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activities were those identified through the Engineer's Report, and TMDL process and subsequent 
research and refining of potential projects.  
 

b. Based on the State approved and locally adopted comprehensive local water plan 
referenced above, explain why this project is a priority for your organization.   
Cedar Lake is a 783-acre high value recreational lake with a maximum depth of 108 feet.  Residents 
became alarmed when severe algal blooms began in 2002 and average summer surface TP concentrations 
skyrocketed to as high as 58 ug/L between 2003 and 2006 compared with historic conditions ranging 
between 20 and 30 ug/L TP.   The District conducted an intensive study of the Cedar Lake sub-watershed. 
The biggest source of pollution to Cedar Lake was found to be the tributary watershed that drains to 
Cedar at the south end of the lake.  This tributary is fed by three nutrient impaired shallow lakes for which 
TMDLs have been approved by EPA.  The District, petitioned by residents, implemented a project 
consisting of capital and programmatic BMPs as well as monitoring to protect and improve the water 
quality in Cedar Lake and in the tributary lakes.  Monitoring of project results has documented 
improvement in average summer surface TP concentrations in Cedar Lake as well as achievment of a clear 
lake state from time to time in the upper watershed impaired lakes.  However, severe algal blooms persist 
in Cedar Lake, as does District and resident concern over the degradation of this lake.  The CRWD is 
approaching the limit of what load reductions can be achieved with existing budgets and landowner 
cooperation in the upper watershed.  The monitoring and modeling done suggested that Cedar Lake was 
possibly at a "tipping point" having been historically loaded with nutrients, and that continued high 
nutrient loading might cause rapid and severe degradation.  It is the District’s perspective that protecting 
high quality lakes is more cost effective than restoring them.  Additionally, the CRWD’s first goal listed in 
their Comprehensive Plan is reduction of external nutrient loads to surface water.  Implementing the 
TMDL load reductions has also been a high priority for the CRWD, and the proposed project allows for 
both progress towards achieving a TMDL (in Swartout Lake) and protection of a high value recreation lake 
which may be at a tipping point in terms of water qualtiy.  These elements make this a high priority 
project for the District. 

 
c. Is the water resource identified in this application of regional or State significance?  If 

yes, briefly describe that significance; including identification in basin-level, regional 
or statewide conservation and/or water quality plans.  
Cedar Lake is a 783-acre high value recreational lake with a maximum depth of 108 feet with historically 
low TP concentrations (20-30 ug/L TP). Currently, this deep high quality lake hosts a population of 
tullibees, this is the southernmost edge of the range for tulibiees in the state.  Few lakes in this area of the 
state enjoy such water quatliy and there is a state interest in preventing further degradation. 

 
d. Describe the methods and results of inventory and source targeting done to date to 

identify the most critical pollution sources within the project area that are responsible 
for causing  impairments or threats to surface and/or ground water quality. 
The CRWD undertook a study of this sub-watershed in 2003, collecting both in-lake samples and tributary 
drainage area water quality samples. Hydrology was also monitored and analyzed.  The Canfield-
Bachmann lake response model was applied to Cedar Lake, and a more detailed lake response modeling 
was conducted for the TMDLs for Swartout, Albion and Henshaw Lakes (these are the three upstream 
impaired lakes).  Watershed loading was determined from hydrologic and water qualtiy data collected in 
the watershed.  The biggest source of pollution to Cedar Lake was found to be the tributary on the south 
end of the lake which is fed by three nutrient impaired shallow lakes (Swartout, Albion and Henshaw).  
Drainage areas to Swartout, Albion and Henshaw Lakes are small and dominated by agriculture and 
wetlands.  Carp infestations, internal loading and soluble phosphorus loading from upstream wetlands 
seem to be driving the poor water qualtiy.  The historically degraded wetland upstream of Swartout was 
determined to be the largest watershed source of phosphorus to Swartout Lake.   
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Carp migration management, carp harvesting, capital projects and agricultural BMPs to target these 
sources have been implemented in this sub-watershed and will continue.  The results have improved 
water quality in Cedar Lake.  Further, clear lake state has been achieved from time to time in the three 
impaired shallow upstream lakes (Swartout, Albion and Henshaw).  However, TP concentrations in these 
lakes remain high despite a clear lake state- and therefore the loading to Cedar Lake remains high. 
Reducing the loading to Cedar Lake is critical to protect it from further degradation.   
  
 
The CRWD has also conducted, in partnership with DNR and others, water fowl surveys, rough fish  
surveys, and macroinvertebrate surveys.  CRWD will continue to track the efficacy of projects based on 
the outcome, not only of water quality samples but on ecological health of the lakes.     
 
The proposed project targets the largest two concentrated loading sites in the subwatershed as identified 
by sampling and models.     
 

e. Describe additional inventory and source targeting that is needed, including 
qualitative and quantitative tools you will use to identify the most critical pollution 
sources within the project area.  
Critical pollution sources have already been identified.  What is needed now is to further reduce loads 
which will require additional targeting of soluble phosphorus from the upstream lakes and wetland.  
Tracking progress towards load reductions will be needed; this will be accomplished through ongoing 
monitoring which is part of the CRWDs budget though the original project and through our annual water 
quality monitoring program. 
 
 
 

3. Integrated Water Resource Management 
 

a. Explain the importance of the outcomes identified in the spreadsheet and how they 
will protect the identified water resource(s) from future water quality impairments or 
help restore the identified water resource(s) to State water quality standards. 
 Reducing the pollutant loading to Cedar Lake will protect it from future degradation and should keep it 
off the state's 303d list. Historic concentrations in Cedar Lake were about 20-30 ug/L, but for a time 
increased to well above the state standard.  The on-going work should keep this lake off the states 303d 
list.  The work also targets the largest watershed source to Swartout Lake, an impaired lake.  This work is 
necessary to take Swarout Lake off the states impaired waters list.   
 

b. Describe any hydrologic benefits of this project. If your project intends to keep water 
on the land by infiltrating runoff, describe why this activity will not be a threat to 
groundwater quality. 
The upper watershed has been ditched and connections between lakes and wetlands established through 
agricultural and civil development. The project as proposed requires intalling a filter berm which will allow 
some water to filter through sand-iron systems.  In simply slowing this water down, infiltration as well as 
filtration is encouraged.  However, since the work is near existing wetlands, the work will avoid hydrolgoic 
impacts to these wetlands including changes to the hydroperiod and OHWs unless such changes can be 
shown to be beneficial to habitat and the quality of the wetland.  The infiltration is into the surficial 
aquifer which is not the source of regional drinking water.   
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c. Will the overall project have additional secondary benefits, including those that 
enhance aquatic and terrestrial wildlife, improve native habitats, or protect rare and 
native species?  If so, please specifically describe what will be done.  
The project is both protective and resotrative, it will protect and preserve the already high quality 
ecosystem of Cedar Lake while improving water quality in the currently impaired Swartout Lake.  
Currently, Cedar Lake is a deep high quality lake which hosts a population of tullibees, this is the 
southernmost edge of the range for tulibiees in the state.  Few lakes in this area of the state enjoy such 
water quatliy and there is a state interest in preventing further degradation.  Swartout Lake is an impaired 
lake in which CRWD has invested several dollars and from time to time has achieved a clear state shallow 
lake.  However, soluble phosphorus exports remain high, continuing to threaten water qualtiy in 
downstream Cedar Lake.   

 
4. Project Management, Partnerships, and Readiness 
 

a. Describe the strength of staff qualifications and other collaborating organizations, 
including the participation of appropriate local, state, or federal government, to the 
success of this project. 
The CRWD has successfully leveraged existing funding and programs towards achieving 13 EPA-approved 
TMDLs, implementation of the TMDL Watershed Restoration and Protection Plan and improving water 
quality in the past. The District was awarded the DNR’s Watershed District of the Year in 2004. District 
staff members are experts at fostering public involvement and working with other groups to gain 
participation and buy-in. Assistant District Administrator Dennis Loewen worked to implement Phase I of 
this stormwater management project in Kimball. Phase I of the project was completed last year. Phase II 
of the Kimball project is underway:  the project is on track to begin construction in 2013. District 
Engineers Norm Wenck and Rebecca Kluckhohn have 65 years (combined) of experience in environmental 
and water resources engineering and they are supported by a staff of water resource professionals at 
Wenck Associates.  
 
