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Report Summary 
 
Pelican Lake is a 4000-acre DNR-designated shallow lake located in Wright County, 
Minnesota.  Since the early 1970s, Pelican Lake levels have generally been rising with record 
lake levels persisting from 2001 to the present.   High lake levels have resulted in poor water 
quality, loss of important wildlife habitat, and localized flooding.        
 
The Pelican Lake Outlet Feasibility Report incorporates the results and conclusions of a year-
long study by Emmons & Olivier Resources, Inc. commissioned by Ducks Unlimited, Inc. 
and the Minnesota Department of Natural Resources, Division of Wildlife.  The study 
objectives were to determine the role of groundwater-surface water interaction as related to 
high water levels on Pelican Lake, evaluate lake outlet alternatives, evaluate potential 
environmental impacts of the lake outlet, and develop a conceptual design and cost estimate 
for a preferred outlet alternative. 
 
The following summarizes the key elements of this feasibility report: 
 
Water Quality 
In-lake water quality sampling was completed during 2005 and 2006 with prior sampling 
(2003) incorporated into the water quality analysis.  Water quality sampling was completed 
to provide a more clear understanding of what factors are responsible for the decline in 
wildlife habitat in Pelican Lake.  Water quality sampling was also completed to better 
understand the potential downstream impacts to Regal Creek and the Crow River, both of 
which are on the MPCA impaired waters list.  Pelican Lake was found to be hypereutrophic 
with elevated concentrations of phosphorus and high turbidity (low transparency).  Based on 
a limited number of winter sample events, water quality improves during the ice-on winter 
months.  
 
Groundwater-Surface Water Interaction 
Understanding the role of groundwater-surface water interaction as it relates to Pelican Lake 
water surface elevations is critical to understanding how lake levels can most effectively be 
managed.  Groundwater monitoring was completed during 2005 with a system of shallow 
and deep wells around the shores of Pelican Lake.  In all cases, groundwater elevations were 
found to be lower than Pelican Lake, indicating that Pelican Lake discharges into the 
groundwater.  The groundwater outflow from Pelican Lake was computed based on soil 
hydraulic conductivities, hydraulic gradients, and the aerial extent of the shoreline fringe.  
Groundwater flow rates from Pelican Lake are estimated to be 1-6 cfs. 
 
Pelican Lake Water Budget 
Pelican Lake hydrology is driven by inputs (rainfall, surface runoff) and outputs 
(groundwater outflow, evapotranspiration, surface outflow).  The Pelican Lake water budget 
suggests that high water conditions are being caused by a combination of persistently wet 
years, low permeability soils that limit outflow to groundwater, high watershed runoff due to 
clay soils, and a high percentage of impervious area (lake surface) that increases in size as 
conditions get wetter and the lake surface larger.  The negative feedback created by this set 
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of conditions also results in the lake continuing to stay high for several years, even as annual 
precipitation returns to normal. 
 
Alternatives Analysis 
A three-year drawdown plan was developed to evaluate outlet options using a 5 cfs discharge 
rate during the summer months and a 12 cfs discharge rate during the winter months.  The 
winter discharge rate was later increased to 21 cfs to ensure that the lake would be drawn 
down, even if wet conditions persisted.  Using these discharge rates, a north alignment, 
through the City of Monticello and to the Mississippi River, and an east alignment, through 
the City of St. Michael and to the Crow River, were evaluated.  An analysis of social-
economic-environmental impacts and considerations was presented to the project Technical 
Work Group.  The Technical Work Group deemed the east alignment, through the City of St. 
Michael, as the most feasible outlet and requested Emmons & Olivier Resources, Inc. to 
further study this alignment.  
 
Conceptual Design of Preferred Outlet Alternative 
The east alignment extends from the east shore of Pelican Lake a distance of 23,850 feet 
(about 4.5 miles) though the City of St. Michael to Regal Creek.  An outlet weir would be 
constructed to maintain the lake elevation at 950.7 feet.  A lift station with a 24-inch force-
main pipe extended 900 feet into Pelican Lake would be constructed to facilitate temporary 
management drawdowns to an elevation of 944.0 feet.  Most of the outlet channel would be 
designed as a meandering waterway with a natural stream channel and flood-prone fringe of 
wetland.  Depending on land cost and land owner reception to project, several deep cuts 
could be substituted for pipes to limit the footprint of the outlet system.  The lower-most 
section of the waterway would encompass the Meadows Wetland Restoration, a 180-acre 
wetland area that outfalls to Regal Creek.  The waterway would include additional wetland 
restoration, stormwater ponding (to serve future development), and a fish barrier.  The 
Meadows Wetland restoration, as described in this report, would largely mitigate 
environmental impacts of the project, while serving as a valuable open space amenity to the 
City of St. Michael.    
     
Environmental Impacts 
An Environmental Assessment Worksheet prepared for the Pelican Lake Outlet Project 
describes the potential environmental impacts in detail.  The feasibility report includes a 
summary that outlines key environmental issues and recommends mitigation strategies.  The 
primary environmental issues are changes to Pelican Lake plant communities and wildlife 
habitat, water quality impacts to Regal Creek and the Crow River, Pelican Lake fringe 
wetland impacts, downstream flooding near the Meadows Wetland, and erosion and channel 
scour within Regal Creek.   
  
Project Cost Estimate 
The total estimated project cost is 2.1 million dollars.   
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I.  Introduction 
 
 
A. HISTORY AND BACKGROUND   
Pelican Lake is a 4,000-acre DNR-designated wildlife lake located in Wright County, 
Minnesota (Figure I.A-1).  Once one of Minnesota’s premier shallow lakes recognized for 
waterfowl production and hunting opportunities, Pelican Lake has experienced a decline in 
water quality and a loss in the extent and quality of plant communities that once supported 
important wildlife habitat.  High water levels are believed to be the primary cause of this 
decline.  High water levels have resulted in persistent and increased populations of rough 
fish, increased turbidity, and a shift from macrophytes to plankton-dominated plant 
communities within Pelican Lake.  Collectively these and other factors have resulted in 
Pelican Lake changing from a “clear water state” to a “turbid state.”  This change has had 
profound, negative impacts on lake productivity for the waterfowl and shorebirds that 
historically used Pelican Lake as a migration stop over destination.  The loss of important 
food sources associated with diverse macrophyte and invertebrate communities is believed to 
be the primary factor responsible for this decline.  Sustained high water levels have also 
generated complaints from local communities, residents, and sportsmen requesting that lake 
levels be returned to pre-1980 elevations.     
 
In early summer of 2005, the Pelican Lake Feasibility Study was initiated by Ducks 
Unlimited, Inc. in partnership with MN DNR, Division of Wildlife.  The focus of the 
feasibility study was to evaluate probable causes of high water conditions, to evaluate 
alternatives for returning lake levels to pre-1980 levels, and to identify key environmental 
issues.    
 
 
B. PROJECT GOALS 
The over-arching goal of the Pelican Lake Restoration Project is to restore Pelican Lake as a 
premier waterfowl lake.  The beneficiaries of this project are: 

• The state of Minnesota and the surrounding community, in that the water quality 
improvements expected from this project will create a higher quality natural amenity 
than what exists now.  

• Wildlife:  Pelican Lake is one of the larger shallow lakes in this region, and, in its 
restored state, will provide improved habitat for resident and migratory waterfowl, 
shorebirds and other wildlife. 

• Direct users of the lake: birders, sportsmen. 
• Indirect users of the lake: birders and sportsmen further away, as the survival of 

wildlife will be improved. 
• Townships and cities impacted by flooding will benefit from lower lake water levels. 

    
The key objectives of the Pelican Lake Restoration Project are: 
 

• Establish the normal water level (NWL) of Pelican Lake to an elevation of 950.7 feet. 
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• Provide for temporary drawdown to an elevation of 944.0 feet for lake management 
purposes. 

• Through water level manipulation and rough fish elimination, shift existing plankton 
communities back to a macrophyte-dominated mosaic of submerged, floating leaf, 
and emergent plant communities. 

• Reduce in-lake phosphorus concentrations to within normal range for ecoregion and 
lake class. 

 
 
C. PUBLIC INVOLVEMENT  
In the early stages of the project, the Pelican Lake Work Group was formed to provide 
guidance and input on Pelican Lake restoration efforts.  The work group includes a broad 
cross section of local landowners, federal, state and local governmental officials, and 
representatives of townships, cities, Wright County, and the Crow River Organization of 
Water.  The work group has met periodically to review results of this feasibility study and 
guide key elements of the project.  Appendix A lists members of the Pelican Lake Work 
Group and includes meeting minutes and other public participation documents. 
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II.  Pelican Lake Water Quality 
 
Before the Pelican Lake Outlet Feasibility Study began, monitoring data were collected 
monthly during the summer of 2003. 
 
In 2005 and 2006, in-lake water quality sampling was completed for the Pelican Lake Outlet 
Feasibility Study to establish the current water quality condition of the lake and to provide 
the basis for an analysis of downstream water quality impacts of a lake outlet.  Data were 
collected bimonthly from June through September of 2005, and monthly from October 2005 
through February 2006.  This summer, fall, and winter sampling schedule was directed 
towards the downstream impacts analysis of a lake drawdown occurring throughout the year. 
 
A. SAMPLING 
There are four in-lake monitoring sites (Figure II.A-1): one in the middle of each basin (sites 
101 through 103), and one in a shallow bay on the west side of the lake (site 104).  Surface 
sampling occurred monthly during the growing season in 2003, at sites 101, 102, and 103.  
Site 104 was established in 2005 and was sampled monthly during the growing season, 
whereas the remainder of the sites (101 - 103) were sampled bimonthly during the growing 
season and monthly from October through February.  Surface samples were taken with a 
PVC tube that integrated the sample over 0 to 1 meter depth, and bottom samples were taken 
approximately 0.5 meters above the lake bottom.   
 
Non-detects were counted as half of the detection level for the purpose of the water quality 
data summaries. 
 
Raw monitoring data are presented in Appendix B. 
 
B. GROWING SEASON (JUNE THROUGH SEPTEMBER) 
Pelican Lake is a hypereutrophic lake with a two-year average TP TSI of 77 and a two-year 
average chlorophyll-a and Secchi depth TSI of 71 (Table II.B-1). On average, total 
phosphorus (TP) concentrations were higher in 2003 than in 2005 (Figure II.B-1a).  TP did 
not differ substantially among the sites (Figures II.B-1b and c), with site 104 being the 
exception.   
 
Water quality data were compared to reference lake water quality data for the ecoregion in 
which Pelican Lake is located, the Central Hardwood Forests ecoregion (Table II.B-2).  TP 
and TN are relatively high in Pelican Lake, with TP being proportionally higher, as 
evidenced by the low TN:TP.  Chlorophyll concentrations are also higher than normal, which 
is likely the reason that both TSS and turbidity are also higher.  More detailed statistics on 
the water quality parameters are provided in Table II.B-3.  
 
The high chlorophyll-a, TSS, and turbidity, along with the low transparency, demonstrate the 
turbid nature of the water and support the theory that Pelican Lake is currently in a turbid, 
phytoplankton dominated state.  The phosphorus is bound up mostly in phytoplankton, as 
indicated by the low soluble reactive phosphorus (SRP) concentrations.  If the lake were in a 
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clear, macrophyte dominated phase, the phosphorus would be bound up in macrophytes and 
associated periphyton. 
 
TP concentrations changed throughout the season (Figure II.B-2).  In 2003, water quality 
worsened throughout the growing season (Figures II.B-2a through c).  In 2005, water quality 
at sites 101, 102, and 103 cycled together, with poorer water quality observed in mid-July 
and mid-September (Figures II.B-2d through f).  The water quality at site 104 was 
independent of the other sites.   
 
Due to its shallow depth and long fetch, the water column is well-mixed (Figure II.B-3).  The 
lake may stratify intermittently, such as at Site 101 on July 7 and August 30 (Figure II.B-3a), 
but the lake is likely easily mixed by moderate winds.  Since the water column is well mixed, 
there is no consistent difference between TP concentrations in the surface waters compared 
to the bottom waters (ANOVA, p = 0.4; Figure II.B-4).    
 
 
 

Table II.B-1.  Average growing season (June-Sept) Pelican Lake water 
quality parameters, by site. 

TP average (mg/L) Chlor-a average (µg/L) Secchi average (m)
Site 

2003 2005 2003 2005 2003 2005 

101 0.173 0.143 97 40 0.43 0.48 
102 0.172 0.123 97 40 0.45 0.51 
103 0.159 0.137 82 44 0.43 0.55 
104 -- 0.172 -- 45 -- 0.48 
average 0.168 0.144 92 42 0.44 0.51 

2-year av 0.156 67 0.47 

2-year av TSI 77 71 71 
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Table II.B-2.  Average growing season (June-Sept) Pelican Lake water quality 
parameters, Sites 101 through 103. 

Parameter Mean CHF* Interquartile Range 
for Reference Lakes† 

TP (mg/L) 0.127 0.023 - 0.050 

SRP (mg/L) 0.004  

TDP (mg/L) 0.026  

NO2
-/N03

--N (mg/L) 0.02 <0.01 

NH3 + NH4
+-N (mg/L) 0.64  

TKN (mg/L) 2.92 <0.60 - 1.2 

TN 2.94  

TN:TP 4 25 - 35 

Turbidity (NTU) 19 <2 

TSS (mg/L) 29 <1 - 2 

BOD5 (mg/L) 3.6  

E.Coli (MPN/100mL) 32  

Chlor-a (µg/L) 38 5 - 22 

Secchi (m) 0.5 1.5 - 3.2 

pH 8.3 8.6 - 8.8 

Conductivity 203 300 - 400 
*CHF = Central Hardwood Forests ecoregion 
†Data from MPCA 2005. 
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Table II.B-3.  Average growing season mean (June-Sept) Pelican Lake water quality 
parameters, Sites 101 through 103. 

Parameter Valid 
N Mean Std.Dev. Minimum Lower 

Quartile Median Upper 
Quartile Maximum

TP (mg/L) 24 0.127 0.030 0.086 0.102 0.122 0.154 0.191 

SRP (mg/L) 24 0.004 0.003 0.002 0.002 0.003 0.004 0.013 

TDP (mg/L) 9 0.026 0.005 0.019 0.021 0.027 0.028 0.032 

NO2
-/N03

--N (mg/L) 20 0.02 0.00 0.02 0.02 0.02 0.02 0.02 

NH3 + NH4
+-N (mg/L) 6 0.64 0.08 0.54 0.56 0.65 0.71 0.73 

TKN (mg/L) 24 2.92 0.49 1.90 2.66 2.83 3.30 4.00 

TN 20 2.94 0.53 1.92 2.58 2.85 3.39 4.02 

TN:TP 24 4 17 21 23 27 30 24 

Turbidity (NTU) 24 19 3 12 17 18 20 25 

TSS (mg/L) 24 29 8 15 24 30 36 42 

CBOD5 (mg/L) 24 3.6 0.9 1.7 3.1 3.6 3.9 5.6 

E.Coli (MPN/100mL) 24 32 78 1 5 9 19 365 

Chlor A (µg/L) 24 38 15 15 26 36 50 74 

Secchi (m) 22 0.5 0.2 0.3 0.4 0.5 0.6 0.9 

pH 24 8.3 0.3 7.6 8.2 8.4 8.5 8.8 

Conductivity 
(µmhos/cm) 102 203 11 180 198 205 212 228 

 
 
 
C. FALL AND WINTER (OCTOBER THROUGH FEBRUARY) 
In-lake TP and chlorophyll concentrations dropped dramatically during the winter (Figure 
II.C-1a and c).  Although TP concentrations dropped, soluble reactive phosphorus (SRP) 
concentrations increased slightly (Figure II.C-1b).  SRP is composed of mostly dissolved 
inorganic phosphorus, and likely increased due to lower rates of primary production in the 
winter that are limited by temperature and/or light as opposed to by nutrients. 
 
These lower nutrient concentrations during the fall and winter months indicate that a lake 
level drawdown that occurs mostly during fall and winter months will have less of an impact 
to downstream water quality conditions than a drawdown that would occur mostly during the 
summer months. 
 
Statistics from the other monitored water quality parameters are presented in Table II.C-1.  
Winter nitrate concentrations remained well below 1 mg/L; winter nitrate concentration has 
shown to be inversely correlated with plant species richness, and lakes in which the winter 
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nitrate concentration is below 1 to 2 mg/L have a better chance of supporting a healthy 
macrophyte community (James et al. 2005). 
 

Table II.C-1.  Average winter (Oct-Feb) Pelican Lake water quality 
parameters, Sites 101 through 103. 

Parameter Valid 
N Mean Std.Dev. Minimum Lower 

Quartile Median Upper 
Quartile Maximum

TP (mg/L) 21 0.077 0.027 0.041 0.052 0.076 0.102 0.127 

SRP (mg/L) 21 0.007 0.005 0.002 0.003 0.005 0.009 0.018 

NO2
-/N03

--N (mg/L) 15 0.14 0.08 0.02 0.06 0.15 0.20 0.25 

TKN (mg/L) 15 2.60 0.26 2.19 2.35 2.68 2.79 3.01 

TN 15 2.74 0.28 2.31 2.51 2.70 3.04 3.13 

TN:TP 21 24 4 17 21 24 27 30 

Turbidity (NTU) 15 6.7 3.5 3.8 4.0 4.6 11.2 12.6 

TSS (mg/L) 15 7.5 8.5 0.5 0.5 2.8 16.5 24.4 

E.Coli (MPN/100mL) 15 7 16 1 1 1 5 61 

Chlor-a (µg/L) 15 9 9 0 1 5 17 27 

Secchi (m) 5 0.7 0.1 0.6 0.6 0.7 0.7 0.9 

pH 15 7.2 0.4 6.5 7.0 7.2 7.6 7.7 

Conductivity 
(µmhos/cm) 102 203 11 180 198 205 212 228 

 
Dissolved oxygen (DO) remained relatively high throughout the water column through 
December (Figure II.C-2).  During the December through February sampling events, the 
water surface was frozen, and a hole was drilled in the ice through which to take the water 
samples and measure the oxygen, temperature, and conductivity.  In January lower DO 
concentrations were observed at the bottom of the lake, but the upper portion of the water 
column remained well-oxygenated.  Air temperatures during the month of January were 
above average, and snow cover less than average.  These conditions made it less likely that 
DO would reach very low concentrations during this winter.   
 
D.  CONCLUSIONS 
 

1) Pelican Lake is currently in a turbid, phytoplankton-dominated phase, as evidenced 
by the high chlorophyll-a, TSS, and turbidity, along with the low transparency. 

 
2) Lower nutrient concentrations during the fall and winter months indicate that a lake 

level drawdown that occurs mostly during fall and winter months will have less of an 
impact to downstream water quality conditions than a drawdown that would occur 
mostly during the summer months. 
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III.  Pelican Lake Hydrology  
 
A focus of the Pelican Lake Outlet Feasibility Study was to investigate the groundwater-
surface water interactions in the Pelican Lake watershed, with the ultimate goal of providing 
recommendations to address the lake’s high water levels.  A groundwater investigation was 
initiated to determine if groundwater is a factor in the rising lake level.  A water budget of 
the lake was also completed to guide the development of water level management 
recommendations. 
 
