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1

BACKGROUND

1.1

Context
Long Lake Creek is a resource of the Minnehaha Creek Watershed, located within the
Twin Cities’ communities of Long Lake and Orono. This perennial stream originates as
the outlet of Long Lake, flowing south and terminating at the confluence with Tanager
Lake. Tanager Lake is connected to Brown’s Bay and the famed Lake Minnetonka
system (Figure 1).
The headwaters of Long Lake Creek is the discharge from a concrete weir at the outlet
from Long Lake in the City of Long Lake. From there it flows approximately 2.7 miles
south through wetland and forested areas of Orono to its mouth at Tanager Lake, which
discharges to Browns Bay on Lake Minnetonka. Long Lake Creek drains approximately
8,200 acres. The lower 1 mile of Long Lake Creek is part of County Ditch 27 (see
County Ditch 27 in Figure 2), established in 1915 for agricultural drainage purposes and
transferred to MCWD in 1972.
Long Lake Creek is included in the District’s Annual Hydrologic Data monitoring
program, and was studied in-depth in 2004 as part of the District’s Upper Watershed
Stream Assessment. The Stream Assessment identified six storm sewer outfalls, sixteen
sites of localized erosion, and fourteen sites with debris in the channel. Many of the
erosion sites were concentrated in Reaches 2 and 5 and were investigated as part of
EOR’s previous feasibility study (see Appendix A).
Water quality in the creek is monitored at two locations (see Figure 2). Phosphorus load
is generally greater at the downstream site, suggesting that the watershed or in-line
wetlands are contributing to phosphorus loads in the creek and thus to Tanager Lake.
Tanager Lake serves mainly as a pretreatment basin for discharges to Brown’s Bay.
Dissolved oxygen within the stream in the summer months tends to fall below the 5 mg/L
State of Minnesota standard for class 2B waters.
The 2007 MCWD Comprehensive Plan identifies an interim in-lake total phosphorus
concentration goal of 70 μg/L for downstream Tanager Lake. The state standard, and thus
the long-term goal for Long and Tanager Lakes, is 40 μg/L. The mean summer 2009 total
phosphorus concentration was 85.2 μg/L, well in excess of the District’s 70 μg/L interim
goal. It is likely that phosphorus from Long Lake Creek is contributing to the high in-lake
concentration in Tanager. Tanager Lake was placed on the State Impaired Waters List in
2010 because of its poor water quality. According to the 2007 MCWD Comprehensive
Plan, loading to Tanager Lake will need to be reduced by 923 pounds of phosphorus per
year in order to meet the interim phosphorus concentration goal.
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Figure 1. Regional Context of Study Area
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Figure 2. Project Background
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1.2

Project Introduction
A draft feasibility report was completed by EOR in 2010 as part of the 2012 Long Lake
Creek Channel Restoration project. The scope of this project was specific to assessing
the stability of Reaches 2 and 5, (Figure 2) identifying destabilizing factors, and
determining remedies to stabilize the channel and repair damage. The draft feasibility
report also briefly discussed additional restoration opportunities that EOR identified
during its study, including opportunities for wetland restoration, natural channel
relocation, and culvert replacement. Upon review of the findings from the draft feasibility
report, the MCWD Board of Managers directed staff to expand the feasibility work to
explore these and other opportunities throughout the entire Long Lake Creek corridor
from Long Lake to Tanager Lake (Figure 2).
Projects identified in the MCWD Comprehensive Plan to improve water quality in Long
Lake Creek and Tanager Lake include: Wetland Restoration Projects (2008/2010), Long
Lake Stream Restoration Reach 5 (2012), Regional Pond at LLC-51 (2013), and Regional
Pond at LLC-48 (2016).
In an effort to identify and prioritize the most effective projects for improving water
quality in this subwatershed, MCWD sought to combine the feasibility studies for these
capital projects into a Comprehensive Long Lake Creek Feasibility Study. In addition,
MCWD is interested in investigating opportunities for internal load management for
Tanager Lake. Since internal load management for Tanager was not identified in the
MCWD Comprehensive Plan, a plan amendment would be required in order to pursue
this option.
Development of the Comprehensive Long Lake Creek Feasibility Report investigates the
following issues:


Stream Rehabilitation (see Chapter 2.1)
o Bank Stabilization
o Restoration



Wetland Enhancement (see Chapter 2.2)



Former Sewage Lagoon (see Chapter 2.3)



Smith Dump Site (see Chapter 2.4)



Stormwater Ponding and BMPs for Subwatersheds LLC-51 and LLC-48 (see
Chapter 2.5)



Long Lake Alum Treatment (see Chapter 2.6)



Tanager Lake Internal Loading (see Chapter 2.7)
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1.3

Tanager Lake Water Quality
The state eutrophication standards for Tanager Lake are 40 µg/L TP, 14 µg/L
chlorophyll-a, and 1.4 meters transparency (Table 1). The MCWD 2007 Comprehensive
Water Resources Comprehensive Plan identifies an interim TP goal of 70 µg/L.
Table 1. Water quality goals, Tanager Lake
Parameter

State Eutrophication Standard

MCWD Interim Goal

TP (µg/l)

TP < 40

TP < 70

Chlorophyll-a (µg/l)

Chl < 14

NA

Secchi transparency (m)

SD > 1.4

NA

Tanager Lake is a eutrophic lake to hypereutrophic lake, with an average trophic status
index (TSI) of 68 (Table 2). For the period of record within the last ten years for which
TP, chlorophyll-a, and Secchi transparency data are all available (2006-2009), mean
annual TP concentrations range from 85 to 108 µg/L (Figure 3), mean annual chlorophyll
ranges from 72 to 91 µg/L (Figure 3), and mean annual Secchi transparency ranges from
0.83 to 1.1 m (Figure 4).

Table 2. Tanager Lake Water Quality Data Summary, 2006-2009
Parameter

Mean

TSI

TP (µg/L)

94

70

Chlorophyll-a (µg/L)

78

73

0.93

61

Secchi transparency (m)
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Figure 4. Secchi transparency annual means, Tanager Lake