The Lake Association and residents  have been successful partners with the CRWD in the implmenetation 
of the original suite of projects identified for this area and are geared up to implement these additional 
projects.   

 
b. Will construction start by the end of calendar year 2013?  Provide an anticipated 

timeline when implementation activities are to begin, including project development 
and construction.  
Yes.  Concept design for this project is complete.  The CRWD will convene a Technical Advisory Committee 
(TAC) of local stakeholders including the Township, Wright County, MPCA, BWSR, and DNR to detail 
project elements and finalize design in the early spring of 2012 as soon as the grant is received. Final 
design, permitting and bidding will be conducted in the fall of 2013.  The Notice to Proceed with 
construction will be issued in fall.  Construction will proceed over the winter as conditions allow with final 
site restorations and plantings installed in the spring of 2014. The project will be featured in the 2014 
CRWD District-wide tours. The project will be inspected annually through the project life cycle through the 
Districts Operation and Maintenance Program to determine maintenance needs thereafter for the life of 
the project. The District will also conduct follow-up monitoring to gauge system effectiveness and report 
annually in the CRWD's Annual Water Quality Monitoring and Implementation Progress Report.  Based on 
other similar projects in the watershed already constructed, this timeline is reasonable with respect to 
permitting and construction.  Our expertise and recent experience with this type of project elsewhere in 
the watershed ensure that the projects can be constructed per the schedule above. 
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c. Identify how this project provides assurance that the practice(s) will remain in place 
for practice(s) effective life. 
The CRWD will secure perpetual easements over the necessary lands to maintain and operate the project. 
Further, the project will be inspected annually through the project life cycle through the District's 
Operation and Maintenance Program to determine maintenance needs thereafter for the life of the 
project. The District will also conduct follow-up monitoring of the lakes and watershed to gauge system 
effectiveness and report annually in the CRWD's Annual Water Quality Monitoring and Implementation 
Progress Report. 

 
d. List and provide the status of any permits (federal, state, or local) that may be 

required for this project (for example, NPDES construction permit applied for on 
January 1, 2010, etc.). 
The project will require an NPDES construction permit, a DNR Waters permit, a BWSR WCA permit and a 
USACE Section 404 permit. These permit applications will be made following review of the final project by 
the project TAC, which will include participants from the county, BWSR, DNR, and MPCA. None of these 
permits has yet been secured.  However, we have ongoing technical advisory committees with 
representatives of these agencies.   

 
 

e. If the project participants choose to consider the conservation value of land where 
Clean Water Fund conservation practices will be installed as local match, please 
describe the valuation methods of the land and how this value will be applied as 
match (answer if applicable). 
The value of the land was determined on a cost per acre basis based on recent sales in the area.  A formal 
appraisal will be conducted by a certified party as the project progresses. 

 
5. Supplementing Traditional Funding 
 

The Constitutional Amendment requires that Amendment funding must not substitute 
traditional funding.  Briefly describe how this project will provide water quality benefits 
to the State of Minnesota without substituting existing funding. 
The proposed project will supplement traditional funding, not substitute it. If the project were built using 
existing CRWD funds, it would not be built at all due to the burden of the existing TMDLs that CRWD needs to 
meet. Without supplemental grant funding, the CRWD will not be able to further protect Cedar Lake. 

 
Project Location Map and Photos 
 

• Required: Attach an 8.5” x 11” map (required) in image (jpg, gif, tiff, bmp, png) or pdf 
formats showing both the specific project location and the general location in the State. 
Optional:  Applicants may attach a photo of the project area in ONLY image (jpg, gif, tiff, 
bmp, png) format.  
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TECHNICAL MEMORANDUM 
 
 
TO: Marvin Brunsell, Chairperson, Clearwater River Watershed District 
 
FROM: Norman Wenck, District Engineer 
  
DATE: November 11, 2009 

SUBJECT: Evaluation of Cedar Lake Project #06-1   
 
 
INTRODUCTION 
This memorandum is prepared to assess Cedar Lake Project #06-1.  Project #06-1 was initiated 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 anticipated goals of the project were to reduce phosphorus concentrations in Cedar Lake and the 
accompanying nuisance algae blooms.  More specifically, the goal of the project was to reduce the 
phosphorus load to Cedar Lake to 1,000 lbs and the in-lake summer average phosphorus 
concentration in Cedar Lake to 20 µg/l. An additional goal of the project was to further reduce 
phosphorus loading from upstream lakes through a reduction in the carp population of the lakes.  
 
The recommended solution for reducing the phosphorus loading and carp population in Cedar, 
Albion, Henshaw, and Swartout Lakes consisted of carp barriers, sedimentation basins, watershed 
best management practices (BMPs), and a phosphorus removal treatment system.  However, the 
phosphorus removal treatment system was deleted and a three year evaluation task was added.  This 
memorandum presents our evaluation of Project 06-1 as of this date.  
 
Several measures were implemented to reduce in lake phosphorus concentrations in Swartout, 
Albion, and Henshaw Lakes, thereby reducing the phosphorus load to Cedar Lake and improving 
lake water quality in Cedar, Swartout, Albion, and Henshaw Lakes. The projects that were 
implemented are described below and their locations are shown on Figure 1.  
 
Ultimately, the plan that was implemented was a portion of the original plan. When addressing 
impairments in shallow lakes it is also necessary to address the health of biological communities.  To 
improve the quality of shallow lakes, it is beneficial to restore the health of biological communities 
in the lake, including fish, plants, and zooplankton.  Ideally, shallow lake management plans 
incorporating water level management to promote vegetation growth, and fish community 
management strategies, such as lake drawdowns or the application of Rotenone to promote rough 
fish kills, would be implemented.  However, efforts to implement these strategies have been met with 
limited success with landowners so the implementation strategies were limited to rough fish barriers 
and harvesting, and watershed BMPs.   
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Best Management Practices (BMPs)  
The Project recommended the implementation of watershed BMPs, including drain tile inlet 
replacement, buffering of tile inlets, and ditch and stream buffer strips.   
 
Watershed BMPs that were implemented in 2007 included 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 one year cropland buffers were not renewed and were planted into corn in 2008.  
There were no additional buffers implemented in 2008 or 2009.  
 
Rough Fish Management 
Rough fish management activities including the construction of carp barriers and rough fish 
harvesting were recommended and implemented as part of the Project to help control rough fish 
populations in the upstream lakes. 
 
The Project recommended the construction of four carp barriers on Cedar Lake tributary streams.  
The fish barriers are intended to impede upstream migration of carp, which prevents adult carp from 
reaching their preferred spawning grounds in the wetlands adjacent to the lakes.  This can help keep 
carp populations in check and also reduces carp damage to shallow upstream lakes.  Carp can cause 
problems in shallow lakes by stirring up bottom sediments through their feeding activities. This 
makes the waters turbid which typically does not allow submerged aquatic vegetation to grow in the 
lake.  The disturbance of the nutrient rich bottom sediments can also lead to an increase in internal 
cycling of nutrients from the bottom sediments, exacerbating the impairment of upstream lakes and 
therefore adding higher phosphorus loads to Cedar Lake.  
 
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.  In 2008, carp barriers were 
installed at two inlets to Swartout Lake and in the diversion channel upstream of Segner Pond. Based 
on observations made during 2008 and 2009, the barriers appear to be effectively restricting the 
upstream migration of carp from Cedar Lake to the upstream lakes.   
 
In addition to the installation of fish barriers, rough fish harvesting was conducted in the upstream 
lakes in 2008.  Approximately 57,000 lbs of carp were removed from Swartout Lake by two nettings 
performed by a commercial fishing operation in February 2008.  An additional 4,760  lbs of rough 
fish were removed from Swartout Lake in December 2008.  Netting was also performed on Henshaw 
Lake in 2008, removing 220 lbs of bullheads from the lake.     
 
While it is difficult to completely eradicate carp from lakes, 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 waters downstream.  A reduction in the carp 
population in the lakes together with improved water clarity may allow aquatic vegetation to grow in 
the lake, which would provide more suitable habitat for waterfowl and other wildlife.   
 
It is difficult to determine with certainty the impact that the rough fish management practices that 
have been implemented have had on carp populations. However, observations made in 2008 and 
2009, coupled with the significant decrease in the amount of carp harvested from the lake in 
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December 2008, indicate that the implemented practices have been effective in reducing carp 
populations.  
 
Sedimentation Basins 
The Project recommended the construction of three sedimentation basins. However, one larger basin 
was constructed.  
  
Construction of the Segner Pond treatment wetland on the Cedar Lake inlet just upstream of Cedar 
Lake was completed in 2008.  Construction of the treatment wetland began in December 2007, and 
the grading and placement of the limestone treatment filter was completed in January 2008.  Flow 
from the inlet to Cedar Lake was not diverted into Segner Pond until September 2008 to allow 
vegetation to become established on the slopes of the pond and in the mitigation wetland.   
 
