.94 
Ma 2.97 1.04 1.24 
June 4.51 6.61 2.11 
Jul 3.34 1.69 2.93 
August 3.93 2.88 2.88 
September 2.93 6.89 5.31 
October 2.24 0.71 1.35 
November 1.54 0.1 0.23 
December 0.69 0 1.63 
Total 27.13 26.13 22.59 
T:\0002\75_TMDL Ph2\Report\[Stream Hydrologyxls.xls]Precip  

 

Continuous stage measurements were recorded in the Clearwater River at CR 31.8 in the middle 

of the impaired reach, at Fairhaven Dam downstream of Lake Marie, and at County Road 40 

downstream of Grass Lake in the lower watershed.  Figure 4.1.1 shows average daily flow at 

these locations and precipitation at Watkins.  Average flows and runoff volumes are summarized 

in Table 4.1.3.  All flow data is provisional and will be finalized in the Phase III report. 

 

 

 

 

 

T:\0002\75_TMDL Ph2\Report\PHase II_Rpt_Dec07.doc  TMDL Phase II Project Report 
4-4



 

Wenck Associates, Inc.  CRWD 2007 

 

 

 

Figure 4.1.1  2006 Average Daily Stream flow and Precipitation 

 

0

50

100

150

200

250

300

Jan-06 Feb-06 Mar-06 Apr-06 May-06 Jun-06 Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec-06

Av
er

ag
e 

D
ai

ly
 D

is
ch

ar
ge

 (c
fs

)

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

D
ai

ly
 P

re
ci

pi
ta

tio
n 

(in
ch

es
)

Watkins Precipitation CR 31.8 Fairhaven Dam County Road 40

T:\0002\75_TM DL Ph2\Report\[Stream Hydro logyxls.xls]Graph Data

 

 

 

 

 

 

 

 

 

 

Note:   Flow data is provisional and will be finalized in the Phase III report. 

 

 

Table 4.1.3  2006 Average Flow and Runoff in the Clearwater River Watershed District 
2006

Station/  Location

Tributary Sub-
watershed Area 

(sq. mi.)

Runoff 
Volume (ac-

ft)

Runoff Over 
Watershed 

(inches)
Average 

Flow (cfs)
CR 31.8 37 6,590 3.3 14
Fairhaven Dam 91 36,573 7.5 55
CSAH 40 164 42,673 4.9 61
T:\0002\75_TMDL Ph2\Report\[Stream Hydrologyxls.xls]Graph Data  
 

Flow at CR 31.8 peaked at 190 cfs on May 1, 2006.  The total runoff from the 37 square mile 

drainage area to CR 31.8 was 3.3 inches during 2006.  Runoff at the Fairhaven Dam for the same 

period was 7.5 inches over the 91 square mile watershed, surprisingly high for a dry year.  The 

average flow was 55 cfs over the flow period.  Flow at Fairhaven Dam peaked on May 3, 2006 at 

283 cfs.  Runoff downstream of Grass Lake at CSAH 40 was 4.9 inches over the 164 square mile 
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watershed.  The average flow was 61 cfs over the flow period.  Flow peaked there on May 10, 

2006 at 189 cfs.    

 

The peak flows were the result of precipitation events in late April and early May of 2006 as 

opposed to spring melt conditions.  Due to prevailing dry conditions during the summer, 

precipitation events later in the season did not increase flows significantly.   

 

The increase in runoff from the upper watershed to the lower watershed is likely due to 

groundwater inflow.  This is supported by synoptic survey data collected in 2005 and 2006.    

Longitudinal flow profiles in September 2005 and April 2006 show increasing flow in dry 

weather from upstream to downstream.  Figure 4.1.2 shows groundwater contribution as percent 

of total flow.  During dry weather, with no snow melt or point sources, incremental increases or 

decreases in main stem flow that are not from tributary inflows are attributed to groundwater 

gains or losses.  

 

Figure 4.1.2  Flow Profile of the Clearwater River During April 18, 2006 Synoptic Survey 
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4.1.3 Water Quality  

 

Synoptic surveys and bi-weekly river profile sampling of the Clearwater River between Clear 

Lake and Lake Betsy were conducted in both wet and dry weather and over a range of flow 

conditions (Table 4.1.4). 

 

 

Table 4.1.4 Sample Event Conditions   

TMDL Samples Collected Wet/ Dry 
CR 29.0  

Flow (cfs) 

Days Since 
Last 

Precipitation 
Event >0.1 

inch 

Amount of 
Last 

Precipitation 
(inches) * 

8/15/2005 dry 0.4 6 0.08  
7/12/2006 dry 0.5 18 0.52  
6/15/2006 dry 3.8 6 0.16  
5/30/2006 dry 11.1 17 0.2  
4/19/2006 dry 29.2 13 0.28  
4/18/2006 dry 29.3 12 0.28  
8/23/2006 wet 0.3 1 1.05   
7/26/2006 wet 1.1 4 0.43  
6/28/2006 wet 3.0 4 0.52  
10/5/2006 wet 6.3 1 0.63  
9/25/2006 wet 7.6 2 1.43 (1) 
9/27/2005 wet 9.7 3 0.22  
9/26/2005 wet 10.9 2 0.22 (2) 

(1) 3 day event ending 2 days prior 
(2) 0.78 inches 5 days prior 
T:\0002\75_TMDL Ph2\Precip\[Flow_Precip_Sampling.xls]Summary 

 

Table 4.1.5 compares water quality in the Clearwater River in 2005 and 2006 to that of 

minimally impacted streams in the North Central Hardwood Forest Ecoregion. 
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Table 4.1.5 Water Quality in the Clearwater River and Minimally Impacted Streams of the 
North Central Hardwood Forest Ecoregion 
 

Water Quality of Minimally Impacted 
Streams in NCHF, Annual 1970-1992*

2005-2006 Clearwater River, Main 
Stem

Parameter Mean SD MAX MIN Mean SD MAX MIN
Conductivity 
(μmhos/cm) 298 83 840 40 826 262 1,716 442
pH (SU) 8.1 0.3 8.9 7.2 7.7 0.8 9.0 5.6
TSS (mg/L) 13.7 22.5 330 0.5 20 51 387 2
Ammonia-N (mg/L) 0.2 0.2 1.3 0.02 0.1 0.1 0.6 0.1
NO2+NO3 (mg/L) 0.16 0.15 0.65 0.01 3.7 6.6 48 0.20
TP (mg/L) 0.13 0.15 1.6 0.01 0.21 0.13 0.72 0.04
Fecal Coliform 
(#/100mL) 920 3,277 27,000 4 621     12,609 60,000 10     
BOD5 (mg/L) 2.7 2.1 17 0.3 2.9 1.3 7.0 2.0
*McCollar & Heiskary, 1993
T:\0002\75_TMDL Ph2\Report\[RAK FINAL DATA.xls]Table 4.2  
 

The most striking differences between 2005 and 2006 Clearwater River means and Ecoregion 

means are conductivity, NO2 +NO3, TSS, and total phosphorus.  These values are consistent 

with a stream impacted by anthropogenic activities.   

 

The high mean conductivity in the Clearwater River relative to the mean conductivity measured 

in minimally impacted streams in the Ecoregion further indicates that the stream has a 

groundwater contribution in this reach.   

 

The chemical characteristics of the flow in the listed reach of the Clearwater River along with 

the dominant land use in the tributary watershed point to agricultural uses as the source of 

impairment.  Concentrations of NO2+NO3 are an order of magnitude higher in the Clearwater 

River compared to those of minimally impacted streams; NO2+ NO3 is a key component of 

agricultural runoff because of its use as fertilizer.  Nitrogen fertilizers are inexpensive and are 

sometimes over-applied leading to high concentrations in waters with agricultural watersheds.  

In further support of this conclusion, 75% of the land area tributary to the listed reach is 

cultivated or pasture.  
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4.1.3.1 Dissolved Oxygen 

 

Discrete measurements of DO along the profile of the Clearwater River in 2005 and 2006 show 

that DO sag and the DO impairment is generally limited to the area of and downstream of the 

Kingston Wetland in low flow, high-temperature conditions.  Otherwise, DO concentrations are 

fairly consistent upstream to downstream (Figure 4.1.3).   