28jul11 Final Report: MCWD Comprehensive Long Lake Creek Feasibility Study

Page 8

2

CORRIDOR IMPACTS & IMPROVEMENT OPTIONS EVALUATED

2.1

Stream Rehabilitation
Introduction
Two previous stream assessments of Long Lake Creek have been completed to date. The
first, conducted in 2004, was completed for the MCWD as part of the Minnehaha Creek
Stream Assessment – Volume 2. As part of the assessment, the entire length of Long
Lake Creek was broken into five reaches based on similar stream/riparian conditions.
Figure 5 depicts the five reaches that were delineated through this study. The 2004
assessment noted areas of damaged infrastructure and/or streambank erosion and
identifies certain areas to be an immediate problem, which would be exacerbated if left
unattended. The identified problem areas were concentrated in Reaches 2 and 5. Based on
the severity of erosion identified via this report within Reaches 2 and 5, the report
recommended that a geomorphic assessment be conducted for these reaches. An excerpt
of this study, focusing on Long Lake Creek, is included as Appendix C
The next stream assessment, conducted in 2010, served to assess the stability of the
reaches identified in the 2004 assessment. For this evaluation, a detailed geomorphic
assessment of Reaches 2 and 5 was conducted to identify any destabilizing factors
leading to stream stability and determine remedies to stabilize the channel and repair
damage where warranted. The assessment consisted of characterizing the geomorphic
state and deviation from stable state if necessary for the reaches. Nearly 6,500 feet of the
creek were surveyed. Survey data was collected to characterize the plan, profile and
cross-section of the creek. In addition to completing the geomorphic assessment, the
field team also noted drained wetland restoration opportunities and locations where
existing infrastructure was likely negatively impacting the creek. This study in full can
be found in Appendix A.
As part of this project, a rapid assessment of streambank stability and the identification of
stream stabilization and restoration opportunities was conducted in the Spring of 2011 for
the three reaches not addressed in the 2010 assessment. The assessment, conducted by
trained and experienced stream geomorphologists, consisted of identifying areas of
concern and/or opportunity in Reaches 1, 3, and 4. The findings of the 2010 and 2011
assessments have been combined and are presented in the Reach Assessment section of
this report.
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Historical Perspective
Review of historical documents of the Long Lake Creek area shows that the creek and
watershed have been highly altered since major settlement of the region in the mid 1850s.
The Long Lake/Orono region was occupied prior to the 1850s by both the Dakota and
Chippewa; however, their land usage practices were typically less pervasive than that of
European settlers. The first historical document describing the alignment of Long Lake
Creek is the Public Land Survey Notes completed in 1855 for this region of the State.
These notes, while typically very reliable and useful for understanding the pre-settlement
conditions of streams, most likely misrepresented the alignment of Long Lake Creek in
1855. The historical and current alignment of the creek are similar at the actual survey
points taken along section transects (Figure 6). Topographic highs in the path of the 1855
delineated stream alignment strongly suggest that the Public Land Survey erred in the
illustrated stream alignment between these surveyed points. A description of the creek
including the width of the stream from this survey can be seen in Figure 6.
The next historical document depicting the Long Lake Creek alignment is the 1874 Map
of Hennepin County by George B. Wright (Wright, 1874). The clarity of this map is
substandard, making it difficult to discern plat lines. In general, it appears the path of
Long Lake Creek is depicted in a similar orientation to the 1855 PLS stream alignment.
However, the creek “headwaters” in the 1874 map is Long Lake, whereas in the 1855
map the stream “begins” west of Long Lake. By 1875, the City of Long Lake was
growing. Logging of forest and the development of the Medina mill on Long Lake Creek
were causing changes in creek and watershed hydrology (Cairn, 2003).
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Figure 5. Long Lake Creek Location and Reach Segments
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Figure 6. Historic and Modern Stream Alignment
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In 1879, Warner and Cooley released their Map of Hennepin County. This map depicts a
stream alignment that is similar to the current stream alignment of the creek for Reaches
2 through 5 (Figure 6). However, the Reach 1 segment is depicted shifted to the east of its
current alignment. The 1892 Plat of Minneapolis and St. Louis Park, a map generated for
the public (compliments of the Minneapolis Land and Investment Company and the 1911
Lyon’s Standard Hennepin County Road Map) use the same stream alignment depicted in
the 1879 map. The United States Geological Survey released a 15 minute 1:62,500 scale
topographic map in 1907 that depicts a stream alignment similar to the current alignment.
(Figure 6).
From the 1911 Lyon’s Standard map until a historic aerial image from 1937, there are no
maps or aerial images available (or no easily obtained materials). Comparing the stream
alignment in the 1937 historic aerial to the next available aerial photo from 1940, it is
evident that the creek had been highly altered. The creek shows straightening of the
channel within Reach 2 consistent with ditching practices of the era. By 1955, the
watershed shows additional roads and buildings not evident on earlier references.
Comparing the 1955 historic aerial to 1966 illustrates further changes to Long Lake
Creek and the surrounding watershed. Reach 5 shows the greatest change, with the
channel shifted west to allow the construction of the sewage treatment pond. Reach 2
shows wetland filling in the vicinity of the Smith Dump Site west of Brown Road.
Comparing the 1966 image to future years shows additional wetland filling in the vicinity
of the Smith Dump Site until roughly 1970. By comparing the 1997 USGS 7.5-Minute
Excelsior Quadrangle with modern day aerial photography, a significant amount of filling
of the Long Lake Creek floodplain had occurred within the parcel referred to as the Smith
Dump site. It is evident that a large amount of fill was deposited after 1953, when the
contours in the Quadrangle were generated. See Figure 10 for an estimated progression
of filling. See Chapter 2.4 for a separate focus of the Smith Dump Site.
Comparison of historic aerials from the 1960s until 2011 shows a large increase in
residential housing in the watershed. Although the aerials show limited to no channel
modification with respect to ditching in modern times, stresses to the channel from
increased impervious cover in the watershed and the resultant changes to the creek
hydrograph, coupled with channelization, have caused an increased shear stress within
the creek channel. Additional changes have occurred along the creek as road culverts
have been installed and modified. The modification of culverts and pipes has led to
changes in the creek’s profile and to areas of localized high velocities and shear stresses.
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Reach Assessment
A rapid assessment of streambank stability and the identification of stream stabilization
and restoration opportunities was completed in spring 2011 for the three reaches not
addressed in the 2010 investigation. The assessment, conducted by trained and
experienced stream geomorphologists, consisted of identifying areas of concern and/or
opportunity in Reaches 1, 3, and 4. These 2010 observations were combined with
observations made in all five reaches during the 2011 field investigation to create a
generic qualitative assessment of habitat. Table 3 lists the combined observations for all
reaches. Overall, the system’s habitat indexes are low to moderate. Figure 7, Figure 8,
and Figure 9 highlight stations within Reaches 2, 3, and 5 with excessive bank erosion
issues or stations where other stability issues were noted. Reach 1 had no apparent
instabilities, primary due to backwater influences of Lake Minnetonka. No bank
stabilization issues were identified in Reach 4 during the 2011 rapid assessment.
However, high water levels during the assessment precluded general comparison of bank
height ratios.
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Figure 7. Reach 2 Instabilities and Concerns of Note
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Figure 8. Reach 3 Instabilities and Concerns of Note
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Figure 9. Reach 5 Instabilities and Concerns of Note
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Table 3. Qualitative Assessment of Stream Reaches
Reach

Substrate

In-stream Cover

Channel
Morphology

Riparian Zone

Bank Erosion

Pool-Riffle Quality

Mineral soil
Reach streambed/organic
1
banks (ditched
wetland).

Poor - Primarily
cattail and reed
canary.

Altered StraightenedDitched.

Primarily cattail and
reed canary.

Minor - Dominated
by low quality reed
canary grass with
shallow root depth.

Backwater area from
lake, poor pool/riffle
depth sequencing .

The main channel
exhibited a firm
substrate consisting
of predominately
sand and silt. Pool
areas upstream and
downstream of the
Reach "farm" culvert
2
crossing (station
5100) exhibited high
proportions of silt.

Varies, poor from
stations 4600-5000
and stations 53005800 consisting of
cattail and reed
canary. Fair in
section 6800-7500,
with reed canary and
shrubs. All other
sections
predominately
wooded, with
deciduous trees
dominated by
buckthorn, some
willow.

Altered - Significant
lengths of Reach 2
have been ditched
and straightened.
Sinuosity’s for these
reaches are greater
than 1.00 due to
stream evolution
since ditching.
Stations 5900-7900
appear to be in their
natural state.

Stream banks are
highly vegetated.
Open areas are
dominated by low
quality reed canary
grass that has
shallow root depth.
Wooded portions of
the creek are
dominated by
buckthorn which
offers fair bank
stability with its root
systems.

Six bank failure
locations, with
BEHI's ranging from
moderate to very
high, were identified
in this reach due to
bank erosion
concerns during the
2010 investigation.
Outfall stabilization
at the downstream
end of the Brown
Road Pipe is
recommended.

Pool/riffle depth
sequencing was
apparent. The
diversity of current
velocities is low,
likely backwater
influence.

Streambed
dominated by sand
Reach and gravel. Stream
3
banks are loamy
sand.

Good - Maple
basswood forest.

Altered - Parallel
ridge of ditch spoils
is evident along
southern edge of
channel through a
portion of the reach.

Maple basswood
forest with sparse
ground cover.

Bank erosion evident
on outside bend of
turns at stations
8200, 8400, and
8750.

Pool/riffle
sequencing was
apparent. Steeper
gradient, more flow
variation.
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Reach

Substrate

In-stream Cover

Channel
Morphology

Riparian Zone

Bank Erosion

Pool-Riffle Quality

Mineral soil
streambed/organic
banks (ditched
Reach
wetland)
4

Poor - Primarily
cattail and reed
canary, with short
stretches of willow

Altered - Reach has Primarily cattail and
been ditched and
reed canary.
straightened. Stream
evolution since
ditching has
introduced some
sinuosity.

Minor - Dominated
by low quality reed
canary grass that has
shallow root depth.

Pool/riffle depth
sequencing was
apparent. The
diversity of current
velocities is low.

The entire reach
exhibited a firm
substrate consisting
of predominately
sand and silt with
minor amounts of
Reach gravel.
5

Reach 5 is
predominately
wooded, with
deciduous trees
dominated by
buckthorn. The
ditched section in the
vicinity of the ponds
is dominated by
buckthorn on the
east and reed canary
grass on the west.

Altered - Portions of
this reach have been
ditched and
straightened,
primarily near the
Long Lake Outlet
and in the vicinity of
the sewage lagoons.
Stream evolution
since ditching has
introduced some
sinuosity.

Reach has seven
bank erosion sites
that were identified
in the 2010
investigation. BEHI
ratings ranged from
moderate to high.

Pool/riffle depth
sequencing was
apparent. Range of
current velocities is
low.
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Stream banks are
highly vegetated.
Wooded portions of
the creek are
dominated by
buckthorn which
offers fair bank
stability with its root
systems. Open areas
(west bank in the
vicinity of
stormwater pond) are
dominated by reed
canary grass.
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Bank Stabilization Opportunities
In addition to conducting the rapid assessment of the three reaches not assessed in 2010,
EOR re-visited the top six locations identified in the 2010 investigation as contributing
the highest sediment load to the creek. These sites are all located in Reach 5. They were
assessed qualitatively, to note relative changes in bank stability. High water during the
assessment period limited clear views of bank profile in most locations. The locations
with the greatest observed relative change in bank erosion were in Reach 2 located
immediately downstream of the Brown Road culvert and in Reach 5 immediately
downstream of the Highway 12 culvert. In these locations, high velocities coming out of
the culverts have created plunge pools that are growing laterally. In the Brown Road
culvert location, foot traffic on each side of the plunge pool, coupled with sparse ground
cover, is further exacerbating erosion.
As noted in the 2010 report, bank stabilization projects are often initiated to prevent
stream channel migration, prevent sediment loading, minimize instream total suspended
solids, minimize soil loss, and to protect property. The six locations in Reach 5 that the
stream assessment found during the 2010 survey had excessive bank erosion. These
locations can be armored using a common and low cost method that utilizes the biomass
of water tolerant trees such as willow and cottonwood to lessen shear stress on the banks
of interest. Unstable bank locations located on outside bends may need a combination of
introduced bank vegetation and bank toe protection. This option often uses solutions such
as brush layering with rock toe protection to stabilize banks with high shear stress. The
downstream culvert scour area in Reach 2 will need a combination of brush layering with
rock toe protection, rock vanes, longitudinal fill stone toe protection, locked logs, and the
introduction of ground cover to stabilize banks. Post repair vegetation diversity will assist
in stabilizing banks and providing cover for birds and other riparian species. Due to
observed degradation noted in 2011 since the 2010 assessment, restoration of the
downstream end of the Brown Road culvert should take precedence over restoration
downstream of the Wayzata Boulevard culvert.
Note: there are numerous other small and/or isolated bank instabilities identified in
Figure 7-Figure 9 as Bank Stabilization Opportunities. It is recommended that these
small sites be addressed through the District’s cost share program or in conjunction with
adjacent stabilization or restoration projects.
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Other