The treatment wetland consists of a 2.9 acre sedimentation basin with a limestone treatment filter.  A 
diversion constructed in the stream channel upstream of the treatment wetland routes stream flow 
into the sedimentation basin to remove particulate phosphorus from the inflow to Cedar Lake.  The 
limestone treatment filter further reduces the phosphorus load to Cedar Lake by removing dissolved 
phosphorus from the inflow.  The limestone filter targets the soluble portion of the phosphorus load 
to Cedar Lake.  
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RESULTS 
Water quality monitoring was conducted for the past three years to track the progress of the Project.  
The results of the monitoring are described in the following section. Samples were collected from 
four lakes, including Albion Lake, Cedar Lake, Henshaw Lake, and Swartout Lake.  Samples were 
also collected from eight locations in tributary streams in the subwatershed during the time period 
that the tributary streams were flowing.  
 
Stream Loads 
The tributary streams that were monitored typically started flowing in early spring after snow melt 
and flowed until early summer, depending on precipitation conditions.  Since precipitation was near 
or below normal in 2007-2009 (See Table 1), most of the streams were not flowing after early 
summer during each year in which they were monitored. 
 
Table 1: Annandale Precipitation, 2007-2009 

  

2007 
Annandale/ 

Corinna 
(Wright) 

2008 
Annandale/ 

Corinna 
(Wright) 

2009 
Annandale/ 

Corinna 
(Wright) 

1971-
2000 

Normal 
(Cokato)

January 0.39 0.34 0.66 0.93 
February 0.69 0.40 0.76 0.70 
March 2.29 0.83 2.93 1.69 
April 1.78 3.31 0.97 2.33 
May 2.37 5.21 0.88 3.30 
June 2.29 4.12 5.49 4.62 
July 1.84 1.61 1.45 4.04 
August 4.97 1.95 5.90 4.00 
September 5.20 2.46 1.06 2.78 
October 4.79 2.39 6.32 2.23 
November 0.02 1.31 -- 1.73 
December 1.19 1.07 -- 0.71 

Total 27.82 25.00 26.42* 29.06 
*Total through October (Normal through October is 26.62 inches) 

 
The calculated phosphorus loads at each stream location monitored from 2007-2009 are shown 
below in Table 2 and on Figure 2.  Runoff and phosphorus loads were highest in 2008 due to 
increased precipitation during the early summer period when the streams were flowing.  Overall, the 
external phosphorus load to Cedar Lake, as measured at monitoring site SSW04 ranged from 
approximately 500 lbs to 1000 lbs with an average of 797 lbs compared to the project goal of 1000 
lbs.  
 
The phosphorus load calculated for monitoring site SSW02 indicates that a large load of phosphorus 
enters Swartout Lake from the watershed east of the lake.  
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Table 2: Tributary Stream 2007-2009 Data 

Site 2007 2008 2009 2007 2008 2009 2007 2008 2009
SCE01 38 28 34 121 199 136 1.6 3.6 2
SCE03 186 49 * 136 8 * * * *
SDD01 352 165 178 163 120 10 3.1 4.8 0.4
SHE01 283 222 195 81 247 61 1.2 4.5 1.3
SSW01 232 159 276 98 698 602 0.7 7 3.5
SSW02 96 301 345 292 858 739 0.5 4.7 3.5
SSW03 257 71 * 102 39 * 1.6 2.2 *
SSW04 58 201 265 870 1011 512 1.2 4 1.5
*Site not monitored

TP Load (lbs) Runoff (in)Mean TP Concentration (ug/L)

 
 
In-Lake Water Quality 
Summer average phosphorus and chlorophyll-a concentrations and Secchi depth from the four lakes 
monitored from 2007-2009 is shown below in Table 3.  Data from the closest year in which each 
lake was monitored prior to the start of the Project is also included in Table 3 for comparison.  These 
summer average values are compared to past concentrations from all monitoring conducted prior to 
2007 in Appendix A.  
 
Table 3: Summer Average Monitoring Data 

Summer Average (June-Sept) 
Lake Year Phosphorus (ug/L) Chlor-a (ug/L) Secchi Depth (m) 

2006 296 203 1.2 
2007 186 79 1.1 
2008 188 97 1.1 

Albion 2009 173 38 1.4 
2006 58 20 2.6 
2007 29 11 1.7 
2008 19 9 1.8 

Cedar 2009 32 12 1.9 
2005 281 144 0.5 
2007 390 278 0.2 
2008 266 121 0.7 

Henshaw 2009 90  25 0.7 
2006 372 207 0.9 
2007 262  168 0.2 
2008 401  832 0.6 

Swartout 2009 299  152 0.2 
 
Overall, summer average phosphorus and chlorophyll-a concentrations in Albion and Henshaw 
Lakes have decreased since the start of the Project.  Similarly, water clarity in the two lakes has 
improved.  Abundance of submerged aquatic vegetation was noted to be improved in Albion and 
Henshaw Lakes in 2009.  The suspected cause of the improvement in water quality in these two lakes 
is the improved ecological health of the two lakes resulting from natural fish kills due to freeze out 
and lower water levels due to below normal precipitation allowing for an increase in aquatic 
vegetation growth.   
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Summer average total phosphorus and chlorophyll-a concentrations in Swartout Lake have remained 
high but relatively stable since 2006.  Water clarity remains low in the lake due primarily to severe 
algae blooms throughout the summer.   
 
Monitoring data from events conducted from 2007 to 2009 in Cedar Lake is found in Appendix B.  
Overall, summer average in-lake phosphorus concentrations ranged from 19 to 32 µg/l during that 
time period.  From 2007 to 2009, Cedar Lake was also sampled by a lake resident as part of a 
volunteer lake monitoring program. As demonstrated in Appendix B, data from the two monitoring 
programs was found to be similar.    
 
While in-lake summer average phosphorus concentrations have decreased in Cedar Lake since 2006, 
they remain above the Project goal of 20 µg/l.  
 
Although internal loading of phosphorus is not suspected to make up a significant portion of the 
phosphorus load in Cedar Lake, it is likely that there is some internal loading of phosphorus in the 
lake.  This is evidenced by increased concentrations of phosphorus in the lake in 2009, even though 
the external load to the lake was relatively low. Samples were collected near the bottom of the lake 
in 2007 and 2009 (See Table 4).  Elevated concentrations of phosphorus near the lake bottom 
indicates potential internal loading.  Temperature and dissolved oxygen profile data indicates that the 
lake is stratified during most of the time period from June to September.  
  
Table 4: Cedar Lake Near Bottom Monitoring Data 

Site ID Date TP (µg/L)
OrthoPhos 

(µg/L) Total Fe (mg/L)
LCE01B 5/25/2007 56 39 0.14
LCE 01B 6/29/2007 158 121 0.08
LCE01B 7/27/2007 150 129 0.12
LCE01B 8/24/2007 159 139 0.04
LCE01B 6/11/2009 212 166 < 0.015
LCE01B 7/13/2009 279 179 0.015
LCE01B 8/6/2009 272 254 0.036
LCE01B 9/14/2009 365 263 0.135  

 
 
It is suspected that curly leaf pondweed, which is present in small areas of the lake, may contribute to 
internal loading in the lake by making phosphorus from buried lake sediment available in the water 
column during the growing season.  
 
Although the summer average Secchi depth has not shown an improvement since 2006, at times, 
water clarity in Cedar Lake has been very good.  In 2007, although the average Secchi depth was 1.7 
meters, the observed range of Secchi depth was 0.9 to 5.2 meters.  In 2008, Secchi depth ranged from 
1.4 to 5.5 meters with an average of 1.8 meters, and in 2009 Secchi depth ranged from 1.1 to 9.4 
meters with an average of 1.9 meters.  
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CONCLUSIONS 
 

1. The external phosphorus load to Cedar Lake from the upstream watershed for 2007 to 
2009 was between approximately 500 lbs and 1000 lbs with an average of 798 lbs/year 
compared to the project goal of 1000 lbs. 

 
2. Precipitation during 2007 to 2009 was below average overall, and thus lower than average 

annual runoff.  
 
3. The in-lake phosphorus concentration in Cedar Lake was between 19 and 32 µg/l 

compared to a goal of 20 µg/l. 
 

4. Three years of reduced external phosphorus loading has not resulted in meeting the Cedar 
Lake in-lake phosphorus concentration goal.   

 
5. Fewer BMPs were implemented than planned.  

 
6. Rough fish harvesting in conjunction with the installation of carp barriers was effective in 

reducing carp populations in Swartout Lake.  
 

7. Curly leaf pondweed appears to be contributing to the internal phosphorus loading of 
Cedar Lake.   

 
RECOMMENDATIONS 
 

1. Continue funding additional BMPs (especially in the watershed tributary to Swartout 
Lake to the southeast) and maintain existing BMPs.  

 
2. Continue maintaining carp barriers and continue with rough fish harvesting from 

Swartout Lake.  
 

3. Continue the project evaluation monitoring program. 
 

4. Consider curly leaf pondweed management in Cedar Lake, which may include vegetation 
inventories and chemical treatment.  