 

 

Figure 4.1.3 Longitudinal DO Concentrations in the Clearwater River 
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The consistent measurements of DO from upstream to downstream indicate the river is generally 

in equilibrium.  This is supported by in-stream CBOD-5 and TKN concentrations (Figures 4.1.4 

and 4.1.5).   
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Figure 4.1.4 Longitudinal CBOD-5 Concentrations in the Clearwater River 
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Figure 4.1.5 Longitudinal TKN Concentrations in the Clearwater River 

 

 

 

 

 

 

 

 

 

1.51.71.61.6
2.42.2

0

1

2

3

4

5

6

7

25.627.229.030.031.833.635.3

River Mile

TK
N

 (m
g/

L) - Std. Dev.
Minimum
Mean
Maximum
+Std. Dev.

 

The comparatively higher CBOD-5 concentrations in the upstream reach are likely due to 

organic material in the outflow of Clear Lake, a highly eutrophic lake with nuisance algae 

blooms.   

 

Dissolved oxygen, temperature, conductivity and pH were measured continuously at the 

upstream and downstream of Kingston Wetland during 2005, and at CR 31.8 during late summer 

2005 and 2006.  Measurements were also collected at CR 25.6 during late summer of 2006.   
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Continuous measurements of dissolved oxygen showed that DO concentrations were consistently 

below the state DO standard of 5 mg/L in the area and downstream of Kingston Wetland 

throughout 2005, and occasionally dipped below the state DO standard upstream of Kingston 

wetland at the low point of the diurnal DO cycle.  Results of all continuous DO monitoring are 

presented in Appendix E. 

 

Dissolved oxygen concentrations at CR 31.1 in the upstream end of the listed reach dipped 

below the state standard at the low point of the diurnal cycle on 6 of 17 days measured in 2005 

and 3 of 28 days in 2006.   Daily maximum DO concentrations were above the state standard for 

all measurements collected.  Diurnal variations of DO at CR 31.8 were high, 5 mg/L in 2005 and 

3.5 in 2006.   

 

Daily maximum DO concentrations near the downstream end of the listed reach at CR 26.1 in 

2005 were consistently below the state standard.  Daily minimum DO concentration at CR 25.6 

dipped below the state standard 6 of 28 days measured in 2006, and the daily DO maximum fell 

below the state standard on 2 days.  Average diurnal DO variation was 2.7 in 2006.     

 

4.1.3.2 Bacteria 

 

Log-mean fecal coliform concentrations were lowest, 140 cfu/ 100mL, at the upstream boundary 

of the listed reach of the Clearwater River.  Concentrations increased steadily downstream and 

were highest between CR 31.8 and CR 29.0 with concentrations of 1,272 cfu/ 100mL and 1,300 

cfu/ 100mL respectively (the peak value of 2,586 cfu/ 100mL represents only two sample 

events).  Figure 4.1.6 shows the longitudinal geometric mean, minimum, maximum and log 

standard deviation of data collected in Phase II.  
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Figure 4.1.6 Longitudinal Bacteria Concentrations in the Clearwater River 
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The bacteria impairment impacts the entire reach, but appears to be highest in the central portion 

of the river.   

 

 

4.1.4 Source Assessment 

 

An assessment of sources of oxygen demand and bacteria in the watershed is discussed in this 

section.  The sources are non-point source in nature, no point sources were identified.  Sources 

for both impairments include livestock and associated land practices including feedlots and 

pasturing, crop farming and associated land uses including drain tiles, urban runoff from the City 

of Watkins, septic systems, and natural sources such as wildlife and wetlands.    

 

The number of fecal coliform samples collected in 2005 and 2006 exceeding the chronic and 

acute standards (200 and 2,000 CFU/ 100 mL respectively) is compared to channel flow and 

runoff conditions in the main stem (Table 4.1.6) and in main stem plus tributaries (Table 4.1.7).  
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Table 4.1.6  2005 and 2006 Fecal Coliform Samples Exceeding 200 and 2,000 and 

Associated Channel Conditions (Main Stem) 

 

Main Stem Bacteria Samples Collected in 2005 and 2006

n
n >2,000 CFU/ 

100 mL
n <2,000 CFU/ 

100 mL
n <200 CFU/ 

100 mL
Downstream 

Flow (cfs)
Conditions 

(1)
08/15/05 4 1 3 1 0.4 Dry
04/18/06 8 0 2 6 29.3 Dry
05/30/06 7 1 4 3 11.1 Dry
06/15/06 7 0 3 4 3.8 Dry
07/12/06 5 4 5 0 0.5 Dry
06/28/06 7 0 5 2 3 Moderate
07/26/06 4 1 3 1 1.1 Moderate
09/26/05 9 5 9 0 10.9 Wet
08/23/06 2 2 2 0 0.3 Wet
09/25/06 6 5 6 0 7.6 Wet
10/05/06 6 0 6 0 6.3 Wet

T:\0002\75_TMDL Ph2\Report\[Bacti LInk.xls]Bact 2
(1) Dry= more than 5 days since last precipitation event; 
Moderate= 4 or 5 days since last precipitation event
Wet= 1, 2, or 3 days since last precipiation event  

 
Table 4.1.7  2005 and 2006 Fecal Coliform Samples Exceeding 200 and 2,000 and 

Associated Channel Conditions (Main Stem & Tributaries) 
 

Main Stem & Tributary Bacteria Samples Collected in 2005 & 2006

Date N

n >2,000 
CFU/ 100 

mL

n <2,000 
CFU/ 100 

mL

n <200 
CFU/ 100 

mL
Downstream 

Flow (cfs)
Conditions 

(1)
8/15/05 9 1 4 4 0.4 Dry
4/18/06 23 0 3 20 29.3 Dry
5/30/06 9 1 5 3 11.1 Dry
6/15/06 9 1 4 4 3.8 Dry
7/12/06 5 4 1 0 0.5 Dry
6/28/06 9 0 6 3 3 Moderate
7/26/06 4 1 2 1 1.1 Moderate
9/26/05 22 13 9 0 10.9 Wet
8/23/06 2 2 0 0 0.3 Wet
9/25/06 7 5 2 0 7.6 Wet
10/5/06 7 2 5 0 6.3 Wet

T:\0002\75_TMDL Ph2\Report\[Bacti LInk.xls]Bact 1
(1) Dry= more than 5 days since last precipitation event; 
Moderate= 4 or 5 days since last precipitation event
Wet= 1, 2, or 3 days since last precipiation event  
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In the main stem of the Clearwater River, 63% acute bacteria exceedances occurred within three 

days of a precipitation event.  This is consistent with historical data that showed 77% and 83% of 

FC samples exceeded 2,000 CFU/ 100 mL at CR 33.0 and CR 28.2 respectively occurred within 

3 days of a precipitation event.  Wet weather exceedances point to a multiplicity of sources. 

 

Acute exceedances in dry weather are highly correlated to the presence of livestock in the 

streams, though also occurred in wet weather.  Chronic exceedances occur in both wet and dry 

weather. 

 

4.1.4.1 Livestock 

 

Fecal coliform concentrations in excess of 60,000 CFU/ 100 mL during dry weather conditions 

during 2005 and 2006 were primarily observed in areas with riparian livestock pastures where 

livestock were routinely allowed access to the stream.  

 

4.1.4.2 Crop Farming 

 

Corn and soy bean rotation are the primary row crops in the watershed tributary to the portion of 

the Clearwater River between Clear Lake and Lake Betsy.  The high in-stream concentrations of 

NO2 + NO3 indicate that crop farming is a source of nutrients to the stream.  Organic and 

ammonia nitrogen in animal waste also contributes to NO2 + NO3 through the process of 

nitrification. 

 

Liquid manure application can be a source of bacteria and oxygen demand to receiving waters.  

Manure is primarily applied to crops in the fall prior to a corn rotation and sometimes in the 

spring.  Some of the exceedances of the bacteria standard observed between 1992 and 2003 

coincide with periods of land application which may indicate land application does contribute to 

the bacteria impairment.        
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4.1.4.3 Urban Runoff 

 

One urban area, Watkins, lies within the watershed tributary to the Clearwater River between 

Clear Lake and Lake Betsy.  Watkins storm water enters the Clearwater River via County Ditch 

20, between monitoring stations at CR 33.8 and CR 31.8.  Flows in the upper portion of the 

Clearwater River are largely comprised of flow from this tributary area.   

 

Five-day BOD concentrations in the Watkins tributary were consistently 2 to 3 mg/L.  