$250

$5,000

-

-

-

$685

$7,535

100

Low

$1,600

$250

$5,000

-

-

-

$685

$7,535

6940-6960

20

Moderate

$640

$100

$2,000

-

-

-

$274

$3,014

2

7000-7060

60

High

$4,320

$675

$13,500

-

-

-

$1,850

$20,345

2

7300-7330

30

Moderate

$960

$150

$3,000

-

-

-

$411

$4,521

2

7650-7675

15

Very High

$1,920

$300

$6,000

-

-

-

$822

$9,042

2

7880-8000

120

High

$8,640

$1,350

$27,000

-

-

-

$3,699

$40,689

5

10900-11000

100

High

$7,200

$1,125

$22,500

-

-

-

$3,083

$33,908

5

11930-11970

40

Moderate

$1,280

$200

$4,000

-

-

-

$548

$6,028

5

11970-12030

60

Low

$960

$150

$3,000

-

-

-

$411

$4,521

5

12000-12030

30

High

$2,160

$338

$6,750

-

-

-

$925

$10,173

5

13760-13780

20

High

$1,440

$225

$4,500

-

-

-

$617

$6,782

5

13960-13990

30

High

$2,160

$338

$6,750

-

-

-

$925

$10,173

5

14040-14070

30

High

$2,160

$338

$6,750

-

-

-

$925

$10,173

Summation of all projects in this category

$174,439

2

6280-6380

Bank
Length
100

2

6400-6500

2

NBS Rating

Permitting**

Stationing

*

Subtotal†

Easement &
Acquisition Cost

$1,600

Reach

Construction

Low

Project

Engineering *

Easements &
Acquisition
Agreements

10% Contingency

Table 4. Streambank Stabilization Cost Estimates

Estimate based on 32% of construction cost; assumes 6+/- site are paired together
**Estimate based on 5% of construction cost; assumes 6+/- site are paired together
†
Maintenance cost not included

28jul11 Final Report: MCWD Comprehensive Long Lake Creek Feasibility Study

Page 21

High

Moderate

Pollutant
Removal
Assumptions
Reference

L

NBS Rating

Bank

Bank Length
(ft)
30

L

Moderate

Cost:Polluta
nt Benefit
($/lb)

7300-7330

60

R

Low

Load
Reduction
(lbs/yr)

2

7000-7060

20

L

Low

Estimated
Cost

2

6940-6960

100

R

Paired With
Site(s)

2

6400-6500

100

Accessibility

2

6280-6380

Estimated
Erosion Rate
(ft^3/yr)

2

Stationing

Reach

Table 5. Cost:Benefit Comparison of Streambank Stabilization Sites

52.5

Poor- Site located in
heavily wooded area
behind private
residence

6400-6500

$7,535

1.7

$4,432

Zaimes,
2005

85.0

Poor- Site located in
heavily wooded area
behind private
residence

6280-6380

$7,535

2.7

$2,790

Zaimes,
2005

28.9

Fair- Site roughly
400 ft. south of Luce
Line Trail

7000-7060
7300-7330
7650-7675
7880-8000

$3,014

0.9

$3,382

Zaimes,
2005

55.4

Fair- Site roughly
350 ft. south of Luce
Line Trail

6940-6960
7300-7330
7650-7675
7880-8000

$20,345

1.8

$11,302

Zaimes,
2005

33.1

Good- Site roughly
60 ft. south of Luce
Line Trail

6940-6960
7000-7060
7650-7675
7880-8000

$4,521

1.1

$4,110

Zaimes,
2005

28jul11 Final Report: MCWD Comprehensive Long Lake Creek Feasibility Study

Page 22

NBS Rating

Bank
L

Moderate

Low

Pollutant
Removal
Assumptions
Reference

60

R

High

Cost:Polluta
nt Benefit
($/lb)

1197012030

40

L

Load
Reduction
(lbs/yr)

5

100

High

Estimated
Cost

5

1193011970

120

R&
L

Paired With
Site(s)

5

1090011000

R

Accessibility

2

7880-8000
(Brown Rd
Outfall)

15

Estimated
Erosion Rate
(ft^3/yr)

7650-7675

Bank Length
(ft)

Stationing

Reach
2

Very
High

153.0

Good- Site roughly
45 ft. south of Luce
Line Trail

6940-6960
7000-7060
7300-7330
7880-8000

$9,042

4.9

$1,845

Zaimes,
2005

210.0

Good- Site roughly
40 ft. south of Luce
Line Trail

6940-6960
7000-7060
7300-7330
7650-7675

$40,689

6.7

$6,072

Zaimes,
2005

73.5

Poor- Site located in
heavily wooded area
behind private
residence

11930-11970

$33,908

2.4

$14,128

Zaimes,
2005

27.5

Poor- Site located in
heavily wooded area
behind private
residence

10900-11000

$6,028

0.9

$6,697

Zaimes,
2005

$4,521

1.3

$3,477

Zaimes,
2005

41.3

Fair- Site roughly 50
ft. west of private
gravel driveway
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1404014070
(Wayzata
Blvd
Outfall)

30

L

R

High

High

High

44.1

37.7

65.3

65.3

Fair- Site roughly 50
ft. west of private
gravel driveway

Fair- Site roughly 50
ft. west of private
gravel driveway

Fair- Site roughly 50
ft. west of private
gravel driveway

Good- Site located
roughly 100 ft. south
of Wayzata Blvd,
access possible
south of guardrail
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Paired With
Site(s)

Accessibility

Estimated
Erosion Rate
(ft^3/yr)

NBS Rating

Bank

Bank Length
(ft)
30

R

High

1197012030,
1200012030,
13960-13990
1197012030,
1200012030,
13760-13780
1197012030,
1200012030,
1376013780,
13960-13990

Pollutant
Removal
Assumptions
Reference

1396013990

20

R

Cost:Polluta
nt Benefit
($/lb)

5

1376013780

30

Load
Reduction
(lbs/yr)

5

1200012030

Estimated
Cost

5

Stationing

Reach
5

1197012030,
1376013780,
13960-13990

$10,172

1.4

$7,265

Zaimes,
2005

$6,782

1.2

$5,651

Zaimes,
2005

$10,172

2.1

$4,843

Zaimes,
2005

$10,172

2.1

$4,843

Zaimes,
2005
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Restoration Opportunities
EOR additionally evaluated opportunities for restoring natural creek meanders and/or
constructing new meanders through historically straightened and ditched sections of the
creek. These opportunities were originally identified in the 2010 draft feasibility report in
the Identification of Alternatives section. To aid in the determination of the feasibility of
these potential natural channel restorations projects, additional survey and geomorphic
data was collected in segments of Reaches 2 and 5. The detailed site assessments of the
Reach 2 historic channel and wetland and the Reach 5 stormwater holding pond area
consisted of site characterization using high resolution GPS. Survey points collected
include thalweg profile of the remnant channel, ground elevation, stream bottom, top
bank and toe elevations for cross sections, pond bottom, conveyance pipe inverts, and
benchmark verification points. The survey was conducted in Hennepin County
coordinates with elevations calibrated to NAVD88. An additional 503 survey points
were collected in the vicinity of the remnant channel in Reach 2 located north of the
Smith Dump site and an additional 570 survey points were collected in the vicinity of the
former sewage lagoon /stormwater ponds/mitigation wetlands complex within Reach 5.
Natural channel restoration is the process of returning altered channels back to a form
that would be found naturally. The proposed natural channel restoration on Long Lake
Creek would transition highly altered stream sections that have been ditched back into
channels with stable dimension, pattern, and profile. Restoration of the proper dimension
in these reaches will re-connect the stream, or more fully connect the stream, with the
floodplain. A viable opportunity was identified in Reach 2 and is detailed herein.
Advancement of opportunities within the sewage lagoon complex have been put on hold
by MCWD staff until further analysis is complete on the complex (see Section 2.3).
Project Identification
In Reach 2, an abandoned meandering channel is still evident east of the ditched section
and north of the Smith dump (see Figure 10). This relic sinuous channel (meandering
flow path) was likely cut off when this section of the creek was ditched in the late 1800’s
or early 1900s. Reconnecting to the former channel and constructing a new channel with
a similar geometry to make the connections is a viable restoration option.
Restoration will decrease stream slope, diffuse flow, add sinuosity and reconnect the
stream with its former floodplain by adding stream length. Restoring connection to the
floodplain will improve water quality, and peak flood elevation will be relatively
unchanged (see Table 8). The restoration of the abandoned meandering channel and
creation of the new channel will additionally enhance in-stream and riparian habitat,
improve vegetation quality and diversity within the riparian zone, and move the creek
away from the sediment loading and potentially unknown contamination associated with
the Smith dump site. Restoring this reach takes the ditch off line, effectively changing the
dynamics in this reach from that of a nutrient source to a nutrient sink. Furthermore, the
proposed alignment traverses the Smith parcel without a crossing, thus eliminating the
existing crossing. The exiting private crossing in question is deteriorating and in need of
replacement and, typical of crossings, restricts flow. Eliminating this crossing and the
associated hydraulic influences will benefit the resource.
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Because this wetland is connected to the creek and is subject to high loads of total
phosphorus, literature values for wetland restorations may not be reasonable. Monitoring
on wetland restorations (PLSLWD 2010) of similar size, scope, and loading show that
although highly variable, loads of phosphorus can be reduced by 3-7% with higher rates
possible. A 5% removal was used for this project.
Table 6. Reach 2 Stream Restoration Geomorphic Evaluation
Parameter