 
5. Continue maintenance of Segner Pond.  
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Appendix B 
 
 

Cedar Lake Monitoring Data 
 



Appendix B: Cedar Lake 2007-2009 Water Quality 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 Summer (June-Sept) 
Average 32 11 1.1

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

Volunteer Lake 
Sampling Results

2007 Summer (June-Sept) 
Average 26 11 1.6

5/8/2008 38 17 3.1
7/7/2008 18 9.2 1.8
8/6/2008 20 1.8

9/30/2008 1.7
10/21/2008 70 17 1.7

2008 Summer (June-Sept) 
Average 19 9 1.8

5/18/2008 37 4 4.7
6/16/2008 24 3 5.5
7/20/2008 39 14 2.0
8/17/2008 24 8 1.4
9/14/2008 20 9 2.4

2008 Summer (June-Sept) 
Average 27 9 2.8

6/11/2009 26 13.8 3.5
7/13/2009 42 16.3 1.1
8/6/2009 32 9.2 1.4
9/14/2009 26 7.4 1.8

2009 Summer (June-Sept) 
Average 32 12 1.9

5/17/2009 44 1 9.4
6/14/2009 34 23 2.1
7/19/2009 42 22 1.4
8/23/2009 27 9 1.5
9/20/2009 36 5 1.7

2009 Summer (June-Sept) 
Average 35 15 1.7

CRWD Sampling 
Results

CRWD Sampling 
Results

Volunteer Lake 
Sampling Results

CRWD Sampling 
Results

Volunteer Lake 
Sampling Results
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maximum depth of eight feet (Table 3.1). The littoral zone covers the entire 270-acres of the 
basin due to the maximum depth being less than 15 feet. As a result of Henshaw Lake having a 
littoral area greater than 80 percent of the basin, the lake meets the MPCA definition of a 
shallow lake. There are no defined inflow or outlet tributaries for Henshaw Lake. A wetland 
complex at the northwest corner of the basin serves as the lake outlet as it flows north toward 
Swartout Lake. 
 
3.1.5 Swartout Lake 
 
Swartout Lake is not located along the main stem of the Clearwater River, but instead is part of a 
chain of three lakes that is tributary to Cedar Lake in the southeast-most corner of the Clearwater 
River watershed. Swartout Lake is located downstream of Albion and Henshaw Lakes and 
upstream of Cedar Lake. The Swartout Lake watershed covers 4,768 acres including 
approximately 2,771 acres of direct sub-watershed and the upstream watersheds of Albion and 
Henshaw Lakes. The Swartout Lake watershed is located within Albion Township in Wright 
County, Minnesota. There are no municipalities located within the Swartout Lake watershed. 
Swartout Lake is a 296-acre basin with an average depth of seven feet and a maximum depth of 
12 feet (Table 3.1). The littoral zone covers the entire 296-acres of the basin due to the maximum 
depth being less than 15 feet. As a result of Swartout Lake having a littoral area greater than 80 
percent of the basin, the lake meets the MPCA definition of a shallow lake. There are two 
unnamed tributaries that flow into Swartout Lake. One tributary flows from Albion Lake and 
enters the southwest corner of the basin and the second flows from a wetland complex that is part 
of the Swartout State Wildlife Management area and enters at the southeast corner of the basin. 
The outlet of Swartout Lake is a perennial stream that exits the northeast corner of the lake and 
flows north to Cedar Lake. 
 

 
Table 3.1  Morphometric characteristics for the five lakes in the Clearwater River 

Chain of Lakes 

Parameter Lake 
Caroline 

Lake 
Augusta 

Albion 
Lake 

Henshaw 
Lake 

Swartout 
Lake 

Surface Area (ac) 125 169 251 271 296 
Average Depth (ft) 15 25 6 4 7 
Maximum Depth (ft) 44.5 82 9 8 12 
Volume (ac-ft) 1,923 4,269 1,508 1,904 2,105 
Average Residence Time (days) 0.07 0.15 4.80 4.65 1.26 
Littoral Area (ac) 59 55 251 270 293 
Watershed (ac) 61,975 64,779 1,094 903 4,768 
 
 
3.2 LAND USE 
 
The Clearwater River watershed is composed mainly of agricultural land uses. The National 
Agriculture Statistics Services (NASS) 2007 cropland data layer was used to determine land use 
within the sub-watersheds of the five lakes in this TMDL study. This data is an appropriate data 
set for large agricultural watersheds as the use categories within the data set are more specific in 
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Figure 5.2 Average In-lake TP Concentrations for Deep Impaired Lakes  
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Table 5.1   Recent Typical Annual Average TP Concentrations Compared to Numeric 

Standard  
 

TP (μg/L) Chlorophyll-a (μg/L) Secchi Depth (ft) 
Lake Standard Recent Standard Recent Standard Recent 
Lake Caroline 40 36 – 95 14 12 - 55 4.6 4.2 - 7.2 
Lake Augusta 40 31 - 84 14 6 – 29 4.6 5.7 - 7.2 
Albion Lake 60 130 - 296 20 60 - 204 3.3 1.6 - 5.2 
Henshaw 
Lake 

60 150 - 390 20 53 - 278 3.3 0.7 - 2.9 

Swartout Lake 60 200 - 421 20 144 - 832 3.3 0.7 - 3.3 
 
  
5.1 LAKE CAROLINE 
 
District monitoring for Lake Caroline began in 1981 with the Clearwater Chain of Lakes 
Restoration Project.  Summer average total phosphorus concentrations in Lake Caroline ranged 
from 36 in 2008 to 300 μg/L in 1983.  With the exception of 2008, average in-lake 
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concentrations exceed the state standard of 40 μg/L during all monitoring years.  Since 1998, 
recent typical in-lake average summer surface TP concentrations have averaged about 60 μg/L. 
Summer average chlorophyll-a concentrations ranged from 3 μg/L in 1983 to 55 μg/L in 1998.  
Since 1998, typical recent chlorophyll-a concentrations have averaged about 32 μg/L.  Observed 
Secchi-depth readings have ranged from just over 2.5 feet in 1994 to greater than 6 feet in 2006.  
Since 1998 the recent average Secchi depth is approximately 5 feet. In-lake water quality in Lake 
Caroline has improved significantly relative to monitoring conducted in the early 1980s.   
 
 
5.2 LAKE AUGUSTA 
 
District water quality monitoring in Lake Augusta began in 1981. Summer average total 
phosphorus concentrations in Lake Augusta have exhibited a wide range of variation, ranging 
from 28 μg/L in 1995 to 300 μg/L in 1983. Average in-lake concentrations exceed the state 
standard of 40 μg/L during 14 of 20 monitoring years.  Since 1997, recent typical in-lake average 
summer surface TP concentrations have averaged about 50 μg/L. 
 
Observed in lake chlorophyll-a concentrations have varied widely in Lake Augusta with some 
years below the State standard of 14 μg/L and other years greatly exceeding the standard.  
Summer average chlorophyll-a concentrations ranged from 4 μg/L in 1983 to 73 μg/L in 1990. 
Since 1997, typical recent chlorophyll-a concentrations have averaged about 16 μg/L.  Secchi 
depth has varied from 3.5 feet in 1991 to a high of 6.2 feet in 2002. Since 1997, recent typical 
Secchi depth values have averaged about 5.5 feet.  In-lake water quality in Lake Augusta has 
improved significantly relative to monitoring conducted in the early 1980s; however, the lake 
remains impaired.   
 
 
5.3 ALBION LAKE 
 
District monitoring in Albion Lake began in 1996. Summer average total phosphorus 
concentrations in Albion Lake have ranged from 130 to 296 μg/L during that time. Average in-
lake concentrations have exceeded the State standard for shallow lakes of 60 μg/L during all 
monitoring years. Recent typical in-lake P concentrations have average about 230 μg/L. Albion 
Lake is located in the southeast-most corner of the Clearwater River watershed. It has no 
contributing upstream lakes and a relatively small contributing watershed. The outlet to Albion 
Lake is a tributary stream that flows north into Swartout Lake.  
 
Chlorophyll-a values observed in Albion Lake have ranged from 60 μg/L in 2005 to 203 μg/L in 
2006, with recent values averaging approximately 120 μg/L. The Secchi depth readings have 
ranged from 1.6 to 5.2 feet, averaging 3.6 feet. Secchi values have been equal to or better than 
the State standard during each of the past three monitoring years.   
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5.4 HENSHAW LAKE 
 
District monitoring for Henshaw Lake began in 1995. Summer average total phosphorus 
concentrations in Henshaw Lake ranged from 150 μg/L in 1998 to 390 μg/L in 2007. Average 
in-lake concentrations have exceeded the state standard for shallow lakes of 60 μg/L during all 
monitoring years. Recent typical in-lake P concentrations have averaged about 270 μg/L.  
 
