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Summary 
 
This report is a review of data collected in the second year (2005) of a three-year watershed monitoring 
study initiated by the Middle Fork Crow River Lakes Partnership  and being continued in 2006 by the 
Middle Fork Crow River Watershed District.  It is a follow up to the 2002 Clean Water Partnership 
“Diagnostic Study” which identified nonpoint source pollution (i.e. polluted runoff) as a major threat to 
water quality within the watershed.  Data collection is intended to help: 1) identify trends in lake and stream 
water quality; 2) target limited funds to implement Best Management Practices on the land; 3) monitor 
potential impacts from - the Highway 23 Four Lane Construction Project along with the unprecedented level 
of development occurring within the watershed and 4) increase the level of awareness of watershed 
residents and policy makers.   Stream measurements were conducted by Minnesota Department of Natural 
Resources – MNDNR- (Greg Kruse, Lisa Pearson and Carl Rundberg).  Citizen volunteers carried out water 
sampling. Skip Wright and Bruce Gilbertson -MNDNR and Bruce Wilson and Maggie Leach - Minnesota 
Pollution Control Agency summarized the data.  
 
This assessment primarily focuses on the effects of the plant growth nutrient, phosphorus, as it generally 
controls production of nuisance aquatic plant and algae as well as lake water clarity.  Accelerated 
eutrophication is caused by changes to the landscape that result in an increased delivery of the nutrient 
phosphorus to lakes and streams within the watershed and is the primary focus of this effort. Elevated 
phosphorus levels in lakes are associated with increased algae blooms, excessive plant growth, decreased 
oxygen, loss of game fish habitat, diminished recreational use, reduced lakeshore property values and loss 
of biodiversity.  Further, lakes are more susceptible to long term impacts from eutrophication than streams 
because they tend to act as nutrient traps or sinks for sediments and nutrients.  Internal loading refers to a 
condition where lake sediments become enriched with phosphorus contributed to them from the watershed 
over time.  This creates a serious condition where lake water quality is impaired from within by nutrients 
released from the sediments.   
 
Overall stream and lake water quality results for 2005 were better than 2002 and similar to 2004 levels.  The 
most significant factor affecting runoff in 2005 was that it was an extraordinally wet year.  A total 41 inches 
of precipitation was measured at the National Weather Service gage site in New London, MN.  In addition, 
heavy rains occurred in late August through November creating a significant amount of runoff during what 
is typically a drier time of the year. 
 
Increased phosphorus levels were observed within Nest Lake in July and August of 2004 and 2005, during 
periods of minimal inflow.   Elevated phosphorus levels with very little input from runoff within the 
watershed provide evidence of internal loading.  This condition coupled with an extremely wet fall resulted 
in increased phosphorus loading to Green Lake and Lake Calhoun. Consequently, elevated phosphorus 
levels were also seen in both lakes during this same time period.   
 
Nest, Calhoun and Green lakes experienced a doubling of phosphorus levels during the gowing season. due 
to increased loading from external and internal sources.  Nest Lake water quality is close to trigger values 
for listing as an impaired water body.  In contrast, Monangalia Lake exhibited stable and low phosphorus 
concentrations over the summer averaging about 31 ug P/L.   
 
From a lake management perspective, Nest, Green and Calhoun Lakes have received excessive historical 
nutrient loading and are likely going to be characterized by trends of increased algal blooms, reduced 
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transparency and increased nutrients.  Climate trends of warmer growing season nights, more intense 
rainfalls and longer growing seasons will tend to make internal loading more pronounced.  
 
Impervious surfaces in Spicer increased by 53% and by 27% in New London over the time period 1990 to 
2000.  Increases in impervious surfaces (roads, roofs, sidewalks, compacted soils and parking lots) can have 
profound negative impacts to streams, habitat for fisheries and wildlife as well as water quality.  The 
amounts of impervious surfaces within portions of the watershed have reached levels (e.g. greater than 15%) 
that have typically been well-linked to degradation of streams.  Water quality modeling indicates that all 
study lakes will be very sensitive to increased stormwater discharges.  Of particular note, in the first tier 300 
foot zone around Green Lake, is an estimated 29% imperviousness (due in equal measures to residences and 
road).  Continued growth and urban expansion expected to occur over the next three decades should be 
accompanied by establishment and protection of critical landscape areas where: 

·  development is limited to protect water quality  
·  stormwater runoff controls are carefully designed, operated, and maintained  
·  citizen awareness of water quality and stormwater issues are increased   

 
In addition to urban storm water management; agricultural storm water planning, landowner awareness, and 
implementation of conservation practices are crucial to sustaining the outstanding water quality, 
characteristic of the majority of lakes and streams within the Middle Fork Crow River Watershed. 
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Study Area 
 
The study area consists of the 167 square miles of contributing watershed located upstream of the historical 
USGS stream gauging site.  This site is now known as the County Road #2 Gauge and is located 
approximately one mile downstream of Lake Calhoun along the Middle Fork Crow River.   Flow in the 
watershed is generally northwest to southeast. The watershed is comprised of a mix of forest, cropland, 
lakes, wetlands and rapidly expanding urban areas - including the cities of New London and Spicer and 
around the larger lakes. 