Concentrations upstream were below detection limit in all but three sampling events where 

concentrations were 4 to 5 mg/L.  Downstream concentrations at CR 31.8 ranged from below 

detection limit to 4 mg/L.  Oxygen demand loads in the upper portion of the watershed are 

largely from this tributary which includes the Watkins area, though the sources are not 

necessarily all urban as CD 20 also drains a large agricultural watershed. 

 

Bacteria populations in excess of the detection limit, 60,000 CFU/ 100 mL were observed in the 

Watkins tributary during the wet weather synoptic survey, concentrations were only 

45 CFU/ 100 mL during the dry weather synoptic survey.    

 

 

4.1.4.4 Septic Systems and Human Waste 

 

No homes, and therefore no septic systems, are located close enough to the Clearwater River to 

be a source of bacteria or oxygen demand to the Clearwater River in the impaired reach.   

 

Wastewater from the City of Watkins and most of the homes ringing Clear Lake are routed to the 

WWTP at Watkins and land-applied north of the City outside of the area tributary to Clearwater 

River and is therefore not a source for bacteria or oxygen demand.   A small number of homes on 

the southeast portion of Clear Lake are not connected to the sanitary sewer in this area.   
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4.1.4.5 Wildlife 

 

The DNR area wildlife manager, Mr. Fred Bengston, stationed in Sauk Rapids, was interviewed 

regarding wildlife populations in the CRWD.  A 2005 DNR assessment of whitetail deer 

indicated populations were 9.5 deer/ square mile in the western portion of the watershed near the 

listed reach of the Clearwater River (Minnesota DNR, 2005).  Breeding populations of 

waterfowl were estimated based on a 2005 Waterfowl Breeding Population Survey (Minnesota 

DNR, 2005).  The study found 6.2 ducks and 2.6 Canada geese per square mile in areas with 

similar wetland densities as the Clearwater River watershed.  Since the population assessment 

documents breeding populations, it is representative of spring and early summer populations of 

waterfowl.  As juveniles reach maturity, the population densities increase towards late summer 

and fall until migration (Minnesota DNR 2005). 

 

Mr. Bengston indicated that while wildlife populations were considered moderate to high 

throughout the watershed, wildlife populations were not concentrated in areas along the 

Clearwater River corridor that would allow them to contribute significantly to high bacteria 

concentrations in the Clearwater River.  In short, the pathways to transport the bacteria from the 

producer (the animal) to the impaired water were not significant, and therefore the bacterial 

loading from wildlife is not expected to be significant.  

 

 

4.1.4.6 Wetlands 

 

Though DO concentrations decrease from upstream to downstream in the Clearwater River, the 

most significant decrease in DO is observed downstream of the Kingston Wetland.  The oxygen 

sag observed downstream of the Kingston Wetland combined with the fairly consistent 

contribution of watershed oxygen demand from upstream to downstream point to a relatively 

large SOD in the wetland as opposed to a major point source of oxygen demand or other 

watershed source of oxygen demand not identified.   In short, the wetland appears to consume 

dissolved oxygen through SOD and plant/algal respiration.  
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4.2 LAKE LOUISA 

 

Lake Louisa, on the Clearwater Chain of Lakes, is a 179-acre lake between Lake Betsy and Lake 

Marie (Figure 4.2.1).  The littoral area for the lake is 113 acres, or 60% of the lake area.  With 

two basins, the maximum depth is 44 feet and the mean depth is 12 feet.  The dominant bottom 

substrate is sand, muck and silt with abundant macrophytes growing in depths up to 12 feet.  

Lake Louisa contains a viable fishery that is dominated by sunfish, northern pike, and 

largemouth bass. The lake is generally vertically stratified during the growing season. 

 

Figure 4.2.1 Lake Louisa 
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Lake Louisa was included in the Clearwater River Chain of Lakes Restoration Project which 

began in 1980 and ended in 1993.  During that project several nutrient load reduction measures 
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which reduced P concentrations in Lake Louisa and in the entire lake chain were undertaken, 

they included:  

• Hypolimnetic aeration:  

• Rough fish removal:  

• Upgrading city wastewater treatment systems:  

• Watershed BMPs,  

• Wetland restoration and  

• Wetland isolation.  

 

Active mechanical harvesting of rough fish was conducted annually between 1984 and 1988; 

passive removal of rough fish is ongoing through a trap upstream of Lake Louisa at Highway 55 

which was installed in 1998.  Over 275,000 lbs of rough fish have been removed from Lake 

Louisa to date.  Land application systems to treat wastewater from Watkins and Kimball went 

online in 1983 and 1985 respectively.  Watershed BMPs including assistance with no-till 

farming and construction of manure storage lagoons were implemented throughout the 

watershed.  Flow distribution structures were constructed around two wetlands near Kingston 

and on County Ditch 20 to filter river water through these previously ditched wetlands.  In 

Watkins, a wetland was isolated and bypassed because it was exporting phosphorus due to 

historic discharges from a creamery.   

 

These BMPs resulted in a dramatic decrease in TP concentrations in Lake Louisa.  In-lake TP 

concentrations have declined from 440 μg/L in 1981 to 57 and 54 μg/L in the east and west basin 

respectively in 2006.  Still, concentrations remain above the MPCA standard, and additional 

watershed load reductions are needed.  To that end, data was collected towards completion of a 

TMDL study.   The results of Lake Louisa water quality sampling from 2006 are discussed in 

this section and evaluated in the context of historical data available for Lake Louisa.  Data 

collected in 2005 and 2006 are summarized in Appendix J; lab and field data is presented in 

Appendix K. 
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4.2.1  Lake Louisa 2006 Hydrology 

 

Annual precipitation near Lake Louisa was 2.43 to 5.97 inches below average in 2006, 26.13 

inches of precipitation was recorded by the MPCA at the Fairhaven Dam east of Lake Louisa 

and 22.59 inches of precipitation was recorded by a volunteer in Watkins, west of Lake Louisa.  

The 2006 precipitation on Lake Louisa’s area of 179 acres amounted to 337 to 390 acre-feet (ac-

ft), equivalent to an average inflow rate of approximately 0.5 cubic feet per second (cfs).  

However, lake evaporation at this location is typically 30.1 inches per year (USDA, c. 1966), and 

this is equivalent to a water loss rate of about 450 ac-ft for 2006, or an average outflow rate of 

approximately 0.6 cfs. 

 

A continuous flow record at the Fairhaven Dam yielded a 2006 total flow volume of 36,573 ac-ft 

for the Clearwater River at that location.  This was equivalent to 7.53 inches of runoff, 

surprisingly high for a relatively dry year.  Apportioning flows at upstream locations by drainage 

area gives the following relationship (Table 4.2.1): 

 

Table 4.2.1 Lake Louisa Water Balance 

 
Drainage 

Area 
Runoff 
Volume 

Runoff 
Depth 

Average 
Flow 

Location (ac) (ac-ft) (inches) (cfs) 
Lake Louisa Inflow 54,120 33,956 7.53 46.9 
Lake Louisa Outflow 55,972 35,118 7.53 48.5 
Fairhaven Dam 58,291 36,573 7.53 50.5 

 

 
4.2.2 Water Quality Standards and Numeric Targets 

 

The Minnesota Pollution Control Agency (MPCA) developed numeric lake water quality 

standards for total phosphorus, chlorophyll-a, and Secchi depth.  These three parameters are a 

measurement of indicators of eutrophication, which is the increase in biological productivity due 

to increased nutrient loading.    
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Because lake characteristics differ throughout the state, water quality standards vary by  

ecoregion and lake morphometry.  The applicable water quality standards for the North Central 

Hardwood Forest Ecoregion are compared to 2006 mean water quality in Lake Louisa in Table 

4.2.2.  Though Lake Louisa is 60% littoral and may demonstrate some shallow lake 

characteristics, it is characterized as a deep lake since its maximum depth is greater than 15 feet, 

and is subject to the deep lake standard.   
 

Table 4.2.2:  Water Quality Standards for North Central Hardwood Forest Lakes  

  
Total 

Phosphorus Chlorophyll-a Secchi Depth 
Lake Category ųg/L ųg/L Meters 
Shallow Lakes Standard (MPCA) ≤ 60 ≤ 20 ≥   1 
Deep Lakes 
Applicable Standard for Lake Louisa 
(MPCA) ≤ 40 ≤ 14 ≥1.4 
 Lake Louisa (east basin) 54 41 0.98 
 Lake Louisa (west basin) 57 35 0.97 
 
 
 
 

4.2.3 2006 In-Lake Water Quality 
 

Mean surface TP concentrations in the east and west basins of Lake Louisa were 54 and 57 μg/L 

respectively, exceeding the 40 μg/L state standard for TP.  Mean surface ortho-phosphorus 

concentrations were both 10 μg/L (Table 4.2.3).   
 