A. WATERSHED CHARACTERISTICS   
The Pelican Lake watershed encompasses a land area of 11,700 acres.  This watershed drains 
exclusively to Pelican Lake and, with few exceptions, is fully landlocked.  At an elevation of 
955.0 feet, Pelican Lake may outlet via a small drain tile (intended to flow into the lake) into 
County Ditch 21 near the outlet of School Lake.  It is not known if this drain tile is functional 
under present conditions.  The center of the watershed is dominated by Pelican Lake, which 
encompasses an area of 3000 to 4000 acres, depending on lake elevations.  For example, 
when water levels are at 954.0 feet, Pelican Lake encompasses an area of approximately 
4,100 acres.  At an elevation of 950.0 feet, the area of Pelican Lake is 2,800 acres.  Sizable 
areas of wetlands occur in the watershed and many of these have become part of Pelican 
Lake during recent years as the lake level has risen.  It is not known what the extent and 
condition of tiles are within the Pelican Lake watershed, since no inventory of these features 
has been completed.     
 
The landscape of the Pelican Lake watershed can be described as level to gently rolling 
around the east and north sides of Pelican Lake to moderately rolling on the west and south 
sides of the lake.   Soils are formed of New Ulm loamy till parent material.  Soils types 
within the Pelican Lake watershed are shown in Table III.A.1.  In the vicinity of Pelican 
Lake, clay loam soil textures are dominant.  
 
Land cover within the Pelican Lake watershed is shown in Figure II.A-1.  The dominant land 
cover is row crop agricultural with significant areas of wetland and forest, especially along 
the south and west side of Pelican Lake.  Although some large-lot, residential development is 
occurring within the watershed, most of the watershed remains rural.  The most significant 
land cover change that impacts hydrology in the Pelican Lake watershed is increases or 
decreases in the surface area of Pelican Lake.  When the surface area of Pelican Lake 
increases from 3000 to 4000 acres, watershed impervious surfaces increase by as much as 
8.5%, a large increase that has direct impacts to Pelican Lake water levels. 
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Table III.A.1 Soil Hydrologic Properties in the Pelican Lake Watershed 

K factor 
Soil Name Map 

Symbol
Hydrologic 

Group 
Permeability
(inches/hour) Kw Kf 

Slope 
(%) 

Canisteo clay loam 86 B/D 0.57 - 1.98 0.24 0.24 0 - 2 
Lester loam 106C2 B 1.35 - 1.55 0.28 0.28 6 - 12 

Lester loam 106D2 B 0.60 - 2.00 0.28 0.28 12 - 
18 

Lester loam 106E B 0.60 - 2.00 0.28 0.28 18 - 
25 

Cordova clay loam 109 B/D 0.57 - 1.98 0.28 0.28 0 - 2 
Glencoe clay loam, depressional 114 B/D 0.57 - 1.98 0.28 0.28 0 - 1 
Lerdal silty clay loam 138 C 0.57 - 1.98 0.37 0.37 1 - 3 
Nessel loam 235 B 0.60 - 2.00 0.28 0.28 1 - 3 
Le Sueur clay loam 239 B 0.57 - 1.98 0.24 0.24 1 - 3 
Mazaska silty clay loam 256 C/D 0.60 - 2.00 0.28 0.28 0 - 2 
Biscay loam 392 B/D 6.00 - 20.00 0.28 0.28 0 - 2 
Dorset sandy loam 406 B 6.00 - 20.00 0.20 0.20 0 - 2 
Hamel loam 414 B/D 0.60 - 2.00 0.28 0.28 1 - 3 
Houghton muck, depressional 523 A/D 0.20 - 6.00 - - 0 - 1 
Klossner muck, depressional 539 A/D 0.60 - 2.00 - - 0 - 1 
Hamel-Glencoe, depressional 740 B/D 0.60 - 2.00 0.28 0.28 0 - 3 
Lester-Kilkenny complex, eroded 783C2 B/C 0.60 - 2.00 0.28 0.28 6 - 12 

Lester-Storden complex, eroded 945D2 B 0.60 - 2.00 0.28 0.28 12 - 
18 

Canisteo-Glencoe, depressional 956 B/D 0.57 - 1.98 0.28 0.28 0 - 2 
Udipsamments (cut and fill land) 1015 - - - - - 
Udorthents, loamy (cut and fill 
land) 1016 - - - - - 

Lester-Malardi complex 1023C B 6.00 - 20.00 0.20 - 
0.28 

0.20 - 
0.28 6 - 12 

Lester-Malardi complex 1023D B 6.00 - 20.00 0.20 - 
0.28 

0.20 - 
0.28 

12 - 
18 

Udorthents, wet substratum (fill 
land) 1027 - - - - - 

Crowfork loamy sand 1035B A 6.00 - 20.00 0.17 0.17 1 - 6 
Crowfork loamy sand 1035C A 6.00 - 20.00 0.17 0.17 6 - 12 
Malardi-Hawick complex 1066B A/B 20.00 - 40.00 0.20 0.20 1 - 6 
Malardi-Hawick complex 1066C A/B 20.00 - 40.00 0.20 0.20 6 - 12 
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K factor 
Soil Name Map 

Symbol
Hydrologic 

Group 
Permeability
(inches/hour) Kw Kf 

Slope 
(%) 

Malardi-Hawick complex 1066E A/B 20.00 - 40.00 0.20 0.20 18 - 
35 

Klossner, Okoboji, and Glencoe 
soils, ponded 1080 B/D 0.20 - 6.00 0.28 - 

0.32 
0.28 - 
0.32 0 - 1 

Angus-Malardi complex 1087B B 6.00 - 20.00 0.20 - 
0.28 

0.20 - 
0.28 2 - 6 

Angus-Cordova complex 1094B B/D 0.60 - 2.00 0.28 0.28 0 - 5 
Granby loamy fine sand, very 
wet 1099 A/D 6.00 - 20.00 0.17 0.17 0 - 1 

Cordova loam 1156 B/D 0.60 - 2.00 0.28 0.28 0 - 2 
Suckercreek fine sandy loam 1197 D 1.20 - 1.60 0.24 0.24 0 - 2 
Muskego, Blue Earth, and 
Houghton soils, ponded 1203 A/D 0.60 - 6.00 0.28 0.28 0 - 1 

Water, miscellaneous 1356 - - - - - 
Angus loam 1362B B 0.60 - 2.00 0.28 0.28 2 - 5 
Southhaven loam 1368 B 6.00 - 20.00 0.24 0.24 0 - 2 

Dorset-Two Inlets complex 1377B A/B 20.00 - 40.00 0.15 - 
0.20 

0.15 - 
0.20 2 - 6 

Dorset-Two Inlets complex 1377C A/B 20.00 - 40.00 0.15 - 
0.20 

0.15 - 
0.20 6 - 12 

Dorset-Two Inlets complex 1377D A/B 20.00 - 40.00 0.15 - 
0.20 

0.15 - 
0.20 

12 - 
20 

Terril loam, moderately wet 1388B B 0.60 - 2.00 0.24 0.24 2 - 6 
Angus-Kilkenny complex 1408B B/D 0.60 - 2.00 0.28 0.28 2 - 6 
Belleville sandy loam 1443 B/D 6.00 - 20.00 0.20 0.20 0 - 2 
Angus-Le Sueur complex 1901B B 0.60 - 2.00 0.28 0.28 1 - 5 
Water W - - - - - 

 
 
B. GROUNDWATER HYDROLOGY 
 
Background 
A groundwater investigation was initiated to determine if groundwater is a factor in the rising 
lake level.  Static water elevations for upper bedrock aquifers and quaternary aquifers were 
investigated to determine groundwater elevation in relation to the lake.  Piezometers were 
installed around the perimeter of the lake to identify groundwater elevation and gradients.  
Hydraulic conductivity tests were conducted in three monitoring wells.  Finally, the data 
were used to calculate the rate of flow between the lake and groundwater. 
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Piezometers and wells 
Groundwater monitoring locations are shown on Figure III-B-1.  Well design drawings are 
included in Appendix C. 
 
Mini-piezometers were used to measure groundwater elevations (head) below the lake bed. 
Mini-piezometers are hollow tubes inserted into the soil that allow for the measurement of 
water elevations at distinct depths.  Piezometers are hammered into the lakebed and the water 
level within the piezometer is compared to the water level of the lake. If groundwater 
measured within the piezometer is higher than the lake, groundwater is flowing into the lake 
(groundwater discharge).  If groundwater levels within the piezometer are lower than the 
lake, water is flowing out of the lake (groundwater recharge). Mini-piezometers were 
installed at nine locations for the 2005 monitoring season.  
 
Two inch shallow wells were installed at four locations along the shore to define 
groundwater elevations near the lake. Soil samples were collected at these sites to allow for 
the characterization of soils near the shoreline. Deep upland monitoring wells were installed 
at locations on the north, west, and south sides of the lake. Upland wells were installed to 
determine groundwater elevation near the lake and to identify and characterize subsurface 
soils.  
 
Private wells in the vicinity of Pelican Lake were surveyed for depth to groundwater to 
define water table contours in the area of the lake. 
 
Groundwater elevations and flow direction 
Half inch piezometer, two inch well, and upland well readings taken in 2005 show that 
Pelican Lake is losing to groundwater (recharging). Data show that the loss changes over 
time, but that overall groundwater is consistently lower than the current lake surface 
elevation (Figure III.B-2). 
 
Groundwater elevation contours were developed through the collection of water levels at 
residential wells in Quaternary aquifers together with elevations from the new upland 
monitoring wells. The regional Quaternary groundwater table is generally lower than the 
present water elevation of the lake, with possible exceptions along the west-southwest shore 
of the lake. Figure III.B-3 illustrates the generalized groundwater contours for the Pelican 
Lake area and the elevation of groundwater encountered at the new upland monitoring wells. 
The recorded groundwater elevations generally show groundwater gradients away from the 
lake (i.e. groundwater mounding due to groundwater recharge from Pelican Lake). 
 
The uppermost bedrock aquifer in the area is the Franconia-Ironton-Galesville. Quaternary 
aquifers in the study region are believed to have connections to deeper bedrock aquifers via 
bedrock valleys inferred from depth to bedrock values listed in CWI logs.  Groundwater 
elevations in Franconia-Ironton-Galesville wells are shown on Figure III.B-4.  Comparison to 
the groundwater contours in Figure III.B-3 shows that groundwater elevations in the bedrock 
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aquifers are close to but lower than groundwater elevations in surficial aquifers and the level 
of the lake.  Groundwater flow is downward rather than upward. 
 
The long-term relationship between lake levels and shallow groundwater elevations was 
analyzed by comparing lake level data to groundwater elevation data from nearby DNR 
observation wells.  Figure III.B-5 shows data from 1978 through 2004.  There is a correlation 
between changes in the lake levels and changes in the groundwater levels.  The correlation 
coefficients between the Pelican Lake level and the Montrose well, and the Pelican Lake 
level and the Monticello well, were 0.377 and 0.431, respectively.  While not conclusive, this 
provides some evidence that: 

1. There is probably a hydrologic connection between the lake and groundwater. 
2. The surface water/groundwater relationships and interactions observed recently have 

probably not changed significantly since 1978. 
 
 
Hydraulic Conductivity 
Hydraulic conductivity in areas surrounding the lake was determined through grain size 
analyses and slug tests.  Grain size distribution curves and details about the analyses are 
included in Appendix C.  Hydraulic conductivity was estimated using the program Size 
Perm®, which calculates the hydraulic conductivity based on grain size distribution and 10 
different empirical formulas.  Results are summarized in Table III.B-1. 
 
 

Table III.B-1.  Hydraulic Conductivity Calculated from Grain Size Analysis (cm/s) 
 

 
 
Slug tests were conducted at MW-1, 2, and 3 by removing a volume of water using a bailer 
and recording how quickly water levels recovered.  Water levels were recorded using a 
pressure transducer.  Field data were analyzed using the Bower and Rice method and the 
computer program AQTESOLV.  Details of the analyses are included in Appendix C.  
Results are summarized in Table III.B-2. 
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Table III.B-2.  Hydraulic Conductivity Calculated from Slug Tests 
Units MW-1 MW-2 MW-3 

cm/s 1.4 x 10-2 1.8 x 10-5 8.6 x 10-3

ft/s 4.6 x 10-4 6.9 x 10-6 3.3 x 10-4

 
Hydraulic conductivities values obtained for MW-1 and MW-3 are roughly four orders of 
magnitude greater than the near shore values obtained at site MW-2. The hydraulic 
conductivity calculated at site MW-2 is the most representative value for near shore 
conductivity encountered at mini-piezometer sites. Values of hydraulic conductivity for sites 
MW-1 and MW-3 are useful for understanding infiltration opportunities and will be 
beneficial in any future modeling activities. 
 
Groundwater flux 
Groundwater flux was quantified using lake-groundwater head differences collected at 
monitoring sites, hydraulic conductivity of soils encountered at monitoring sites, and 
groundwater-surface water interaction areas determined through the use of GIS soil type 
maps for the lake region.  
 
Groundwater flux into or out of the lake is calculated using the formula: 
 
Q = KIA 
 
Where,  Q = Flux in cubic feet/second 

K= Hydraulic conductivity in feet/second 
I = Hydraulic gradient (unitless) 
A = Area in square feet 

 
Site characteristics such as hydraulic gradient and hydraulic conductivity were assigned to 
regions with similar site characteristics such as soil type.   
 
Hydraulic conductivity.  Values of hydraulic conductivity were assigned based on 
observations of lithology made during the installation of piezometers at monitoring sites 
(Figure II.B-6). Regions of the lake lacking in monitoring sites were grouped based on the 
soil group and parent material of the soil within 100 feet of the lakeshore.  
 
Hydraulic conductivity values measured in wells MW-1 and MW-3 were not used for this 
calculation because the wells are located too far from the lakeshore and the soils are not 
representative of those observed at other monitoring sites along the lakeshore.  Hydraulic 
conductivity values measured in MW-2 were used where appropriate.  Hydraulic 
conductivity values used for the calculations were used based on representative values for 
different soil types developed by Domenico and Schwartz (1998), which were consistent 
with the values calculated from the tests at MW-1, 2, and 3. 
 
Hydraulic gradient.  The vertical hydraulic gradient was calculated from measurements made 
using the mini-piezometers described above.  Excessive amounts of organic material along 
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the lake bottom and emergent vegetation may have introduced some error into relative head 
differences measured at mini-piezometers. This issue is minor due to the large number of 
piezometers illustrating a losing lake and the newly refined groundwater contours.  
 
Surface Area.  The area of groundwater-surface water interaction was calculated by creating 
a 100 foot wide perimeter around the lake. We assumed that almost all the surface water-
groundwater interaction is taking place in the 100-foot buffer created around the littoral edge 
of the lake. Studies have shown that for uniform geology the rate of exchange between 
surface water and groundwater decreases exponentially with distance from shore. The 
exponent is a function of variables such as lakebed slope, upland slope, anisotropy, lake 
width, lake depth, and the thickness of the aquifer. To accurately define the rate of surface 
water and groundwater exchange requires an extensive study.  The development of a more 
complex groundwater model would help define the areal extent and range of seepage rates.  
 
Results.  Details of the groundwater flux calculation are shown on Table III.B-3.  The results 
suggest that water is flowing out of Pelican Lake to the groundwater at a rate of 1.9 cfs. 
 
While the results of this analysis are reasonably accurate, groundwater/surface water 
interactions will vary over time and no measurement or calculation is entirely precise.  The 
rate of water flow from Pelican Lake to the groundwater is likely in the range of 1 to 6 cfs.  
This is consistent with results of the Pelican Lake water budget described in Section III.C of 
this report. 
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Table III.B-3.  Flux Calculations for Pelican Lake 

Soil Type Soil 
Group 

K  
(ft/sec) I A 

(acres) 
A  

(ft2) 
Q 

(ft3/sec)

Angus loam, 2 to 5% slopes B 3.2E-06 0.55 9.5 411642 7.2E-01
Angus-Cordova complex, 0 to 
5% slopes B 3.2E-06 0.16 0.2 10846 5.6E-03
Angus-Le Sueur complex, 1 to 
5% slopes B 3.2E-06 0.16 15.3 664769 3.4E-01
Belleville sandy loam, 0 to 2% 
slopes B/D 1.8E-07 0.37 74.1 3226925 2.1E-01
Canisteo clay loam, moderately 
fine substratum, 0 to 2% B/D 1.8E-07 0.05 3.8 166312 1.4E-03
Cordova clay loam, 0 to 2% 
slopes B/D 1.8E-07 0.05 0.1 5532 4.6E-05
Cordova loam, 0 to 2% slopes B/D 1.8E-07 0.05 70.8 3085311 2.5E-02
Glencoe clay loam, 
depressional, 0 to 1% slopes B/D 1.8E-09 0.05 48.2 2101334 2.0E-04
Granby loamy fine sand, very 
wet, 0 to 1% slopes A/D 1.8E-09 0.05 12.9 561924 5.4E-05
Hamel loam, 1 to 3% slopes B/D 1.8E-07 0.00 2.6 113256 8.9E-05
Klossner, Okoboji, and Glencoe 
soils, ponded, 0 to 1% A/D 1.8E-09 0.01 85.8 3737448 5.8E-05
Le Sueur clay loam, 1 to 3% 
slopes B 3.2E-06 0.00 1.6 67518 9.7E-04
Lerdal silty clay loam, 1 to 3% 
slopes C 3.2E-06 0.00 0.0 610 8.7E-06
Lester loam, 12 to 18% slopes, 
eroded B 3.2E-06 0.16 4.9 213444 1.1E-01
Lester loam, 18 to 25% slopes B 3.2E-06 0.16 2.4 103673 5.4E-02
Lester loam, 6 to 12% slopes, 
eroded B 3.2E-06 0.16 16.6 723096 3.7E-01
Lester-Kilkenny complex, 6 to 
12% slopes, eroded B/C 3.2E-06 0.16 0.2 7797 4.0E-03
Lester-Storden complex, 12 to 
18% slopes, eroded B 3.2E-06 0.16 1.2 52272 2.7E-02
Muskego, Blue Earth, 
Houghton soils, ponded, 0 to 
1% A/D 1.8E-09 0.05 92.7 4038883 3.9E-04
Nessel loam, 1 to 3% slopes B 1.8E-07 0.00 11.9 518016 4.1E-04
      Total: 1.9 
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Additional Study 
Monitoring of groundwater levels in the south west vicinity of Pelican Lake will be 
beneficial to quantify the probable change in gradient caused by the installation of an 
artificial outlet.  Wells should be installed and monitored prior to lowering the lake. 
Monitoring would also provide useful data for the development of a groundwater model for 
the lake area. The groundwater model could be used to determine potential wetland impacts 
caused by the lowering of the water table and could be used to refute or verify the concerns 
of I-94 construction as a cause for lake level change. 
 
Continuous monitoring of lake and groundwater level would be beneficial understand the 
lake and groundwater response to precipitation events. 
 
Conclusions 

1) Groundwater elevations in the area of Pelican Lake are generally below the level of 
the lake.  Groundwater is flowing out of the lake rather than into the lake. 

2) The rate of groundwater flow out of the lake is slow, in the range of 1 to 6 cfs. 
 
 
C. LAKE WATER BUDGET AND DRAWDOWN ANALYSIS 
To gain a better understanding of the hydrology of Pelican Lake and to guide possible 
management options, a water budget analysis was completed.  This water budget can be 
updated and refined as more precise data are collected.      
 
Limitations 
Water elevation data for Pelican Lake has not been recorded consistently over the time period 
that the water has been rising.   A total of 78 lake elevation records exist between 1958 and 
2003 (Figure III.C-1). 
 
No continuous rainfall record exists for the Pelican Lake watershed.  The two nearest rain 
gauges with consistent information are located in Buffalo and Elk River, approximately 6 
miles southwest and 8.5 miles northeast of Pelican Lake, respectively (Figure III.C-2).  These 
two rain gauges average 30.8 inches per year for the period 1958-2004 (Figure III.C-3).  
 