Henshaw Lake is located in the southeastern corner of the Clearwater River watershed.  It has a 
very small drainage area with a 2.3:1 ratio and no upstream lakes.  An outlet structure for 
Henshaw Lake installed at an unknown time artificially maintains lake elevations compared to 
native conditions.  The native condition of Henshaw Lake was likely waterfowl habitat instead 
of its current state as fish habitat.  The combination of artificially maintained hydrology in 
Henshaw Lake and the introduction of carp likely led to the current level of degradation in 
vegetative habitat and the resulting water quality.    
 
Chlorophyll-a concentrations in Henshaw Lake have varied from a low of 53 μg/L in 1998 to a 
high of 278 μg/L in 2007. Recent chlorophyll-a concentrations have averaged approximately 150 
μg/L.  Water clarity is very poor in Henshaw Lake. The Secchi depth readings have ranged from 
0.7 to 2.95 feet due primarily to high non-algal turbidity, though algal turbidity is also an issue.  
Non-algal turbidity is driven by wind suspension and the lack of aquatic macrophytes.  The 
water clarity values have been less than the State standard for shallow lakes (>3.2 ft) during all 
monitoring years. Recent Secchi values have averaged slightly less than 2 feet.   
 
The CRWD has worked unsuccessfully with Ducks Unlimited and land owners to implement a 
shallow lakes management plan that includes drawdown of the lake and rough fish management.  
The lake shore residents have been unreceptive to such plans citing an unwillingness to 
manipulate lake levels or to treat the lake with pesticide to eradicate rough fish.   
 
 
5.5 SWARTOUT LAKE 
 
District monitoring for Swartout Lake began in 1996. Water quality is very poor in Swartout 
Lake with observed total phosphorus and chlorophyll-a concentrations exceeding State standards 
during all monitoring years. Summer average total phosphorus concentrations in Swartout Lake 
ranged from 200 μg/L in 1999 to 421 μg/L in 2003.  Recent typical in-lake P concentrations 
have averaged about 300 μg/L. 
 
Observed chlorophyll-a concentrations have ranged from 144 μg/L in 2005 to 444 μg/L in 2003.  
Recent typical chlorophyll-a concentrations have averaged about 220 μg/L. Water clarity is very 
low in Swartout Lake, with Secchi depth values ranging from 0.7 to 3.2 feet. Recent Secchi 
values have averaged approximately 2 feet.   
 
Rough fish migration control and removal is an important element of past and current lake 
management.  The District has worked in recent years with the Swartout Lake residents in an 
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attempt to control populations and movements of rough fish, specifically carp, in Swartout Lake. 
Fish barriers to prevent carp from migrating into wetlands adjacent to Swartout Lake have been 
installed. Additionally, commercial fishermen were hired during the winter of 2007/2008 and 
again during the winter to 2008/2009 to net and remove rough fish from Swartout Lake.  Table 
5.2 shows the pounds of fish removed during recent commercial fishing efforts.   
 
Table 5.2  Rough Fish Removal from Swartout Lake 
 

Year Rough Fish 
Removed (lbs) 

February 2008 57,000 
December 2008 5,000 
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Lake Augusta: 
 Water quality in Lake Augusta is dominated by loads from the Clearwater River and 

Lake Caroline.  The short residence time of this lake means that water quality in the lake 
during the early spring and summer months is essentially the same as in the river. 

 Based on the model results, it appears that water quality goals can be met through a 
combination of watershed and internal load reductions and management.  

 
Albion Lake: 

 Lake Albion is much closer to a clear state shallow lake than are either Swartout or 
Henshaw.  Management strategies for this lake should be taken very carefully given the 
lake’s current state of ecological integrity. 

 Albion Lake has a small tributary watershed. As a result, while a reduction of watershed 
loads will be important, reducing watershed loads alone will not be sufficient to achieve 
water quality targets for the lake. 

 Internal loads in Albion Lake are the major nutrient source to the lake. A significant 
reduction in this internal nutrient source will be required to meet water quality targets; 
however, care must be taken to maintain high ecological integrity. 

 
Henshaw Lake: 

 Henshaw Lake has a small tributary watershed. As a result, while a reduction of 
watershed loads will be important, reducing watershed loads alone will not be sufficient 
to achieve water quality targets for the lake. 

 The tributary watershed alone is unlikely to have caused the impairment of the lake itself.  
Artificial maintenance of lake level through installation of an outlet, coupled with the 
introduction of rough fish, has likely resulted in the turbid water conditions observed on 
Henshaw Lake.  As phosphorus loading alone did not impair the lake, hydrologic and 
ecological restorations will also be required to return the lake to a more clear state. To 
date, however, residents have been unwilling to implement recommended strategies 
outside of watershed load reduction.  

 Internal loads in Henshaw Lake are the major nutrient source to the lake. A significant 
reduction in this internal nutrient source will be required to meet water quality targets 

 
Swartout Lake: 

 Internal loads in Swartout Lake are the major nutrient source to the lake. A significant 
reduction in this internal nutrient source will be required to meet water quality targets 

 Swartout Lake receives significant nutrient loads from both the lake direct subwatershed 
and the upstream lakes, Albion and Henshaw.  

 Management of both internal and external loads to Swartout Lake will be critical in 
achieving water quality goals. 
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Table 7.1  WWTPs in the Clearwater River Watershed District Tributary to Listed Waters 
Addressed in this Report. 
 

Permit Holder/ System Waste Water Treatment 
Method 

City of Fairhaven SSTS (Potential future) 
City of Kimball Land Application (SDS Permit) 
City of Watkins Land Application (SDS Permit) 
City of South Haven Land Application (SDS Permit) 
CRWD- Regional Master System (Potential) 
CRWD- Rest-a-While Shores Cluster System 
CRWD- Wandering Ponds Cluster System 
CRWD- Lake Louisa Hills  Pending Cluster System 

 
The load allocation must be divided among existing sources, save those that are not permitted 
under state law.  Discharge from septic systems, for example, is not allowed by law and therefore 
the load allocation for septic systems is zero.  Relative proportions allocated to each source are 
based on reductions that can reasonably be achieved through best management practices as 
discussed in the implementation section of the report.     
   
7.1.2 Critical Conditions 
 
The critical period for lakes is the summer growing season.  Minnesota lakes typically 
demonstrate the impacts of excessive nutrients during the summer recreation season (June 1 to 
September 30) including excessive algal blooms and fish kills.  Lake goals have focused on 
summer-mean total phosphorus, Secchi transparency and chlorophyll-a concentrations.  These 
parameters have been linked to user perception of water quality (Heiskary and Wilson 2005).  
Consequently, the lake response models have focused on the summer growing season as the 
critical condition.   
 
7.1.3 Allocations 
 
The loading capacity is the total maximum daily load.  The daily load and wasteload allocations 
for the average conditions for each lake are shown in Table 7.2 
 
Table 7.2 Total Phosphorus TMDL Allocations Expressed as Daily Loads  

Lake

Total 
Phosphorus 

TMDL          
(lbs/day)

Waste Load 
Allocation       
(lbs/day)

 Load 
Allocation      
(lbs/day)

 Margin of 
Safety

Lake Caroline 10.14 0.10 10.04 Implicit
Lake Augusta 11.36 0.11 11.25 Implicit
Albion Lake 0.98 0.01 0.97 Implicit
Henshaw Lake 0.73 0.01 0.72 Implicit
Swartout Lake 2.22 0.02 2.20 Implicit  

T:\0002\127\models and data\Goal LRM (Marie-Caroline-Augusta).xls – TMDL Tables 
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Load allocations by source for each lake are provided in Table 7.3.  No reduction in atmospheric 
loading is targeted because this source is impossible to control on a local basis.  The remaining 
load reductions were applied based on our understanding of the lakes and efficacy of proposed 
implementation strategies, as well as the model fit.   
 
Table 7.3  Total Phosphorus Partitioned Load Allocation Expressed as Daily Load  

Lake

 Load 
Allocation      
(lbs/day)

Direct 
Watershed

Upstream 
Lakes

Septic 
Systems

Atmospheric + 
Groundwater Internal

Lake Caroline 10.04 0.59 6.41 0.00 2.23 0.82
Lake Augusta 11.25 0.76 6.65 0.00 1.93 1.91
Albion Lake 0.97 0.34 0.00 0.00 0.16 0.47
Henshaw Lake 0.72 0.08 0.00 0.00 0.18 0.46
Swartout Lake 2.20 0.82 0.33 0.00 0.19 0.86  

T:\0002\127\models and data\Goal LRM (Marie-Caroline-Augusta).xls – TMDL Tables 

 
Annual total maximum loads are provided in Tables 7.4 and 7.5.  The values in Tables 7.2 and 
7.3 are calculated from annual loads dividing by 365.25 days per year (to account for leap year).  
The loading capacity provided in Tables 7.4 and 7.5 are based on average model predicted 
results for the years in which lake water quality data was available during the recent seven-year 
period, which represents both wet and dry conditions.   
 