Existing Channel

Proposed Channel

Channel Length (ft)

1170

2970

Valley Length (ft)

1117

1932

Sinuosity

1.05

1.53

Gradient (%)

0.09

0.04

Cross Sectional Area (ft2)

26.2

26.0

Entrenchment Ratio

73.5

73.5

Width to Depth Ratio

10.5

8.0

Type

Ditch

E4/5

Modeling Evaluation
The impact of a stream restoration project was modeled using the MCWD's existing XPSWMM model. Please see the modeling appendix for additional information regarding
the model. Table 7 through Table 10 show basic inputs and results of the modeling
exercise for existing conditions and the stream restoration scenario (proposed). It should
be noted that the proposed reaches that are lumped together as 2,970 feet constitute the
full length of the remeander. Locations up and downstream of the remeander are
reported also. In addition to the locations shown in the tables, the existing condition
model also includes a secondary routing through the western dump site culvert (not
located on the existing main channel) and overtopping the field road at this location.
This is evident in Table 7 by the lower flow in the Smith dump culvert than in upstream
and downstream reaches.
The high water elevations remain the same or slightly decrease for proposed conditions.
The decreases are primarily due to removal of the restriction of the Smith dump site
culvert. Channel flow rates are similar for existing and proposed conditions, except as
described in the preceding paragraph. Velocities in the Smith dump site culvert are an
existing problem as highlighted by the high velocities modeled and scour surveyed
downstream of the culvert. The proposed channel remeander bypasses this restriction and
reduces in channel velocities considerably.
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Table 7. Reach 2 Stream Restoration Modeled Reach Descriptions
Existing
Length
(ft)

Proposed
Length
(ft)

Upstream
Elevation
(ft)

Dowstream
Elevation
(ft)

US of Wetland

107

107

928.78

928.59

US of Smith Dump in Wetland

506

928.59

928.56

US of Smith Dump Culvert

168

928.56

927.00

Smith Dump Culvert

70

927.00

927.61

DS of Smith Dump Culvert

107

927.61

927.49

DS of Smith Dump in Wetland

324

927.49

927.14

US of Fox Street

768

768

927.14

926.30

0

0

926.30

926.30

Location

Fox Street Crossing

2970

Table 8. Reach 2 Stream Restoration High Water Elevation Comparison
Location
Upstream of
Wetland
Upstream of Smith
Dump in Wetland
Upstream of Smith
Dump Culvert
Smith Dump
Culvert
Downstream of
Smith Dump
Culvert
Downstream of
Smith Dump in
Wetland
Upstream of Fox
Street
Fox Street Crossing

Station (ft)

1.5-year High Water
Elevation (ft)
Existing Proposed

100-year High Water
Elevation (ft)
Existing
Proposed

5750-5850

932.3

5300-5750

931.9

932.9

5130-5300

931.5

932.9

5060-5130

931.5

4950-5060

930.8

931.2

4620-4950

930.6

931.0

3850-4620

930.2

930.2

930.7

930.6

3800-3850

929.5

929.5

930.0

930.0

932.3

931.9
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Table 9. Reach 2 Stream Restoration Channel Flow Results
Location

Station
(Ft)

1.5-year flow (cfs)

100-year flow (cfs)

Existing

Proposed

Existing

Proposed

5750-5850

97.4

97.4

221.3

221.3

5300-5750

95.3

221.2

5130-5300

82.6

127.8

5060-5130

82.6

4950-5060

82.6

127.8

4620-4950

92.3

221.1

Upstream of Fox Street

3850-4620

91.8

97.0

220.9

220.9

Fox Street Crossing

3800-3850

102.1

97.2

220.9

221.0

Upstream of Wetland
Upstream of Smith
Dump in Wetland
Upstream of Smith
Dump Culvert
Smith Dump Culvert
Downstream of Smith
Dump Culvert
Downstream of Smith
Dump in Wetland

97.2

127.8

221.1

Table 10. Reach 2 Stream Restoration Channel Velocities
Station
(Ft)

1.5-year velocity (fps)

100-year velocity (fps)

Existing

Proposed

Existing

Proposed

5750-5850

2.1

2.1

2.6

2.6

5300-5750

1.7

1.9

5130-5300

1.1

1.6

5060-5130

4.4

4950-5060

2.3

2.8

4620-4950

1.1

1.4

Upstream of Fox Street

3850-4620

0.4

0.4

0.4

0.4

Fox Street Crossing

3800-3850

0.9

0.9

1.6

1.6

Location
Upstream of Wetland
Upstream of Smith
Dump in Wetland
Upstream of Smith
Dump Culvert
Smith Dump Culvert
Downstream of Smith
Dump Culvert
Downstream of Smith
Dump in Wetland

1.1
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Character of Construction & Cost Evaluation
The prospective project will likely be completed in two stages, with the restored channel
offline for a least one growing season. Primary construction activities of Stage-1 include
the excavation of the new channel during winter (to minimize erosion and take advantage
of frost conditions) and the implementation of vegetation and habitat measures. Stage-2
activities include the connection of the new channel and filling of the current channel
again during the winter months.
Since the prospective project is located within a Judicial Ditch (see Figure 10) the project
will require modeling and documentation to demonstrate that the project will not
adversely impact flows and flood storage and may require ditch abandonment for this
reach. Preliminary modeling results (see Table 7-Table 10) indicate that this project will
not significantly alter flows.

Other

10% Contingency

Subtotal†

Summation of all projects in this category

$396,100

$76,000

$20,000

$245,000

$5,000

Easement &
Acquisition Cost

$396,100

Easements &
Acquisition
Agreements

$30,100

Construction

$20,000*

Permitting

Reach 2
Remeander

Engineering

Project

Table 11. Estimated Cost for Stream Restoration Options

$0

†

Maintenance cost not included
* Ditch abandonment cost
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Figure 10. Reach 2 Restoration Opportunity
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Projects Warranting Further Review
Seven streambanks stabilization sites, which have been determined to have reasonable
access and are estimated to be substantial contributors of sediment and phosphorus to
Long Lake Creek warrant further review along with the Reach 2 Remeander Project. The
cost:benefit of these projects are compared to other proposed projects in chapter 4:
Stabilization of four high sediment contributing sites from Reach 5
(Sta 11970-12030, 12000-12030, 13760-13780 & 13960-13990)
Stabilization of Brown Rd Outfall Sites
(Sta 7650-7675 & 7880-8000)
Stabilization of Wayzata Blvd Outfall
(Sta 14040-14070)
Reach 2 Stream Restoration
Note: there are numerous other small and/or isolated bank instabilities identified in
Figure 7-Figure 9 as Bank Stabilization Opportunities. It is recommended that these
small sites be addressed through the District’s cost share program or in conjunction with
adjacent stabilization or restoration projects.