 
Figure 1. Study Area 
 
Methods/Sampling   
 
Five stream sampling stations (New London Dam, County Road 40, Old Mill Dam, Alvig Slough and 
County Road 2) are located throughout the river and tributaries representing discharges along the Middle 
Fork Crow River system.  Stream flows were gauged by the Minnesota Department of Natural Resources 
Waters Division staff on multiple occasions and regressed against staff gauge readings.  Developed 
equations were used to estimate flows.  Streams were sampled approximately 9 to 15 times over the 
non-ice time period and data pooled from previous years for FLUX assessments.  
 
 Lake monitoring stations were established for two sites on Green (e.g. north and south), and one station 
each for Monongalia, Nest and Calhoun Lakes.  Laboratory analyses were performed by the ERA 
Laboratory of Duluth (Minnesota Department of Health Certified laboratory) using U.S. Environmental 
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Protection Agency (EPA) approved methods.  Lake samples were analyzed for total phosphorus and 
chlorophyll-a.  Temperature and dissolved oxygen profiles and Secchi transparency measurements were also 
taken.  
 
 
Modeling  
 
Flow-weighted mean values are calculated by computer estimation of total pounds of phosphorus at a 
specific stream station, divided by the total flow for that stream location.  Lake simulations were 
accomplished using BATHTUB software (Walker, 1999), employing natural lake phosphorus, chlorophyll-a 
and Secchi transparency models. 
The data reduction techniques include estimates of : 

1.) subwatershed mass loadings using FLUX software (Walker, 1999) for Alvig, Town Hall Road, CR 
40, New London Dam, Old Mill Dam, and Outlet; 

2.)  hydrologic and phosphorus routing through the main stem and tributary sites;  
3.)  main stem and tributary water and mass balances; and  
4.)  estimated total phosphorus loadings along the river system for Green and Calhoun direct watershed 

runoff, Spicer stormwater and County Ditch 26 (values in the appendix).   Septic tank phosphorus 
contribution value of 250 kg/year was assumed following the methodology used for the 2004 
assessment.   

 
The master files used for FLUX have been labeled all_Q.wk1 (flows) and all_s.wk1 (sampling data).  The 
master files used for BATHTUB analyses were labeled Nest05.btb and Green05.btb.  No model calibrations 
were employed in BATHTUB simulations. 
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Figure 2. Monitoring Sites 
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Precipitation 
 
 
Precipitation data for this study is based on the National Weather Service Coop Station in New London, 
MN.  This station has been in existence since 1893.   2005 was an exordinarily wet year and ranked as the 
4th wettest year for the 112 years of record.  The 41.7 inches of precipitation that occurred in 2005 is 12 
inches above what is considered “normal” for this station, based on a 30 year average (1991-2000).    
 
 

Year  Precipitation 

1983 46.5 

1986  45.5 

1991 42.6  

2005 41.7 

1993 41.6 

Normal 31.7 

 
Table 1.  Total Annual Precipitation - New London, MN. 
 
 
In addition to the extraordinary amount of annual precipitation that fell on and moved through the 
watershed, the period from August 1st – October 31st ranks 3rd all-time with 15.7 inches of rainfall (State 
Climatology Office).  Normal cumulative rainfall for these three months is 9.7 inches. 
 
 

Year  Precipitation 

1983 17.1 

1926 16.6 

2005 15.7 

1991 15.5 

2002 15.1 

Normal 9.7 

 
Table 2.  August 1st  – October 31st Total Rainfall at New London, MN. 
 
 
 
Five of the top six 24-hour rainfall events occurred between August 15th and October 16th.  Including one  
storm that  totaled 5.07-inches  on August 27th 2005.  Clearly these factors had a major influence on 
watershed hydrology, runoff volumes and water quality during the 2005 monitoring season.  Also, this 
extraordinarily wet fall created above average water levels in lakes, streams and wetlands within the Middle 
Fork Crow River Watershed during the winter of 2005-2006 and up until the writing of this document. 
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2005 Precipitation - New London, MN
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Figure 3.  Daily precipitation totals.  
 
 
 
Stream Flows 
 
A combined hydrograph showing all stream gage monitoring sites for the 2004- 2005 monitoring seasons is 
shown in Figure 4.  Stream flow for 2005 was close to average with 4-4.5 inches of runoff while 2005 
runoff levels were 9.3 –9.5 inches as measured at the New London Dam and CSAH 2 Gauging Sites, 
respectively.   
 
The highest measured flow 362 cubic feet per second (cfs) occurred on April 18th, 2005 at the New London 
Dam.   Peak flows were recorded at all of the major river sites during April of 2005.   
In general they were 1.5 – 2 times peak flows during the 2004 spring runoff.  It is also interesting to note 
that peak flows in the fall of 2005 were similar to or greater than 2004 spring runoff volumes.  This factor  
greatly effected phosphorus levels in Green and Calhoun Lakes as well as the Crow River.   Impacts from 
increased runoff and additional export of phosphorus from Nest Lake is discussed later in this report.    
 