Pelican Lake Water Budget 
 
Groundwater 

As described in Section II.B of this report, groundwater flux from Pelican Lake was 
calculated to be between 1 cfs and 6 cfs.  For purposes of computing the Pelican Lake water 
budget, the low end of the range, 1 cfs, was chosen to account for the fact that lake levels 
were lower in 1999, the year to which the water budget was calibrated.  1999 was chosen 
because this year has the most complete lake level records.  
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Runoff 

Soil survey and aerial photography were used to define Green-Ampt runoff parameters for 
the Pelican Lake watershed.   The Green-Ampt runoff parameters were used in the runoff 
layer of the XP-SWMM hydrologic model with daily rainfall amounts averaged between rain 
gauges at Elk River and Buffalo and distributed in a SCS Type II distribution to estimate the 
amount of runoff generated by the Pelican Lake watershed.  The watershed was broken up 
into two subwatersheds: the lake surface (100% delivery) and the surrounding upland.  The 
results of this analysis concluded that the overall runoff coefficient of the lake surface and 
surrounding watershed is 0.33. 
   
Monthly values of rainfall were averaged between the two aforementioned rain gauges.  The 
monthly rainfall amount was multiplied by a runoff coefficient of 0.33 to estimate the inflow 
to the lake from surface water runoff.   
 
As a check, the annual runoff in inches according to the Hydrology Guide for Minnesota is 
5.1 inches.  This works out as an annual runoff coefficient of 0.18.  The watershed area to 
lake area ratio has varied over time from approximately 7:1 to 3:1.  Including the lake surface 
as 100% runoff and calculating the runoff coefficient of the upland puts the upland 
coefficient between 0.04 and 0.22.   
 
Evaporation 

Average monthly values of evaporation from the lake surface, as reported in the Hydrology 
Guide for Minnesota, were used in the water budget.  More accurate and detailed evaporation 
calculations were not possible due to lack of available data. 
 
Water Budget 
Several lake modeling approaches were considered (XP-SWMM, WATBUD) but due to the 
gaps in data discussed in the limitations section during the period of interest, a basic 
accounting approach was used to calculate the water budget.   
 
Water budget calculations are shown in Table III.C-1.  The first row in the table contains an 
identifying letter that is referred to in the second row to help readers step through the process.  
Columns C, E and F contain the monthly volumes entering or leaving the lake from runoff, 
evaporation and groundwater, respectively.  Columns G and H show the net rate of water 
movement. (Positive indicates that the lake is gaining water in any given month.) 
 
The rates into and out of Pelican Lake were distributed over monthly increments and entered 
into the hydraulic layer of XP-SWMM to convert the flow rates into or out of the lake into 
lake elevation data.  Water budget results are shown in Figure III.C-4, where they are 
compared to recorded lake elevation data. 
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Table III.C-1.  Pelican Lake Water Budget Calibration 
A B C D E F G H
Equals 
Average 
Rainfall 
Totals at Elk 
River and 
Buffalo = A x 0.33

= B x Watershed Area 
(units converted)

Monthly 
Values 
from  
Hydrology 
Guide for 
Minnesota

D x 
Average 
Lake 
Surface 
Area

Monthly 
values from 
groundwater 
analysis C - E - F

G 
(converted 
to CFS)

Year Month

Average 
Precipitation 
(in) Runoff (in) Runoff Volume (ac-ft)

Monthly 
Evap 
(Inches)

Monthly 
Evap (AC-
FT)

Groundwater 
Outflow 
Volume   (AC-
FT)

Volume to 
Lake              
(AC-FT)/month

Average 
Monthly 
Flow Rate 
(cfs)

1999 Jan 1.05 0.34 337 0.36 82.8 60.4 193 3.2
1999 Feb 0.12 0.04 39 0.72 165.6 60.4 -187 -3.1
1999 Mar 1.60 0.53 515 1.5 345 60.4 110 1.8
1999 Apr 2.42 0.80 778 3.2 736 60.4 -19 -0.3
1999 May 6.32 2.09 2035 5 1150 60.4 825 13.7
1999 Jun 3.95 1.30 1272 5.8 1334 60.4 -122 -2.0
1999 Jul 5.52 1.82 1778 6.5 1495 60.4 222 3.7
1999 Aug 4.66 1.54 1501 5.4 1242 60.4 198 3.3
1999 Sep 2.29 0.75 736 3.6 828 60.4 -152 -2.5
1999 Oct 0.73 0.24 235 2.5 575 60.4 -400 -6.6
1999 Nov 0.36 0.12 116 1.1 253 60.4 -197 -3.3
1999 Dec 0.24 0.08 77 0.36 82.8 60.4 -66 -1.1

29.2 9.7 9418 36.0 8289 724.4 405 6.7Total  
 
 
Long-term Water Budget Results and Hydrologic Periods 

Figure III.C-4 compares the modeling results to the recorded lake elevations.  The modeled 
lake elevations mimic recorded lake elevations, supplying credibility to the modeling 
methods described in previous sections.  Additionally, the model was able to show the 
increased water elevations with a constant groundwater outflow, which indicates that the 
system is rainfall dependant.  A practical approach to reading this graph is to examine 
different periods of Pelican Lake water level history.      
 

• The 1960s were considered a dry period for the Pelican Lake watershed with 7 of the 
10 years receiving less than 28 inches of rainfall.  The large dip in lake level shown 
during the 1960s is consistent with anecdotal evidence from adjacent landowners.  
Local landowners report that during the mid-1960s Pelican Lake water levels were 
very low.  

 
• Both the model and the measured lake level records show a consistent rise in lake 

levels occurring starting in the early 1970s and lasting though the mid-late 1980s, at 
which point a dry period resulted in lake levels falling below 950.0 feet. 

 
• From the end of the 1980s to the beginning of the 1990s, lake levels rebound and 

remain relatively high through the 1990s.  Water levels were maintained in the mid-
late 1990s by average rainfall years, receiving an average of 29.5 inches/year from 
1994-2000.   

 
• From the late 1990s to present, there has been a steady increase in lake level 

elevations, corresponding to increases in average annual precipitation.  During the 
period 2001 through 2004, rainfall averaged 36.5 inches/year.    
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Pelican Lake Drawdown Analysis 
The magnitude and timing of discharges from Pelican Lake are limited by a number of 
factors, including downstream flooding, increases in peak flow rates, streambank erosion, 
and water quality impacts.  
 
To address these concerns, the drawdown analysis used a split winter-summer approach as 
shown in Figure III.C-5.  The drawdown parameters identified by the Pelican Lake Work 
Group include: 
 

1) Lower current lake level of approximately 954.0 feet to elevation of 950.7 feet. 
2) Enable temporary management drawdowns to elevation of 944.0 feet. 
3) The initial drawdown would be from 954.0 to 944 feet over a period of approximately 

2.5 years. 
4) Summer time discharge rates not to exceed 5 cfs. 
5) Winter time discharge rates not to exceed 21 cfs. 
6) The plan would stipulate closure of the outlet if discharges from Pelican Lake conflict 

with high flows or flooding problems in the City of St. Michael. 
 
A Pelican Lake Management Plan would set forth the conditions of how the outlet would be 
operated, along with the roles and responsibilities of the entities involved in implementing 
the Pelican Lake Outlet Management Plan.    
 
Figures III.C-6 through III.C-8 show a simulation of drawdowns under dry, average, and wet 
conditions starting in 2008 using the above parameters.  The original drawdown scenario 
called for a 12 cfs winter and 5 cfs summer discharge rate.  The winter discharge rate was 
increased to 21 cfs to shorten the initial drawdown time.  Figure III.C-9 shows historic 
Pelican Lake levels as they would have been with these outlet parameters.   
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IV.  Outlet Alternatives 
 
A. INTRODUCTION 
Two outlet alternatives were evaluated: an east alignment through the City of St. Michael 
into Regal Creek via County Ditch 21, and a north alignment through the City of Monticello 
to the Mississippi River via County Ditch 33.  These two alignments are shown in Figure 
IV.A-1.  A third alternative, the use of infiltration basins, was considered, but not found to be 
feasible due to low permeability soils and the lack of large depressions suitable for this 
approach in the vicinity of Pelican Lake.   
   
The Pelican Lake Work Group evaluated the two alignments using a variety of 
environmental, economic, and social criteria.  In evaluating the two outlet alignments with 
respect to these criteria, the following assumptions were used: 
 

1) Discharge rates of 12 cfs during the winter months and 5 cfs during the summer 
months.  (Winter discharge rates were later increased to 21 cfs for the preferred outlet 
alternative.) 

 
2) Existing pipes that would convey flows from Pelican Lake were assumed to be 

upgraded to one standard pipe size with no change in pipe material. 
 
3) Open channel sections were assumed to be capable of conveying a flow rate equal to 

5 cfs and the local 2-year storm.  The assumed channel geometry is a trapezoidal 
channel with a bottom width of 12 feet, a depth of 2 feet and 2:1 (horizontal:vertical) 
side slopes. 

 
4) Gravity flow and pumping are evaluated for both alignments.     

  
 
B. ALIGNMENT COMPARISON:  EAST (ST. MICHAEL) ALIGNMENT AND NORTH 
(MONTICELLO) ALIGNMENT 
The east and north alignments were compared through a series of tables completed for the 
feasibility study.  This discussion is organized as follows: 
 

• Table IV.B-1 Environmental Impacts:  Impacts related to water quality, wetlands, 
flooding, and fish and wildlife habitat are compared.   

• Table IV.B-2 Social Impacts:  Social impacts focus on number of land owners, area 
of disturbance, and the public perception of flooding-related conflicts. 

• Table IV.B-3 Economic Comparisons:  Using the same design assumptions, the two 
outlet alternatives were evaluated for both a pump and no pump design. 

• Table IV.B-4 Water Quality Considerations:  Water quality considerations include 
both the potential impacts and the opportunities to mitigate these impacts.  The 
availability of wetland restoration and other treatment opportunities is also included. 
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• Table IV.B-5 Hydrologic Considerations:  Key hydrologic considerations include 
increases in peak discharge rates, downstream flooding, erosion, and storm sewer 
capacity constraints.  

• Table IV.B-6 Wetland Considerations:  Direct and indirect impacts to wetlands along 
the outlet alignments as well as opportunities to restore wetlands are considered.   

• Table IV.B-7 Social Considerations:  An interpretation of data presented in Table 
IV.B-2 is provided. 

 
 

Table IV.B-1  Environmental Impacts 
Alternatives 

Environmental Impacts* 
East Alignment North Alignment 

Water quality M H 
Direct wetland (ac) 31 104 
Indirect wetland (ac) 28 133 
Restored wetland (ac) 350 0 
Downstream flooding L H 
Instream flooding H L 
Fish and wildlife habitat L L 

*Impacts ranked as high (H), medium (M), or low (L), or expressed as quantities 
 
 

Table IV.B-2  Social Impacts 
Alternatives 

Social Impacts* 
East Alignment North Alignment 

Total parcels affected** 14 19 
Earth disturbance (ac) 20 23 
Total project area (ac) 500 290 
Real/perceived flooding 
problem 

L H 

*Impacts ranked as high (H), medium (M), or low (L), or expressed as quantities. 
**For east alignment through Meadows Wetland; for north alignment to proposed new stormwater 
outlet pipe 
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Table IV.B-3  Economic Comparisons 
Alternatives 

Economic Impacts* 
East 

Alignment 
without 

Pumping 

East 
Alignment 

with 
Pumping 

North 
Alignment 

without 
Pumping 

North 
Alignment 

with 
Pumping 

One-time construction costs $2,084,430 $2,161,151 $2,217,371 $2,274,430 
Total $2,084,430 $2,161,151 $2,217,371 $2,274,430 

Annual costs 
Operation 0 $15,000 0 $15,000 
Maintenance $12,500 $10,500 $13,500 $12,500 

Total $12,500 $25,500 $13,500 $27,500 

 
 

Table IV.B-4  Water Quality Considerations 
Alignment Pros Cons 

Opportunities for wetland 
treatment of outflow, currently 
unused by City of St. Michael 

Regal Creek TMDL 
Crow River TMDLs 

Potential water quality benefit to 
Regal Creek, TMDL 
implementation opportunity 

Mississippi River and Lake Pepin 
TMDLs 

East 

Partnering opportunities with St. 
Michael, stormwater management 

 

No discharge to Regal Creek and 
therefore no conflicts with Regal 
Creek or Crow River TMDLs 

Mississippi River and Lake Pepin 
TMDLs 

North 

 Limited water quality treatment options 
for outflow; existing flooding problems 
in Monticello, ponds and wetlands 
already at capacity 

 
 

Table IV.B-5  Hydrologic Considerations 
Alignment Pros Cons 

East Release of baseflow from Pelican 
Lake could lead to more stable 
flow regime, increased DO 

Instream erosion in Regal Creek and at 
outfall to Crow: cost to repair is $200K 

North Potential opportunity to partner 
with Monticello in addressing 
stormwater management issues 

JD33 does not have additional capacity.  
If ditch authority does not permit 
additional discharges, cost to increase 
pipe from 48 to 60 inches is $2 million 
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Table IV.B-6  Wetland Considerations 

Alignment Pros Cons 

East Opportunity to restore up to 350 
acres of degraded wetland 

Potential for 31 acres of direct and 28 
acres of indirect wetland impact 

Limited opportunity to restore wetlands 
due to chronic flooding and limited 
available sites. 

North  

Potential for 104 acres of direct and 133 
acres of indirect wetland impact. 

 
 

Table IV.B-7  Social Considerations 
Alignment Pros Cons 

Lower number of parcels affected 
and less earth disturbance 

East 

Flooding problems are not 
perceived as high 

Wetland restoration elements 
substantially increase overall project 
area 

More parcels and earth 
disturbance 

Overall project area is smaller due to 
less emphasis on wetland restoration 

North 

Long history of flooding in 
Monticello neighborhoods – 
potential public resistance to 
discharge of additional water 
through Monticello’s stormsewer 
system 

 

 
 
The north outlet alternative has several constraints including limited channel capacity within 
County Ditch 33, high potential for flood-related conflicts, significant wetland impacts and 
higher costs attributed to depth of cut, and the need to retrofit existing storm sewer pipes.  
Constraints for the east alignment include wetland and flood-related impacts, in-stream 
scour, and erosion to Regal Creek.  Both alignments have the potential to impact water 
quality in the Mississippi River; however, the east alignment would also discharge to Regal 
Creek and the Crow River, both of which are listed by the MPCA as impaired.   
 
The east alignment has lower construction costs regardless of whether gravity flow or 
pumping is used.  The east alignment also has fewer potential environmental impacts.  The 
east alignment offers many opportunities to not only avoid or minimize environmental 
impacts, but to restore wetlands and eroded sections of Regal Creek.  Many of these same 
improvements also have the potential to mitigate water quality impacts to receiving waters 
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and to mitigate potential fringe wetland impacts of Pelican Lake. These opportunities are not 
generally available on the north alignment.   
 
C.  RECOMMENDATIONS 
The east alignment was recommended for further evaluation.  The Pelican Lake Work Group 
concurred with this recommendation and directed Emmons & Olivier Resources, Inc. to 
further evaluate the east alignment option.  
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V.  Preferred Outlet Alternative  
 
A. INTRODUCTION 
This section describes the key design elements of the east alignment.  The east alignment is 
shown in Figure IV.A-2.  The east alignment conceptual design uses as design parameters the 
drawdown assumptions previously outlined in Section III of this report.  The east alignment 
as described herein incorporates several design changes and improvements which are aimed 
at addressing specific issues that are outlined in Section IV of this report.    
 
These design changes and improvements include: 
 
Combined Gravity/Pump Outlet:  As described in Section IV of this report, both gravity   
and pumping have been considered.  Further evaluation suggests that a gravity outlet weir 
structure with an invert of 950.2 feet, combined with a portable or permanent pump provides 
the best overall outlet configuration.  Primary factors in considering this outlet configuration 
are long term maintenance costs, environmental impacts of channel dredging in Pelican Lake, 
and the depth of cuts across private land east of Pelican Lake.  A pumping option will enable 
more precise management of the outlet and provide a greater level of confidence that 
downstream flows can be regulated. 
 
Diversion of Outlet Channel from Ditch 21 to Private Ditch:  A major concern of the City 
of St. Michael is impacts on flooding in the vicinity of County Ditch 21 and County Ditch 9 
and upstream of the Meadows Wetland.  Diverting the outlet channel to an existing private 
ditch just east of Iffert Ave NE not only avoids directing new flows from Pelican Lake into 
existing flood prone areas, but redirects existing drainage area away from these flood prone 
areas. 
 
Installation of Fish Barrier:  Of major concern is that the outlet channel will provide a 
conduit for fish to reenter Pelican Lake after management drawdowns and/or fish toxicants 
are applied.  The rerouting of the outlet along the private ditch provides an opportunity to 
install a velocity fish barrier due to higher gradients along this alternate route. 
 
Meadows Wetland Restoration:  Of significant concern is the potential water quality 
impacts to Regal Creek and the Crow River.  The Meadows Wetland restoration will provide 
substantial pollutant removal and help to mitigate the potential water quality impacts of 
Pelican Lake discharges.  The Meadows Wetland restoration will also substantially attenuate 
stormwater discharge rates to Regal Creek, thus reducing stream bank erosion potential.   
 
 
B.  EAST ALIGNMENT CONCEPTUAL DESIGN ELEMENTS 
The following is a description of the key elements of the east alignment beginning at the 
outlet of Pelican Lake. 
 
Stoplog weir:   A stoplog weir will be constructed at the mouth of an existing private ditch 
that flows into Pelican Lake.  The top of the weir is proposed to be three feet wide and set to 
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an elevation of 950.2 feet.  The weir will pass flows during normal operating periods (non-
lake management drawdown periods), to manage the lake at an elevation of 950.7 feet, or 1.5 
feet below the existing DNR OHW of 952.2 feet. 
 
Lift Station:  A lift station will be constructed at the existing edge of the eastern-most bay of 
Pelican Lake.  A 24” intake will run from this point 900 feet into the lake and be set at an 
invert elevation of  942.0 feet.  The lift station intake pipe will require placement of a 
structure within the lake bed to support the intake pipe at the proper invert elevation.  A short 
24” forcemain will outlet into the new channel on the downstream side of a weir. 
 
Many pump configurations would be sufficient to accomplish the drawdown requirements 
stated in the Pelican Lake Outlet Management Plan and will be specified in the preliminary 
design.  To achieve a constant flow rate, either two pumps will be used, or a single pump 
could fill a storage area and water could be slowly released through an orifice while the 
pump rests.  Possible storage locations are School Lake or the wetland along the alignment to 
the west of Ibarra Avenue.              
 
Waterway:  The waterway would be constructed along the alignment shown in Figure IV.A-
2.  The profile of the channel with respect to existing elevations is shown in Figure IV.A-3.  
The waterway design would serve many functions beyond conveying flows from Pelican 
Lake.  Channel geometry (Figure IV.A-4) would mimic stream type based on gradient, 
channel substrate, and hydrology from both Pelican Lake and local storm flows.  The channel 
is sized to accommodate summertime discharge of 5 cfs, plus the additional flows generated 
by the 1.5-year event from the local watershed.  The channel would also include a flood-
prone area designed to accommodate local storms that exceed the 1.5-year event and up to 
the 100-year event.   The slopes above the floodprone area would be a maximum of 3:1 with 
permanent buffers along the top of the waterway slopes.  The floodprone area of the 
waterway is expected to have sufficient hydrology to support wet meadow wetland 
communities, while the waterway slopes and buffers would support native prairie, woodland 
and forest communities.  Several sections of the waterway would require deep cuts that might 
be crossed more cost-effectively with pipes.  From Pelican Lake to the edge of the Meadows 
Wetland, up to 16,700 LF of waterway would be created, a portion of which would utilize 
County Ditch 21.  Within the Meadows Wetland Restoration, an additional 7,150 LF of 
waterway would be extended to the outlet (Regal Creek), for a total of 23,850 LF of new 
waterway. 
 