2.2

Wetland Enhancement
Historical Perspective and Existing Ecological Conditions
Review of historical documents of the Long Lake Creek Corridor shows that the creek
and watershed have been highly altered since major settlement of the region in the mid
1850s (Long Lake, 2011). According to the Minnesota Department of Natural Resources
(MNDNR) and previous research by F.J. Marschner (1974), the Long Lake Creek
Corridor, prior to European settlement, was dominated by “Big Woods hardwood forest
(oak, maple, basswood, and hickory)” and “Wet Prairie.”
Existing Minnesota Land Cover Classification System (MLCCS) mapping for the
MCWD identified the majority of the Long Lake Creek Corridor’s uplands as Maple
Basswood Forest, Mesic Oak Forest, altered/non-native deciduous woodland, mediumtall grass altered/non-native dominated grassland, and many built up areas of short
grasses and mixed trees with 11-25% impervious cover and with 25-50% impervious
cover. The area’s lowlands were mapped as cattail marsh, lowland hardwood forest,
palustrine open water, temporarily flooded altered/non-native dominated grassland, and
saturated flooded altered/non-native dominated emergent vegetation.
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The MCWD completed a Functional Assessment of Wetlands (FAW) in 2003
(“MCRAM”), which serves as the Existing Conditions assessment of wetland functions
and values, and then placed wetlands into specific management categories. These
Management Categories range from “Preserve” for highest functioning wetlands which
require the most stringent management requirements for protection; to Manage 1,
Manage 2, and Manage 3, which allow more flexibility in wetland management for
degraded wetlands. MCWD’s FAW classifies most of the wetlands along the Long Lake
Creek Corridor as “Manage 1” with several as “Manage 2” and one as “Preserve.” The
FAW provides additional data pertaining to the Long Lake Creek Corridor’s wetlands;
however, it should be noted that a wetland delineation has not been completed for the
site.
Field Evaluation
On May 25, 2011, EOR wetland staff conducted a field evaluation focusing on the
identification of wetland restoration opportunities along the Long Lake Creek Corridor.
Efforts were focused to evaluate potential locations for wetland restoration, creation,
enhancement, and/or expansion including E-117-23-03-011, D-117-23-03-036, D-11723-03-044 and others that are riparian to Long Lake Creek (see Figure 11 and Figure 12).
In general, the majority of wetland resources along the Long Lake Creek Corridor are
extensive and have been degraded due to past land uses and colonization by invasive
species. However, the wetlands along the Long Lake Creek Corridor provide a unique
opportunity to preserve and enhance natural features, while addressing water quality
issues to the benefit of downstream aquatic resources. Field evaluation efforts were
focused on identifying wetlands with potential for floristic improvements and/or
hydrologic improvements according to their existing conditions, while taking into
account the establishment and maintenance of adjacent upland buffer areas.
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Figure 11. Wetlands Evaluated Reach 1 - 3
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Figure 12. Wetlands Evaluated Reach 3 – 5
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Table 12. Wetlands Restoration – Identification of Opportunities
Long Lake Creek
Wetland ID

Additional
Map ID

Existing Wetland
Community

Potential Wetland
Community

Acres

Restoration
Opportunity

Notes on Site Conditions
and/or Limiting Factors
hydrologically modified for
golf course, causing road
washout to the north

D-117-23-02-013

Shallow Open Water

Deep Marsh

0.5

Floristic &
Hydrology

D-117-23-02-039

Shallow Open Water

Deep Marsh

1.2

Floristic &
Hydrology

hydrologically modified for
golf course

A

Sedge Meadow
(degraded)

Sedge Meadow

1.7

Floristic

*want to be careful about
maintaining nice existing
vegetation and groundwater
hydrology

B

Lowland Hardwood
Forest (degraded)

Same

9.3

Floristic

buckthorn in understory

A

Deep Marsh (degraded)

Shallow Marsh

0.2

None

low level of reed canary grass,
surrounded by impervious

B

Lowland Hardwood
Forest

Same

0.3

None

surrounded by impervious

A

Wet Meadow (degraded)

Sedge Meadow or
Shallow Marsh

3.1

Floristic &
Hydrology

reed canary grass,
ditched/drained

B

Floodplain Forest
(degraded)

Same

4.3

Floristic &
Hydrology

buckthorn in understory,
ditched/drained

C

Wet Meadow (degraded)

Sedge Meadow or
Shallow Marsh

3.2

Floristic &
Hydrology

reed canary grass

D-117-23-03-009

D-117-23-03-010

D-117-23-03-016
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Long Lake Creek
Wetland ID

Additional
Map ID

Acres

Restoration
Opportunity

Notes on Site Conditions
and/or Limiting Factors

Shallow Marsh
(degraded)

Sedge Meadow

3.7

Hydrology

B

Wet Meadow (degraded)

Sedge Meadow or
Shallow Marsh

4.5

Floristic

Same

6.3

Floristic

buckthorn in understory

Sedge Meadow

3.7

Same

18.6

Floristic &
Hydrology
Floristic &
Hydrology

reed canary grass, carp, purple
loosestrife
reed canary grass, purple
loosestrife

Same

7.6

None

reed canary grass

Shallow Marsh

17.2

Floristic &
Hydrology

reed canary grass

D
E
F
G

Lowland Hardwood
Forest (degraded)
Shallow Marsh
(degraded)
Sedge Meadow
(degraded)
Lowland Hardwood
Forest
Shallow Marsh
(degraded)

reed canary grass on old sedge
hummocks
reed canary grass, carp,
degraded channel, disturbed
buffer understory

H

Open Field

NA

4.4

None

recently clearcut

A

Wet Meadow (degraded)

Sedge Meadow

14.2

Floristic &
Hydrology

Same

7.1

Floristic

reed canary grass, carp,
ditched/drained
reed canary grass, buckthorn
ditched

Same

2.4

Hydrology

ditched/drained

Deep Marsh

0.6

Floristic

storm sewers dumping in?

Same

6.6

Floristic &
Hydrology

degraded channel, disturbed
buffer understory

B
C
D-117-23-03-044

Potential Wetland
Community

A

C
D-117-23-03-036

Existing Wetland
Community

D
E

Floodplain Forest
(degraded)
Floodplain Forest
(degraded)
Shallow Open Water
(degraded)
Floodplain Forest
(degraded)

F

Wet Meadow (degraded)

Wet/Sedge Meadow

2.7

Floristic

reed canary grass

G

Floodplain Forest

NA

0.4

None

*want to be careful about
maintaining nice existing
buffer and channel
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Long Lake Creek
Wetland ID

Additional
Map ID

Existing Wetland
Community

Potential Wetland
Community

Acres

Restoration
Opportunity

Notes on Site Conditions
and/or Limiting Factors
*want to be careful about
maintaining nice existing
vegetation
reed canary grass on old sedge
hummocks

A

Sedge Meadow

NA

2.1

None

B

Wet Meadow (degraded)

Sedge Meadow

5.4

None

C

Lowland Hardwood
Forest

Same

9.1

None

NA

D

Wet Meadow Shrub
subtype

Same

8.4

None

D-118-23-34-015

Shallow Open Water
(degraded)

*want to be careful about
maintaining nice existing
vegetation

Deep Marsh

1.4

Floristic

storm sewers dumping in?

D-118-23-35-012

Storm/Treatment Pond

NA

6

None

hydrologically modified

D-118-23-35-015

Storm/Treatment Pond

NA

6.2

None

hydrologically modified

D-118-23-35-016

Deep Marsh (degraded)

Same

3.7

Floristic

storm sewers, surrounded by
homes

E-117-23-03-001

Deep Marsh (degraded)

Same

0.7

None

NA

E-117-23-03-009

Shallow Marsh

NA

3.6

None

NA

E-117-23-03-011

Shallow Marsh

NA

94.3

None

reed canary grass

E-117-23-03-012

Shallow Marsh

NA

3.6

None

NA

D-117-23-03-045
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Identification of Wetland Restoration Opportunities
Achieving potential benefits such as improving downstream water quality, increasing
infiltration, increasing stormwater storage, improving habitat, improving vegetative
diversity and quality, and connecting the Long Lake Creek Corridor with other ecological
resources is obtainable with the restoration of numerous floodplain wetlands within the
Long Lake Creek watershed. All wetlands were evaluated for floristic and hydrologic
restoration opportunities. Figure 13 and Figure 14 depict the locations of the wetland
restoration opportunities in the Long Lake Creek watershed.
Table 13 describes these wetland restoration opportunities. Floristic restoration
opportunities generally involve changing an invasive monoculture to a diverse native
wetland community, which would require high intensity inputs to achieve that goal.
Hydrologic restoration methods generally remove antiquated drainage that is no longer
serving its original purpose.
Cost estimates (Table 14) and pollutant removals were developed for each of the
potential restoration sites and are divided into floristic improvements and hydrologic
improvements. For each wetland complex, a cost for floristic improvements based on
acres of wetland to be restored was developed. For higher input floristic improvements,
we assumed that a more intensive wetland restoration project would include (but not be
limited to) the market value for the following tasks and items. For average input floristic
improvements, it was assumed that an average wetland restoration cost would include
aspects of the following list, but at a lower intensity of input.


Prescribed burn to areas of reed canary grass



Herbicide treatment to existing invasive vegetation



Removal of existing invasive vegetation (via cutting of European Buckthorn)



Release of leaf-feeding beetles to control purple loosestrife



Re-seeding area with native vegetation



Establishment costs including 3-5 year maintenance plan

Many of these costs for floristic improvements are quite high, since they include what is
believed to be necessary inputs for multiple years. In order to truly achieve a successful
long term wetland restoration with an existing site so severely degraded, many high
intensity inputs are required to modify the existing site, and then a multi-year
maintenance plan is necessary and therefore very costly.