A comparison of stream flow volumes for the CSAH 2 Site is shown in Figure 5.  The nine year average 
1997-2005 is plotted against corresponding values for 2004 and 2005.  As stated above, 2004 represents a 
near average year while 2005 has considerably higher flow volumes. 
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2004-2005 Streamflows
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Figure 4.  Combined hydrograph for all stream gage sites. 
 
 
Based on estimated annual runoff measured at County State Aid Highway 2(CSAH 2) enough water flowed 
through the watershed to replace 70% of the volume of Green Lake in 2005.  This represents approximately 
26 billion gallons of water.  In contrast Nest Lake received enough inflow from runoff to replace it’s entire 
volume 2.5 times, Monongalia 4.3 times and Calhoun at a whopping 17 times.  This demonstrates the 
importance of runoff to the hydrologic budget and overall quality of these irreplaceable lake resources. 
 
Overall there appears to be a trend toward increased precipitation, more frequent and intense storm events, 
and greater amounts of runoff within the last 25 years. This is quite possibly related to climate change 
factors and may be a trend that water resource managers and watershed residents need to be prepared to deal 
with.  Maintaining and restoring the hydrologic integrity of the watershed will be critical to protecting water 
quality and reducing the hydrologic extremes of low and high water conditions. 
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Middle Fork Crow River near Spicer, CSAH 2
Mean Daily Flow
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Figure 5.  Hydrograph of 2004 and 2005 vs. the 9 year average at CSAH 2 Gage Site. 
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Water Quality Summary 
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Data from 2002 (black numbers) and 2005 data (red numbers) in the Middle Fork system were calculated 
and plotted for lake total phosphorus concentrations (phosphorus being the key nutrient affecting nuisance 
conditions) and flow-weighted mean stream concentrations, as seen in the above figure.  Lower (improved) 
stream phosphorus concentrations were noted for all monitored sites in 2005 (e.g. New London Dam, Town 
Hall Road, Old Mill Dam, Alvig Slough, and the Outlet (at Highway 2).  In a similar fashion, all of the lakes 
also experienced a decrease in total phosphorus concentrations.   
 
Monongalia Lake (Mud Lake)  
Both the lake and the New London Dam outlet exhibited stable phosphorus concentrations during 2005.  
This strongly suggests that watershed phosphorus management techniques have been implemented.  
Hydrogen sulfide concentrations for the winter of 2004/5 and 2005/6 were not available.   
 

Name: MUD (MONOGALIA) 
DNR Lake ID number : 34-0158 
County : KANDIYOHI 
Location from nearest town:  AT NEW LONDON 
Latitude/Longitude : 45.32277778/-94.915 
Ecoregion : CHF 
Basin : UMB 
Hydrologic Unit Code : 7010204 
Surface Area : 2516 (acres) 
Maximum depth : 14 (feet) 
Water Body Type : LP 
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Lake Monongalia Total Phosphorus
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Nest Lake Summary 

Name: NEST 
DNR Lake ID number : 34-0154 
County : KANDIYOHI 
Location from nearest town:  1 MI NW OF SPICER 
Latitude/Longitude : 45.25972222/-94.96555556 
Ecoregion : CHF 
Basin : UMB 
Hydrologic Unit Code : 7010204 
Surface Area : 990 (acres) 
Maximum depth : 40 (feet) 
Water Body Type : LP 
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Quantities of water in and out of Nest Lake were estimated to average about 48 cfs translating into a water 
residence time of about 0.3 years (the amount of time it would take to refill a drained Nest Lake).  The main 
sources of phosphorus to the lake are from the Middle Fork of the Crow River (80%), and internal 
sources/lake sediments ( 8%) followed by estimated losses from septic tanks (7%).   Meaningful 
improvement of the lake water quality (and minimizing nuisance conditions) will require reductions in 
watershed P sources above Nest Lake.  The past two years of data show a doubling of surface phosphorus 
concentrations over the summer periods usually indicative of lake sediment phosphorus release coupled 
with watershed sources.  

Nest Lake Total Phosphorus
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Nest Lake Goal < 25 ppb 
 
Failing septic systems contribute to the sediment phosphorus recycling burden; therefore, improved septic 
tank performance by installing new systems or connection to the regional wastewater facility, should be 
given close scrutiny by township and county decision makers.  It has been the author’s experience that 
septic tanks typically contribute much less than 5% of the total estimated phosphorus loading.  Reducing 
upstream phosphorus sources to Nest Lake (e.g. implementation of agricultural Best Management Practices 
(BMPs) in the watershed of Monongalia Lake, improved stormwater management for the New London and 
growth zones, improved wetland area management such as reducing the river and wetland P sources above 
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County Road 40), will also be helpful to reduce sediment phosphorus accumulations over time (decades) by 
flushing them out of the Nest Lake system. 
 