Restored Wetlands:  The waterway extends through wetlands along the northeast side of 
School Lake and passes through additional wetlands drained by a small private ditch west of 
the Meadows Wetland.  Most of these wetlands are presently drained or partially drained.  
Where possible, the waterway grade will be designed to restore the pre-ditch runout elevation 
of these wetlands.  Where appropriate, small control structures will be placed at these 
locations to restore wetland hydrology and provide for grade control in the waterway.  
Additional wetland areas will be created as riparian wetlands within the floodprone area of 
the waterway itself.    
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Velocity Fish Barrier:  Where the waterway crosses Jamison Avenue, there is a relatively 
high gradient reach that might be suitable to construct a velocity fish barrier.  This would be 
accomplished by replacing the existing culvert under Jamison Avenue with a larger culvert 
with a slope that achieves a velocity of 7 feet/second over a horizontal distance of at least 50 
feet.  This fish barrier would limit migration of fish up into Pelican Lake from the Crow 
River and other downstream water bodies. 
 
Stormwater Facilities:  Although much of the east alignment is yet to be developed, the City 
of St. Michael Comprehensive Plan does show areas adjoining the outlet alignment as low-
density residential development or village mixed use.  In anticipation of future stormwater 
management requirements and the need to protect the waterway and associated wetlands 
from stormwater discharges, stormwater ponding areas are identified in Figure IV.A-2.  An 
estimated 32 acres of stormwater ponding is required to meet future development.  These 
facilities would be constructed as development along the waterway occurs.  
 
Meadows Wetland Restoration:  The Meadows Wetland is located just upstream of the Regal 
Creek outfall.  The Meadows Wetland was historically ditched, drained, and used for sod 
farming.  Portions of the wetland were also used as pasture.  The Meadows Wetland 
restoration would include placement of an outlet weir (Figure IV.A-5) to return the runout 
elevation to preditch conditions.  The normal water elevation weir would be 3 feet in length 
and set to elevation of 923.0.  A 20-foot weir would be set at 926 feet for outlet under periods 
of high water in the Meadows Wetland.  The outlet weir would restore the wetland 
hydroperiod, provide water quality treatment to discharges from Pelican Lake, and attenuate 
downstream flows within Regal Creek where instream scour and erosion is a concern.   
Vegetation management would be implemented to remove reed canary grass and restore this 
wetland to a diverse mosaic of emergent marsh, wet meadow, and shrub swamp wetland 
communities.   A total of approximately 180 acres of wetland would be partially or fully 
restored as part of the Meadows Wetland restoration.  
 
Regal Creek Stabilization:  Downstream of the Meadows Wetland, Regal Creek descends 
into the river valley of the Crow River.  Within moderate gradient reaches, channel scour and 
stream bank erosion threaten Regal Creek and public and private infrastructure.  The project 
would include stabilization of Regal Creek before discharges from Pelican Lake occur.  
Before additional flows are released from Pelican Lake, eroded sections of Regal Creek 
would be stabilized, emphasizing the use of bioengineering techniques where appropriate.   
The Regal Creek stabilization would also integrate stream bank buffers, storm water 
management and protection of natural areas and steep slopes along the creek corridor. 
 
 
C. CONSTRUCTION PHASING SCHEDULE 
The project would be completed in phases designed to minimize the potential for 
downstream impacts.  In general, work would commence in downstream areas first to 
provide for a minimum one-year establishment and stabilization period for Regal Creek and 
other disturbed areas.  The following phasing schedule would be applied: 
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Table V.C-1.  Construction Phasing Schedule 
Phase Description Schedule 

I Restore Meadows Wetland (including construction of outlet weir 
and waterway within wetland) 

Year 1 

II Stabilize lower reaches of Regal Creek with high erodibility 
potential 

Year 2 

III Construct waterway upstream of Meadows Wetland  Year 2-3 
IV Construct pump station and force main to north side of School 

Lake 
Year 3-4 

V Initial drawdown to approximately 950.7 feet Year 5-6 
VI Management drawdown to approximately 944.0 feet Year 7 

 
 
D. PERMITS REQUIRED  
The required permits range from Army Corps of Engineers permits to city permits (Table 
V.D-1). 
 

Table V.D-1.  Permits Required 
Unit of government Type of application 

U.S. Army Corps of Engineers Section 404 permit 
MNDNR Work in public waters 
MPCA 401 certification 
MPCA NPDES construction 
Wright County Land Alteration Permit 
City of St. Michael Wetland Conservation Act 
City of St. Michael Grading and Excavation 
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VI.  Environmental Impact Analysis   
 
 
The following is a summary of the environmental issues identified in this study.  These issues 
were identified through completion of an environmental assessment worksheet (EAW). 
 
Following each issue is a summary of mitigation strategies and further investigation and data 
collection that might be ordered as part of permit conditions.  Because of how interrelated 
these issues are, it is anticipated that most of the mitigation strategies described herein will be 
incorporated as part of permit conditions.    
 
Issue #1:  Conversion of wildlife habitat within Pelican Lake presently dominated by 
deep, open water lake and marsh to shallower, submerged, floating-leaf and emergent 
macrophytes-dominated communities.     

Mitigation  

While some species may be negatively impacted, especially on a short term basis, overall a 
significant net gain in wildlife habitat is anticipated to result from the restoration of Pelican 
Lake.   

• Limit disturbance to upland and wetland areas during the spring nesting season.    
• Strict sediment and erosion control.  
• Where possible phase work to retain undisturbed areas to serve as a refuge for 

resident species. 
• Placement of silt fences and other structures will be carefully evaluated to avoid 

creating physical barriers to species moving between different habitat areas. 
• Protect shoreline areas and adjacent upland nesting cover through landowner 

education, conservation easements, and restoration efforts. 
• Specific habitat features (e.g., nesting structures) will be incorporated into project 

design to fulfill specific habitat needs of species that might be impacted by lake 
management activities. 

 
Further Investigation/Data Gathering  

Evaluation of habitat needs and how Pelican Lake is meeting these needs might provide 
guidance for better quantifying potential impacts.  Project design might potentially be able to 
accommodate habitat elements that fulfill specific habitat requirements.   
 
Issue #2:  Loss of existing fisheries in Pelican Lake 

Mitigation 

Pelican Lake supports a marginal game fish fisheries due to periodic winter kill.  Because of 
the limited potential for Pelican Lake to support a viable sport fisheries, no mitigation is 
warranted.    
 
Further Investigation/Data Gathering  

None 
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Issue #3:  Fisheries Impacts to Regal Creek due to Pelican Lake discharges.   

Mitigation 

See mitigation for issue #10 
 
Further Investigation/Data Gathering  

Flow and water quality monitoring, as described under the water quality discussion, would 
allow better quantification of impacts, or improvements, to fisheries in Regal Creek.  
 
Issue #4:  Fish Movement from Crow River/Regal Creek to Pelican Lake.   
Under conditions where Pelican Lake is outletting as gravity flow over the weir and 
significant stormwater is being generated locally, fish movement between the Crow River 
and Pelican Lake via Regal Creek might be possible.     
 
Mitigation 

• Under normal conditions weirs at Pelican Lake and Meadows Wetland will block fish 
movement. 

• Velocity barrier upstream of Meadows Wetland. 
 
Further Investigation/Data Gathering  

None 
 
Issue #5:  Temporary Impacts Related to Excavation and Placement of Structures 
within Pelican Lake 
Excavation of a gravity flow outlet channel, placement of forcemain into Pelican Lake and 
associated footings, pilings, and other elements could result in temporary suspension of 
bottom sediments and loss of near-shore aquatic communities. 
  
Mitigation 

• During design phase of project, locate forcemain and outlet channel to minimize 
encroachment to aquatic vegetation. 

• Time construction activities to winter time or low water periods 
• Flotation silt curtains 
• Restore aquatic vegetation impacted by excavation.  

 
Further Investigation/Data Gathering  

None 
 
Issue #6:  Impacts to Wetlands Downstream  of Pelican Lake Outlet   
The waterway and Meadows Wetland restoration will result in temporary impacts within 
existing wetlands due to excavation and placement of control structures. 
 

Pelican Lake Outlet Feasibility Study 32 
Emmons and Olivier Resources, Inc. VI. Environmental Impact Analysis 



Mitigation 

• Excavation during low flow periods, preferably during winter months  
• New channels and restored wetlands to be kept off line for minimum of one full 

growing season to achieve site stabilization.  
• Existing culvert invert elevations will be maintained at crossings to assure that 

unintended drainage of wetlands does not occur. 
• All wetland vegetation/grades will be restored and replanted. 
• Standard erosion control measures (i.e., silt fence, cover crops, etc.) will be 

implemented. 
 
Further Investigation/Data Gathering  

None 
 
Issue #7:  Pelican Lake Fringe Wetland Impacts 
An estimated 78.6 acres of wetlands could potently be impacted by permanently lowering 
Pelican Lake to an elevation of 950.7 feet.  There are a variety of factors that might lower 
this estimate including changes in soil texture/structure due to prolonged inundation, 
groundwater inflow on the southwest shore of the lake, abandonment of old ditches/tiles, and 
the same climatic trends that are responsible for the present-day high water conditions on 
Pelican Lake.      
 
Mitigation 

• Public value credits from conversion of deep open water areas of Pelican Lake to 
submerged, floating leaf and emergent macrophyte communities. 

• Public value credits from vegetation restoration in the wetlands surrounding Pelican 
Lake.  

• Public value credits from vegetation restoration in the Meadows Wetland. 
• Public value credits from establishment of upland buffers. 
• New wetland credits from the waterway. 

 
A total of 1,039.5 acres of potential wetland mitigation including 1019 acres wetland PVC, 
10.1 acres of upland PVC and 10.4 acres of new wetland credit.  It is anticipated that 
additional new wetland credit (equivalent) might be appropriate as allowed under the 
Minnesota Wetland Conservation Act for hydrologic restoration of partially drained 
wetlands.  
 
Further Investigation/Data Gathering  

• Complete a wetland function and value assessment of the existing wetland. 
• Establish several nests of piezometers to monitor water levels on fringe areas of the 

wetland.  
• Wetland Technical Evaluation Panel should agree on existing wetland boundary 

based on methodology presented in this EAW and verified in the field. 
• Wetland Technical Evaluation Panel should agree on extent of potentially impacted 

wetland areas. 
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• Wetland Technical Evaluation Panel should agree on protocols for an on-site/off-site 
determination of potentially impacted wetland areas under existing and post-project 
conditions. 

 
Issue #8:   Changes and Reductions to Water Surface Use. 
The existing public access might no longer provide boat access to Pelican Lake.  A 
significant portion of Pelican Lake may not have water depths adequate for motor boat travel. 
 
Mitigation 

The DNR Public Access (now under water), will be put back into use as soon as conditions 
permit.   
 
Further Investigation/Data Gathering  

None 
 
Issue #9:  Erosion and Sedimentation along the Waterway through the Downstream 
Reaches of Regal Creek  
Because of the excavation proposed and the potential for significant flows, erosion and 
sedimentation along the water way is a potential concern.  
 
Mitigation 

• A Stormwater Pollution Prevention Plan will be prepared as part of NPDES permit 
requirements.   

• The outlet waterway and Meadows Wetland will be constructed and restored during 
winter frozen ground conditions.  No hydraulic connections will be made from the 
lake to the water way or Regal Creek at this time.  

• Appropriate erosion control measures, including silt fences, flotation curtains, and 
other devices will be installed prior to start of work. 

• A minimum of one full growing season, following establishment of permanent 
vegetative cover, will be provided to fully stabilize the site.  

• During the fall or winter following the second growing season, assuming all disturbed 
areas are fully stabilized, a hydraulic connection between the lake and the new stream 
channel will be installed. 

 
Further Investigation/Data Gathering  

None 
 
Issue #9:  Water Quality Impacts to Downstream Waters 
The potential impacts to downstream water bodies (Regal Creek, Crow River, Mississippi 
River) are increased pollutant loads, such as total phosphorus, biochemical oxygen demand, 
fecal coliform, and higher water temperatures.    
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Mitigation 

• Restoration of Meadows Wetland, which will treat the discharge from the outletted 
lake and improve its water quality 

• Timing of the outletting – 86% of the lake’s outflow during the initial drawdown 
period will be outletting during winter months.  Water quality in the lake is better 
during winter months, and will have less of an impact on the water quality of 
downstream water bodies due to the cold temperatures and low rates of algal and 
plant production. 

• Improvements in Pelican Lake water quality – The water quality of the lake is 
expected to improve due to this project, so that the water quality of the outlet’s 
discharge during future management drawdowns will be better than the water quality 
today. 

• Shade trees will be planted along the realigned channel where feasible to help 
maintain cooler water temperatures. 

 
Further Investigation/Data Gathering  

A flow-weighted monitoring station should be established permanently in the lower portion 
of Regal Creek to monitor flows for discharge rate and water quality parameters.  At least 
one continuous tipping bucket rain gage should be installed upstream near the Meadows 
Wetland.    
 
Issue #10:  Increased Erosion and Scour to Regal Creek  
A geomorphic assessment and hydrologic modeling confirm that Regal Creek has a high 
sensitively to erosion and that local stormwater discharges exceed channel capacity under 
existing conditions.  Additional discharges from Pelican Lake would further stress sensitive 
areas in lower Regal Creek.   
  
Mitigation 

• Summer time discharges from Pelican Lake would be limited to maximum of 5 cfs.  
During winter, when local storm flows are non-existent or small, discharges up to 20 
cfs would be allowed. 

• Increase attenuation of storm flows to downstream reaches of Regal Creek through 
waterway and Meadows Wetland restoration.  

• Stormwater ponding areas are identified for future growth areas of St. Michael to 
further limit peak flow rates.  

• Comprehensive restoration and stabilization plan for the lower reach of Regal Creek.  
• Stabilization of existing erosion sites and restoration of the Meadows Wetland would 

be completed in the initial phases of the project to stabilize Regal Creek before 
discharges to Pelican Lake are allowed.  

 
Further Investigation/Data Gathering  

Flow monitoring as previously described.    
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VII.  Cost Estimate 
 
A cost estimate was completed for the east alignment outlet option that contains more precise 
excavation estimates than the comparison.  The total cost of designing and building the outlet 
as a pumping and gravity drain system is approximately $2.1 million dollars.  The following 
assumptions were used in the derivation of this amount; for the entire cost analysis including 
north alignment costs, see Appendix E: 
 

• Does not include land prices due to variability. 
• $7/YD cost for excavation and onsite deposition. 
• Design cost will be 20% of construction cost. 
• The total cost for the pump and controls, pumphouse, intake, forcemain, and weir is 

$0.5 million. 
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Figure II.B-1.  In-lake TP growing season (June through September) means 
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Figure a.   
2003 and 2005 averages 
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Figure II.B-2.  In-lake water quality data, growing season (June through September), 2003 and 2005 
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Figure II.B-3. Dissolved oxygen-depth profiles, June through September, 2005. 
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Figure II.B-4.  In-lake surface vs. bottom TP concentrations 
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Figure II.C-1.  In-lake water quality data, all surface water data 
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Figure II.C-2. Dissolved oxygen-depth profiles, October 2005 through February 2006 
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Figure III.B-1   Surficial Geology and Groundwater Monitoring Sites

Pelican Lake Outlet Feasibility Study 47 
Emmons and Olivier Resources, Inc. Figures 



Figure III.B-2 Lake Surface and Groundwater Hydrograph 
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Private well elevations taken 8/26/05-9/1/05 by Minnesota DNR 
Lake level 953.24 on 8/30/05 taken by EOR 
Monitoring well elevations are averages of measurements taken from November 2005 to January 2006 by EOR 

Figure III.B-3  Regional Quaternary Groundwater Contours and Flow Direction
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Lake Elevations from Minnesota DNR website  http://www.dnr.state.mn.us/lakefind/index.html
Groundwater Elevations from Minnesota DNR website http://climate.umn.edu/ground_water_level/

Pelican Lake Outlet Feasibility Study 51 
Emmons and Olivier Resources, Inc. Figures 

http://www.dnr.state.mn.us/lakefind/index.html
http://climate.umn.edu/ground_water_level/


Pelican Lake Outlet Feasibility Study 52 
Emmons and Olivier Resources, Inc. Figures 

#S

#S

#S
#S

#S

#S

#S

#S

#S

$T

$T

$T40TH ST  NE

72ND ST NE

IB
A

R
R

A 
A

V
E 

N
E

56TH ST  NE

FA
L

LO
N

 A
VE

 N
E

63RD ST NE

E

C
OU N

TY RO
A D

 37 NE

75T H ST NE

COUNT Y ROAD 37  NE

N
 A

VE
 N

E

77TH ST NE

G
TO

N
 A

V
E 

N
E

H
A

L
SE

Y
 A

V
E

 N
E

Ed
m

on
so

n  Av
e N

E

E
DM

O
NS

O
N

 A
V E

 N
E

ROAD 18

IF
F E

R
T 

AV
E

 N
E

45T

40TH ST NE

72ND ST NE

IB
AR

R
A 

A V
E 

N
E

EISELE A VE NE

56TH ST NE

AV
E 

N
E

FALLO
N

 AVE NE

63RD ST NE

75TH ST NE

NE

35TH ST

H
AL

SE
Y  

AV
E 

N
E

COUNTY ROAD 37 NE

DG

BW

MW-1

MW-2

MW-3

FWS-1

FWS-2

FWS-3

FWS-4

TH west

TH east

RM west

Wright_sections.shp
Roads.shp
Theme1.shp

PerimeterSoilFinal.shp
Angus loam, 2 to 5 percent slopes
Angus-Cordova complex, 0 to 5 percent slopes
Angus-Le Sueur complex, 1 to 5 percent slopes
Belleville sandy loam, 0 to 2 percent slopes
Canisteo clay loam, moderately fine substratum, 0 to 2 percen
Cordova clay loam, 0 to 2 percent slopes
Cordova loam, 0 to 2 percent slopes
Glencoe clay loam, depressional, 0 to 1 percent slopes
Granby loamy fine sand, very wet, 0 to 1 percent slopes
Hamel loam, 1 to 3 percent slopes
Klossner, Okoboji, and Glencoe soils, ponded, 0 to 1 percent
Le Sueur clay loam, 1 to 3 percent slopes
Lerdal silty clay loam, 1 to 3 percent slopes
Lester loam, 12 to 18 percent slopes, eroded
Lester loam, 18 to 25 percent slopes
Lester loam, 6 to 12 percent slopes, eroded
Lester-Kilkenny complex, 6 to 12 percent slopes, eroded
Lester-Storden complex, 12 to 18 percent slopes, eroded
Muskego, Blue Earth, and Houghton soils, ponded, 0 to 1 perce
Nessel loam, 1 to 3 percent slopes
Water