Table 4.2.3 2006 Lake Louisa Mean Phosphorus Concentrations 

Sample Type 

Mean East 
Basin TP  

(μg/L) 

Mean West 
Basin TP 

(μg/L) 

Mean West 
Basin OP 

(μg/L) 

Mean West 
Basin OP 

(μg/L) 
Surface 54 57 10 10 
Middle 46 54 10 9 
Bottom 176 148 143 139 

 

Surface TP concentrations in both the east and west basins of Lake Louisa were lowest in spring, 

with a minimum concentration of 25 and 28 μg/L measured on May 30.  Concentrations increased 

throughout the summer, reaching maximum concentrations in the east and west basin of 83 and 
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90 μg/L respectively on August 3.  Surface TP concentrations in Lake Louisa exceeded the MPCA 

standard of 40 μg/L in six of seven samples that were collected in 2006 (Figure 4.2.2).   

 

Figure 4.2.2 2006 Lake Louisa Surface Phosphorus Concentrations 
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Average summer surface TP concentrations have exhibited a decreasing trend since 1981.  

Overall, 2006 surface TP concentrations were well below the long-term average TP 

concentration of 173 μg/L.  The average TP concentration was almost 90% lower in 2006 than it 

was in 1981.  While the summer average TP concentrations have been decreasing, they remain 

above the MPCA standard (Figure 4.2.3).   
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Figure 4.2.3 Lake Louisa Historical Average Summer Surface Total Phosphorus 
Concentrations  
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The 2006 summer average surface orthophosphorus concentration was 10 μg/L in both the east 

and west basins of Lake Louisa.  Concentration of OP and TP followed similar seasonal patterns. 

Surface OP concentrations remained low in the early summer before reaching a peak of 18 μg/L 

at both sites on August 22, and then decreased.   

 

Orthophosphorus is the primary form of phosphorus used by algae and aquatic plants and 

provides a measurement of phosphorus that is immediately available for plant growth.  Because 

of its availability for immediate uptake by plants, increased levels of ortho-phosphorus can cause 

increased algal growth.  Ortho-phosphorus comprised 15-33% of the surface TP concentration in 

2006. 

 

The 2006 mean chlorophyll-a concentrations in the east and west basins of Lake Louisa were 41 

and 35 μg/L respectively, both exceeded the MPCA standard of 14 μg/L.  The minimum 

chlorophyll-a concentration for the east and west basins, 13 and 7 μg/L respectively, were 

observed during the May 30 sampling event.  The chlorophyll-a concentration in both basins 

increased as the summer progressed, peaking at 74 μg/L on August 3 in the east basin and at 75 

μg/L in the west basin before decreasing in the last two sample events.  Six of seven samples 
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collected in the east basin exceeded the MPCA standard for chlorophyll-a; four of six samples 

collected in the west basin exceeded the MPCA standard for chlorophyll-a (Figure 4.2.4). 
 

Figure 4.2.4 2006 Lake Louisa Chlorophyll-a Concentrations  
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Chlorophyll-a concentrations in Lake Louisa exceeded the MPCA standard for nearly every year 

on record.    The 2006 summer average concentration was below the long term average of 49 

μg/L (Figure 4.2.5).  

 

Figure 4.2.5 Lake Louisa Historical Average Summer Surface Chlorophyll-a 

Concentrations 
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The lack of a clear trend in historical chlorophyll- a concentrations indicate that in some years, 

concentrations may have been limited by available light or other factors besides TP 

concentrations.  This conclusion is supported by long-time residents who report that historically, 

Lake Louisa was turbid with very few macrophytes.  Figure 4.2.6 compares the relationship 

between TP and chlorophyll-a for CRWD lakes, including Lake Louisa and Ecoregion reference 

lakes.  

 

Figure 4.2.6  Log Chlorophyll-a vs Log TP for CRWD Lakes, Lake Louisa and Ecoregion 

Reference Lakes 
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The 2006 summer average Secchi depths were similar in both basins of Lake Louisa, with an 

average of 0.98 meters in the east basin, and 0.97 meters in the west basin.  The summer average 

Secchi depth in both basins was less than the MPCA standard of 1.4 meters.  Seasonal variation 

was also similar in both basins, with maximum Secchi depths occurring on May 30, followed by 

an overall decrease throughout the summer.  Measured Secchi depth was less than the MPCA 

standard during six of seven sample events in both basins in 2006 (Figure 4.2.7).  
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Figure 4.2.7 2006 Lake Louisa Secchi Depth 
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Secchi depths have violated the state standard in all but 5 of the past 21 years for which there is 

monitoring data (Figure 4.2.8).  The long-term (1981- present) average Secchi depth in Lake 

Louisa is 1.1 meters.  During this time period Secchi depth has shown a slight decreasing trend.  

This contrary trend was observed in Clearwater Lake over the same time period.  In that case, it 

resulted from shifts in phytoplankton dominance.   

 

Figure 4.2.8 Lake Louisa Historical Secchi Depth    
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4.2.4 Source Assessments 

 

The sources of nutrients to Lake Louisa include: 

• In-lake nutrient cycling, 

• Clearwater River,  

• Local watershed, 

• Septic systems, 

• Atmospheric loads and 

• Ambient groundwater inflows 

 

These sources are assessed in the sections that follow. 
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4.2.4.1 In-Lake Nutrient Cycling 

 

High phosphorus concentrations in sediment and bottom water samples indicate that the 

sediments of Lake Louisa recycle a significant amount of phosphorus back into the water 

column.  Two approaches were used to quantify the internal phosphorus loading in Lake Louisa.  

A 2003 study conducted by Wenck Associates quantified the sediments’ phosphorus content in 

Lake Louisa and estimated the internal load as 3,600 lbs of phosphorus/year.   

 
Another method utilized to assess phosphorus cycling in Lake Louisa involved developing the 

“anoxic factor” for the lake and applying an estimated sediment phosphorus release rate.  The 

anoxic factor is expressed in days but is normalized over the area of the lake.  For example, if the 

depth of oxygen depletion (<2 mg/L DO) over a period of time was 6 meters, then the number of 

days in the period was multiplied by the anoxic area at that depth and divided by the entire area 

of the lake.  As the depth of oxygen depletion varied throughout the season, these results were 

summed up to derive the anoxic factor.  An estimated release rate was then selected based upon 

the eutrophic state of the lake.  The selected release rates represented a range based on previous 

lake studies.  Applying different phosphorus release rates to the area of the lake that was anoxic 

resulted in internal phosphorus loads in Lake Louisa ranging from 1,100 to 2,500 lbs/year.    

 

Temperature and dissolved oxygen measurements were taken at 1 meter intervals throughout the 

water column of Lake Louisa during the 2006 sampling trips.  Temperature profiles indicate that 

the lake was stratified during the entire period from May 30 to September 20.  The thermocline 

was typically present at a depth of 2 to 6 meters throughout the sampling period.  Dissolved 

oxygen profiles indicate that the hypolimnion, that area of the lake below the thermocline, is 

anoxic for most of the summer.  The depth below which Lake Louisa was considered anoxic in 

2006 ranged from 2 to 4 meters.    

 

Bottom water samples were collected in both basins of Lake Louisa in 2006.  The bottom 

phosphorus concentrations exhibited similar seasonal patterns in both basins of the lake.  Bottom 

TP concentrations steadily increased throughout the summer, with maximum concentrations 
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occurring at both sites on September 20, 2006.  Similarly, the proportion of bottom-water TP 

comprised of orthophosphorus increased steadily throughout the season, with orthophosphorus 

making up nearly all of the TP concentration on September 20, 2006.  Since the lake was 

stratified during the part of the season that the phosphorus concentrations were increasing, the 

high concentrations of phosphorus observed in the samples collected near the bottom are an 

indication of phosphorus release from the bottom sediments of Lake Louisa.  

 

The submergent aquatic plant curly leaf pondweed, may exacerbate internal phosphorus cycling.  