Table 7.4 Total Phosphorus TMDL Allocations Expressed as Annual Loads 

Lake

Total 
Phosphorus 

TMDL         
(lbs/yr)

Waste Load 
Allocation     

(lbs/yr)

 Load 
Allocation      

(lbs/yr)
 Margin of 

Safety
Lake Caroline 3,705 37.05 3,668 Implicit
Lake Augusta 4,150 41.5 4,109 Implicit
Albion Lake 359 3.59 355 Implicit
Henshaw Lake 265 2.65 262 Implicit
Swartout Lake 812 8.12 804 Implicit  

T:\0002\127\models and data\Goal LRM (Marie-Caroline-Augusta).xls – TMDL Tables 

 
Table 7.5  Total Phosphorus Partitioned Load Allocation Expressed as Annual Load 

Lake

 Load 
Allocation      

(lbs/yr)
Direct 

Watershed
Upstream 

Lakes
Septic 

Systems
Atmospheric + 
Groundwater Internal

Lake Caroline 3,668 214 2,342 0 814 298
Lake Augusta 4,109 279 2,429 0 704 697
Albion Lake 355 125 0 0 59 171
Henshaw Lake 262 30.1 0 0 64.8 167.5
Swartout Lake 804 300 120 0 70.5 314  

T:\0002\127\models and data\Goal LRM (Marie-Caroline-Augusta).xls – TMDL Tables 
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9.0 Implementation 

9.1 IMPLEMENTATION FRAMEWORK 
 
Implementing TMDLs within the CRWD will be a collaborative effort between state and local 
government, and individuals led by the CRWD.  To meet water quality standards, CRWD will 
leverage existing regulatory framework, and relationships to generate support for TMDL 
implementation efforts.  CRWD will provide technical support, funding, coordination and 
facilitation to other cooperating LGUs when needed.   For example, the CRWD has funded 
stormwater studies for the cities of Kimball, Annandale and Watkins though which several 
opportunities to retrofit BMPs to existing development were identified as well as opportunities 
for BMPs for future development.  Efficiency and cost savings are realized by using existing 
governmental programs and services for TMDL implementation to the maximum extent possible.  
 
Second, the CRWD is committed to identifying new technologies and new methods for reducing 
nutrient loads to lakes.  For example, the CRWD achieved their in lake water quality goal in 
Clearwater Lake by identifying watershed sources and designing cutting edge projects that 
reduced watershed P through the Chain of Lakes Restoration in the 1980s.   
 
9.1.1 Clearwater River Watershed District 
 
The mission of the Clearwater River Watershed District is to promote, preserve and protect 
water resources within the boundaries of the District in order to maintain property values and 
quality of life as authorized by MS103D.  To this end, the District’s Comprehensive Plan 
approved July 23, 2003, documents the District’s goals, existing policies and proposed actions.  
One of the District’s stated goals is to bring all of CRWD surface water into compliance with 
state water quality standards through the TMDL process.     
 
Because the primary goal and mission of the CRWD is in line with the goal of TMDL 
implementation, many of the implementation strategies are extensions of existing CRWD 
programs and projects and can be funded using existing CRWD budgets.  However, additional 
implementation funding will be necessary.  The recommended implementation plan to meet lake 
water quality goals and associated cost is described in the following section. 
 
9.1.2 Counties, Cities, Townships, Lake Associations 
 
Partnerships with counties, cities, townships and lake associations are one mechanism through 
which the CRWD protects and improves water quality.  The CRWD will continue its strong 
tradition of partnering with state and local government to protect and improve water resources 
and to bring waters within the CRWD into compliance with State standards. 
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9.1.3 Board of Water and Soil Resources 
 
The CRWD recognizes that public funding to set and implement TMDLs is limited, and 
therefore understands that leveraging matching funds as well as utilizing existing programs will 
be the most cost efficient and effective way to implement TMDLs within the CRWD.  The 
CRWD does project a potential need for about 50% cost-share support from the Board of Water 
and Soil Resources, MPCA or other sources in the implementation phase of the TMDL process.  
 
 
9.2 REDUCTION STRATEGIES 
 
9.2.1 Annual Load Reductions 
 
The focus in implementation will be on reducing the annual phosphorus loads to the lakes 
through structural and non-structural Best Management Practices. The TMDL established for 
each lake is shown in Section 7 of this report (Table 7.2 and allocated among sources in Table 
7.3).  Table 9.1 shows load reductions by source for each lake.   
 
Table 9.1  Load Reductions by Source 

Lake Total
Direct 

Watershed
Upstream 

Lakes
Septic 

Systems

Atmospheric 
+ 

Groundwater Internal
Lake Caroline 35% 31% 43% 100% 0% 26%
Lake Augusta 27% 31% 33% 100% 0% 21%
Albion Lake 91% 63% NA 100% 0% 95%
Henshaw Lake 93% 88% NA 100% 0% 95%
Swartout Lake 90% 70% 77% 100% 0% 95%  
 
No reductions in atmospheric or groundwater loading are targeted because these sources are not 
readily controllable.  The remaining load reductions were applied based on our understanding of 
the lakes and surrounding watersheds as well as output from the model.  
 
9.2.2 Actions 
 
A conceptual implementation plan for reducing phosphorus loads to the six impaired lakes is 
presented below (Table 9.2).  Strategies are recommended based on their relative cost and 
effectiveness given the current level of understanding of the sources and in-lake processes.  
Recommendations take into account findings from stakeholder participation.  Cost share 
breakdown is expected to be 50% from the state and federal funds, 25% from the individual, and 
25% from watershed budgets.   
 
The implementation plan pulls from existing CRWD studies and project proposals to reduce 
watershed phosphorus loads. 
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Table 9.2 Conceptual Implementation Plan and Costs  
 Practice TMDL Unit Cost Units Note Qty Cost

Promote Ag BMPs (P 
Testing and fertilizer 
application) Nutrient, DO $75,000 ls 1 $75,000

Replace Tile Intakes w/ 
Filters Nutrient, DO, Bacteria $500 per intake

*evaluate 
limestone/steel wool 
filter intakes to 
increase P removal 400 $200,000

Tile Intake Buffers Nutrient, DO, Bacteria $100 per intake 300 $30,000
Buffer Tributaries Nutrient, DO, Bacteria $350 ac 300 $105,000
Buffer Stream Banks Nutrient, DO, Bacteria $350 ac 200 $70,000
DO Augmentation for 
Clearwater River DO lf

*design and construct, 
operation $500,000

Tile Discharge Management Nutrient, DO, Bacteria $130,000 ls
* Inventory, FS, design 
construct 1 $130,000

Riparian Pasture/ Grazing 
Management Grants Nutrient, DO, Bacteria $10,000 ea 10 $100,000
Street Sweeping:  Kimball, 
Southaven, Fairhaven & 
Watkins Nutrient, DO, Bacteria $40

per curb 
mile

* high efficiency, 55 
curb miles for 15 years 1,125,000

Lakeshore Septic Upgrade 
Grants Nutrient $7,500 ea All Impaired Lakes 130 $975,000

Lake shore restoration 
grants (Shore land Erosion) Nutrient $300 ea *grants 300 $90,000
Shallow Lakes Management 
Plans for Marie, Clear, 
Swartout, Albion & Henshaw 
Lakes Nutrient $15,000 ea 5 $75,000

Carp Control Nutrient $25,000

average per 
year per 
lake 

*Fish trap already 
installed at Louisa, 
harvesting under way 
in several impaired 
lakes (5 lakes, 6 yrs) 30 $750,000

Curly Leaf Pondweed 
Control Nutrient

*Lake association cost, 
some cost share $100,000

Lake Aeration Nutrient
2 Existing aerators re-
installed $600,000

Alum dosing of Cleawater 
River upstream of Kingston Nutrient, DO $600,000
Hypolimnetic withdrawl 
(Betsy) Nutrient $350,000

Kingston Wetland 
Maintenance / Enhancement Nutrient, DO $250,000
South Haven Stormwater 
Enhancement Nutrient, DO, Bacteria $75,000
City of Kimball Stormwater 
Enhancement Per 2004 
Kimball Area Stormwater 
Management Study Nutrient, DO, Bacteria $500,000

City of Watkins Stormwater 
Enhancement per 2006 
Watkins Area Stormwater 
Management Study Nutrient, DO, Bacteria $800,000
Public Outreach Nutrient, DO, Bacteria $10,000 per year 10 $100,000
Implementation Project 
Management and 
Administration Nutrient, DO, Bacteria $30,000 per year 10 $300,000
Implementation 
Performance Monitoring, 
Recommendations for 
Adaptive Management Nutrient, DO, Bacteria $25,000 per year 10 $250,000

Implementation Engineering Nutrient, DO, Bacteria $15,000 per year 10 $150,000

T:\0002\127\[TMDL Implementation_FINAL.xls]August 08 TOTAL: $8,300,000
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1.0        Purpose 

On November 11, 2009, the Board of Managers of the Clearwater River Watershed District 

(CRWD) at their regular meeting received and reviewed a Technical Memorandum from Wenck 

Associates, Inc., The District Engineer, evaluating Project #06-1, the Cedar, Albion, Swartout, 

Henshaw Improvement Project (Appendix A).  The Board of Managers also reviewed procedures 

outlined by CRWD’s attorney, Mr. Stanley J. Weinberger, Jr., in a memorandum dated 

November 9 2009 (Appendix B).  At the meeting, the Board ordered the District Engineer to 

prepare Technical Specifications for the alterations to the project.  This document is intended to 

fulfill the requirements of Minnesota Statutes Section 103D.635, Subdivision 1, for an alterations 

to a project. 
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2.0        Introduction 

Project #06-1 was ordered and implemented to improve the water quality for the four lakes of 

Cedar, Albion, Swartout and Henshaw.  The Engineer’s Report dated August 2006 considered 16 

activities to reduce the phosphorus loading to the lakes (see Appendix C).  Ultimately, six of the 

alternatives were chosen to be implemented, plus three years of evaluation to determine if more 

activities were required to meet the project goals.  The November 11, 2009, Technical 

Memorandum indicates that further activities are required to fully meet project goals. 