Gw monitoring.shp
#S Shore Piezometer
$T Upland Well

0 1 2 Miles

N

EW

S
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Figure III.C-1.  Pelican Lake Historic Lake Levels 
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Figure III.C-2.  Rain Gauge Locations (indicated by blue circles) 
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Figure III.C-3.  Annual Rainfall Averaged Between Elk River and Buffalo Rain Gauges 
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Figure III.C-4.  Pelican Lake Long-term Water Budget 

938

940

942

944

946

948

950

952

954

956

10/3/1954
0:00

3/25/1960
0:00

9/15/1965
0:00

3/8/1971
0:00

8/28/1976
0:00

2/18/1982
0:00

8/11/1987
0:00

1/31/1993
0:00

7/24/1998
0:00

1/14/2004
0:00

7/6/2009
0:00

El
ev

at
io

n 
(ft

)

Modeled
Recorded

Pelican Lake Outlet Feasibility Study 56 
Emmons and Olivier Resources, Inc. Figures 



Figure III.C-5.  Pelican Lake Drawdown Planning Chart 
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Figure III.C-6.  Pelican Lake Drawdown Schedule for Dry Conditions 
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Figure III.C-7.  Pelican Lake Drawdown Schedule for Average Conditions 
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Figure III.C-8.  Pelican Lake Drawdown Schedule for Wet Conditions 
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Figure III.C-9.  Simulation of Historic Elevation and Ouflow 
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Figure IV.A-3.  East Outlet Profile 
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Figure IV.A-4. Typical Cross Section 
 g yp

944

946

948

950

952

954

956

0 10 20 30 40 50 60

Station (ft)

El
ev

at
io

n 
(ft

)

Slope = 0.037%
Mannning's n = 0.04 
Main Channel Capacity = 23 CFS

Floodprone Area

Main Channel

Wetland Upland Transition

Upland Buffer

Pelican Lake Outlet Feasibility Study 65 
Emmons and Olivier Resources, Inc. Figures 



Figure IV.A-5.  Meadows Wetland Outlet Weir 

 
 
 

Pelican Lake Outlet Feasibility Study 66 
Emmons and Olivier Resources, Inc. Figures 



can Lake Outlet Feasibility Study 67 
Resources, Inc. Figures 

Peli
Emmons and Olivier 



Peli
Emmons and Olivier 

can Lake Outlet Feasibility Study 68 
Resources, Inc. Figures 

 



can Lake Outlet Feasibility Study 69 
Resources, Inc. Figures 

Figure VI.B-1.  Important Elevations within Meadows Wetland - 
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Figure VI.B-2.  In stream Erosion Analysis for Regal Creek 
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Figure VI.B-3  Regal Creek Erosion Analysis Reaches 

Peli
Emmons and Olivier 



Figure VI.C-1.  Dissolved oxygen concentrations in Regal Creek. 
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Figure a 
DO vs. TP 
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Figure b 
DO vs. temperature 
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Figure c 
Flow and DO over time 
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Figure b.   
Turbidity 

Figure a.   
E. Coli concentration 
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Figure VI.C-2.  E. Coli concentrations and turbidity in Pelican Lake 
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Pelican Lake Work Group  
Contact List 

 
 
 
Patrick Sawatzke 
PO Box 778 
Monticello MN 55362 
(763) 295-3311 (home) 
 
 
 
Jerry Zachman 
PO Box 337 
St. Michael, MN 55376 
(763) 497-2041 
cityhall@ci.st-michael.mn.us 
 
 
Ted Holker 
5764 CR 37 NE 
Monticello, MN 55362 
(763) 295-2724 
 
 
 
Douglas Lipetzky, P.E. 
Senior Regional Engineer 
Ducks Unlimited, Inc. 
Great Plains Regional Office 
2525 River Road 
Bismarck, ND 58503-9011 
(701) 355-3500 
dlipetzky@ducks.org 
 
Nicole Hansel-Welch 
Wildlife Lakes Specialist 
DNR Wildlife 
1601 Minnesota Drive 
Brainerd, MN 56401 
(218) 855-5172 
Nicole.Hansel-
welch@dnr.state.mn.us 
 
 
 
Don Soderlund 
4063 Ibarra Ave NE 
St. Michael, MN 55376 
(763) 497-2141 
wagtail44@yahoo.com 
 

 
Peter Scharber 
12260 42nd St NE 
St. Michael, MN 55376 
(763) 497-3949 (home) 
 
 
 
Margaret Leach 
Pollution Control Specialist 
Watershed Unit 
7678 College Road, Suite 105 
Baxter, MN  56425 
218-828-2492 
Margaret.leach@state.mn.us 
 
 
Diane Sander 
Watershed Coordinator 
306C Brighton Ave 
Buffalo, MN 55313 
(763) 682-1933 ext. 3 
diane.sander@mn.nacdnet.net 
 
 
Kerry Saxton 
Wright County SWCD 
306C Brighton Ave 
Buffalo, MN 55313 
(763) 682-1933 ext. 3 
kerry.sexton@mn.nadcnet.net 
 
 
Jon Schneider 
DU Regional Manager 
311 East Lake Geneva Rd NE 
Alexandria, MN 56308 
(320)762-9916 
jschneider@ducks.org 
 
 
 
Scott Glup 
USFWS Wetland District Manager 
971 East Frontage Rd 
Litchfield, MN 55355 
(320) 693-2849 
MidwestNews@fws.gov 
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Pelican Lake Work Group  
Contact List 

 
Mark Matuska 
1111 Hwy 25 N Suite 204 
Buffalo, MN 55313 
(763) 684-1600 
mark.matuska@mail.house.gov 
 
 
Bob Peterson 
2391 Kimball NW 
Annandale, MN 55302 
(320) 963-6581 (home) 
 
Vernon Florell 
361 2nd St SW 
Buffalo, MN 55313 
(763) 682-3153 (home) 
 
 
Dean Flicker 
21248 207th St 
Big Lake, MN 55309 
Dean.flicker@libertypaper.com 
 
 
Jim Onstad 
NRCS-District Conservationist 
306C Brighton Ave 
Buffalo, MN 55313 
(763) 682-1933 ext. 3 
jim.onstad@mn.nacdnet.net 
 
 
Steve Bot, P.E. 
PO Box 337 
St. Michael, MN 55376 
(763) 497-2041 
cityhall@ci.st-michael.mn.us 
 
Wayne Kessler 
301 Circle Lane 
St. Michael, MN 55376 
(763) 497-2320 
 
Harland Hiemstra 
DNR 
1200 Warner Road 
St. Paul, MN 55106 
(651) 772-7986 
Harland.hiemstra@dnr.state.mn.us 

Roger Stradal 
DNR Waters 
940 Industrial Drive S #103 
Sauk Rapids, MN 56379 
(320) 255-4279 ext 233 
roger.stradal@dnr.state.mn.us 
 
 
Dan Lais 
DNR Waters 
940 Industrial Drive S #103 
Sauk Rapids, MN 56379 
(320) 255-4279 ext 232 
dan.lais@dnr.state.mn.us 
 
 
Dale Homuth 
DNR Waters 
1200 Warner Road 
St. Paul, MN 55106 
(651) 772-7922 
dale.homuth@dnr.state.mn.us 
 
 
Martha Reger 
DNR T&W 
9925 Valley View Road 
Eden Prairie, MN  55344 
952-826-6769 
Martha.reger@dnr.state.mn.us 
 
 
Tim Bremicker 
DNR Wildlife 
1200 Warner Road 
St. Paul, MN 55106 
(651) 772-7918 
tim.bremicker@dnr.state.mn.us 
 
 
 
Dennis Simon 
DNR Wildlife 
500 Lafayette Road 
St. Paul, MN 55155 
(651) 297-3965 
dennis.simon@dnr.state.mn.us 
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Rep. Bruce Anderson 
437 State Office Building 
100 Rev. Dr. Martin Luther King Jr. 
Blvd. 
Saint Paul, Minnesota 55155 
(651) 296-5063 
rep.bruce.anderson@house.mn 
Home address: 
3222 Aadland Ave 
Buffalo, MN 55313 
(762) 682-1480 
 
 
Richard Reller 
Conservation Officer 
(320) 274-2733 
Richard.reller@dnr.state.mn.us 
 
Larry Kruse 
City Administrator 
5975 Main Ave NE 
Albertville, MN 55301 
(763) 497-3384 
lkruse@ci.albertville.mn.us 
 
 
Fred Bengtson 
Area Wildlife Manager 
940 Industrial Drive S #103 
Sauk Rapids, MN 56379 
(320) 255-4279 ext 224 
fred.Bengtson@dnr.state.mn.us 
 
 
Paul Diedrich 
DNR Fisheries 
7372 State Hwy 25 SW 
Montrose MN 55363 
(763) 675-3301 
paul.diedrich@dnr.state.mn.us 
 
 
Evan Drivas 
DNR Waters 
500 Lafayette Road 
St. Paul MN 55155 
(651) 297-4604 
evan.drivas@dnr.state.mn.us 
 

 
Gretchen Heaser 
DNR Wildlife 
940 Industrial Drive S #103 
Sauk Rapids MN 56379 
(320) 255-4279 ext 225 
Gretchen.heaser@dnr.state.mn.us 
 
Steve Heiskary 
MPCA 
520 Lafayette Road North 
St. Paul MN 55155 
(651) 296-7217 
steven.heiskary@state.mn.us 
 
 
 
Bob Wright 
DNR Wildlife 
5463-C West Broadway 
Forest Lake MN 55025 
(651) 296-3292 
Robert.wright@dnr.state.mn.us 
 
 
Mark Johnson 
MWA 
(763) 489-3127 
mark.Johnson@liesch.com 
 
 
Bob Derus 
St. Michael City Administrator 
P.O. Box 337 
St. Michael MN 55376-0337 
(763) 497-2041 
bderus@ci.st-michael.mn.us 
 
 
Tony DeMars 
Emmons & Oliver Resources 
4517 Minnetonka Blvd #306 
St. Louis Park, MN 55416 
(952) 351-9228 
tdemars@eorinc.com 
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Contact List 

 
Tom Miller 
Emmons & Oliver Resources 
4517 Minnetonka Blvd #306 
St. Louis Park, MN 55416 
(952) 351-9228 
tmiller@eorinc.com 
 
 
Jeff O’Neill, Deputy Administrator 
City of Monticello 
505 Walnut St. #1 
Monticello MN 55362-8831 
(763) 271-3215 
jeff.oneill@ci.monticello.mn.us 
 
 
Mitch Sladek 
Conservation Officer 
(763) 497-5880 
mitch.sladek@dnr.state.mn.us 
 
 
 
Kelton Barr 
Emmons & Oliver Resources 
651 Hale Ave N 
Oakdale,MN 55128 
(651) 770-8448 
 
 
Bruce Westby 
 
 
Tim Fell 
USCOE 
190 5th St E 
St. Paul, MN 55101-1638 
(651) 290-5360 
 
 
Jim Hodgson 
MPCA 
7678 College Rd, Suite 105 
Baxter, MN 56425 
(218) 828-6065 
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Minutes 
 

Pelican Lake Restoration Project 
Work Group meeting 

2/2/2006 
8:30AM to 12:30PM 

Wright County Court House, Buffalo MN 
 
 
The meeting of the work group was convened at 8:30 AM by Fred Bengtson, Area Wildlife 
Manager.  The meeting objective was to review the summary data and recommendations 
from EOR regarding groundwater, water quality, Pelican Lake hydrology, drawdown 
capacity, east outlet alignment, design constraints, Environmental Assessment Worksheet 
(EAW) review process, and identify essential next steps. 
 
 
Project Goals and Strategies – Tony DeMars of EOR reviewed 
 

(A) Restore Pelican Lake to improve wildlife habitat and plant communities 
 
(B) Shift the lake from a turbid to clear state 
 
 
Primary strategies to accomplish these goals are: 
 
1. Lower NWL of lake to reestablish shoreline emergent fringe 
2. Periodic drawdowns to consolidate sediments and encourage wetland 

plant germination  
3. Reduce in-lake phosphorous concentration through in lake treatments or 

watershed load reductions  
4. Reduce rough fish populations via improved winter kill potential   

   
The work group reconfirmed these goals and primary strategies. 
 
 
Ground Water and Water Quality Findings: Andrea Plevan of EOR reviewed 
 
Ground water data was collected from 4 monitoring locations. Data was collected on a 
bimonthly basis from June to Sept 2005, and monthly from Oct. to Feb. 2006. Lab analysis 
was conducted for total phosphorus (TP), soluble reactive phosphorus (SRP), TNK, nitrate, 
chlorophyll-a, biochemical oxygen demand (BOD), E-Coli, and total suspended solids 
(TSS), turbidity and pH. 
 
Overall findings are that total phosphorus peaks in July and again in September (may be 
rain event effect from runoff) and that lake water quality is well below standards established 
for lakes of this size in this eco-region of state.  Chlorophyll levels exceed standards 



established by PCA. E-coli is at o.k. levels except for the September reading in the eastern 
basin. Dissolved oxygen varies.  The lake seems to stratify in levels of BOD and mixes 
often so that points or elevations of very low oxygen are not long-term.  Water quality was 
improved in 2004 from 2003.  Pelican Lake is hypereutrophic.   
 
Pelican Lake will likely be added to the TMDL list in 2008.  This project gives us an 
opportunity to address many of the issues and problems affecting water quality in Pelican 
Lake before the formal listing process. Again—Pelican Lake is in worse shape in most 
categories of measurement for lakes in this eco-region - central hardwoods - and that the 
water quality problems in the basin are significant.  
 
Water quality goals established by MPCA are TP below .06 mg/l, Chl-a below 20ug/l and a 
secchi disk depth of over 1 meter.  
 
Pelican Lake work group reconfirmed that a key objective of the project is to exceed the 
MPCA proposed water quality standards. 
 
Andrea reviewed a similar project in Wisconsin.  Big Muskego Lake Wisconsin was 
successful.  Because of similarities, success should be expected for the Pelican lake 
Project.  
 
 
Groundwater Monitoring - Tom Miller EOR 
 
Ground water monitored by 3 pizometers and numerous wells.  
Groundwater flow is from the SW to the NE with an observed significant gradient of 950 
SEA LEVEL DATUM along southwest shore to about 926 sea level datum (SLD) along 
eastern and north eastern shore.  Observed lake level of 954 SLD. - ground water is well 
below lake level.  Pelican Lake’s surface waters are not positively influenced by ground 
water.  Pelican Lake is a significant lake to ground water discharge site with an annul flow 
of 2 to 9 cfs or about 3 to 4 inches per year.  Ground water and surface water interaction 
sites are minimal in terms of the total lake surface or watershed.. Some infiltration 
discharge is possible but there is still a need to pump to meet drawdown objectives. Using 
just infiltration is cost prohibitive despite the fact that Pelican Lake is a ground water 
recharge site.   
 
Data clearly indicates that Pelican Lake surface water elevations are influenced primarily by 
rainfall, evaporation and discharge to ground water.  Water hydrology was discussed in 
detail as a result of confusing data surface  Data presented indicated that lake levels from 
late 1980s to present have increased measurably (4+ feet) but yearly precipitation was 
stable to declining. 
 
Pelican Lake is 4000 acres in size but it has a relatively small watershed of 11, 700 acres 
or about 18 mi square.  The rainfall data for Elk River and Buffalo were combined and 
averaged.  Some suggested that rainfall data was below amounts observed.  Residents are 
aware of many very significant local rainfall events in Pelican Lake area often during the 



1990s.  In addition some work group members suggested that because the watershed has 
been altered significantly that rainfall from the larger watershed is flowing into the lake from 
previously dry or reconstructed ditches.   
 
Subsequent to the February 2nd work group meeting, Tony DeMars of EOR re-
calculated the data regarding the water budget for Pelican Lake.  Modeled 
(calculated) results for lake levels fit very well for observed values.  See Tom Miller’s 
attachment. 
 
 
Drawdown Plan 
Drawdown objective is to lower the lake from 954 SLD (current elevation) periodically and 
temporarily to 944 SLD with winter and summer discharge periods.  Pelican Lake OHW of 
952.2 SLD, with no lake outlet, the water level management objective is to ensure that 
Pelican Lake water levels do not exceed 950.7 SLD (the rule that permits land locked lakes 
to be lowered no more than 1.5 feet below the OHW (952.2 SLD)).  In addition, temporary 
drawdowns to meet water quality, wildlife and recreational objectives will periodically occur 
to water levels from 944 SEA LEVEL DATUM to 948 SLD.  Periodic drawdowns will occur 
over a three-year period with an estimated flow of 5cfs in the summer months and12 cfs in 
winter months.   
 
Alignment and Design Feature of the Outlet  
 
Preferred outlet alignment is east to St. Michael from Pelican Lake to County Ditch 21 to 
Regal Creek and then the North Fork of the Crow River.  
 
A number of key concerns exist regarding in channel flows must be addressed to minimize 
stream erosion and flooding potential near or in St. Michael.  Other concerns are cost of 
construction, easements for the control structure and channel, storm water infra structure, 
excavation or pumping.  
 
Preliminary design:  
 
Outlet design A-gravity only system appears to be less cost effective than a pumping 
system.  Channel excavation with a pumping system would require 74,000 CY vs. 254,000 
CY for channel excavation with similar draw down capacities.  Cost of pumping system is 
estimated at about $2.1 million and the cost of a gravity system is about $3.6 million.  
 
Preferred option is to construct a channel with an 8-foot bottom and 10-foot flood shelf thru 
School Section Lake and Ditch 21 alignment from about 1/3 of the distance from lake divert 
alignment south to another private ditch. Continue to use open ditch and stream but use 
pipe near the meadows wetland area in St. Michael. This approach would cut off about 200 
acres of flood plain wetlands. 
 
The meadows wetlands would be restored including some meander in the meadow wetland 
stream.  A new 88’ culvert would provide a water control at 921.9 SLD along with a sheet-
piling weir at the outlet on County Road 37.  Concern was expressed about the potential 



bounce in water levels in the meadows wetland and it was acknowledged that more 
understanding of this system is advisable.  The objective is to minimize the impact to the 
meadows wetlands by water level management from Pelican Lake.  
 
Regal Creek flows thru a valuable flood plain forest. The gradient increases substantially as 
it flows to the Crow River, and as a result, the natural tendency for the creek bank is to 
erode.  Channel armoring will be essential in this reach.  
 
Review of Environmental Impacts 
 
Several major issues were identified: 
 
DOW and FAW need to determine the cost and benefits for a 2-year versus a 3-year draw 
down regime.  In addition, DNR must reach consensus regarding the application of the rule 
that only allows the lowering of a landlocked lake level permanently by 1.5 feet if it has no 
established outlet.  This internal discussion occurred on February 9th.   
 
This discussion resulted in the following objective statement: 
 
Pelican Lakes established OHW is 952.2 SLD.  Application of the rule may permit a 
permanent lowering to 950.7 SLD.  It will be the objective of the DNR to ensure that 
Pelican Lake surface levels do not exceed 950.7 SLD.   
 
Preliminary design measurements indicate that Regal Creek can accommodate about 12 
cfs in its present conditions. 
 
 
Water quality Impacts 
 
Periodic drawdowns to temporary water levels between 948 SEA LEVEL DATUM and 944 
SLD will occur to meet water quality and plant community objectives.  Pelican Lake project 
will likely improve water quality. 
 
Pelican Lake will likely be listed as impaired water with specific TMDL in 2008 
 
Lake water quality improvements will be achieved by drawdowns that will re establish 
submerged and emerged plants.  In addition, wetlands will be improved as a result of the 
project.  Wetland restoration along the outlet alignment will be a significant contributor to 
improving the water quality for discharged waters. 
 