Curly leaf pondweed is abundant in early summer in Lake Louisa as demonstrated by an aquatic 

vegetation inventory conducted by the MN DNR on June 2, 2005.  Figure 4.2.9 indicates that 

73.1 acres, or 22.3% of the lake, had curly leaf pondweed growing to the water surface at the 

time of the inventory.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T:\0002\75_TMDL Ph2\Report\PHase II_Rpt_Dec07.doc  TMDL Phase II Project Report 
4-28



 

Wenck Associates, Inc.  CRWD 2007 

Figure 4.2.9 Lake Louisa Curly Leaf Pondweed Extent (From Minnesota DNR) 
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When the lake was surveyed again in August 2005, curly leaf pondweed was only found at one 

transect location, indicating that the curly leaf pondweed had died off by late summer.  Curly 

leaf pondweed begins its growth in late winter and typically reaches the end of its life cycle and 

dies back by July, releasing large amounts of phosphorus and depleting dissolved oxygen.  This 

pulse of phosphorus can cause nuisance algal blooms in the lake.  While the senescence of curly 

leaf pondweed contributes a pulse of available phosphorus to Lake Louisa, since it is only found 

in approximately 22% of the lake, it likely is not a major source of phosphorus in the lake.        

 
 
4.2.4.2 Clearwater River 

 

The Clearwater River flows into Lake Louisa in the southwest corner of the lake.  The river then 

flows through the lake, into Lake Marie, and over the dam at Fairhaven.  The Clearwater River is 

responsible for a large portion of the nutrient load that is input to Lake Louisa during a typical 

year.  The nutrient load from the Clearwater River for 2006 was calculated using concentrations 

from samples collected in the summer of 2006 at sampling point CR19.8, which is located at the 

Clearwater River inflow to Lake Louisa (Highway 55 bridge approximately 2 miles west of 

South Haven) at Clearwater River mile 19.8 (Figure 4.2.10).   
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Figure 4.2.10 Lake Louisa Monitoring Locations and Adjacent Water Bodies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The flow-weighted mean TP concentration of the samples collected at CR 19.8 was 104 μg/L.   

TP concentrations varied seasonally at CR 19.8.  There were two peaks observed in TP 

concentrations on June 28 and September 25.  The peak in TP concentration observed in 

September can be attributed to an increase in runoff from a heavy precipitation event prior to the 

sampling.  

 

In 2006, the portion of the Clearwater River that is tributary to Lake Louisa had 7.5 inches of 

runoff over the watershed.  This tributary area of 54,120 acres contributed a volume 34,000 acre-

ft of water to Lake Louisa over the year.   
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Using the volume of water over the watershed and the flow-weighted TP concentrations at 

CR19.8, the total load of phosphorus to Lake Louisa from the Clearwater River in 2006 was 

calculated to be 9,600 lbs.   

 

An alternative estimate based on inverting the Canfield-Bachmann model yields a smaller 

phosphorus load to Lake Louisa in 2006.  According to this approach, the 2006 load of 

phosphorus to the lake was 6,450 lbs, which is considerably less than the load based on 

phosphorus concentrations and flow in the Clearwater River.  

 

The Clearwater River enters Lake Louisa at the head of a large shallow bay that is densely 

vegetated with emergent and submergent vegetation.  A vegetation inventory conducted in 

August 2005 by the MN DNR demonstrates that the entire bay is vegetated with floating leaf and 

submergent aquatic vegetation (Appendix J).  This shallow bay may function as a treatment 

basin, with particulate phosphorus settling out as the stream flow disperses, and ortho-

phosphorus being taken up by the abundant aquatic plants growing in the shallow bay.  There is 

evidence of sediment settling out of the stream flow, as sediment deltas are present in the 

shallow bay downstream of the mouth of the Highway 55 bridge.   

 

 

4.2.4.3 Local Watershed  

 

Direct runoff from Lake Louisa’s local watershed was a minimal source of nutrients during 2006 

since precipitation was well below average.   

 

The direct watershed to Lake Louisa encompasses approximately 1,852 acres.  The land use 

within the directly contributing watershed is shown in Figure 4.2.11 and summarized in Table 

4.2.3.  The land use is predominantly agricultural, although agricultural activity, especially 

cultivated cropland, is less prominent in the direct contributing watershed to Lake Louisa than it 

is in the upstream portions of the CRWD.  A small percentage of the subwatershed is developed, 

and a large portion of it is forested.  
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Figure 4.2.11-Lake Louisa Local Watershed Land Use 
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Table 4.2.3-Lake Louisa Subwatershed Land Use 

Land Use  Area (%) 
Urban and Rural Development 3.2% 
Cultivated Land 32.3% 
Hay/Pasture/Grassland 19.3% 
Brushland 1.9% 
Forested 28.8% 
Open Water 10.8% 
Wetland 3.7% 
Unclassified 0.0% 
Source: MN Land Use and Cover (MN DNR, 1996) 

 

The 2006 input of phosphorus to Lake Louisa from local watershed runoff was estimated by 

using the watershed loading rate over the portion of the Clearwater River watershed upstream 

from Lake Louisa.  This portion of the watershed has a comparable land use to Lake Louisa’s 

directly contributing watershed, and on average it exported 0.18 lbs of phosphorus/acre/year in 

2006.  Therefore, the load of phosphorus to Lake Louisa contributed by runoff from its local 

watershed is estimated as 320 lbs of phosphorus/year for 2006.     

 

4.2.4.4  Septic Systems 

 

A review of county parcel information indicates that there are 56 homes on the shoreline of Lake 

Louisa.  Residents comprise both part-time and year-round residents.  Assuming that each home 

has an individual septic system, an estimate of phosphorus input to the lake was calculated.  

There are two components that make up the waste that is treated by a septic system: household 

wastewater, which may contain soaps and detergents that incorporate phosphorus, and human 

waste.  The production of phosphorus in human waste is about 1.5 grams P per capita per day, 

and a reasonable allowance for other household sources approximately doubles the daily per-

capita production to 3 grams (Stumm and Stumm-Zollinger, 1972), equivalent to 

2.4 lb P/capita/year.  Assuming that three persons, on average, live in each home on the lake for 

an average of three quarters of each year, the total annual production would be 300 lb P/yr, of 

which perhaps one third, or 100 lb P/yr, would actually enter the lake. 
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4.2.4.5 Atmospheric Loads 

 

The atmosphere delivers phosphorus to water and land surfaces both in precipitation and in so-

called “dryfall” (dust particles that are suspended by winds and later deposited).  A recent 

statewide study of phosphorus sources commissioned by the MPCA (Barr, 2004) gives the 

following atmospheric load data for the upper Mississippi River watershed (Figure 4.2.4): 

 

Table 4.2.4 Atmospheric Deposition of P 

Deposition Component [kg/ha/yr] [lb/ac/yr] 
Low-precipitation P deposition 0.0809 0.0722 
Average-precipitation P deposition 0.1006 0.0898 
High-precipitation P deposition 0.1228 0.1096 
   
Dry P deposition 0.0703 0.0627 
   
Dry-year total P deposition 0.1512 0.1349 
Average-year total P deposition 0.1709 0.1525 
Wet-year total P deposition 0.1931 0.1723 

 

Since 2006 was a dry year, the appropriate total P deposition rate is 0.1349 lb/ac/yr.  Taken over 

Lake Louisa’s area of 179 acres, the total atmospheric P load on the lake in 2006 is estimated as 

8 lb for the year. 

 
 
4.2.4.6  Ambient Groundwater Inflow 

 

Lake Louisa lies within the Anoka Sand Plain and is therefore subject to significant groundwater 

interaction.  The hydrologic atlas, “Water Resources of the Mississippi and Sauk Rivers 

Watershed, Central Minnesota” (Helgesen et al., 1975; U.S Geological Survey HA-534), 

includes the Clearwater River watershed and contains a water table map indicating that 
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groundwater from the Sand Plain aquifer discharges to Lake Louisa (and to Clearwater River 

generally – as expected for a significant stream).   