28jul11 Final Report: DRAFT MCWD Comprehensive Long Lake Creek Feasibility Study

Page 38

Figure 13. Wetland Restoration Findings and Opportunities
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Figure 14. Wetland Restoration Findings and Opportunities
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Table 13. Wetland Restoration – Evaluation of Opportunities
Long Lake Creek
Wetland ID

Additional
Map ID

Restoration
Opportunity

D-117-23-02-013

Floristic &
Hydrology

D-117-23-02-039

Floristic &
Hydrology

D-117-23-03-009

D-117-23-03-010

D-117-23-03-016

A

Floristic

B

Floristic

A

Floristic

B

None

A

Floristic &
Hydrology

B

Floristic &
Hydrology

C

Floristic &
Hydrology

Restoration
Approach
Establish native
vegetation and
buffer, enhance
outlet with sand-iron
filtration
Establish native
vegetation and
buffer, enhance
outlet with sand-iron
filtration
Remove low level of
reed canary grass
Remove buckthorn
in understory
Remove low level of
reed canary grass
NA
Remove reed canary
grass, install ditch
plug to improve
wetland hydrology
Remove buckthorn
in understory, install
ditch plug to
improve wetland
hydrology
Remove reed canary
grass, install ditch
plug to improve
wetland hydrology
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Accessibility

Acres

Water
Quality

Change In
Flood Stage

Corridor
Linkage

Accessible via Golf
Course

0.5

Improved

None

Beneficial

Accessible via Golf
Course

1.2

Improved

None

Beneficial

1.7

None

None

Beneficial

9.3

None

None

Beneficial

0.2

None

None

Beneficial

0.3

None

None

Beneficial

Accessible via
Brown Rd
Accessible via
Brown Rd
Accessible via
Brown Rd
Accessible via
Brown Rd
Accessible via Luce
Line

3.1

Accessible via Luce
Line

4.3

Accessible via
Orono Orchard Rd

3.2

Beneficial

Improved

Increased

Beneficial

Beneficial
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Long Lake Creek
Wetland ID

Additional
Map ID

D-117-23-03-036*

A

Hydrology

A

Floristic &
Hydrology

B

Floristic

C

Hydrology

D-117-23-03-044

D-117-23-03-045

Restoration
Opportunity

Restoration
Approach
Install ditch plug to
improve wetland
hydrology
Remove reed canary
grass, increase
runout elevation
with grade control
structure
Remove buckthorn
and reed canary
grass in understory
NA
Establish native
vegetation and
buffer
Establish native
vegetation and
buffer

D

Floristic

E

Floristic &
Hydrology

F

Floristic

G

None

NA

A

None

NA

B

None

NA

C

None

NA

D

None

NA

Accessibility

Acres

Water
Quality

Change In
Flood Stage

Corridor
Linkage

Accessible via Luce
Line

3.7

Improved

None

Important

Moderately difficult
via Luce Line

14.2

Improved

Critical

Accessible via Luce
Line

7.1

None

Critical

Moderately difficult
via Luce Line

2.4

Improved

Beneficial

Moderately difficult
via Luce Line

0.6

None

6.6

Improved

Critical

2.7

None

Important

0.4

None

Critical

2.1

None

None

Beneficial

5.4

None

None

Beneficial

9.1

None

None

Beneficial

8.4

None

None

Beneficial

Moderately difficult
via Orono Orchard
Rd
Moderately difficult
Remove reed canary
via Orono Orchard
grass
Rd
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Accessible via Luce
Line
Accessible via Luce
Line
Accessible via Luce
Line
Accessible via Luce
Line
Accessible via Luce
Line

Increased

Beneficial
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Long Lake Creek
Wetland ID

Additional
Map ID

Restoration
Opportunity

Restoration
Approach
Establish native
vegetation and
buffer
NA

Accessibility

Acres

Water
Quality

Change In
Flood Stage

Corridor
Linkage

Moderately difficult
via Creekside Drive

1.4

None

None

Beneficial

NA

6.0

None

None

Critical

NA
Moderately difficult
via Orono Orchard
Rd

6.2

None

None

Critical

3.7

None

None

Beneficial

Accessible via
Brown Rd

0.7

None

None

Beneficial

NA

3.6

None

None

Beneficial

D-118-23-34-015

Floristic

D-118-23-35-012

None

D-118-23-35-015

None

D-118-23-35-016

Floristic

E-117-23-03-001

None

E-117-23-03-009

None

NA
Establish native
vegetation and
buffer
Establish native
vegetation and
buffer
NA

E-117-23-03-011

None

NA

NA

94.3

None

None

Critical

E-117-23-03-012

None

NA

NA

3.6

None

None

Important

*Project is only D-177-23-03-036A. Please see stream restoration for additional detail on the rest of the D-117-23-03-036 wetland complex.
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Floristic Restoration

Hydrologic Restoration

Total Construction

Easements & Acquisition
Agreements

Easement & Acquisition Cost

Other

10% Contingency

Subtotal†

D-117-23-02-013

$15,000

$5,800

$7,500

$50,000

$57,500

$10,000

$0

0

$8,800

$97,100

9.2

$10,554

D-117-23-02-039

$15,000

$6,800

$18,000

$50,000

$68,000

$10,000

$0

0 $10,000 $109,800

2

$54,900

$2,600

$2,600

$25,500

$0

$25,500

$5,000

$0

0

$39,300

0

-

$14,000 $14,000 $139,500

$0

$139,500

$5,000

$0

0 $17,300 $189,800

0

-

$3,000

$0

$3,000

$5,000

$0

0

$900

$9,500

0

-

$0

$22,000

$22,000

$5,000

$0

0

$3,100

$34,500

4.9

Engineering

Project

D-117-23-03-009A
D-117-23-03-009B
D-117-23-03-010A

$300

$300

D-117-23-03-016A

$2,200

$2,200

$3,600

Cost: Pollutant Benefit ($/lb)

Permitting

Construction

TP Load Reduction (lbs/year)

Table 14. Wetland Restoration Cost Summary

$7,041

D-117-23-03-016B

$18,000 $18,000 $180,000

$0

$180,000

$5,000

$0

0 $22,100 $243,100

0

-

D-117-23-03-016C

$25,200 $25,200 $252,000

$0

$252,000

$5,000

$0

0 $30,700 $338,100

0

-

D-117-23-03-036A

$15,000

$22,000

$22,000

$5,000

$0

0

$48,600

1

$48,600

0 $12,600 $138,500

36.8

$3,764

$2,200

$0

$4,400

D-117-23-03-036B
D-117-23-03-036C
See Stream Restoration Section

D-117-23-03-036D
D-117-23-03-036E
D-117-23-03-036G
D-117-23-03-044A

$40,000

$7,400

$0

$73,500

$73,500
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TP Load Reduction (lbs/year)

0 $34,600 $380,400

0

-

$24,000

$0

$24,000

$5,000

$0

0

$37,200

0

-

D-117-23-03-044E

$26,400 $26,400 $264,000

$0

$264,000

$5,000

$0

0 $32,200 $354,000

0

-

D-117-23-03-044F

$10,800 $10,800 $108,000

$0

$108,000

$5,000

$0

0 $13,500 $148,100

0

-

$56,000

$0

$56,000

$5,000

$0

0

$79,400

0

-

$14,800 $14,800 $148,000

$0

$148,000

$5,000

$0

0 $18,300 $200,900

0

-

D-118-23-34-015
D-118-23-35-016

Permitting

Engineering
D-117-23-03-044D

$2,400

$5,600

$2,400

$5,600
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$3,400

$7,200

Cost: Pollutant Benefit ($/lb)