TP loads delivered downstream will be reduced in the future if project to restore Pelican 
Lake includes wetland restoration project at the Meadows, more benefits will be achieved if 
other wetland sites can be improved.  
 
Regal Creek is impaired for aquatic life and stressed for DO.  Crow River is impaired for 
aquatic recreation and aquatic life with stressor for fecal colliform and turbidity and Fish IBI, 
Mississippi River is impaired for aquatic recreation, fecal coli form, Mercury and PCBs 



 
Pelican Lake currently has very high phosphorus (TP and SRP) and thus very high blue 
green algae population. This results in high BOD when algae die, and lowered DO.  
Lowered water levels with greater amounts of aquatic vegetation will result in lower TP, 
lower algae population and thus lower BOD.  In addition, wetland restoration will mitigate 
the water temperature but lowering water temperature and allowing for more DO in water.  
 
Although Pelican has a high e- coli, it spikes for a short time in an east bay, fecal coli form 
stays below the standard set for lakes in the central hardwoods- Pelican at about 9.3 org 
per 100ml versus the standard of 15 org/100 ml. Fecal coli form is not an issue.  
 
Turbidity—High algae content in lake. This will be reduced substantially by in lake water 
management. In stream standard is 25 NTV. In addition, wetland restoration will lessen 
turbidity, as solids will settle out in flow to Crow River. 
 
Fish IBI – Currently the flash of flows limit the IBI.  Management prescriptions for 
discharges from Pelican Lake should even out flows, and therefore fish IBI should improve.  
 
Fringe Wetland Impacts – calculations 
 
-COE (Manuel of 87-) allows for an 8 day growing seasons or point of inundation. Soil 
capillary suction in the range of .4 feet – 2 feet in height with a mean of 1.4 feet  
-Estimated boundary of vegetation is 966.24 SLD feet  
-Future wetlands is 950.24 SLD feet  
-OHW is 952.2 SLD 
-This results in an impact of about 132 acres of wetlands.    
-Wetlands impacted will likely cover the full range of authorities and jurisdiction for WCA, 
COE and DNR. 
 
Regal Creek 
 
 
Erosion potential along Regal Creek from the increased flow and timing of discharges is 
high without restoration of the Meadows Wetlands. 
 
Lower reach of Regal Creek is a bad situation.  This can be addressed by channel 
alterations including bank stabilization, re-meandering and armoring the bank. Grade 
control is necessary as to reduce water velocity.  Regal Creek also needs better stream 
buffer and likely some reshaping or re-sloping the banks to address the increased 
discharges from Pelican Lake.  
 
Environmental Review Process 
 

1. Submit draft EAW (EOR to DNR on February 10th). 
2. DNR internal review and reformatting March 3 (completion date) 
3. Draft EAW released to partners and public 



4. Public Input meeting held to review the draft EAW (mid March) 
5. EAW submitted to the EQB DNR as RGU.- April 1 
6. EAW requires 30-day public comment period- April 1 to April 30 
7. Decision to prepare an EIS should be made 30 days after the 30-day public 

comment period or May 30. 
 
Next steps  
 
-DNR decides applications to water level management objectives as a result of established 
OHW on landlocked lakes and the current 1.5 foot rule regarding permanent OHW lowering 
(done February 9, 2006) 
-Finalize draft EAW 
-Public meeting on draft EAW 
-Public meetings on final EAW held in local vicinity 
-Submit water quality sampling report to MNPCA in February 
-Monitor ground water thru March 2006 
-Monitor Regal Creek flows 
-Develop better assessment of wetland impacts  
 
Submitted  2/13/2006 
Timothy Bremicker 
Regional Wildlife  



APPENDIX B:  WATER QUALITY DATA 
 
 

Table 1.  Pelican Lake Water Quality Chemistry Data 

Date Site Depth 
(m) Sample type pH Secchi 

(m) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
CBOD5 
(mg/L) 

BOD5 
(mg/L) 

NH3 + NH4
+-

N (mg/L) 
NO2

-/N03
--

N (mg/L)
TKN 

(mg/L)
SRP 

(mg/L)
TDP 

(mg/L)
TP 

(mg/L)
E.Coli 

(MPN/100mL)
Chlor-a 
(µg/L) Water surface Physical 

Condition Color Aquatic 
plants Odor

06/21/2005 101 0 - 1   8.37 0.9 11.6 16.0 2.6  <0.030 2.36 <0.005  0.086 3 15.1 Calm High algae Green None None
06/21/2005 101 3                0.006  0.104          
06/21/2005 102 0 - 1 Field duplicate 8.50   17.1 19.5 3.2  <0.030 2.89 <0.005  0.097 1 22.8        
06/21/2005 102 0 - 1   8.58 0.8 19.1 19.5 2.9  <0.030 2.74 <0.005  0.094 3 23.6 Calm High algae Green None None
06/21/2005 102 3                <0.005  0.094          
06/21/2005 103 0 - 1   8.51 0.9 16.8 14.5 2.6  <0.030 2.47 <0.005  0.094 <1 25.3 Calm High algae Green None None
06/21/2005 103 4                0.005  0.080          
06/21/2005 104 0 - 1                0.079  0.174          
07/07/2005 101 0.4   8.66 0.6 12.3 25.0 7.2  <0.030 3.14 0.004  0.113 9 28.8 Moderate waves Definite algae Green Minimal None
07/07/2005 101 3                0.003  0.139          
07/07/2005 102 0.4   8.87 0.6 14.1 28.0 9.8  <0.030 3.15 0.004  0.112 3 58.9 White caps Definite algae Green Minimal None
07/07/2005 102 3                0.003  0.138          
07/07/2005 103 0.4   8.96 0.5 21.3 32.7 17.1  <0.030 4.66 0.003  0.172 2 110 Moderate waves Definite algae Green Minimal None
07/07/2005 103 3.5                0.005  0.144          
07/19/2005 101 0 - 1   8.41 0.4 24.1 36.6  4.10 0.603 <0.030 3.49 0.003 0.027 0.159 10 50.3 Moderate waves Definite algae Green None None
07/19/2005 101 3                <0.003  0.168          
07/19/2005 102 0 - 1   8.53 0.4 25.3 36.5  5.64 0.695 <0.030 3.41 0.003 0.028 0.151 5 49.7 Small waves Definite algae Green None None
07/19/2005 102 3                <0.003  0.146          
07/19/2005 103 0 - 1   8.49 0.4 25.1 38.7  4.73 0.558 <0.030 3.33 0.003 0.028 0.164 6 40.5 Small waves High algae Green None None
07/19/2005 103 3.5                0.003  0.177          
07/19/2005 104 0 - 1     0.5       0.855 <0.030 3.39 0.014 0.063 0.204  57.2        
08/04/2005 101 0 - 1   8.56 0.6 18.8 36.0 3.08   2.66 0.009  0.127 25 26.2 White caps Definite algae Green Minimal None
08/04/2005 101 3                0.006  0.149          
08/04/2005 102 0 - 1   8.43 0.6 18.1 25.0 3.15   3.26 <0.003  0.123 9 27.1 White caps Definite algae Green Minimal None
08/04/2005 102 3                0.009  0.133          
08/04/2005 103 0 - 1   8.34 0.7 16.6 23.0 2.87   3.09 0.005  0.129 5 28.9 White caps Definite algae Green Minimal None
08/04/2005 103 0 - 1 Field duplicate 8.25 0.7 16.6 24.7 1.68   2.73 <0.003  0.121 8 25.7        
08/04/2005 103 4                0.010  0.126          
08/16/2005 101 0 - 1   8.45 0.4 18.9 27.3 3.62  <0.030 2.67 <0.003 0.030 0.112 9 32.0 Small waves Definite algae Green Minimal None
08/16/2005 101 3                0.004 0.037 0.112          
08/16/2005 102 0 - 1   8.30 0.6 17.5 25.0 3.12  <0.030 2.67 0.003 0.032 0.101 5 26.2 Calm Definite algae Green Minimal None
08/16/2005 102 3                0.003 0.033 0.115          
08/16/2005 103 0 - 1   8.82 0.6 17.7 20.5 3.37  <0.030 2.65 <0.003 0.025 0.088 4 21.6 Calm Definite algae Green Minimal None
08/16/2005 103 4                <0.003 0.04 0.149          
08/16/2005 104 0 - 1     0.5        <0.030 3.39 0.006 0.066 0.177  46.3 Calm Definite algae Green Slight None
08/30/2005 101 0 - 1   8.30 0.3 17.9 29.5 3.55  <0.030 2.27 <0.003  0.111 13 50.1 Small waves High algae Green Slight None
08/30/2005 101 3                <0.003  0.142          
08/30/2005 101 0 - 1 Field duplicate 8.44   17.9 27.0 3.89  <0.030 2.36 <0.003  0.115 28 50.2        



Date Site Depth 
(m) Sample type pH Secchi 

(m) 
Turbidity 

(NTU) 
TSS 

(mg/L) 
CBOD5 
(mg/L) 

BOD5 
(mg/L) 

NH3 + NH4
+-

N (mg/L) 
NO2

-/N03
--

N (mg/L)
TKN 

(mg/L)
SRP 

(mg/L)
TDP 

(mg/L)
TP 

(mg/L)
E.Coli 

(MPN/100mL)
Chlor-a 
(µg/L) Water surface Physical 

Condition Color Aquatic 
plants Odor

08/30/2005 102 0 - 1   8.42 0.4 17.0 30.0 4.13  <0.030 1.90 <0.003  0.102 12 34.3 Small waves High algae Green Slight None
08/30/2005 102 3                <0.003  0.131          
08/30/2005 103 0 - 1   8.37 0.5 15.2 31.0 3.90  <0.030 2.77 <0.003  0.114 3 45 Small waves High algae Green Slight None
08/30/2005 103 4                <0.003  0.171          
09/14/2005 101 0 - 1   7.56 0.3 21.1 37.5 3.15 0.730 <0.030 3.21 0.003 0.019 0.191 365 73.6 Moderate waves High algae Green Slight None
09/14/2005 101 2.5                0.003  0.266          
09/14/2005 102 0 - 1   8.06 0.3 21.1 35.7 3.83 0.536 <0.030 3.51 0.003 0.020 0.156 42 61.7 White caps High algae Green Slight None
09/14/2005 102 2.5                0.003  0.139          
09/14/2005 103 0 - 1   8.01 0.3 21.8 38.8 3.57 0.710 <0.030 3.57 0.008 0.021 0.169 31 51.7 Moderate waves Definite algae Green Minimal None
09/14/2005 103 3.5                0.003  0.140          
09/14/2005 104 0 - 1     0.5       0.557 <0.030 2.65 0.005 0.032 0.132  32.5 Small waves Definite algae Green Minimal None
09/29/2005 101 0 - 1   7.84 0.4 18.2 41.8 5.50  <0.030 4.00 0.005  0.170 161 38.0 White caps Definite algae Green Minimal None
09/29/2005 101 3                0.005  0.162          
09/29/2005 102 0 - 1   7.84 0.4 16.4 34.1 3.75  <0.030 3.14 0.013  0.131 12 53.5 White caps Definite algae Green Minimal None
09/29/2005 102 3                0.003  0.126          
09/29/2005 103 0 - 1   7.84 0.5 17.2 36.0 3.75  <0.030 3.01 0.01  0.151 11 45.0 White caps Definite algae Green Minimal None
09/29/2005 103 4                0.01  0.143          
10/19/2005 101 0 - 1   7.68 0.7 11.2 16.5 3.40  0.053 2.58 0.003  0.109 23 17.4 Small waves Definite algae Green-brown Minimal None
10/19/2005 101 3                0.003  0.098          
10/19/2005 102 0 - 1   7.61 0.6 12.6 21.0 4.87  0.061 2.29 <0.003  0.106 10 27.0 Moderate waves Definite algae Green-brown Minimal None
10/19/2005 102 3                <0.003  0.091          
10/19/2005 103 0 - 1   7.60 0.7 11.8 17.0 3.64  0.056 2.45 0.003  0.102 5 22.8 Small-moderate waves Definite algae Green-brown Minimal None
10/19/2005 103 0 - 1 Field duplicate 7.60   11.8 16.0 3.50  0.059 2.43 <0.003  0.100 8 25.8        
10/19/2005 103 3                0.003  0.090          
11/10/2005 101 0 - 1   7.6 0.6 11.8 24.4 13.0  0.121 3.01 0.004  0.127 61 24.6 Moderate waves Some algae Green None None
11/10/2005 101 3                0.005  0.106          
11/10/2005 102 0 - 1   7.6 0.9 8.8 13.2 2.94  0.149 2.45 0.004  0.113 1 9.3 White caps Some algae Green None None
11/10/2005 102 3                0.004  0.078          
11/10/2005 103 0 - 1   7.7   7.0 7.0 1.22  0.124 2.19 0.006  0.076 1 5.0 Mod waves - white caps Some algae Green None None
11/10/2005 103 0 - 1 Field duplicate 7.6   6.6 8.0 1.75  0.147 2.43 0.01  0.080 <1 4.9        
11/10/2005 103 4                0.005  0.068          
12/21/2005 102 0 - 1   6.8   4.40 2.6 1.89  0.203 2.35 0.008  0.051 <1 1.10 Ice Clear Clear None None
12/21/2005 103 0 - 1   6.5   4.20 2.8 1.68  0.197 2.29 0.014  0.045 <1 1.20 Ice Clear Clear None None
12/22/2005 101 0 - 1   6.6   3.80 1.2 1.72  0.072 2.72 0.018  0.053 <1 0.40 Ice Clear Clear None None
12/22/2005 101 0 - 1 Field duplicate 6.6   3.60 1.6 1.65  0.093  0.018  0.047 <1 0.90        
01/24/2006 101 0.1 Field duplicate 7.2   4.8 2.8  3.4  0.182 2.76 0.014  0.059 <1 9.6 Ice      
01/24/2006 101 0.1   7.2   5.2 1.6  3.4  0.175 2.88 0.009  0.065 <1 7.6 Ice      
01/24/2006 102 0.1   7.2   3.8 <1.0  2.7  0.248 2.70 0.005  0.044 <1 4.3 Ice      
01/24/2006 103 0.1   7.2   4.6 2.8  3.3  0.254 2.79 0.006  0.053 <1 6.1 Ice      
02/14/2006 101 0 - 1 Field duplicate 7.1   4.0 <1.0 1.6  0.163 2.91 0.015  0.051 <1 2.1        
02/14/2006 101 0 - 1   7.0   4.2 <1.0 2.1  0.165 2.95 0.018  0.052 <1 2.3 Ice      
02/14/2006 102 0 - 1   7.3   3.8 <1.0 2.0  <0.030 2.68 0.013  0.041 <1 1.3 Ice      
02/14/2006 103 0 - 1   7.1   4.0 <1.0 1.9  0.227 2.69 0.009  0.045 <1 3.1 Ice      



Table 2.  Pelican Lake Temperature, Conductivity,  
and Dissolved Oxygen Depth Profile Data 

Date Time Site Depth 
(m) Temp (°C) Specific Conductivity 

(µS/cm) DO (mg/L) 

06/21/2005 13:00 101 1 23.3 198 6.3 
06/21/2005 13:00 101 2 22.6 198 5.1 
06/21/2005 13:00 101 3 22.0 199 3.8 
06/21/2005 12:00 102 1 23.4 191 7.3 
06/21/2005 12:00 102 2 23.1 192 5.6 
06/21/2005 12:00 102 3 23.0 192 4.5 
06/21/2005 11:00 103 1 23.4 180 7.8 
06/21/2005 11:00 103 2 23.1 181 6.3 
06/21/2005 11:00 103 3 23.0 180 5.8 
06/21/2005 11:00 103 4 22.8 183 3.9 
07/07/2005 10:25 101 0 22.8 200 10.1 
07/07/2005 10:25 101 1 22.8 200 10.1 
07/07/2005 10:25 101 2 22.6 200 9.3 
07/07/2005 10:25 101 3 22.1 200 5.7 
07/07/2005 10:25 101 3.5 22.1 200 4.4 
07/07/2005 11:15 102 0 23.6 200 12.1 
07/07/2005 11:15 102 1 23.5 200 12.0 
07/07/2005 11:15 102 2 23.3 200 11.2 
07/07/2005 11:15 102 3 22.0 200 5.0 
07/07/2005 11:55 103 0 24.0 182.1 13.8 
07/07/2005 11:55 103 1 23.9 182 13.5 
07/07/2005 11:55 103 2 23.8 182.7 12.9 
07/07/2005 11:55 103 3 23.1 184.7 9.9 
07/07/2005 11:55 103 3.5 22.4 193 7.1 
07/19/2005 11:10 101 0 25.5 194 7.6 
07/19/2005 11:10 101 1 25.4 194 7.3 
07/19/2005 11:10 101 2 25.3 194 6.7 
07/19/2005 11:10 101 3 25.1 196 5.9 
07/19/2005 10:40 102 0 25.4 191 7.6 
07/19/2005 10:40 102 1 25.4 191 7.5 
07/19/2005 10:40 102 2 25.3 191 7.1 
07/19/2005 10:40 102 3 25.2 192 6.6 
07/19/2005 10:05 103 0 25.7 188 6.9 
07/19/2005 10:05 103 1 25.7 188 6.7 
07/19/2005 10:05 103 2 25.7 188 6.2 
07/19/2005 10:05 103 3 25.7 189 6.1 
07/19/2005 10:05 103 3.5 25.7 189 6.0 
07/19/2005 12:00 104 0 25.3 197 8.6 
07/19/2005 12:00 104 1 25.1 198 7.5 
08/04/2005 10:15 101 0 26.0 206 7.3 
08/04/2005 10:15 101 1 26.1 206 7.4 
08/04/2005 10:15 101 2 26.1 206 7.1 
08/04/2005 10:15 101 3 26.1 206 7.0 

 



Date Time Site Depth 
(m) Temp (°C) Specific Conductivity 

(µS/cm) DO (mg/L) 

08/04/2005 11:20 102 0 25.9 206 7.2 
08/04/2005 11:20 102 1 25.9 206 7.1 
08/04/2005 11:20 102 2 25.9 206 7.1 
08/04/2005 11:20 102 3 25.8 207 6.4 
08/04/2005 12:15 103 0 26.1 206 6.8 
08/04/2005 12:15 103 1 26.1 206 6.7 
08/04/2005 12:15 103 2 26.1 206 6.6 
08/04/2005 12:15 103 3 26.1 206 6.7 
08/04/2005 12:15 103 4 25.7 207 6.5 
08/16/2005 09:45 101 0 23.2 214 4.0 
08/16/2005 09:45 101 1 23.1 214 8.2 
08/16/2005 09:45 101 2 22.8 215 8.1 
08/16/2005 09:45 101 3 22.7 216 7.5 
08/16/2005 10:35 102 0 23.6 216 8.5 
08/16/2005 10:35 102 1 22.9 215 8.0 
08/16/2005 10:35 102 2 22.4 216 7.2 
08/16/2005 10:35 102 3 22.0 219 5.8 
08/16/2005 11:15 103 0 23.9 212 10.7 
08/16/2005 11:15 103 1 23.2 213 9.1 
08/16/2005 11:15 103 2 22.5 216 7.7 
08/16/2005 11:15 103 3 22.4 217 6.5 
08/16/2005 11:15 103 4 22.4 217 2.7 
08/16/2005 11:45 104 0 24.5 213 10.4 
08/16/2005 11:45 104 1 21.9 215 7.4 
08/30/2005 09:25 101 0 22.7 213 10.3 
08/30/2005 09:25 101 1 22.6 213 9.8 
08/30/2005 09:25 101 2 22.2 214 8.0 
08/30/2005 09:25 101 3 21.6 223 1.8 
08/30/2005 10:35 102 0 22.3 216 10.1 
08/30/2005 10:35 102 1 22.2 216 8.6 
08/30/2005 10:35 102 2 22.1 217 8.1 
08/30/2005 10:35 102 3 21.9 219 7.3 
08/30/2005 11:15 103 0 22.7 218 10.0 
08/30/2005 11:15 103 1 22.3 219 8.1 
08/30/2005 11:15 103 2 22.2 220 7.0 
08/30/2005 11:15 103 3 22.0 220 8.2 
08/30/2005 11:15 103 4 21.8 228 1.2 
09/14/2005 10:30 101 0 20.8 206 6.7 
09/14/2005 10:30 101 1 20.8 206 6.6 
09/14/2005 10:30 101 2 20.8 206 6.2 
09/14/2005 10:30 101 3 20.7 206 6.4 
09/14/2005 11:15 102 0 20.6 205 7.7 
09/14/2005 11:15 102 1 20.6 205 7.4 
09/14/2005 11:15 102 2 20.6 205 7.2 
09/14/2005 11:15 102 3 20.6 205 7.1 