 

The rate of groundwater inflow to Lake Louisa is estimated to be 5,600 ac-ft/yr on the following 

basis: 

Rate of inflow = (hydraulic conductivity)·(hydraulic gradient)·(saturated thickness)·(width) 

 

The Anoka Sand Plain aquifer’s hydraulic conductivity ranges from 30 to 150 meters per day, 

according to Landon and Delin (1995), giving a geometric mean value of 67 meters per day, or 

220 ft/day.  The water table map of Helgesen et al. (1975) shows hydraulic gradients toward 

Lake Louisa ranging from 0.002 to 0.018 ft/ft, with a geometric mean of 0.006 ft/ft.  The median 

saturated sand thickness based on geologic logs from nine nearby wells is 42 ft.  Finally, the 

width of groundwater flow into Lake Louisa is approximately 12,000 ft, being double the lake’s 

upstream-downstream extent (because flow enters the lake from both north and south).  The 

calculation of groundwater inflow is thus: 

Rate of inflow = (220 ft/day)·(0.006 ft/ft)·(42 ft)·(12,000 ft) = 665,280 ft3/day, 

equivalent to 5,575 ac-ft/yr, or 5,600 ac-ft/yr, rounded appropriately.  This result is also 

equivalent to an average groundwater inflow rate of 7.7 cfs. 

The phosphorus load corresponding to the above groundwater inflow volume is estimated to be 

850 lb/yr, based on a statewide median TP concentration for surficial glacial aquifers of 56 ug/L 

(MPCA, 1999). 
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4.2.4.7  Summary of Sources 

 

Based on the measured loads in 2006, historic information regarding internal P cycling, and 

inverted Canfield-Bachmann, a general breakdown of P sources to Lake Louisa is shown in 

Figure 4.2.12.   

Figure 4.2.12  2006 Nutrient Sources to Lake Louisa 

 

Atmospheric 
<1%

Groundwater, 
13%

Septic 
Systems, 2%

Direct 
Watershed

5%

Clearwater 
River 20-60%

In Lake P 
Cycling 20-

60%

 

 

 

 

 

 

 
 
 
 

 

In Phase III, the data collected during 2006 will be used in conjunction with historical data to 

model Lake Louisa to narrow the range of values and quantify the driving conditions during wet 

and dry years.   
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5.0 Stakeholder Involvement 

Six stakeholder involvement meetings have been held to date; they are summarized below: 

 

December 17, 2003 in Annandale 

Watershed District Managers, the District Administrator, the MPCA Project Manager, and the 

Wenck Project Manager presented information about the TMDL process and the Clearwater 

River and Lake Louisa TMDL Project specifically.  A question and answer session followed the 

presentation.  County Soil and Water Conservation District Representatives from Wright, 

Meeker and Strearns Counties were invited, along with representatives from the Cities of 

Kimball and Watkins.  Citizen advisory group members were also invited.  Wright and Meeker 

County representatives attended. 

 

December 17, 2003 in Annandale 

The Wenck Project Manager presented information about the TMDL process and the Clearwater 

River and Lake Louisa TMDL Project specifically.  An analysis of existing data was presented.  

A question and answer session followed the presentation.  County Soil and Water Conservation 

District Representatives from Wright, Meeker and Strearns Counties were invited, along with 

representatives from the Cities of Kimball and Watkins.  Citizen advisory group members, and 

lake associations were also invited.   A Meeker County representative attended, along with 

members of the Citizen Advisory Group, and Clearwater Lake Association. 

 

March 16, 2004 in Watkins 

An additional meeting was held to solicit additional stakeholder involvement.  The Wenck 

Project Manager presented information about the TMDL process and the Clearwater River and 

Lake Louisa TMDL Project specifically.  An analysis of existing data was presented.  A question 

and answer session followed the presentation.   
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Meeting invitations and a letter describing the TMDL Project were sent to resident’s homes.  

County Soil and Water Conservation District Representatives from Wright, Meeker and Stearns 

Counties, as well as representatives from the Cities of Kimball and Watkins were invited.  

Citizen advisory group members and lake associations were invited.  The goal of the meeting 

was to establish a representative stakeholder group.  These representative stakeholders met two 

more times. 

 

July 15, 2007 Clearwater Chain of Lakes Association, Lake Louisa Working Group 

District Administrator Merle Anderson met with members of the Clearwater Chain of Lakes 

Association (CCOLA) to spark interest in a Lake Louisa working group.  This group of citizens 

heard a summary of the TMDL process and progress and agreed to discuss the Lake Louisa 

TMDL with residents to encourage interest and participation. 

 

August 6, 2007, Clearwater Chain of Lakes Association, Lake Louisa Working Group 

District Administrator Merle Anderson and Project Engineer Rebecca Kluckhohn met with 16 

members of the Clearwater Chain of Lakes Association (CCOLA).  This group is comprised of 

Lake Louisa and Lake Marie residents concerned with upstream water quality.  Each resident 

expressed concern about the perceived deterioration of water quality in the entire Chain of 

Lakes.  Most residents had moved to the area since the major improvements in water quality in 

the 1980s as the result of the Clearwater Chain of Lakes Improvement Project.  Residents 

speculated that many septic systems around the lakes needed replacement, but that costs would 

be prohibitive for several residents.  Residents also expressed concerns about livestock allowed 

to graze in and near the lakes and the Clearwater River.   

 

August 10, 2007, Clear Lake Citizenship Dinner 

The CRWD’s 6th Annual Citizenship Dinner was held at the Sportsman’s Center at Clear Lake.  

Residents in the area of Clear Lake, the upstream boundary of the listed reach of the Clearwater 

River addressed in this report.  Manager Anderson and District Engineer Norm Wenck listened 

to residents and answered questions about water quality in Clear Lake.
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Clearwater River Watershed District 
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Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 
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Clearwater River Watershed District 
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Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 
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Clearwater River Watershed District 
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Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 

2006 Clearwater River In-stream Loading and Water Quality Profiles
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Clearwater River Watershed District 
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Clearwater River Watershed District 
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Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 

2006 Clearwater River In-stream Loading and Water Quality Profiles
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Clearwater River Watershed District 
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Clearwater River Watershed District 
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Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 
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2006 Clearwater River In-stream Loading and Water Quality Profiles

April 18, 2006, Q = 37.3 cfs

0
5
10
15
20
25

252729313335
River Mile (Upstream to Downstream)

Te
m

pe
ra

tu
re

 (C
)

Main Stem Tributaries Ecoregion Median

April 19, 2006, Q = 32.6 cfs

0
5
10
15
20
25

252729313335
River Mile (Upstream to Downstream)

Te
m

pe
ra

tu
re

 
(C

)

Main Stem Tributaries Ecoregion Median

May 30, 2006, Q = 15.9 cfs

0
5
10
15
20
25

252729313335
River Mile (Upstream to Downstream)

Te
m

pe
ra

tu
re

 (C
)

Main Stem Tributaries Ecoregion Median

T:/0002/75/App A B  Profiles/App B Wenck Associates, Inc.53



Appendix B

Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 

2006 Clearwater River In-stream Loading and Water Quality Profiles

June 15,2006, Q = 5.4 cfs

0

10

20

252729313335

River Mile (Upstream to Downstream)

Te
m

pe
ra

tu
re

 (C
)

Main Stem Tributaries Ecoregion Median

June 28, 2006, Q = 0.6 cfs

0
5
10
15
20
25

252729313335
River Mile (Upstream to Downstream)

Te
m

pe
ra

tu
re

 (C
)

Main Stem Tributaries Ecoregion Median

July 12, 2006

0
5
10
15
20
25

252729313335
River Mile (Upstream to Downstream)

Te
m

pe
ra

tu
re

 
(C

)

Main Stem Tributaries Ecoregion Median

T:/0002/75/App A B  Profiles/App B Wenck Associates, Inc.54



Appendix B

Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 

2006 Clearwater River In-stream Loading and Water Quality Profiles

July 26, 2006

0
5
10
15
20
25

252729313335
River Mile (Upstream to Downstream)

Te
m

pe
ra

tu
re

 
(C

)

Main Stem Ecoregion Median

August 23, 2006, Q = 0.3 cfs

0
5
10
15
20
25

252729313335
River Mile (Upstream to Downstream)

Te
m

pe
ra

tu
re

 
(C

)

Main Stem Ecoregion Median

September 25, 2006, Q = 2.8 cfs

0
5
10
15
20
25

252729313335
River Mile (Upstream to Downstream)

Te
m

pe
ra

tu
re

 
(C

)

Main Stem Tributaries Ecoregion Median

T:/0002/75/App A B  Profiles/App B Wenck Associates, Inc.55



Appendix B

Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 

2006 Clearwater River In-stream Loading and Water Quality Profiles

October 5, 2006, Q = 2.4 cfs

0
5
10
15
20
25

252729313335

River Mile (Upstream to Downstream)

Te
m

pe
ra

tu
re

 (C
)