  

TMDL studies for Albion, Swartout and Henshaw Lakes were completed as part of the Five 

Lakes TMDL project started in 2008 and submitted to the EPA in a report dated November 2009, 

Wenck Associates, Inc. (2009). 

 

Excerpts from the TMDL report dated November 2009 (Appendix D) describes the condition of 

Albion Lake, Henshaw Lake and Swartout Lake, presents the existing loadings to the lakes, 

presents the load allocation for each lake to reach it’s in-lake water quality goal and presents a 

conceptual implementation plan to reach the water quality goals for these lakes.  Fourteen of 

these activities apply to these lakes and need to be considered for implementation. 
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3.0        Technical Specifications 

In order to fully meet the goals of Project #06-1, further activities are required as listed in 

Appendix A, C and D.  The following activities and others to be identified through further 

evaluation may be required: 

 

• Eliminate ISTS discharges; 

• Aggressive curly leaf pondweed control; 

• Removal of cormorants on Swartout Lake; 

• Carp population reduction; 

• Fish migration barriers between Albion and Swartout, and Henshaw and Swartout Lakes; 

• Install fish barriers between Highway 55 and Cedar Lake, and Swartout Lake outlet at 

CR 6 to prevent upstream migration; 

• Treat Swartout wetland outlet to remove phosphorus; 

• Increase residence time on wetland between Swartout and Highway 55; 

• Watershed best management practices; 

• Buffer tile lines, ditches and streams; 

• Lake shore management in Cedar, Swartout, Albion and Henshaw Lakes 

• Ecological management of Henshaw, Albion and Swartout Lakes; 

• Isolate Swartout Lake; 

• Isolate wetland treatment system in the Highway 55 wetland; 

• Install sedimentation basins; 

• Promote Ag BMPS (P Testing and fertilizer application); 

• Replace tile intakes with filters; 

• Tile intake buffers; 

• Buffer tributaries; 

• Buffer stream banks 
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• Tile discharge management; 

• Riparian pasture/grazing management; 

• Lakeshore septic upgrade; 

• Lakeshore restoration (shore land erosion); 

• Shallow Lakes Management Plans; 

• Public outreach; and 

• Other activities as indicated by future project monitoring and evaluation. 
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4.0        Recommendations 

It is recommended that Project #06-1 be altered, as described in Appendix A, C and D, and 

Section 3.0 Technical Specifications.  The alterations will be specifically identified by future 

project monitoring and evaluation. 
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5.0        Certification 

Additional activities as described in Appendices A, C and D (as summarized in Section 3.0) and 

others, are required to be implemented to fully achieve the purposes of Project #06-1.  The exact 

nature of additional activities will be determined from the on-going monitoring and evaluation of 

the project. 
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Appendix F 
 
 

Technical Memorandum  
Status of Cedar, Albion, Swartout, and Henshaw 

Improvement Project #06 
Dated July 3, 2012 
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TECHNICAL MEMORANDUM  (Revised 7-3-12) 

 
TO: Mr. Robert Schiefelbein, Chairperson, Board of Managers 
 Clearwater River Watershed District 
 
FROM: Norman C. Wenck, P.E. - Wenck Associates, Inc., Engineers for the District 
   
DATE: July 3, 2012 
 
SUBJECT: Status of Cedar, Albion, Swartout, and Henshaw Improvement Project #06 
 
 
1. Background 

A. The Engineers Report on the subject project dated August 9, 2006 recommended five activities 
for the water quality improvement of the four lakes.  Ultimately four of the activities were 
approved for the Project.  The Phosphorous Removal System was removed and a continuing 
monitoring program was substituted. 

B. Technical Specifications were prepared in a report dated November 24, 2009 and examined 
additional alternatives for the project.  The report stated that “further activities are required to 
fully meet the goals of the project”.  See Attachment 1 for the list of potential additional 
activities.  The Clearwater River Watershed District (CRWD) Board of Managers amended the 
project to include “Aggressive Curly Leaf Pondweed Control”. 

C. The Five Lakes Nutrient TMDL Report dated August 2010 includes the establishment of the 
TMDL for Albion Lake, Henshaw Lake and Swartout Lake.  Table 1 shows the phosphorous 
budget for these lakes.  

 
Table 1  Current Annual Phosphorous Budget  (lbs/yr) 
Lake Total Direct 

Watershed 
Upstream 
Lakes 

Septic 
Systems 

Atmospheric + 
Groundwater 

Internal 

Albion Lake 3,865 342 - 14 60.3 3,449 
Henshaw Lake 3,723 256 - 16 65.1 3,386 
Swartout Lake 7,982 1,011 533 34 71 6,333 
 
Table 2 shows the required load reduction to reach the TMDL.  It can be seen that reductions 
range from 70% to 95%, except that all septic systems must be in compliance.  If and when these 
TMDL’s are achieved it is likely that the 1000 pound per year goal to Cedar Lake should be 
achieved.  However, achieving the TMDL’s will be difficult and take many years. 
 
Table 2 Load Reductions by Source 
Lake Total Direct 

Watershed 
Upstream 

Lakes 
Septic 

Systems 
Atmospheric + 
Groundwater 

Internal 

Albion Lake 91% 63% NA 100% 0% 95% 
Henshaw Lake 93% 88% NA 100% 0% 95% 
Swartout Lake 90% 70% 77% 100% 0% 95% 

Wenck Associates, Inc. 
1800 Pioneer Creek Center 
P.O. Box 249 
Maple Plain, MN 55359-0249 
 
(800) 472-2232 
(763) 479-4200 
Fax (763) 479-4242  
wenckmp@wenck.com 
www.wenck.com 
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D. The 2011 Water Quality Monitoring and TMDL Implementation Status Report dated January 

2012 presents the stream flow and total phosphorus data from 2007 – 2011 in the Cedar Lake 
watershed. See Attachment 2. 

 
Site SSW04 represents most of the upstream watershed of Cedar Lake.  The upstream total 
phosphorous load to Segner Pond and then to Cedar Lake ranged from 512 to 3866 pounds for 
the year, and averaged about 1500 pounds per year.  
 
Segner Pond is located downstream of Site SSW04 and before Cedar Lake.  This treatment unit 
has an expected phosphorous removal efficiency of 50%, while the estimated total phosphorous 
load to Cedar Lake in 2011 was over 1900 pounds. This exceeds the 1000 pound per year goal, 
however, the five year average loading was less than the goal. 
 
For the years since 2007, total phosphorous loads to Cedar Lake were below or nearly at goal for 
four of the five years.  It is clear from this data that the loading is closely related to the run off 
volume. 

 
2.  Recent events:  

An intense algae bloom on Cedar Lake of Aphanizomenon flos – aquae occurred on June 1, 
2012. The Cedar Lake Conservation Club (CLCC) made a presentation to the CRWD on June 13, 
2012 requesting continued conversation for the improvement of Cedar Lake. 
 

3. Recent Monitoring Results 
The phosphorous concentrations in Cedar Lake are near 20 ug/L, which is quite low for the lake.  
The high water may have flushed the lake and we expect to see improved water clarity in the 
lake over the next few weeks. 
 
Phosphorous concentrations appear on the lower end of the normal ranges in Swartout and 
Henshaw.  The total phosphorous concentrations have remained stable in Henshaw.  There is 
extremely low orthophosphorous and high TSS that is coming out of Henshaw this year.  It is 
suspected that the high TSS and particulate phosphorous may be a result of rough fish stirring 
up the bottom sediments in the lake. 
 