 



Date Time Site Depth 
(m) Temp (°C) Specific Conductivity 

(µS/cm) DO (mg/L) 

09/14/2005 12:15 103 0 21.2 208 7.0 
09/14/2005 12:15 103 1 21.1 208 6.7 
09/14/2005 12:15 103 2 21.1 208 6.6 
09/14/2005 12:15 103 3 21.1 208 6.5 
09/14/2005 12:15 103 4 20.7 208 5.6 
09/14/2005 12:45 104 0 20.7 182 7.2 
09/14/2005 12:45 104 1 20.7 182 7.2 
09/29/2005 09:45 101 0 15.5 201 7.3 
09/29/2005 09:45 101 1 15.6 201 7.3 
09/29/2005 09:45 101 2 15.6 201 7.4 
09/29/2005 09:45 101 3 15.5 201 7.3 
09/29/2005 10:30 102 0 15.5 201 7.3 
09/29/2005 10:30 102 1 15.6 201 7.3 
09/29/2005 10:30 102 2 15.6 201 7.4 
09/29/2005 10:30 102 3 15.6 201 7.3 
09/29/2005 11:15 103 0 15.7 203 7.2 
09/29/2005 11:15 103 1 16.0 203 7.2 
09/29/2005 11:15 103 2 16.1 203 7.3 
09/29/2005 11:15 103 3 16.1 203 7.3 
09/29/2005 11:15 103 4 16.1 203 7.2 
10/19/2005 09:15 101 0 12.6 201 8.1 
10/19/2005 09:15 101 1 12.6 201 8.0 
10/19/2005 09:15 101 2 12.6 201 7.8 
10/19/2005 09:15 101 3 12.6 201 7.2 
10/19/2005 09:45 102 0 12.4 200 8.6 
10/19/2005 09:45 102 1 12.4 200 8.5 
10/19/2005 09:45 102 2 12.4 200 5.6 
10/19/2005 09:45 102 3 12.4 200 8.5 
10/19/2005 10:20 103 0 12.6 201 8.1 
10/19/2005 10:20 103 1 12.7 201 8.0 
10/19/2005 10:20 103 2 12.6 201 7.9 
10/19/2005 10:20 103 3 12.6 201 7.8 
10/19/2005 10:20 103 3.5 12.6 201 7.7 
11/10/2005 11:00 101 0 7.0 202 10.2 
11/10/2005 11:00 101 1 7.0 202 10.5 
11/10/2005 11:00 101 2 7.0 202 10.5 
11/10/2005 11:00 101 3 7.0 202 10.5 
11/10/2005 11:45 102 0 6.9 202 10.8 
11/10/2005 11:45 102 1 6.9 202 10.6 
11/10/2005 11:45 102 2 6.9 202 10.5 
11/10/2005 11:45 102 3 6.9 202 10.5 
11/10/2005 12:15 103 0 7.3 204 9.5 
11/10/2005 12:15 103 1 7.2 206 9.8 
11/10/2005 12:15 103 2 7.2 206 9.5 
11/10/2005 12:15 103 3 7.2 206 9.5 

 



Date Time Site Depth 
(m) Temp (°C) Specific Conductivity 

(µS/cm) DO (mg/L) 

11/10/2005 12:15 103 4 7.3 208 9.7 
12/21/2005 13:10 102 0 0.5 239 12.0 
12/21/2005 13:10 102 1 0.8 229 10.3 
12/21/2005 13:10 102 2 1.4 225 10.2 
12/21/2005 13:10 102 3 2.6 228 8.3 
12/21/2005 14:15 103 0 0.2 198 12.3 
12/21/2005 14:15 103 1 0.7 228 10.7 
12/21/2005 14:15 103 2 1.3 249 9.4 
12/21/2005 14:15 103 3 2.2 226 1.1 
12/21/2005 14:15 103 4 2.9 228 0.1 
12/22/2005 10:00 101 0 0.4 230 11.6 
12/22/2005 10:00 101 1 0.8 229 10.7 
12/22/2005 10:00 101 2 1.5 234 8.8 
12/22/2005 10:00 101 3 2.2 237 6.5 
01/24/2006 13:30 101 0 0.5   11.7 
01/24/2006 13:30 101 1 2.5   8.2 
01/24/2006 13:30 101 2 2.9   3.2 
01/24/2006 13:30 101 3 3.6   0.2 
01/24/2006 09:45 102 0 2.5 249 10.2 
01/24/2006 09:45 102 1 2.3   9.8 
01/24/2006 09:45 102 2 3.0   3.5 
01/24/2006 09:45 102 3 4.2   0.8 
01/24/2006 11:00 103 0 0.7   10.3 
01/24/2006 11:00 103 1 2.2   9.5 
01/24/2006 11:00 103 2 3.6   1.4 
01/24/2006 11:00 103 3 4.4   0.3 
01/24/2006 11:00 103 4 4.4   0.1 
02/14/2006 13:30 101 0 0.4 254 10.1 
02/14/2006 13:30 101 1 2.8 240 5.9 
02/14/2006 13:30 101 2 3.3 237 3.2 
02/14/2006 13:30 101 3 3.9 241 1.6 
02/14/2006 10:00 102 0 0.6 264 14.2 
02/14/2006 10:00 102 1 2.6 244 9.3 
02/14/2006 10:00 102 2 3.7 240 6.7 
02/14/2006 10:00 102 3 4.3 242 3.0 
02/14/2006 11:30 103 0 0.5 248 12.2 
02/14/2006 11:30 103 1 2.9 236 6.7 
02/14/2006 11:30 103 2 3.7 236 3.1 
02/14/2006 11:30 103 3 4.2 241 0.0 
02/14/2006 11:30 103 3.7 4.5 244 0.0 

 
 
 

 



DESIGN OF WELLS AND PIEZOMETERS 
 

Half-inch mini-piezometer 

 
Two-inch Shallow Well Design 
 

Appendix C. Groundwater Hydrology 



 
Upland Well Design 
 



 

 



 
GRAIN SIZE ANALYSES 

 
 

 
 



 
Hydraulic Conductivity from Aqtesolv® Analysis 
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Parameters
K  = 0.0004582 ft/sec
y0 = 2.685 ft

 
 
Data Set:  X:\Clients_Private\199_Ducks_Unlimited\01_Pelican_Lake_Feasibility_Study\05_Data Collection\Hydrogeology-Hydrology\Upland Wells\slug tests\MW-1 bouwer-rice.aqt
Title:  Slug Test
Date:  01/27/06
Time:  16:05:46

PROJECT INFORMATION

Company:  Emmons and Olivier Resources
Client:  Ducks Unlimited/MnDNR
Project:  Pelican Lake
Location:  MW-1 (TH)
Test Date:  12/21/05
Test Well:  MW-1

AQUIFER DATA

Saturated Thickness:  10.5 ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  :  MW-1

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  0.92 ft
Static Water Column Height:  10.5 ft
Casing Radius:  0.08 ft
Wellbore Radius:  0.3 ft
Well Skin Radius:  0.3 ft
Screen Length:  10. ft
Total Well Penetration Depth:  7. ft

No. of Observations:  8

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft) Time (sec) Displacement (ft)

1. 0.92 4. 0.22 7. 0.02
2. 0.69 5. 0.1 8. 0.
3. 0.44 6. 0.04

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
Shape Factor:  2.192

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.0004582 ft/sec
y0 2.685 ft  
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Data Set:  X:\Clients_Private\199_Ducks_Unlimited\01_Pelican_Lake_Feasibility_Study\05_Data Collection\Hydrogeology-Hydrology\Upland Wells\slug tests\MW-2 bouwer-rice.aqt
Title:  Slug Test
Date:  01/27/06
Time:  16:08:23

PROJECT INFORMATION

Company:  Emmons and Olivier Resources
Client:  Ducks Unlimited/MnDNR
Project:  Pelican Lake
Location:  MW-2 (FWS)
Test Date:  12/21/05
Test Well:  MW-2

AQUIFER DATA

Saturated Thickness:  15. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  :  MW-2

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  0.95 ft
Static Water Column Height:  10. ft
Casing Radius:  0.08 ft
Wellbore Radius:  0.3 ft
Well Skin Radius:  0.3 ft
Screen Length:  10. ft
Total Well Penetration Depth:  9. ft

No. of Observations:  27

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft) Time (sec) Displacement (ft)

1. 0.95 10. 0.53 312. 0.38
2. 0.98 50. 0.52 348. 0.36
3. 0.95 78. 0.5 389. 0.35
4. 0.86 98. 0.49 446. 0.32
5. 0.76 110. 0.48 522. 0.29
6. 0.66 142. 0.46 618. 0.26
7. 0.59 192. 0.43 704. 0.24
8. 0.54 282. 0.4 1731. 0.1
9. 0.53 300. 0.39 2787. 0.05

SOLUTION

Aquifer Model:  Confined
Solution Method:  Bouwer-Rice
Shape Factor:  2.288

VISUAL ESTIMATION RESULTS  
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Data Set:  X:\Clients_Private\199_Ducks_Unlimited\01_Pelican_Lake_Feasibility_Study\05_Data Collection\Hydrogeology-Hydrology\Upland Wells\slug tests\MW-3 bouwer-rice.aqt
Title:  Slug Test
Date:  01/27/06
Time:  16:09:53

PROJECT INFORMATION

Company:  Emmons and Olivier Resources
Client:  Ducks Unlimited/MnDNR
Project:  Pelican Lake
Location:  MW-3 (RM)
Test Date:  12/21/05
Test Well:  MW-2

AQUIFER DATA

Saturated Thickness:  15. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  :  MW-3

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  1.89 ft
Static Water Column Height:  10. ft
Casing Radius:  0.08 ft
Wellbore Radius:  0.3 ft
Well Skin Radius:  0.3 ft
Screen Length:  10. ft
Total Well Penetration Depth:  10. ft

No. of Observations:  10

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft) Time (sec) Displacement (ft)

1. 1.89 5. 0.08 9. 0.02
2. 0.63 6. 0.04 10. 0.01
3. 0.32 7. 0.04
4. 0.14 8. 0.03

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
Shape Factor:  2.352

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.0003273 ft/sec  

 



Appendix D.  Shear Stress Analysis 
 
Erosion potential for regal creek was determined from results of the XP-SWMM model of Regal Creek’s 
main channel. The model was run for the 2-year 24-hour event, an event that is very important for defining 
channel geometry and erosion potential.  
 
This analysis represents a scenario in which the lake is still outletting at 20 cfs during a 2-year storm.  It is 
likely that the pumps would be shut down or the outlet weir elevation raised to prevent the lake from 
outletting during wet periods.  The conditions of an outlet shutdown will be based on an outlet operating 
plan to be created during the preliminary design phase. 
 
The shear stress calculation was based on the following equation:   
 

τ = γRSf
 

where 
 

τ  = average shear stress (lb/ ft2) 
γ  = specific weight of water = 62.4 lb/ft3

R = hydraulic radius (ft) 
Sf = Energy Grade Line (EGL) slope 

 
The hydraulic radius for each reach was calculated by the XP-SWMM model.  Due to variation in the 
cross-sectional areas, non-uniform flow was assumed in the ravine and the Energy Grade Line (EGL) slope, 
Sf, was used in the shear stress calculation for each channel section, instead of the channel slope.  The EGL 
slope was calculated from the water surface levels (i.e. Hydraulic Grade Line) and maximum velocity from 
the XP-SWMM results, using the following equation (Chang, 1988): 
 

Sf = {[WS + (2 / g) x V2 ]upstream  - [WS + (2 / g) x V2 ]downstream } 
L 

 
where 

 
Sf = Energy Grade Line (EGL) slope 
WS = water surface level (ft) 
g = 32.2 ft/s2  
V = maximum velocity (ft/s) 
L = section length (ft) 
 

The maximum velocity represents the average cross-sectional velocities at maximum flow and is applied to 
the entire selection.  To obtain upstream and downstream velocities, maximum velocities were averaged 
between sections. 
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To account for variations in local and instantaneous velocities, the following equation was used to 
determine the maximum shear stress  (Chang, 1988): 
 

τmax = 1.5τ 
 

where 
 

τmax = maximum shear stress (lb/ ft2) 
τ      = average shear stress (lb/ ft2) 

 
The safety factor for each reach was calculated by the following equation: 
 

FS = τperm / τmax
 

where 
 

FS    = factor of safety 
τperm =  permissible shear stress threshold (lb/ ft2) 
 

Results 
Table 1 shows the results of the shear stress analysis.  The findings indicate that the meadows wetland 
restoration will result in reduction of future condition flows to existing condition rates.  This flow reduction 
of the 2-year event will translate into decreased erosion within Regal Creek.   
 
Erosion Magnitude 
The preceding discussion dealt with the presence or absence of erosion. It does not address the extent to 
which erosion might occur for a given flow.  If the thresholds presented in Table 2 are exceeded, erosion 
should be expected to occur.  In reality, even when those thresholds are not exceeded, some minor erosion 
in a few select locations may occur.  The extent to which this minor erosion could become a significant 
concern depends in large measure on the duration of the flow, and upon the ability of the stream to 
transport those eroded sediments.    
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Table 1.  Results of Shear Stress Analysis 
Reach #1

Type Percent by Type
Bankfull Width (ft) Sinuosity 1.4 Silt/Clay No
Bankfull Depth (ft) Channel Slope (ft/ft) 0.00135 Sand Substrate
Floodprone Width (ft) Width/Depth Ratio 6.13 Gravel Analysis
Mean Depth (ft) Entrenchment Ratio 4.9 Cobble
Maximum Depth (ft) Stream Type C4c- Boulder
X-Sectional Area (ft^2) Channel Stability Bedrock
Rh at Bankfull (ft) WP at Bankfull (ft) 17.4

Impacts
Exceeds 

threshold by 
>10%

Exceeds by 
less than 10%

Equal to or less than 
threshhold

Existing
Future 

Conditions

Future 
Conditions 
with Lake 

Outlet

Future 
Conditions with 
Lake Outlet and 

Meadows 
Restoration

81 120 140 94
2.70 2.73 2.76 2.70

0.066 0.076 0.086 0.068

Reach #2

Type Percent by Type
Bankfull Width (ft) Sinuosity 1.48 Silt/Clay 9
Bankfull Depth (ft) Channel Slope (ft/ft) 0.0028 Sand 22
Floodprone Width (ft) Width/Depth Ratio 11.06 Gravel 69
Mean Depth (ft) Entrenchment Ratio 2.8 Cobble
Maximum Depth (ft) Stream Type C4 Boulder
X-Sectional Area (ft^2) Channel Stability Bedrock

Rh at Bankfull (ft) WP at Bankfull (ft) 15.1

Impacts
Exceeds 
threshold by 
>10%

Exceeds by 
less than 10%

Equal to or less than 
threshhold

Existing
Future 

Conditions

Future 
Conditions 
with Lake 

Outlet

Future 
Conditions with 
Lake Outlet and 

Meadows 
Restoration

107 129 149 102
2.26 2.30 2.34 2.21

0.082 0.089 0.096 0.077

Reach #3

Type Percent by Type
Bankfull Width (ft) Sinuosity 1.77 Silt/Clay 1
Bankfull Depth (ft) Channel Slope (ft/ft) 0.00463 Sand 31
Floodprone Width (ft) Width/Depth Ratio 32.4 Gravel 68
Mean Depth (ft) Entrenchment Ratio 1.36 Cobble
Maximum Depth (ft) Stream Type F4 Boulder
X-Sectional Area (ft^2) Channel Stability Bedrock
Rh at Bankfull (ft) WP at Bankfull (ft) 16.8

Impacts
Exceeds 
threshold by 
>10%

Exceeds by 
less than 10%

Equal to or less than 
threshhold

Existing
Future 

Conditions

Future 
Conditions 
with Lake 

Outlet

Future 
Conditions with 
Lake Outlet and 

Meadows 
Restoration

108 130 150 102
2.99 3.17 3.31 2.86

0.096 0.106 0.120 0.088

2-year Rainfall Peak Flow Rate (cfs)
2-year Rainfall Channel Velocity (ft/s)

2-year Shear Stress (lb/ft^2)

2-year Rainfall Channel Velocity (ft/s)
2-year Shear Stress (lb/ft^2)

Thresholds:  Shear Stress=0.075lbs/sf, 
Velocity=2.5ft/s

Erosion Potential Indicator

Modeled Condition

Thresholds:  Shear Stress=0.075lbs/sf, 
Velocity=2.5ft/s

Erosion Potential Indicator

Modeled Condition

2-year Rainfall Peak Flow Rate (cfs)

14.6

Thresholds:  Shear Stress=0.075lbs/sf, 
Velocity=2.5ft/s

Erosion Potential Indicator
2-year Rainfall Peak Flow Rate (cfs)

2-year Rainfall Channel Velocity (ft/s)
2-year Shear Stress (lb/ft^2)

Modeled Condition

6.6
0.39

0.88
19.9
0.45
1.76

Stream Morphology Parameters
Stream Bottom Substrate

1.04

37
1.2
1.3

15.75

Stream Morphology Parameters
Stream Bottom Substrate

13.2
0.65

0.80

2
45

1.51
4

Stream Morphology Parameters
Stream Bottom Substrate

9.25

13.95
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Table 2. Permissible shear or tractive stresses for selected lining materials1

From Erosion Assessment Report (FIScH Engineering, 2001) 

Boundary Category   Boundary Type  
Permissible  
Shear Stress  

(lbs/sq.ft) 

 Permissible 
Velocity (ft/s) 

Soils Fine colloidal sand .02 - .03 1.5 
 Sandy loam (noncolloidal) .03 - .04 1.75 
 Alluvial silt (noncolloidal) .045 - .05 2 
 Silt loam (noncolloidal) .045 - .05 1.75 – 2.25 
 Firm loam .075 2.5 
 Fine gravels .075 2.5 
 Stiff clay .26 3 – 4.5 
 Alluvial silt (colloidal) .26 3.75 
 Graded loam to cobbles .38 3.75 
 Graded silts to cobbles .43 4 
 Shales and hardpan .67 6 

Gravel/Cobble 1-inch 0.33 2.5 – 5 
  2-inch  0.67 3 – 6 
 6-inch 2.0 4 – 7.5 
  12-inch  4.0 5.5 – 12 