Main Stem Tributaries Ecoregion Median

T:/0002/75/App A B  Profiles/App B Wenck Associates, Inc.56



Appendix B

Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 

2006 Clearwater River In-stream Loading and Water Quality Profiles

April 18, 2006, Q = 37.3 cfs

0
500
1,000
1,500

252729313335
River Mile (Upstream to Downstream)

C
on

du
ct

iv
ity

 
(µ

S/
cm

)

Main Stem Tributaries Ecoregion Median

April 19, 2005, Q = 32.6 cfs

0
500
1,000
1,500

252729313335
River Mile (Upstream to Downstream)

C
on

du
ct

iv
ity

 (µ
S/

cm
)

Main Stem Tributaries Ecoregion Median

May 30,2006, Q = 15.9 cfs

0

500

1,000

1,500

252729313335
River Mile (Upstream to Downstream)

C
on

du
ct

iv
ity

 
(µ

S/
cm

)

Main Stem Tributaries Ecoregion Median

June 15, 2006, Q = 5.4 cfs

0

500

1,000

1,500

252729313335
River Mile (Upstream to Downstream)

C
on

du
ct

iv
ity

 (µ
S/

cm
)

Main Stem Tributaries Ecoregion Median

T:/0002/75/App A B  Profiles/App B Wenck Associates, Inc.57



Appendix B

Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 

2006 Clearwater River In-stream Loading and Water Quality Profiles

June 28, 2006, Q = 0.6 cfs

0

500

1,000

1,500

252729313335
River Mile (Upstream to Downstream)

C
on

du
ct

iv
ity

(µ
S/

cm
) 

Main Stem Tributaries Ecoregion Median

July 12, 2006

0
500
1,000
1,500

252729313335

River Mile (Upstream to Downstream)

C
on

du
ct

iv
ity

 (µ
S/

cm
)

Main Stem Tributaries Ecoregion Median

July 26, 2006

0
500
1,000
1,500

252729313335

River Mile (Upstream to Downstream)

C
on

du
ct

iv
ity

(µ
S/

cm
) 

Main Stem Ecoregion Median

August 23, 2006, Q = 0.3 cfs

0
500
1,000
1,500

252729313335

River Mile (Upstream to Downstream)

C
on

du
ct

iv
ity

 
(µ

S/
cm

)

Main Stream Ecoregion Median

T:/0002/75/App A B  Profiles/App B Wenck Associates, Inc.58



Appendix B
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Clearwater River Watershed District 
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Clearwater River Watershed District 
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2006 Clearwater River In-stream Loading and Water Quality Profiles

August 23, 2006, Q = 0.3 cfs
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Appendix B

Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 

2006 Clearwater River In-stream Loading and Water Quality Profiles

April 19, 2006. Q=  32.6 cfs 
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Appendix C

Clearwater River Watershed District

Phase II TMDL Study
Mean, Max and Min Water Quality Upstream to Downstream
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Appendix C

Clearwater River Watershed District

Phase II TMDL Study
Mean, Max and Min Water Quality Upstream to Downstream

977119
19

57

0

20

40

60

80

100

120

25.627.229.030.031.833.635.3
River Mile

C
hl

or
op

hy
ll 

a 
(u

g/
L)

- Std. Dev.
Minimum
Mean
Maximum
+Std. Dev.

0.30
0.200.170.210.17

0.12

0.23

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

25.627.229.030.031.833.635.3
River Mile

TP
 (m

g/
L)

- Std. Dev.

Minimum

Mean

Maximum

+Std. Dev.

1.51.71.6

4.0

1.6
2.42.2

0
1
2
3
4
5
6
7
8

25.627.229.030.031.833.635.3
River Mile

TK
N

 (m
g/

L) - Std. Dev.
Minimum
Mean
Maximum
+Std. Dev.

T:\0002\75_TMDL Ph2\Report\RAK FINAL DATA
8/29/2007 2 of 5 Wenck Associates, Inc., AJE



Appendix C

Clearwater River Watershed District

Phase II TMDL Study
Mean, Max and Min Water Quality Upstream to Downstream
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Appendix C

Clearwater River Watershed District

Phase II TMDL Study
Mean, Max and Min Water Quality Upstream to Downstream
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Appendix C

Clearwater River Watershed District

Phase II TMDL Study
Mean, Max and Min Water Quality Upstream to Downstream
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Field and Laboratory Data Sheets 
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Continuous Dissolved Oxygen Records 
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Appendix E Figure 1

Phase II TMDL Study
Lake Louisa and The Clearwater River (Clear Lake to Lake Betsy)

Clearwater River Dissolved Oxygen 
Upstream and Downstream of the Kingston Wetland
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Appendix E Figure 2

Phase II TMDL Study
Lake Loiusa and The Clearwater River (Clear Lake to Lake Betsy)

2005 Clearwater River Dissolved Oxygen 
CR 31.8 
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Appendix E Figure 3

Phase II TMDL Study
Lake Loiusa and The Clearwater River (Clear Lake to Lake Betsy)

Clearwater River Dissolved Oxygen 
CR 31.8 

Dissolved Oxygen (mg/L)

Date
Precipitation 

(inches)
Flow 
(cfs) Daily Max Daily Min Delta DO

Friday, August 12, 2005 10.03 6.17 3.86
Saturday, August 13, 2005 11.02 5.88 5.14

Sunday, August 14, 2005 11.94 6.01 5.93
Monday, August 15, 2005 0.06 10.88 5.43 5.45

Tuesday, August 16, 2005 10.1 5 5.1
Wednesday, August 17, 2005 9.38 3.44 5.94

Thursday, August 18, 2005 0.28 9.3 4.05 5.25
Friday, August 19, 2005 0.12 9.7 4.52 5.18

Saturday, August 20, 2005 11.38 5.1 6.28
Sunday, August 21, 2005 11.19 5.1 6.09
Monday, August 22, 2005 11.46 5.27 6.19

Tuesday, August 23, 2005 10.24 5.48 4.76
Wednesday, August 24, 2005 9.7 3.99 5.71

Thursday, August 25, 2005 8.97 4.46 4.51
Friday, August 26, 2005 2.12 7.88 3.59 4.29

Saturday, August 27, 2005 8.5 0.56 7.94
Sunday, August 28, 2005 9.68 6.88 2.8
Monday, August 29, 2005 7.71 6.81 0.9

Average: 9.9 4.9 5.1
Standard Dev: 1.2 1.5 1.5

Max: 11.9 6.9 7.9
Min: 7.7 0.6 0.9

T:\0002\75_TMDL Ph2\Report\Appendix E_Cont DO\[Kingston.xls]Fig d.3

Precipitation:  Kingston
Flow:  CR 31.8
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Appendix E Figure 4

Phase II TMDL Study
Lake Louisa and The Clearwater River (Clear Lake to Lake Betsy)

2005 Clearwater River Dissolved Oxygen 
CR 26.1 
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Appendix E Figure 5

Phase II TMDL Study
Lake Louisa and The Clearwater River (Clear Lake to Lake Betsy)

2006 Clearwater River Dissolved Oxygen 
Upstream and Downstream End of Listed Reach
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Appendix E Figure 6

Phase II TMDL Study
Lake Louisa and The Clearwater River (Clear Lake to Lake Betsy)

2006 Clearwater River Dissolved Oxygen 
Upstream and Downstream End of Listed Reach

Downstream Upstream
Date Max Min Δ DO Max Min Δ DO

09/14/06 2.53 1.41 1.12 11.03 5.06 5.97
09/15/06 2.41 1.4 1.01 10.65 3.5 7.15
09/16/06 5.22 2.03 3.19 8.19 2.58 5.61
09/17/06 5.14 0.83 4.31 9.08 4.16 4.92
09/18/06 5.6 1.03 4.57 11.8 6.36 5.44
09/19/06 7.89 4.13 3.76 14.11 7.06 7.05
09/20/06 9.28 6.47 2.81 13.76 8.2 5.56
09/21/06 8.62 7.19 1.43 11.02 8 3.02
09/22/06 8.26 6.88 1.38 8.75 7.49 1.26
09/23/06 6.9 5.89 1.01 8.47 7.14 1.33
09/24/06 7.96 5.65 2.31 8.98 7.15 1.83
09/25/06 8.01 6.26 1.75 9.13 7.73 1.4
09/26/06 8.39 6.23 2.16 9.62 7.28 2.34
09/27/06 8.33 5.84 2.49 9.54 7.23 2.31
09/28/06 9.15 6.47 2.68 10.68 8.74 1.94
09/29/06 9.6 7.44 2.16 10.37 8.59 1.78
09/30/06 9.91 7.63 2.28 10.04 8.22 1.82
10/01/06 9.36 7.82 1.54 9.83 7.15 2.68
10/02/06 9.3 7.01 2.29 10.4 6.93 3.47
10/03/06 9.93 6.9 3.03 10.07 6.13 3.94
10/04/06 9.11 6.23 2.88 8.89 5.87 3.02
10/05/06 10.6 6.98 3.62 9.84 7.66 2.18
10/06/06 12.37 8.17 4.2 10.4 7.48 2.92
10/07/06 12.89 8.64 4.25 9.49 6.2 3.29
10/08/06 10.15 6.27 3.88 10.31 6.14 4.17
10/09/06 13.54 8.68 4.86 11.99 7.12 4.87
10/10/06 14.55 11.27 3.28 11.91 7.73 4.18
10/11/06 12.92 11.44 1.48 8.99 7.43 1.56