Phosphorous concentrations on Albion are very low. We assume there is good aquatic 
vegetation cover in the lake this year. 
 
The flows appear quite high during June across the watershed, but phosphorous concentrations 
appear to be in the normal ranges at most sites. 
 
Orthophosphorous concentrations appear high at sites downstream of large wetlands.  This 
data, paired with the very low DO concentrations at some of these same sites (CLN, SSWO4) 
may be an indication of orthophosphorous export from these wetlands. 
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4.  Potential Future Activities: 

The CRWD requested an evaluation of the activities presented in Attachment 1.  Table 3 
presents the scope of various activities, together with a conceptual cost estimate and potential 
total phosphorous removal rates.  Please note the cost per pound has not been determined 
pending further definition of O & M expenses and project life expectancy. 
 

5. Recommended Actions 
a. Continue operating the present project, including rough fish management, expanding the 

buffer program with producers in the watershed, maintaining Segner Pond, and continuing 
the monitoring program. 

b. Develop Ecological Management Plans for the three upstream lakes, including consideration 
of alum treatment of the three lakes. 

c. Installation of a Wetland Treatment project in the wetland above old Highway 55. 
d. Consider a V-notch weir and sand/iron filter at the outlet of the SSWO2 wetland with an 

enhanced fish barrier. 
 

6.  Next Steps: 
 If the CRWD wishes to proceed to further consider amending the project, a Public Hearing could 
be called to reconsider activities defined in the Technical Specifications dated November 24, 
2009. 
 
Following the Public Hearing, the project could be further amended to include activities deemed 
to be necessary to meet the project’s goals. 
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Table 3:  Summary of Cost Effectiveness of Potential Activities 
Activity Conceptual Scope Conceptual Cost 

Estimate 
Potential Total 

Phosphorous Removal 
Eliminate ISTS discharges Assumptions:  

Cedar - 120 Failing units 
Albion – 3 Failing Units 
Swartout – 8 Failing Units 
Henshaw – 4 Failing Units 

$1,100,000 Up to 1,365 lbs/yr 

Curly Leaf Pond Weed Control Project amended to include this in 
2009 

N/A N/A 

Removal of Comorants on Swartout 
Lake 

Est. Total Phosphorous load to 
Swartout Lake estimated to be 9.5 
lbs/year in 2010 Water Quality 
Report, therefore not considered 
to be significant 

N/A N/A 

Carp Population Reduction Already part of project, should be 
continued 

N/A N/A 

Install fish barriers Already implemented N/A N/A 
Treat Swartout Lake Wetland 
Outlet to remove Phosphorous 

Ferric Chloride or Alum 
Treatment of Wetland discharge 

Orig. 2006: 
Cost Updated to 

$600,000 

200 to 2000 lbs/yr 
depending on runoff 

Increase Residence Time V-notch Weir on Wetland and 
acquire easements 

$200,000 80 to 600 lbs/yr 

Watershed Best Management 
Practices 

Apply to Cropland and Developed 
areas 

$270,000 115 lbs/yr 

Buffer tile lines Apply to cropland $20,000 10 lbs/yr 
Buffer ditches, streams 50 foot buffer on both sides $600,000 120 lbs/yr 
Lake Shore Management in CASH 
lakes 

Assume 50% participation $750,000 75 lbs/yr 

Ecological Management of 
Henshaw, Albion and Swartout 
Lakes  

Develop plan only, no 
implementation 

$75,000 0 

Isolate Swartout Lake Possible diversion to Crow River 
Watershed – very unlikely to be 
allowed 

$25,000,000 500 to 4000 lbs/yr 

Install Wetland Treatment System 
in Hwy 55 Wetland 

Use old Hwy 55 as berm $350,000 50 – 400 lbs/yr 

Install Sedimentation basins Already implemented   
Promote Ag BMPS Apply to cropland $400,000 115 lbs/yr 
Replace Tile Intake with Filters 
 

Apply to cropland areas $200,000 50 lbs/yr 

Riparian Pasture/Grazing 
Management 

Apply to grasslands $200,000 20 lbs/yr 

Alum Treatment of Swartout Lake 
Alum Treatment of Henshaw Lake 
Alum Treatment of Albion Lake 

Removes phosphorous from 
water column and reduces 
internal loading 

$300,000/lake Up to 4000 lbs/yr 
For 4 years 

V-Notch Weir with sand/iron filter 
on SSWO2 Wetland into Swartout 
Lake 

Removes phosphorous from 
largest input to Swartout Lake 

$150,000 800 lbs/yr 

Others are repeats or variations of 
above items 
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3.0        Technical Specifications 

In order to fully meet the goals of Project #06-1, further activities are required as listed in 

Appendix A, C and D.  The following activities and others to be identified through further 

evaluation may be required: 

 

• Eliminate ISTS discharges; 

• Aggressive curly leaf pondweed control; 

• Removal of cormorants on Swartout Lake; 

• Carp population reduction; 

• Fish migration barriers between Albion and Swartout, and Henshaw and Swartout Lakes; 

• Install fish barriers between Highway 55 and Cedar Lake, and Swartout Lake outlet at 

CR 6 to prevent upstream migration; 

• Treat Swartout wetland outlet to remove phosphorus; 

• Increase residence time on wetland between Swartout and Highway 55; 

• Watershed best management practices; 

• Buffer tile lines, ditches and streams; 

• Lake shore management in Cedar, Swartout, Albion and Henshaw Lakes 

• Ecological management of Henshaw, Albion and Swartout Lakes; 

• Isolate Swartout Lake; 

• Isolate wetland treatment system in the Highway 55 wetland; 

• Install sedimentation basins; 

• Promote Ag BMPS (P Testing and fertilizer application); 

• Replace tile intakes with filters; 

• Tile intake buffers; 

• Buffer tributaries; 

• Buffer stream banks 
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• Tile discharge management; 

• Riparian pasture/grazing management; 

• Lakeshore septic upgrade; 

• Lakeshore restoration (shore land erosion); 

• Shallow Lakes Management Plans; 

• Public outreach; and 

• Other activities as indicated by future project monitoring and evaluation. 
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From Section 4.0 Cedar Lake Project #06-1 

of 2011 Water Quality Monitoring and  
TMDL Implementation Status Report 
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Wenck File #0002-164 
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Appendix G 
 
 

Excerpts from  
2012 Water Quality Monitoring and TMDL 

Implementation Status Report 
Dated January 2013 
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to a lack of runoff from snowmelt and below normal precipitation in late summer.  Annual 
runoff at each monitoring site from 2007 to 2012 is shown in Table 4.1 below. The calculated 
phosphorus loads from 2007 to 2012 are shown in Table 4.2 below. Phosphorus loading rates at 
each monitoring location are shown on Figure 4.4.  
 
Table 4.1  Tributary Stream Flow Data 2007-2012 

 
 
Table 4.2  Tributary Stream Total Phosphorus Data 2007-2012 

 
 
Runoff was higher downstream of Swartout Lake in 2012 due to vandals removing stoplogs at 
the Swartout Lake outlet control structure in early June which lead to a large flush of water out 
of Swartout and down into Cedar Lake.  Phosphorus loads were larger than normal as a result of 
high phosphorus concentrations and the period of high flow in early June.  
 
As demonstrated in Table 4.3, ortho-phosphorus made up a large proportion ofthe total 
phosphorus at SSW04, SSW02, and SSW01 in 2012.  This is an indication that the export of 
soluble phosphorus from wetlands and lakes in the sub-watersheds upstream of Cedar Lake is a 
significant contributor to the phosphorus load to Cedar Lake.  
 
Table 4.3 Mean Phosphorus Concentrations and %TP as Ortho-P in Cedar Lake Sub-watershed   

Site 

Mean TP 
Concentration 

(µg/L) 

Mean Ortho-P 
Concentration 

(µg/L) %TP as Ortho-P 
SHE01 174 8 4% 
SCE01 28 5 18% 
SSW04 420 227 54% 
SSW02 334 190 57% 
SSW01 277 162 58% 

Site 2007 2008 2009 2010 2011 2012
SCE01 1.6 3.6 2 2.47 12.26 6.49
SHE01 1.2 4.5 1.3 5.27 14.17 5.85
SSW01 0.7 7 3.5 5.95 14.78 3.68
SSW02 0.5 4.7 3.5 3.83 7.41 6.13
SSW04 1.2 4 1.5 3.66 10.76 5.49

Runoff (in)

Site 2007 2008 2009 2010 2011 2012
TP Load 

Goal
SCE01 121 199 136 160 791 395
SHE01 81 247 61 198 424 272
SSW01 98 698 602 839 4164 1121
SSW02 292 858 739 624 2358 1342
SSW04 870 1011 512 1149 3866 2543 1000

TP Load (lbs)
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Appendix H 
 
 

Excerpts from Appraiser’s Report 
Dated October 4, 2006 
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