 

 
 

Overall Water Balance   
Averaging 

Period =  1.00 years 
    Area Flow Variance  CV Runoff 

Trb  Type Seg Name km 2 hm 3/yr  (hm3/yr) 2  - m/yr  
1 4 1 Old Mill Dam 318.9 47.3 5.59E+00 0.05 0.15 
2 1 1 Town Hall Road 295.4 54.3 7.37E+00 0.05 0.18 
3 1 1 Septics  0.1 0.00E+00 0.00  
4 1 1 Nest Unmonitored 19.5 2.3 0.00E+00 0.00 0.12 

PRECIPITATION  4.0 3.2 4.08E-01 0.20 0.80 
TRIBUTARY INFLOW 314.9 56.7 7.37E+00 0.05 0.18 
***TOTAL INFLOW 318.9 59.9 7.78E+00 0.05 0.19 
GAUGED OUTFLOW 318.9 47.3 5.59E+00 0.05 0.15 
ADVECTIVE OUTFLOW  9.4 1.43E+01 0.40  
***TOTAL OUTFLOW 318.9 56.7 8.70E+00 0.05 0.18 
***EVAPORATION  3.2 9.17E-01 0.30  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Component:  TOTAL P       

    Load  Load Variance  Conc Export 

Trb Type Seg Name kg/yr  %Total  (kg/yr) 2 %Total  CV mg/m 3 kg/km 2/yr  

1 4 1 Old Mill Dam 1967.5  1.52E+05  0.20 41.6 6.2 

2 1 1 Town Hall Road 3040.8 80.5% 2.04E+05 99.2% 0.15 56.0 10.3 

3 1 1 Septics 250.0 6.6% 0.00E+00  0.00 2500.0  

4 1 1 Nest Unmonitored 115.0 3.0% 0.00E+00  0.00 50.0 5.9 

PRECIPITATION  79.8 2.1% 1.59E+03 0.8% 0.50 25.0 20.0 

INTERNAL LOAD  291.5 7.7% 0.00E+00  0.00   

TRIBUTARY INFLOW 3405.8 90.2% 2.04E+05 99.2% 0.13 60.1 10.8 

***TOTAL INFLOW 3777.1 100.0% 2.06E+05 100.0% 0.12 63.1 11.8 

GAUGED OUTFLOW 1967.5 52.1% 1.52E+05  0.20 41.6 6.2 

ADVECTIVE OUTFLOW 391.0 10.4% 3.02E+04  0.44 41.6  

***TOTAL OUTFLOW 2358.5 62.4% 2.19E+05  0.20 41.6 7.4 

***RETENTION  1418.6 37.6% 2.00E+05  0.31   

           

 Overflow Rate (m/yr) 14.2  Nutrient Resid. Time (yrs) 0.2021  

 Hydraulic Resid. Time (yrs) 0.3237  Turnover Ratio  4.9  

 Reservoir Conc (mg/m3) 42  Retention Coef.  0.376  
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Green Lake Summary 

Name: GREEN 
DNR Lake ID number : 34-0079 
County : KANDIYOHI 
Location from nearest town:  AT SPICER 
Latitude/Longitude : 45.25555556/-94.89194444 
Ecoregion : CHF 
Basin : UMB 
Hydrologic Unit Code : 7010204 
Surface Area : 5404 (acres) 
Maximum depth : 112 (feet) 
Water Body Type : LP 

Lake Area (acres): 5,406.00 
Littoral Area (acres): 2,035.00 
Maximum Depth (ft): 110.00 
Water Clarity (ft): 13.20 

 

Green Lake Total Phosphorus
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Green Lake Water Clarity 2005
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Green Lake Average Summer Secchi 
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Component:  TOTAL P  Segment:  1 Green Lake 
   Flow Flow Load  Load  Conc  
Trib  Type Location  hm 3/yr  %Total  kg/yr  %Total  mg/m 3 

2 1 Old Mill Dam 47.2 67.4% 1509.4 68.7% 32 
3 1 Direct Ws 2.9 4.1% 145.0 6.6% 50 
4 1 Alvig 1.3 1.9% 101.4 4.6% 78 
5 1 Spicer Stormwater  0.5 0.7% 102.0 4.6% 200 

PRECIPITATION 18.1 25.8% 339.0 15.4% 19 
TRIBUTARY INFLOW 51.9 74.2% 1857.8 84.6% 36 
***TOTAL INFLOW 70.0 100.0% 2196.8 100.0% 31 
ADVECTIVE OUTFLOW 51.9 74.2% 882.0 40.1% 17 
***TOTAL OUTFLOW 51.9 74.2% 882.0 40.1% 17 
***EVAPORATION 18.1 25.8% 0.0 0.0%  
***RETENTION 0.0 0.0% 1314.9 59.9%  
        
Hyd. Residence Time = 2.7880  yrs    
Overflow Rate = 2.3  m/yr    
Mean Depth 
=  6.4  m    

 
 
 
 
 
 

 
 
 
 
 

Segment: 1 Green Lake    
      Predicted Values--->      Observed Values--->  
Variable  Mean   Mean   
TOTAL P    MG/M3 16.8   17.0   
CHL-A      MG/M3 4.7   3.4   
SECCHI         M 2.8   3.5   

 
 
 
 