Average Δ DO: 2.7 3.5

Minimum DO Concentration in Clearwater River, Clear 
Lake to Lake Betsy
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Appendix F Figure 1 
  

Phase II TMDL Study Lake Louisa and The Clearwater River 
(Clear Lake to Lake Betsy)  

2005 Clearwater River Mile Discharge at Fairhaven Dam and CR 40
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Appendix F Figure 2  
Phase II TMDL Study Lake Louisa and The Clearwater River 

(Clear Lake to Lake Betsy)  
2006 Clearwater River Mile Discharge at Fairhaven Dam and CR 40
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Appendix F Figure 3 
  

Phase II TMDL Study Lake Louisa and The Clearwater River 
(Clear Lake to Lake Betsy)  

Clearwater River at Fairhaven Dam
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Time of Travel Study Results 



Appendix G

Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 

September 2005 Time of Travel Study Results

Site Dye Dump Time
Dye Concentration 

(oz)

Distance from 
Dump Site 

(miles) Dye Peak Time

Time of 
Travel 
(hours)

Avg 
Reach 

Velocity 
(miles/hr)

Avg 
Reach 

Velocity 
(ft/sec)

Avg Site 
Measured 
Velocity

Gauged 
Flow (cfs)

Dye Dump 
#1

CR31.8 9/27/2005 12:00 12 -- -- -- -- -- 0.66 6.27
CR29.0 -- -- 2.8 9/27/2005 23:50 11.83 0.24 0.35 0.92 9.68
CR27.2 -- -- 4.6 9/28/2005 23:38 35.63 0.13 0.19 0.11 8.19

Dye Dump 
#2

CR29.0 9/27/2005 9:15 16 -- -- -- -- -- 0.92 9.68
CR27.2 -- -- 1.8 9/28/2005 11:01 25.76 0.07 0.10 0.11 8.19
CR25.6 -- -- 3.4 9/29/2005 3:45 42.5 0.08 0.12 0.10 9.53

CR25.6 

0

0.1

0.2

0.3

0.4

0.5

0.6

9/27/05
12:00

9/28/05 0:00 9/28/05
12:00

9/29/05 0:00 9/29/05
12:00

9/30/05 0:00

Date/Time

D
ye

 C
on

ce
nt

ra
tio

n

CR 27.2

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

9/27/05
0:00

9/27/05
12:00

9/28/05
0:00

9/28/05
12:00

9/29/05
0:00

9/29/05
12:00

9/30/05
0:00

Date/Time

D
ye

 C
on

ce
nt

ra
tio

n

CR 29.0

0
2
4
6
8

10
12
14
16

9/27/05 0:00 9/27/05 12:00 9/28/05 0:00 9/28/05 12:00 9/29/05 0:00
Date/Time

D
ye

 C
on

ce
nt

ra
tio

n

T:\0002\75_TMDL Ph2\Report\Appendix G_Time of Travel Study Results\Dye Study Results Wenck Associates, Inc.



Appendix G

Clearwater River Watershed District 
Clearwater River Bacteria and DO TMDL 

April 2006 Time of Travel Study Results

Site Dye Dump Time
Dye Concentration 

(oz)

Distance from 
Dump Site 

(miles) Dye Peak Time

Time of 
Travel 
(hours)

Avg 
Reach 

Velocity 
(miles/hr)

Avg 
Reach 

Velocity 
(ft/sec)

Avg Site 
Measured 
Velocity

Gauged 
Flow (cfs)

Dye Dump 
#1

CR35.3 4/19/2006 11:50 20 -- -- -- -- -- 2.23 14.21
CR31.8 -- -- 3.5 4/19/2006 16:45 4.92 0.71 1.04 1.45 26.87
CR29.0 -- -- 6.3 4/19/2006 22:10 10.33 0.61 0.89 1.32 29.15

Dye Dump 
#2

CR29.0 4/19/2006 10:35 20 -- -- -- -- -- 1.32 29.15
CR27.2 -- -- 1.8 4/20/2006 5:38 19.05 0.09 0.14 0.33 34.11
CR25.6 -- -- 3.4 4/20/2006 11:40 25 0.14 0.20 0.30 32.63

Dye Dump 
#3

CR27.2 4/19/2006 9:10 12 -- -- -- -- -- 0.33 34.11
CR25.6 -- -- 1.6 4/19/2006 14:30 5.33 0.30 0.44 0.30 32.63
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Field Survey Results 
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Appendix I 

 
 
 

Optical Brightener Sampling Results 



Appendix I: Optical Brightener Sampling Results 

 

Passive sampling for optical brighteners was conducted in the CRWD in 2006 to 

determine the role of failing septic systems in the dissolved oxygen and bacteria 

impairment.    

 

Optical brighteners are fluorescent white dyes that are often added to laundry soaps and 

detergents.  As a result of their use in laundry soaps, they typically can be found in 

domestic waste waters that contain laundry effluent.  Optical brighteners are removed 

from waste water by binding to soil and organic particles.  If they are not removed by a 

functioning septic system, they can enter groundwater and surface water bodies.   

   

Because optical brighteners can be detected with the use of a long wave fluorescent, or 

black light, their presence can be detected in surface or groundwater.  The presence of 

optical brighteners in surface or groundwater, while they are not necessarily harmful to 

the water themselves, can be an indicator of failing septic systems or a direct discharge of 

untreated waste water into a surface water body.   

 

Methodology 

Optical brightener sampling involves placing a sampling device into a stream and 

allowing the stream to flow through the device for a fixed period of time.  As water flows 

through sampling device, the optical brighteners accumulate on the pad.  The sampling 

device is then viewed under a fluorescent or black light.  If fluorescent areas are seen on 

the pad under the light, the pad has been exposed to optical brighteners.  If the pad does 

not fluoresce, it can be assumed that optical brighteners were not present in the stream in 

which it was deployed.     

 

The sampling device is made up of an unwashed cotton pad that is placed inside of a 

black plastic mesh cage that secures the pad.  The sampling device is then secured in 

flowing water in the stream.   

 



Optical brightener sampling was conducted at four mainstem sites on the Clearwater 

River and one tributary stream (Figure I-1).  The sampling devices were placed in the 

stream on April 19, 2006 and were collected May 2, 2006 (Figure I-1).     

 

After the devices were collected from the stream, the cotton pads were cleaned of as 

much sediment and organic matter as possible, dried, and analyzed for the presence of 

optical brighteners in accordance with methodologies set forth in “An Optical Brightener 

Sampling Handbook” that can be found at http://www.naturecompass.org/8tb/sampling/. 

     

Results 

After the cotton pads collected from each site were dried, they were analyzed for the 

presence of optical brighteners by viewing them in a dark room under a black light.  

Indicators of optical brighteners were not detected on any of the pads.   

 

Conclusions 

Because no optical brighteners were found in the Clearwater River, and there are very 

few homes in close proximity to the stream, results indicate that failing septic systems are 

most likely not a significant contributor to elevated bacteria levels or oxygen demand in 

the impaired reach of the Clearwater River. 
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Lake Louisa East Basin Dissolved Oxygen Profile
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Lake Louisa East Basin Temperature Profile
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Curly Leaf Pondweed Extent in Lake Louisa
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Lake Louisa Submergent Vegetation
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Lake Louisa Field Data and Laboratory Results 
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