$0

Subtotal†

Easement & Acquisition Cost

$5,000

$28,400 $28,400 $284,000

10% Contingency

Easements & Acquisition
Agreements

$284,000

D-117-23-03-044B

Other

Total Construction

$0

Project

Floristic Restoration

Hydrologic Restoration

Construction
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Projects Warranting Further Review
Wetland enhancement projects were further evaluated based on the results of the field
evaluation and preliminary cost:benefit analysis. It is apparent from the high cost of
floristic rehabilitation that many projects become cost prohibitive when extensive floristic
restoration is included. See the conclusions and recommendations section for additional
review of these projects.
Hydrologic Improvement Projects
Hydrologic modifications were evaluated with respect to high water elevations and water
quality benefit for wetland restoration projects with a hydrologic restoration component.
Wetlands located within the same wetland complex were grouped together for this
analysis as it is not practical to separate the hydrology within these complexes. Projects
considered for only floristic improvements are described in the next section.
High water elevations were considered using the XP-SWMM model updated for this
project (Table 14). Some projects require additional analysis before modeling can be
completed so narratives of potential impacts and restraints are provided for these projects.
Water quality benefit was calculated for the projects that include a hydrologic restoration
component. Projects that were considered as floristic improvements only were not
included in this analysis, although small water quality benefits could be realized by those
projects.
Wetland Restoration D-117-23-02-013 and D-117-23-02-039
Two wetland restoration opportunities located in the Orono Golf Course contain both a
floristic wetland restoration component and water quality enhancement through the use of
sand/iron filtration retrofits. Although not strictly a wetland hydrology restoration, the
combination of improved vegetation and buffers with a water quality filter would provide
many of the same benefits.
It is important to note that previous evaluations (HEI 2007) of these golf course wetlands
have taken place and the MCWD board rejected these projects due primarily to low water
quality benefits and opposition to modifying the play of the city golf course. The projects
that are recommended in this report build on the findings of the 2007 project to
recommend projects that do not impact play. In addition to not impacting playability of
the course, a July 13th 2011 site investigation revealed a 12” draintile outlet that
discharges to the irrigation pond and across Orchard Road, making the project more
attractive from a water quality standpoint.
The existing hydraulics and flood elevations would be maintained at existing levels as a
requirement of the design as to not impact play on the municipal golf course. This should
be designed during the preliminary design process and a concept design was not modeled
for this feasibility project.
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These wetland restoration projects include improving wetland buffer and vegetation as
well as retrofitting the existing outlets with a sand-iron filtration system. These systems
continue to show promise as shown by continued research (Bitner, 2010). The total
phosphorus removal of the system was used as the average removal recorded (69%) for
similar pond retrofits in the metro area.
Wetland Restoration D-117-23-03-036A
Wetland D-117-23-03-036A is transected by a ditch lateral. Restoration of this wetland
would occur through the installation of ditch blocks. Ditch blocks restore the natural
hydrology of the wetland by restoring the water table back to its pre-ditched elevation.
Site reconnaissance of this wetland found areas of groundwater discharge that would
restore wetland hydrology following grade changes in the ditch lateral that runs parallel
to the Luce Line Trail. The goal of this project is to restore low flow (groundwater)
hydrology to a wetland complex in the floodplain and adjacent to Long Lake Creek.
At this location, flood elevations are controlled completely by the creek and any
restoration would have no impact on flood elevations.
This restoration project is a fairly general wetland restoration project involving restoring
hydrology to a previously drained wetland. Total phosphorus removal values from the
Minnesota Stormwater Manual (40%) were assumed.
Wetland Restoration D-117-23-03-016
This wetland restoration would involve grade changes to the northeast-southwest trending
ditch located roughly 200 feet to the west of the current channel. Similar to D-117-2303-036A, this wetland restoration would involve utilizing ditch blocks to restore low flow
hydrology.
The 03-016 wetland complex was evaluated for high water impacts using the XP-SWMM
model. Existing impacts under the 1.5 year event show an increase in peak water
elevation of 1.1 feet. The increase under the 100-year event is 0.4 feet of increase. The
nearest low floor elevation as shown on the 2-foot topography is the building adjacent to
the Luce Line at ~946 feet. The extent of high water elevation impact stops in this basin
and does not propagate to the basin on the east side of Orchard road.
This restoration project is a fairly general wetland restoration projects involving restoring
hydrology to a previously drained wetland. Total phosphorus removal values from the
Minnesota Stormwater Manual (40%) were assumed.
Wetland Restoration D-117-23-03-044
D-117-23-03-044 is a very large wetland restoration opportunity located on the main
channel of Long Lake Creek composed primarily of Reach 4 and lower sections of Reach
5 (see stream restoration section). Previous ditching of this wetland has led to increased
downcutting of the outlet channel of this wetland. Increasing the runout elevation of this
wetland to historic elevations would allow the stream to reconnect with its floodplain.
This could be accomplished by installation of a (or multiple) grade control structure(s) at
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the outlet. Soil borings would determine the type of outlet during preliminary design.
Increasing the runout elevation of this wetland would also create more areas of
permanently standing water, which would effectively drown out portions of the existing
reed canary grass monoculture, and therefore achieve floristic improvements without as
much high intensity input as indicated in the floristic improvement section.
The 03-044 wetland complex was evaluated for high water impacts using the XP-SWMM
model. Existing impacts under the 1.5 year event show an increase in peak water
elevation of 1.1 feet. The increase under the 100-year event is 0.3 feet of increase. The
nearest low floor elevation as shown on the 2-foot topography are the area of new
residential lots to the north of the wetland outlet at ~946 feet. The extent of high water
elevation impact extends 483 feet upstream of the 03-044-A wetland into the 03-044-E
wetland. Low water elevation impacts (extent of hydrologic restoration) extend
approximately 1,509 feet up channel from the wetland outlet.
This wetland restoration opportunity is more complex than the others. It is located on the
main channel of Long Lake Creek and contains different wetland types. Because this
wetland is connected to the creek and is subject to high loads of total phosphorus,
literature values for wetland restorations may not be reasonable. Monitoring on wetland
restorations (PLSLWD 2010) of similar size, scope, and loading show that although
highly variable, loads of phosphorus can be reduced by 3-7% with higher rates possible.
A 5% removal was used for this project.
Wetland Restoration D-117-23-03-036
See the stream restoration section.
Table 15. Wetland Restoration high water elevation impacts
Project ID

1.5-year High Water Elevation
(ft)
Existing

100-year High Water Elevation
(ft)

Proposed

Existing

D-117-23-02-013

No Impact, See Discussion

D-117-23-02-039

No Impact, See Discussion

D-117-23-03-016

937.7

D-117-23-03-036A

938.9

939.3

No Impact, See Discussion

D-117-23-03-036
D-117-23-03-044

938.6

Proposed

See Stream Restoration Section
937.7

938.7
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Floristic Improvement Projects
Several individual basins within the larger proposed wetland restoration areas as
described in the above analysis were considered for floristic improvements alone:

2.3



Wetland Restoration D-117-23-03-044-B
The 03-044-B wetland basin was considered for floristic improvements, as it is easily
accessible from the Luce Line trail, and removing European buckthorn from the
understory of this Floodplain Forest would greatly improve this highly visible area
along the creek. Improving the native diversity in the understory would achieve
additional benefits from the proposed hydrologic modifications of the larger complex
as described in the previous Water Quality Improvements discussion.



Wetland Restoration D-117-23-03-036-B
The 03-036-B wetland basin was considered for floristic improvements, as it is also
easily accessible from the Luce Line trail. Establishing native vegetation and
improving the buffer quality would greatly improve this highly visible area along the
creek. Improving the native diversity in the understory would achieve additional
benefits from the proposed hydrologic modifications of the larger complex as
described in the previous Water Quality Improvements discussion.



Wetland Restoration D-117-23-03-09-A and -B
The 03-09 wetland basin was considered for floristic improvements alone, as it is also
easily accessible from the Luce Line trail. This basin includes a high quality area of
groundwater dependent sedge meadow (D-117-23-03-09-A) which would benefit
from removing the low level of existing reed canary grass. The adjacent lowland
hardwood forest (D-117-23-03-09-B) would benefit from removing European
buckthorn and increasing the understory diversity.

Former Sewage Lagoon Investigation
A decommissioned sewage lagoon exists within the study area (see Figure 2 and Figure
16). The decommissioned Long Lake sewage lagoon has been identified as a potential
source of elevated phosphorus loads to Tanager Lake via Long Lake Creek. Historical
significance and connections to Long Lake Creek were examined to determine the extent
and influence of each on loadings to the creek. Because this preliminary analysis shows
that the sewage lagoon is a potential source of phosphorus loading, the MCWD is
proposing to continue the monitoring throughout the 2011 growing season to better
quantify loads from the decommissioned lagoon.
History of the Long Lake Sewage Lagoon
The city of Long Lake operated the sewer lagoon from 1962-1975, at which point it was
abandoned. It was unused and undisturbed until 2003 when a small 20-square feet area
of bottom sediments were vacuumed to remove heavy metals prior to construction of the
Stone Ridge development immediately east of the lagoon (Mike Gaffron, City of Orono
3/25/2011 project meeting). The sewage lagoon is contained with a 9.14 acres parcel
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owned by the City of Long Lake. This parcel was platted during the construction of the
Stone Ridge development.
The MPCA contains a record of a non-permitted dump site named the Long Lake
Effluent Stabilization Pond.
MCWD records indicate three permits associated with the sewage lagoon (adapted from
email from Becky Houdek, MCWD Staff):


Permit 01-443: City of Long Lake permit for road and utility improvements to
Orono Orchard Road included construction of the stormwater ponds south of the
lagoon to provide treatment for the future Stone Ridge development. There is no
reference of the sewage lagoon. It is referred to as DNR wetland 27-83600. The
plans do not show a culvert connecting the lagoon to the creek, but the
HydroCAD info references an existing 24-inch culvert and a proposed 16-inch
culvert and 18-ft broad-crested rectangular weir. This permit also included
construction of a small wetland mitigation basin south of the floodplain mitigation
area.



Permit 02-423: Stone Ridge Development. This file did not contain any pertinent
information since the pond was built by the city.



Permit 03-045: A portion of the lagoon (15-30 square feet) was vacuumed in 2003
to remove heavy metals.