 
 
 
 
 
 

Estimated Stormwater Phosphorus to the Middle Fork Lakes (based on methodology of Reckhow and 
Simpson (1980)) 
    Kg P/Ha  
   Low Middle High 
 Acres Ha 0.3 0.6 1.0 
Spicer 796 322.3 96.7 193.4    322   
New London 585 236.8 71.1 142.1 236.8 
Developed 
Lakeshore 425 172.1 51.6 103.2 172.1 
Subtotal   219.7 439.3 730.9 
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Lake Calhoun Summary 
We could not reasonably model Lake Calhoun’s water and phosphorus dynamics due to the lack of 
resources for sampling and flow gauging of the County Ditch 26 site.   Volunteer lake Secchi transparency 
monitoring has shown, however, that Lake Calhoun’s average summer transparency has remained relatively 
stable over the past six years.  A decline of Lake Calhoun’s average total phosphorus to 28 ppb was noted 
from the 2001 value of 32 ppb.   Maintaining average total phosphorus concentrations below 30 ppb can be 
expected to result in perceptible reductions in nuisance algal blooms.  
Lake Area (acres): 618.00 
Littoral Area (acres): 618.00 
Maximum Depth (ft): 13.00 
Water Clarity (ft): 5.67 
 
 
 
 
 
Segment: 2 Calhoun    
      Predicted Values--->      Observed Values--->  
Variable  Mean   Mean   
TOTAL P    MG/M3 31.1   31.0   
CHL-A      MG/M3 8.7   10.0   
SECCHI         M 1.3   1.5   

 
 

Lake Calhoun Average Summer Transparency
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Component:  TOTAL P  Segment:  2 Calhoun  
   Flow Flow Load  Load Conc  
Trib  Type Location  hm 3/yr  %Total  kg/yr  %Total  mg/m 3 

1 4 Outlet 50.1 88.0% 1553.1 76.9% 31 
6 1 Calhoun Watershed 0.9 1.6% 90.0 4.5% 100 
7 1 cd26 2.1 3.7% 630.0 31.2% 300 

PRECIPITATION 2.1 3.7% 39.0 1.9% 19 
INTERNAL LOAD 0.0 0.0% 379.9 18.8%  
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TRIBUTARY INFLOW 3.0 5.3% 720.0 35.6% 240 
ADVECTIVE INFLOW 51.9 91.1% 882.0 43.6% 17 
***TOTAL INFLOW 57.0 100.0% 2020.8 100.0% 35 
GAUGED OUTFLOW 50.1 88.0% 2454.9 121.5% 49 
ADVECTIVE OUTFLOW 4.8 8.4% 148.2 7.3% 31 
***TOTAL OUTFLOW 54.9 96.3% 2603.1 128.8% 47 
***EVAPORATION 2.1 3.7% 0.0 0.0%  
***RETENTION 0.0 0.0% -582.3 -28.8%  
        
Hyd. Residence Time = 0.0663  yrs    
Overflow Rate = 21.1  m/yr    
Mean Depth 
=  1.4  m    
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Impervious Surfaces, Growth and Impacts 
 

Minnesota Average 27.4%
 -10.8% to    .0%
    .0% to  10.0%
  10.0% to  27.4%
  27.4% to  50.0%
  50.0% to 102.9%

Fastest Population Growth Projected for Suburbs
and North Central Counties - 2000 to 2030

Source: MN State Demographic Center

 
 
Continued steady growth in the region (e.g. 10 to 30 percent over the next three decades) means increasing 
stormwater runoff to area streams and lakes resulting primarily from additional impervious surfaces 
associated with roofs, roads and parking lots.  These changes have profound negative effects first upon 
streams, as imperviousness increase to 10 percent of stream watershed areas (and the lakes they supply) and 
beyond as shown in the below photos from the Center for Watershed Protection.  
 

Impervious Cover Change 1990 to 
2000

53.5%35.723.3698.5Spicer

27.3%28.522.4656.73
New 
London

% 
Change

2000 
IC %

1990 
IC %AcresCity

UM Remote Sensing and Geospatial Lab:  Estimated from LANDSAT satellite 

 
 
 
The University of Minnesota’s Remote Sensing and Geospatial Laboratory, under contract with the MPCA, 
developed impervious surface maps for most of the Crow River cities including Spicer and New London 
using Landsat satellite remote sensing data (Bauer and Loeffelholz, 2004). The past decade has been one of 
steady growth across many areas of North America including Minnesota, and particularly in our lake 
regions and associated communities such as Spicer and New London.    From 1990 to 2000 (US Census 

Kandiyohi 
County 



 22 

time periods), New London’s impervious surfaces have increased to about 29% of the city area and to about 
36% of Spicer’s area.   
 
 
 
 
 
2003 Green Lake First Tier Imperviousness 
 
Impervious surface coverage within the first tier of development on Green Lake was determined by 
digitizing hard surfaces such as structures, parking areas, roads and driveways, using 2003 Farm Service 
Administration digital orthophotograpy.   
 