 Vegetation  Class A Turf  3.7 6 – 8 
   Class B Turf   2.1 4 - 7 
   Class C Turf  1.0 3.5 
 Long Native Grasses 1.2 – 1.7 4 – 6 
 Short Natives & Bunch Grass 0.7 - .95 3 – 4 
 Reed Plantings 0.1-0.6 N/A 
 Hardwood Tree Plantings 0.41-2.5 N/A 

Temporary Degradable RECP’s Jute Net 0.45 1 – 2.5 
 Straw with Net 1.5 – 1.65 1 – 3 
 Coconut Fiber with Net 2.25 3 – 4 
 Fiber Glass Roving  2.00 2.5 – 7 

Non-Degradable  RECP’s Unvegetated 3.00 5 – 7 
 Partial Establish 4.0-6.0 7.5 – 15 
 Fully Vegetated 8.00 8 – 21 

Riprap 6 – inch d50 2.5 5 – 10 
 9 – inch d50 3.8 7 – 11 
 12 – inch d50 5.1 10 – 13 
 18 – inch d50 7.6 12 – 16 
 24 – inch d50 10.1 14 – 18 

Soil Bioengineering Reed fascine 0.6-1.25 5 
 Coir Roll 3 - 5 8 
 Vegetated Coir Mat 4 - 7 9.5 
 Live Brush Mattress (initial) 0.4 4 
 Live Brush Mattress (grown)  3.90-4.60 12 
 Brush Layering (initial/grown) 1.1-6.25 12 
   Live Fascine  1.25-3.10 6 – 8 
  Live Willow Stakes  2.10-3.10 3 – 6 
1 Ranges of values generally reflect multiple sources of data or different testing conditions. 
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Appendix E. Cost Analysis Tables 

MNDOT Unit

Reference Price Reach #1 Reach #2 Reach #3 Reach #4 Reach #1 Reach #2 Reach #3 Reach #4 Subtotal

1.1 2021.501 Mobilization Lump $36,000.00 0.50 0.20 0.20 0.10 $18,000 $7,200 $7,200 $3,600 $36,000
1.2 2101.502 Clearing Tree $135.00 $0 $0 $0 $0 $0
1.3 2105.501 Common Excavation CY $5.00 $0 $0 $0 $0 $0
1.4 2501.511 48" RCP - Class 4 LF $136.80 105.00 $14,364 $0 $0 $0 $14,364
1.5 2501.511 60" RCP - Class 4 LF $207.30 75.00 60.00 $15,548 $12,438 $0 $0 $27,986
1.6 2501.511 78" RCP - Class 4 LF $373.20 $0 $0 $0 $0 $0
1.7 Skimmer grates Each $1,607.00 1.00 $1,607 $0 $0 $0 $1,607
1.8 Weir Each $75,000.00 1.00 $75,000 $0 $0 $0 $75,000
1.9 2105.511 Common Channel Excavation CY $5.00 67590.70 12509.64 4951.26 $337,954 $62,548 $24,756 $0 $425,258

1.11 2105.701 On-site Embankment CY $2.00 67590.70 12509.64 4951.26 $135,181 $25,019 $9,903 $0 $170,103
1.12 2105.801 Off-site Disposition CY $3.50 $0 $0 $0 $0 $0
1.13 2511.502 Erosion Control (Bank Stabilization) LF $200.00 1000.00 $0 $0 $0 $200,000 $200,000
1.14 2511.505 Erosion Control (Reinforce Existing Structures) Each $2,000.00 8.00 $0 $0 $0 $16,000 $16,000
1.15 2573.502 Silt Fence, Heavy Duty LF $2.95 19000.00 12000.00 9000.00 $56,050 $35,400 $26,550 $0 $118,000
1.16 2573.602 Temporary Rock Construction Entrance Each $1,300.00 2.00 2.00 2.00 $2,600 $2,600 $2,600 $0 $7,800
1.17 2575.501 Seeding Acre $2,000.00 12.74 2.97 2.01 $25,482 $5,933 $4,027 $0 $35,443
1.18 2575.511 Mulch Material, Type 3 Ton $155.00 25.48 5.93 4.03 $3,950 $920 $624 $0 $5,494
1.19 2575.519 Disc Anchoring Acre $45.00 12.74 2.97 2.01 $573 $134 $91 $0 $797
1.20 2575.523 Erosion Control Blanket, MNDOT Category 5 SY $3.80 $0 $0 $0 $0 $0
1.21 Traffic Control Each $2,500.00 2.00 1.00 3.00 $5,000 $0 $2,500 $7,500 $15,000
1.22 2577.505 Live Stake Each $2.10 $0 $0 $0 $0 $0
1.23 Pump intake LF $30.00 1000.00 $30,000 $0 $0 $0 $30,000
1.24 Pump station - structure Each $175,000.00 1.00 $175,000 $0 $0 $0 $175,000
1.25 Pump station - pumps and control panel Each $25,000.00 1.00 $25,000 $0 $0 $0 $25,000
1.26 Forcemain LF $50.00 50.00 $2,500 $0 $0 $0 $2,500
1.27 Generator Each $40,000.00 1.00 $40,000 $0 $0 $0 $40,000
1.28 Access route SY $8.00 1300.00 $10,400 $0 $0 $0 $10,400

Construction 
Cost $974,209 $152,192 $78,251 $227,100 $1,431,752

Design Cost 
(20% of 

Construction) $194,842 $30,438 $15,650 $45,420 $286,350

Contingency 
(20%) $233,810 $36,526 $18,780 $54,504 $343,620

Total Cost $1,402,860 $219,157 $112,681 $327,024 $2,061,722

East Alignment - With Pump - Final Estimate 
Line No. Base Bid Item Units

Site Quantity Price



MNDOT Unit

Reference Price Reach #1 Reach #2 Reach #3 Reach #4 Reach #1 Reach #2 Reach #3 Reach #4 Subtotal

1.1 2021.501 Mobilization Lump $36,000.00 0.50 0.20 0.20 0.10 $18,000 $7,200 $7,200 $3,600 $36,000
1.2 2101.502 Clearing Tree $135.00 $0 $0 $0 $0 $0
1.3 2105.501 Common Excavation CY $5.00 $0 $0 $0 $0 $0
1.4 2501.511 48" RCP - Class 4 LF $31.30 105.00 $3,287 $0 $0 $0 $3,287
1.5 2501.511 60" RCP - Class 4 LF $78.60 75.00 60.00 $5,895 $4,716 $0 $0 $10,611
1.6 2501.511 78" RCP - Class 4 LF $373.20 $0 $0 $0 $0 $0
1.7 Skimmer grates Each $1,607.00 1.00 $1,607 $0 $0 $0 $1,607
1.8 Weir Each $75,000.00 1.00 $75,000 $0 $0 $0 $75,000
1.9 2105.511 Common Channel Excavation CY $5.00 111944.25 12509.64 4951.26 $559,721 $62,548 $24,756 $0 $647,026

1.10 2105.701 On-site Embankment CY $2.00 111944.25 12509.64 4951.26 $223,889 $25,019 $9,903 $0 $258,810
1.11 2105.801 Off-site Disposition CY $3.50 $0 $0 $0 $0 $0
1.12 2511.502 Erosion Control (Bank Stabilization) LF $200.00 1000.00 $0 $0 $0 $200,000 $200,000
1.13 2511.505 Erosion Control (Reinforce Existing Structures) Each $2,000.00 8.00 $0 $0 $0 $16,000 $16,000
1.14 2573.502 Silt Fence, Heavy Duty LF $2.95 19000.00 12000.00 9000.00 $56,050 $35,400 $26,550 $0 $118,000
1.15 2573.602 Temporary Rock Construction Entrance Each $1,300.00 2.00 2.00 2.00 $2,600 $2,600 $2,600 $0 $7,800
1.16 2575.501 Seeding Acre $2,000.00 17.98 4.31 2.50 $35,960 $8,620 $5,000 $0 $49,580
1.17 2575.511 Mulch Material, Type 3 Ton $155.00 35.96 8.62 5.00 $5,574 $1,336 $775 $0 $7,685
1.18 2575.519 Disc Anchoring Acre $45.00 17.98 4.31 2.50 $809 $194 $113 $0 $1,116
1.19 2575.523 Erosion Control Blanket, MNDOT Category 5 SY $3.80 $0 $0 $0 $0 $0
1.20 Traffic Control Each $2,500.00 2.00 1.00 3.00 $5,000 $0 $2,500 $7,500 $15,000
1.21 2577.505 Live Stake Each $2.10 $0 $0 $0 $0 $0

Construction 
Cost $993,391 $147,634 $79,396 $227,100 $1,447,521

Design Cost 
(20% of 

Construction) $198,678 $29,527 $15,879 $45,420 $289,504
Contingency 

(20%) $238,414 $35,432 $19,055 $54,504 $347,405
Total Cost $1,430,483 $212,592 $114,331 $327,024 $2,084,430

East Alignment W/O Pump
Line No. Base Bid Item Units

Site Quantity Price



MNDOT Unit

Reference Price Reach #1 Reach #2 Reach #3 Reach #4 Reach #1 Reach #2 Reach #3 Reach #4 Subtotal

1.1 2021.501 Mobilization Lump $36,000.00 0.50 0.20 0.20 0.10 $18,000 $7,200 $7,200 $3,600 $36,000
1.2 2101.502 Clearing Tree $135.00 $0 $0 $0 $0 $0
1.3 2105.501 Common Excavation CY $5.00 $0 $0 $0 $0 $0
1.4 2501.511 48" RCP - Class 4 LF $31.30 105.00 $3,287 $0 $0 $0 $3,287
1.5 2501.511 60" RCP - Class 4 LF $78.60 75.00 60.00 $5,895 $4,716 $0 $0 $10,611
1.6 2501.511 78" RCP - Class 4 LF $373.20 $0 $0 $0 $0 $0
1.7 2105.511 Common Channel Excavation CY $5.00 60163.04 12509.64 4951.26 $300,815 $62,548 $24,756 $0 $388,120
1.8 2105.701 On-site Embankment CY $2.00 60163.04 12509.64 4951.26 $120,326 $25,019 $9,903 $0 $155,248
1.9 2105.801 Off-site Disposition CY $3.50 $0 $0 $0 $0 $0
1.10 2511.502 Erosion Control (Bank Stabilization) LF $200.00 1000.00 $0 $0 $0 $200,000 $200,000
1.11 2511.505 Erosion Control (Reinforce Existing Structures) Each $2,000.00 8.00 $0 $0 $0 $16,000 $16,000
1.12 2573.502 Silt Fence, Heavy Duty LF $2.95 19000.00 12000.00 9000.00 $56,050 $35,400 $26,550 $0 $118,000
1.13 2573.602 Temporary Rock Construction Entrance Each $1,300.00 2.00 2.00 2.00 $2,600 $2,600 $2,600 $0 $7,800
1.14 2575.501 Seeding Acre $2,000.00 12.74 2.97 2.01 $25,482 $5,933 $4,027 $0 $35,443
1.15 2575.511 Mulch Material, Type 3 Ton $155.00 25.48 5.93 4.03 $3,950 $920 $624 $0 $5,494
1.16 2575.519 Disc Anchoring Acre $45.00 12.74 2.97 2.01 $573 $134 $91 $0 $797
1.17 2575.523 Erosion Control Blanket, MNDOT Category 5 SY $3.80 $0 $0 $0 $0 $0
1.18 Traffic Control Each $2,500.00 2.00 1.00 3.00 $5,000 $0 $2,500 $7,500 $15,000
1.19 2577.505 Live Stake Each $2.10 $0 $0 $0 $0 $0
1.20 Pump intake LF $30.00 1050.00 $31,500 $0 $0 $0 $31,500
1.21 Pump station - structure including intake structure Each $200,000.00 1.00 $200,000 $0 $0 $0 $200,000
1.22 Pump station - pumps and control panel Each $25,000.00 1.00 $25,000 $0 $0 $0 $25,000
1.23 Forcemain LF $50.00 4042.00 $202,100 $0 $0 $0 $202,100
1.24 Generator Each $40,000.00 1.00 $40,000 $0 $0 $0 $40,000
1.25 Access route SY $8.00 1300.00 $10,400 $0 $0 $0 $10,400

Construction 
Cost $1,050,978 $144,470 $78,251 $227,100 $1,500,799

Design Cost (20% 
of Construction) $210,196 $28,894 $15,650 $45,420 $300,160

Contingency 
(20%) $252,235 $34,673 $18,780 $54,504 $360,192

Total Cost $1,513,408 $208,037 $112,681 $327,024 $2,161,151

East Alignment - With Pump
Line No. Base Bid Item Units

Site Quantity Price



MNDOT Unit

Reference Price Reach #1 Reach #2 Reach #3 Reach #4 Reach #1 Reach #2 Reach #3 Reach #4 Subtotal

1.1 2021.501 Mobilization Lump $36,000.00 0.50 0.20 0.20 0.10 $18,000 $7,200 $7,200 $3,600 $36,000
1.2 2101.502 Clearing Tree $135.00 $0 $0 $0 $0 $0
1.3 2105.501 Common Excavation CY $5.00 $0 $0 $0 $0 $0
1.4 2501.511 48" RCP - Class 4 LF $31.30 50.00 50.00 $1,565 $1,565 $0 $0 $3,130
1.5 2501.511 60" RCP - Class 4 LF $207.30 $0 $0 $0 $0 $0
1.6 2501.511 78" RCP - Class 4 LF $373.20 $0 $0 $0 $0 $0
1.7 Skimmer grates Each $1,607.00 1.00 $1,607 $0 $0 $0 $1,607
1.8 Weir Each $75,000.00 1.00 $75,000 $0 $0 $0 $75,000
1.9 2105.511 Common Channel Excavation CY $5.00 96871.50 43869.38 7920.00 8910.00 $484,358 $219,347 $39,600 $44,550 $787,854
1.10 2105.701 On-site Embankment CY $2.00 96871.50 43869.38 7920.00 8910.00 $193,743 $87,739 $15,840 $17,820 $315,142
1.11 2105.801 Off-site Disposition CY $3.50 $0 $0 $0 $0 $0
1.12 2511.502 Erosion Control (Bank Stabilization) LF $50.00 $0 $0 $0 $0 $0
1.13 2511.505 Erosion Control (Reinforce Existing Structures) Each $500.00 $0 $0 $0 $0 $0
1.14 2573.502 Silt Fence, Heavy Duty LF $2.95 14000.00 6000.00 12000.00 12000.00 $41,300 $17,700 $35,400 $35,400 $129,800
1.15 2573.602 Temporary Rock Construction Entrance Each $1,300.00 2.00 2.00 2.00 2.00 $2,600 $2,600 $2,600 $2,600 $10,400
1.16 2575.501 Seeding Acre $2,000.00 11.88 4.04 1.52 1.65 $23,765 $8,081 $3,030 $3,306 $38,182
1.17 2575.511 Mulch Material, Type 3 Ton $155.00 23.76 8.08 3.03 3.31 $3,684 $1,253 $470 $512 $5,918
1.18 2575.519 Disc Anchoring Acre $45.00 11.88 4.04 1.52 1.65 $535 $182 $68 $74 $859
1.19 2575.523 Erosion Control Blanket, MNDOT Category 5 SY $3.80 $0 $0 $0 $0 $0
1.20 2577.505 Live Stake Each $2.10 $0 $0 $0 $0 $0
1.21 Traffic Control Each $2,500.00 2.00 1.00 1.00 3.00 $5,000 $2,500 $2,500 $7,500 $17,500

Construction 
Cost $851,156 $348,166 $106,708 $115,363 $1,421,392

Design Cost 
(20% of 

Construction) $170,231 $69,633 $21,342 $23,073 $284,278
Contingency 

(20%) $306,416 $125,340 $38,415 $41,531 $511,701
Total Cost $1,327,803 $543,139 $166,465 $179,966 $2,217,372

North Alignment W/O Pump
Line No. Base Bid Item Units

Site Quantity Price



MNDOT Unit

Reference Price Reach #1 Reach #2 Reach #3 Reach #4 Reach #1 Reach #2 Reach #3 Reach #4 Subtotal

1.1 2021.501 Mobilization Lump $36,000.00 0.50 0.20 0.20 0.10 $18,000 $7,200 $7,200 $3,600 $36,000
1.2 2101.502 Clearing Tree $135.00 $0 $0 $0 $0 $0
1.3 2105.501 Common Excavation CY $5.00 $0 $0 $0 $0 $0
1.4 2501.511 48" RCP - Class 4 LF $31.30 50.00 50.00 $1,565 $1,565 $0 $0 $3,130
1.5 2501.511 60" RCP - Class 4 LF $78.60 $0 $0 $0 $0 $0
1.6 2501.511 78" RCP - Class 4 LF $373.20 $0 $0 $0 $0 $0
1.7 2105.511 Common Channel Excavation CY $5.00 46579.50 43869.38 7920.00 8910.00 $232,898 $219,347 $39,600 $44,550 $536,394
1.8 2105.701 On-site Embankment CY $2.00 46579.50 43869.38 7920.00 8910.00 $93,159 $87,739 $15,840 $17,820 $214,558
1.9 2105.801 Off-site Disposition CY $3.50 $0 $0 $0 $0 $0
1.10 2511.502 Erosion Control (Bank Stabilization) LF $200.00 $0 $0 $0 $0 $0
1.11 2511.505 Erosion Control (Reinforce Existing Structures) Each $2,000.00 $0 $0 $0 $0 $0
1.12 2573.502 Silt Fence, Heavy Duty LF $2.95 14000.00 6000.00 12000.00 12000.00 $41,300 $17,700 $35,400 $35,400 $129,800
1.13 2573.602 Temporary Rock Construction Entrance Each $1,300.00 2.00 2.00 2.00 2.00 $2,600 $2,600 $2,600 $2,600 $10,400
1.14 2575.501 Seeding Acre $2,000.00 7.47 4.04 1.52 1.65 $14,949 $8,081 $3,030 $3,306 $29,366
1.15 2575.511 Mulch Material, Type 3 Ton $155.00 14.95 8.08 3.03 3.31 $2,317 $1,253 $470 $512 $4,552
1.16 2575.519 Disc Anchoring Acre $45.00 7.47 4.04 1.52 1.65 $336 $182 $68 $74 $661
1.17 2575.523 Erosion Control Blanket, MNDOT Category 5 SY $3.80 $0 $0 $0 $0 $0
1.18 2577.505 Live Stake Each $2.10 $0 $0 $0 $0 $0
1.19 Traffic Control Each $2,500.00 2.00 1.00 1.00 3.00 $5,000 $2,500 $2,500 $7,500 $17,500
1.20 Pump intake LF $30.00 1000.00 $30,000 $0 $0 $0 $30,000
1.21 Pump station - structure Each $200,000.00 1.00 $200,000 $0 $0 $0 $200,000
1.22 Pump station - pumps and control panel Each $25,000.00 1.00 $25,000 $0 $0 $0 $25,000
1.23 Forcemain LF $50.00 3500.00 $175,000 $0 $0 $0 $175,000
1.24 Generator Each $40,000.00 1.00 $40,000 $0 $0 $0 $40,000
1.25 Access route SY $8.00 500.00 $4,000 $0 $0 $0 $4,000

Construction 
Cost $886,125 $348,166 $106,708 $115,363 $1,456,361

Design Cost (20% 
of Construction) $177,225 $69,633 $21,342 $23,073 $291,272

Contingency 
(20%) $319,005 $125,340 $38,415 $41,531 $524,290

Total Cost $1,382,354 $543,139 $166,465 $179,966 $2,271,923

North Alignment - With Pump
Line No. Base Bid Item Units

Site Quantity Price
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