The area of study was limited to the first tier of development located on the inside of the lake road that 
encircles Green Lake.  On average this represents a 300 - foot zone adjacent to the lakeshore, characterized 
by high levels of development on substandard lakeshore lots.  In addition redevelopment pressure along the 
lakeshore is high.  Typically redevelopment involves replacing smaller seasonal dwellings or cabins with 
larger more permanent homes resulting in increased impervious surfaces.  
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Figure 2.  2003 FSA Air Photo of Green Lake  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Recommendations 

1. Implement a policy of “no net increase in phosphorus loading” to these lakes.   The MFCRWD may 
want to consider more stringent protective lake management criteria in order to protect existing 
beneficial uses of this exceptional lake resource.   Future MPCA rules may include provisions for 
protective purposes via site specific standards.  

2. Continue watershed education and outreach efforts.   
3. Protect and rehabilitate impaired wetlands including the riparian wetlands of the Middle Fork Crow 

River between New London and Nest Lake (above County Road 40). 
4. Implement the watershed projects specified in the 2002 Diagnostic Report, as possible such as: 

 

Green Lake % Impervious 
Surface Coverage - 1st Tier

48%

46%

5%

1%

Residential

Roads

Public Non
Profit

Commercial
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a. Cooperate and assist  the Kandiyohi Soil and Water Conservation District and Natural 
Resources Conservation Service offices with their conservation projects on agricultural lands 
within  Kandiyohi County.   

b. Examine failing septic sources to Nest Lake for system and upgrade as possible. 
                       Kandiyohi County should consider reduced impervious limits in tiers 2 through 5  
                       (10 - 15%).  

c. Protect existing wetlands from stormwater treatment use unless designed and maintained for                                                  
d. Continue to identify and correct sources of phosphorus above County Road 40 to the Middle 

Fork of the Crow River.                                   
e. Adopt storm water controls to prevent storm water flooding and water quality degradation.  
f. Retrofit existing developed areas with storm water Best Mangement 

Practices9BMP’s). 
                

5. Ensure that constructed storm water treatment systems are regularly operated and maintained 
(require) dedicated budgets and personnel. 

6. Citizen volunteer monitoring of the lakes and streams is needed each year for the next 4-5 years.  
Secchi measurements need to be accomplished about 8-10 times per lake per summer.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Morphometry, 
Watershed and  
Fishery 

Monongalia Nest Green Calhoun 

Lake ID 34-0158 34-0154 34-0079 34-0062 
Surface Area 2318 945 5404 618 
Mean Depth 5 ft estimated 15 ft 

4.6m 
21 ft 
6.4m 

4.6ft  
1.4m 

Max Depth 14 40 110 13 
Volume 11,590 af 

14.3 Hm3 
14,258 af 
17.59 Hm3 

11,3441 af 
139.94 Hm3 

1,448 af 
1.79 Hm3 

Littoral Area 2516 525 2035 618 
Fetch  4 km 6.7 km 2.8 km 
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Watershed Area 
 
Without Lake 

65,616 

63,361 

 

78,765 

77,780 

 

95,171 

89,586 

 

104,315 

103,680 

 
Watershed to 
Lake Ratio 

28:1 

 

79:1 

 

16:1 

 

163:1 

Estimated 
Water 
Residence Time  
(years) 

    

Inlets: Outlet(s)     
Fisheries 
Classification 

    

     
     
 
 
 
 
New London Dam 
only       
        
Calendar  Cubic feet per second           Annual Runoff  

Year Total Mean Maximum Minimum 
Acre-
feet Cfsm Inches 

        
1997 23862 65.4 386 3.7 47330 0.53 7.21 
1998 17278 47.3 237 3.7 34274 0.38 5.21 
1999 14218 39.0 195 4.5 28200 0.32 4.30 
2000 7009 19.2 115 1.9 13901 0.16 2.12 
2001 16677 45.7 345 0.52 33078 0.37 5.04 

2004 
16217  

 48.6 195 0.66 32166   
2005 26755 73 363 1.4 53064   
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The assessments of swimmable use support are used for Minnesota’s 305 (b) report and the 303(d) list of 
impaired waters. Several features differentiate assessments for the 305(b) report from assessments for 
303(d) listing. The 303(d) assessments require: 
• Minimum data requirements of 12 TP, 12 chlorophyll-a and 12 Secchi measurements [with case-by-case 
exceptions; 
• The reliance on data collected in the most recent 10 years (referred to as “monitored” in the 305(b) and 
Lake Water Quality Assessment reports); 
• Use of data for both causal and response variables; and 
• Opportunity for more detailed site-specific data review prior to making an impairment 
decision for 303(d) listing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ATTACHMENT 2 – WATER QUALITY GOALS 
 
 
Table 6-X.  Summary of water quality goals for major lakes in the Middle Fork of the Crow River Watershed. 
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EcoRegion Values Existing Conditions Lake Goals  

Secchi 
(ft) 

TP 
(ppb) 

Chl a 
(ppb) 

Secchi 
(ft) 

TP 
(ppb) 

Chl a 
(ppb) 

Strategy 
Secchi 

(ft) 
TP 

(ppb) 
Chl a 
(ppb) 

Calhoun 8 35 10 5 33  Improve 8 30 <10 
Elkhorn 8 35 10 9.5 20  Protect 9 20 <10 
George 8 35 10 11 28  Protect 10 28 <10 
Green 8 35 10 10 18  Protect 10+/-

1.5 
<20 3-6 

Long 8 35 10 10.5 20  Protect 10 20 <10 
Monongalia 7 35 10 6 38  Improve 7 35 <15 
Nest 8 35 10 7 44  Improve 8 25 <12 
 
 
 
 
NORTH CENTRAL HARDWOOD FOREST CHARACTERISTICS 
 
Summer average water quality characteristics for lakes in the North Central Hardwood Forest ecoregion, as noted in 
Descriptive Characteristics of the Seven Ecoregions in Minnesota, by G. Fandrei, S. Heiskary, and S. McCollar.  1988.  
Minnesota Pollution Control Agency.  
 

Parameter North Central 
Hardwood 

Forests 
Total phosphorus (ppb) 23-50 
Chlorophyll a (ppb) 
 mean 5-22 
 maximum 7-37 
Secchi disc  
 feet 4.9-10.5 
 meters 1.5-3.2 
Total Kjeldahl Nitrogen (mg/l) <0.60-1.2 
Nitrite & Nitrate N (mg/l) <0.01 
Alkalinity (mg/l) 75-150 
Color (Pt-Co units) 10-20 
pH (SU)  7.2-8.3 8.2-9.0 
Chloride (mg/l) 4-10 
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ATTACHMENT 3 – PROJECT LIST 
 
 
Table 11.X.  Implementation plan for the Middle Fork Crow River Watershed (MFCRW), based on a 
3-year program. 
 
 
 Part A 

Yrs 1-3 
Part B 
Yrs 4-6 

WATERSHED-WIDE PROJECTS 
1. Vegetative buffers along tributaries:  installation of vegetative buffers along 
tributaries that run through cultivated land is encouraged. X X 

2. Wetland restoration:  work with USFWS and others to continue to restore ditched 
wetlands. X X 

3. Erosion control for new development (example is 153rd and 69th – who is in 
charge?) X  

4. Shoreland ordinance: city or county . . . where do they start and stop, who is 
responsible, what do they do. X  

5. Shoreland buffers:  technical assistance program and possible cost-share for design 
and installation of buffers. X X 

6. Streambank protection:  with increased flows, banks will be susceptible to erosion.  
First area to investigate is between County Road 9 and Town Hall Road.  X 

7. Lawn fertilizer education:  low or no P-fertilizer should be used when feasible.  
Representative soil testing should be conducted in shoreland areas. X X 

8. Eurasian watermilfoil management:  prepare contingency plans for eventual 
introduction of milfoil into lakes in the watershed.  Control projects should be 
formulated. 

X  

9. Lake protection practices through information and education programs: NEMO 
program, septic system maintenance programs, native plant protection, and shoreland 
buffers. 

X X 
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ATTACHMENT 4 – ROLES OF PHASE II PARTICIPANTS 
 
Table 11.1.  Summary of roles of state, county, and local participants in the Phase II implementation 
plan. 
 
 Calhoun Elkhorn George Green Long Monongalia Nest 

WATERSHED-WIDE PROJECTS 
1. Vegetative buffers along 
tributaries. 

2, 12     2, 12 2, 12 

2. Wetland restoration.  2, 5  8  8 8 
3. Erosion control for new 
development. 

3 3, 5 3 3, 5, 10 3 3, 9 3, 10 

4. Shoreland ordinance.   3 3 3 3, 10 3 3 3, 10 
5. Shoreland buffers. 1, 11, 12 1, 11, 12 1, 11, 12 1, 11, 12 1, 11, 12 1, 11, 12 1, 11, 12 
6. Streambank protection. 2, 4     2, 4 2, 4 
7. Lawn fertilizer education. 1 1 1 1 1 1 1 
8. Eurasian watermilfoil 
management. 3, 11, 4 3, 11, 4 3, 11, 4 3, 11, 4 3, 11, 4 3, 11, 4 3, 11, 4 

9. Information and education 
programs. 

1 1 1 1 1 1 1 

LAKE PROJECTS WITHIN THE MFCRW 
Calhoun:   
1. Co Ditch 26 – install buffers, 
conduct wetland restoration. 

2, 12       

Green:   
1. Stormwater management for 
Spicer (including Salisbury Ave). 

   10, 5    

2. Land use management for 2nd, 
3rd, and 4th tier lots. 

   3    

3.  Protect hardwood stands north 
of Green Lake. 

   3    

4.  Conduct ongoing maintenance 
along Highway 23.    5    

5. Alvig Slough improvement    2, 4    
6.  Stormwater planning for ag 
conversion to residential land use.    3    

7. Special ordinance formation if 
necessary.    3    

Long: 
1.  EWM prevention pilot 
program.     1, 11, 4   

Monongalia:   
Imple 1.  Winter aeration 
options.      9, 6, 7  

2.  Nutrient management 
practices. 

     1, 2  

3.  Feedlot nutrient management.      1, 2, 3  
Nest:   
1. Exotic plant control.       11, 3, 4 
2.  New London stormwater 
management. 

      9 

3.  Reduce phosphorus load from 
target area. 

      4, 9, 2 

1. Crow River Watershed    5. MnDOT     9.  City of  New London 
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2. Kandiyohi SWCD     6. MnDH     10. City of Spicer 
3.     Kandiyohi County     7. MPCA     11. Lake Associaiton 
4.     MnDNR       8.  U.S.FWS.    12. Lake/watershed residents 
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BATHTUB Modeling Summary 
Runoff and concentrations values estimated for CD26, Direct Watershed, Stormwater 

Overall Water Balance   
Averaging 

Period = 1.00 years   

    Area Flow Variance CV Runoff   

Trb  Type Seg Name km 2 hm 3/yr  (hm3/yr) 2  - m/yr    

1 4 2 Outlet 391.8 50.1 2.51E-01 0.01 0.13   

2 1 1 Old Mill Dam 319.0 47.2 0.00E+00 0.00 0.15   

3 1 1 Direct Ws 29.4 2.9 0.00E+00 0.00 0.10   

4 1 1 Alvig 12.0 1.3 4.22E-03 0.05 0.11   

5 1 1 Spicer Stormwater  2.4 0.5 0.00E+00 0.00 0.21   

6 1 2 Calhoun Watershed 9.0 0.9 0.00E+00 0.00 0.10   

7 1 2 cd26 21.5 2.1 0.00E+00 0.00 0.10   

PRECIPITATION  25.2 20.2 1.63E+01 0.20 0.80   

TRIBUTARY INFLOW 393.3 54.9 4.23E-03 0.00 0.14   

***TOTAL INFLOW 418.5 75.0 1.63E+01 0.05 0.18   

GAUGED OUTFLOW 391.8 50.1 2.51E-01 0.01 0.13   

ADVECTIVE OUTFLOW 26.7 4.8 5.31E+01 1.52 0.18   

***TOTAL OUTFLOW 418.5 54.9 5.28E+01 0.13 0.13   

***EVAPORATION  20.2 3.66E+01 0.30    

           

           

Overall Mass Balance Based Upon Observed    Outflow  & Reservoir Concentrations  

Component:  TOTAL P       

    Load  Load Variance  Conc Export 

Trb Type Seg Name kg/yr  %Total  (kg/yr) 2 %Total  CV mg/m 3 kg/km 2/yr  

1 4 2 Outlet 1553.1  1.78E+04  0.09 31.0 4.0 

2 1 1 Old Mill Dam 1509.4 45.1% 3.65E+03 9.2% 0.04 32.0 4.7 

3 1 1 Direct Ws 145.0 4.3% 0.00E+00  0.00 50.0 4.9 

4 1 1 Alvig 113.1 3.4% 2.48E+02 0.6% 0.14 87.0 9.4 

5 1 1 Spicer Stormwater  102.0 3.0% 0.00E+00  0.00 200.0 42.3 

6 1 2 Calhoun Watershed 90.0 2.7% 0.00E+00  0.00 100.0 10.0 

7 1 2 cd26 630.0 18.8% 0.00E+00  0.00 300.0 29.3 

PRECIPITATION  378.0 11.3% 3.57E+04 90.2% 0.50 18.8 15.0 

INTERNAL LOAD  379.9 11.3% 0.00E+00  0.00   

TRIBUTARY INFLOW 2589.5 77.4% 3.89E+03 9.8% 0.02 47.2 6.6 

***TOTAL INFLOW 3347.4 100.0% 3.96E+04 100.0% 0.06 44.6 8.0 

GAUGED OUTFLOW 1553.1 46.4% 2.41E+02  0.01 31.0 4.0 

ADVECTIVE OUTFLOW 148.2 4.4% 5.10E+04  1.52 31.0 5.5 

***TOTAL OUTFLOW 1701.3 50.8% 5.08E+04  0.13 31.0 4.1 

***RETENTION  1646.1 49.2% 9.04E+04  0.18   

           

 Overflow Rate (m/yr) 2.2  Nutrient Resid. Time (yrs) 0.8170  

 Hydraulic Resid. Time (yrs) 2.7019  Turnover Ratio  1.2  

 Reservoir Conc (mg/m3) 18  Retention Coef.  0.492  
 
 
 
 
 
 
 

Some recommended first steps in stormwater management include: 
i. advanced planning and mapping of impervious areas within drainage basins of 

sensitive streams and lakes; 
ii.  locating existing runoff management practices, potential buffer and conservation 

areas that would limit interconnectedness of impervious surfaces; and  
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iii.  linking of several BMPs to provide sequential treatment of stormwater runoff.   The 
effectiveness of these efforts is improved by having numerical/narrative resource 
management goals for the receiving water bodies for typical pollutants.   Note: Both 
New London and Spicer are not classified as MS4 communities and hence, are not 
presently required to obtain a permit and complete stormwater management planning 
by the MPCA.   

 