Existing Sewage Lagoon Impact on Long Lake Creek and Tanager Lake
The decommissioned Long Lake sewage lagoon has been identified as a potential source
of elevated phosphorus loads to Tanager Lake via Long Lake Creek. Surface water and
groundwater connections were both examined to determine influence of each on loadings
to the creek.
Potential for a surface water connection of the sewage lagoon to Long Lake Creek was
examined. During this investigation it was found that the sewage lagoon is regularly
connected with Long Lake Creek via numerous direct surface connections, primarily
muskrat tunnels. Large flows (>1 cfs) were observed discharging from the sewage
lagoon to the creek through these tunnels (Figure 15). These connections in combination
with the sewage lagoon outlet culvert provide a continuous direct connection with the
creek during most flow conditions.
During related field work it became apparent that the surface water connection is the
primary connection to the creek. Exfiltration of nutrients from the sewage lagoon to
Long Lake Creek was sidelined as a possible elevated phosphorus load to the creek and
the focus turned to surface water. However, because of the granular material that makes
up the sewage lagoon embankment, a Darcy-law type exfiltration analysis should be
conducted prior to implementation of any projects to address this load. To assess if the
sewage lagoon is contributing high amounts of nutrients to Long Lake Creek, synoptic
water quality samples were taken on three dates upstream and downstream of the lagoon
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as well as within the lagoon and the western pond (Table 16, Figure 15) and analyzed for
dissolved phosphorus, E. coli, and total phosphorus (Figure 17).
The results of this monitoring show some indication that the sewage lagoon is a
contributor. Total phosphorus and ortho-phosphate concentrations were highest in the
sewage lagoon for all monitoring events. Although this is not conclusive, the
contribution of the sewage lagoon can not be ruled out. The monitoring data at other
locations of the creek show seasonal changes. Before undertaking a project on the
sewage lagoon, at least one year of monitoring should be completed.
To quantify the loading from this surface connection the existing XP-SWMM model was
updated to explicitly include the sewage lagoon and the west pond, and the surface
outflow volume of the lagoon and west pond was modeled for an average year (Table
17). To calculate the in-stream flow volumes, the average flow rate monitored at the
Long Lake outlet was used. These flow data were used with the mean phosphorus
concentration from monitoring data to calculate the phosphorus loading at each
monitoring location.
Table 17 illustrates that there are two different methods that can be used to calculate the
loading input of the sewage lagoon and the west pond. The straight calculation of
concentrations and volumes shows that 34 lbs TP/year enters from the sewage lagoon and
west pond. The input can also be calculated by subtracting the upstream culvert from the
downstream culvert to arrive at 25 lbs TP/year. The design of the monitoring program
makes this analysis possible and provides a good range of loading values. When
additional monitoring becomes available this analysis should be refined.
Table 16. 2011 Sample Summary (first three samples were available at time of this
report)
Sample
Location
(see figure 16)

Total Phosphorus (mg/l)

Phosphate, Ortho (mg/l)

5/3/2011
Sample

5/19/2011
Sample

5/27/2011
Sample

5/3/2011
Sample

5/19/2011
Sample

5/27/2011
Sample

Upstream Culvert

0.066

0.058

0.02

ND

0.005

0.058*

Downstream
Culvert

0.071

0.059

0.024

ND

0.021

ND

Sewage Lagoon

0.094

1.900

0.097

ND

0.039

0.23*

West Pond

0.065

0.087

0.013

ND

0.016

0.057*

*Orthophosphate samples showed higher concentration than total phosphorus for 5/27/2011
sample likely due to laboratory error. At the time of this report, Pace Labs was currently tracking
down source of error. 5/19/2011 sample only was used in orthophosphate loading estimate.
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Table 17. Sewage Lagoon Area Loading Summary
Mean
Phosphate,
Ortho
Ortho
Phosphorus
(lb/year)
(mg/l)*

Sample
Location
(see Figure 16)

Total Flow
(ac-ft/year)

Mean Total
Phosphorus
(mg/l)

Total
Phosphorus
(lb/year)

Upstream Culvert

2,014

0.048

263

0.005

27

Downstream
Culvert

2,060

0.051

288

0.021

118

Sewage Lagoon

15.9

0.697

30

0.039

2

West Pond

29.9

0.055

4

0.016

1

*N=1

XP-SWMM Model Updates
The XP-SWMM model was updated to explicitly include the sewage lagoon, western
pond (floodplain mitigation area), and Jedi Pond. Highway 12 construction plans and
surveys conducted for this project were used to delineate catchments, define storage, and
describe structures. See XP-SWMM modeling appendix for additional details.
Impact of the Additional Input from the Stone Ridge Colony
The impact of the additional stormwater routed to the lagoon from the Stone Ridge
Colony was analyzed. The first analysis that was conducted was a simple water budget
assuming annual precipitation and evaporation from the Minnesota hydrology guide. The
findings of this analysis (Table 18) indicate that the additional stormwater from the Stone
Ridge development exceeds the evaporative capability of the lagoon, indicating that the
sewage lagoon would outlet regularly if the muskrat holes were plugged and the
stormwater pond continued to discharge.
Table 18. Sewage Lagoon Water Balance Summary
Row
A

Parameter

C

Watershed Area (ac)
Watershed Impervious
(ac)
Precipitation (in)

E

Runoff Depth (in)

B

No Stone
Ridge
10.4

Post
Development
16.0 GIS

6.5

8.7 GIS

29.0
18.2

Stormwater Inflow (ac15.8
ft)
G
Evaporation (in/year)
36
H
Waterbody Area (ac)
5.79
I
Evaporation (ac-ft/year)
17.37
J
Annual Water Budget*
-1.59
*positive value indicates more inflows than evaporation
F

Source

29.0 Hydrology Guide
Determined from XP15.7
SMWM Model
21.0 A x E / 12
36
6.18
18.54
2.42
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Because of the implications of these findings, an additional analysis was conducted using
the updated XP-SMWM model to analyze a 30-year period using recorded precipitation
and evaporation. The results of this analysis show the same results as the annual water
budget, specifically that the addition of stormwater from the development is more than
the sewage lagoon can evaporate, leading to regular discharges through the emergency
overflow.
Both analyses assume that there is not seepage from or groundwater
discharges to the sewage lagoon.
These results conclude that isolating the creek from the lagoon without detaching the
Stone Ridge stormwater pond would not solve the problem of discharges from the lagoon
and any solution to the sewage lagoon discharge should include a rerouting of the Stone
Ridge Stormwater pond away from the lagoon.

Figure 15. Muskrat activity on berm separating sewage lagoon from Long Lake Creek
allows regular connectivity.
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Figure 16. Water Quality Monitoring Location Map
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0.100

0.090

Measured at 1.9 mg/l due to
presence of plant detritus in sample.

0.080

0.080 mg/l TP standard

0.070

0.060
Upstream Culvert
Downstream Culvert
Sewage Lagoon
West Pond

0.050

0.040

0.030

0.020

0.010

0.000
5/3/2011 Sample

5/19/2011 Sample
Total Phosphorus (mg/l)

5/27/2011 Sample

5/19/2011 Sample
Phosphate, Ortho (mg/l)

Figure 17. Water Quality Monitoring Lab Results. Y-axis indicates phosphorus concentration.

Projects Warranting Further Review
The load from the sewage lagoon can be prevented from entering the creek by isolating
the lagoon as was the original intent of decommissioning it. Any option will incur the
additional cost of bypassing the Stone Ridge stormwater pond around the lagoon
(~$20,000). It is likely that muskrat burrowing will be an ongoing problem unless a hard
solution (liner or sheet pile) is implemented. Once sampling is completed for the entire
2011 season, the loading analysis should be refined and the following implementation
options further explored. The following options have been conceptually vetted and
determined feasible. Because so many options exist and come with differing levels of
risk, benefits and costs, they will need board input before being designed further. This
analysis shows that Option 5 is likely the most cost effective with a low risk of failure,
although it does not offer any additional values.
See the conclusions and
recommendations section for additional review of this project.
1. Sheet Pile – Sheet pile could be driven the entire length of the berm to a depth of 8
feet. The material could be pushed from the creek side and extend from an elevation
of approximately 945.0’ to 937.0’. This would prevent any exfiltration to the creek
and prevent muskrat activity.
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2. Rip Rap – Rip rap could be installed on the sewage lagoon side of the berm and
should be constructed of 6” diameter rock extending 3’ below the waterline to 1’
above the water line and 18” thick. It would take approximately 600 CY of rip rap to
cover this area.
3. Cleanout and Spot Fill – Dredge the sewage lagoon to remove high phosphorus
material and fill and fence existing muskrat holes. This has the appeal of changing an
existing hazard to an amenity. Unknowns regarding the contents (and therefore
disposal) of the sewage lagoon sediments and DNR permitting requirements would
need to be explored in detail.
4. Chemical Remediation and Spot Fill – Chemically dose the sewage lagoon with Alum
to remove phosphorus and fill and fence existing muskrat holes. This approach
requires annual review of the lagoon to ensure low phosphorus concentrations.
Repeated dosing would likely need to occur every 2-4 years.
5. Bentonite and Wire Mesh – Use a large trencher on the sewage lagoon side of the
berm to dig a 6” wide by 8’ deep trench. Backfill with wire mesh and bentonite clay.
6. Lagoon Capping and Wetland Restoration – Bring in fill to cover existing sewage
lagoon deposits and lower water elevation to encourage a mix of emergent vegetation.

Table 19. Sewage Lagoon Isolation - Implementation Options Summary
Option
1

Issues Addressed
Additional
Value
Seapage Muskrats
x

2

Risk of
Failure*

x

Low

x

Medium

3

x

x

4

x

5

x

x

6

x

x

x

Medium

$160,000 $720,000

Medium

$30,000 $50,000

Low
x

Capital Cost
Range ($)
$140,000 $420,000
$70,000 $145,000

Medium

$80,000 $160,000
$120,000 $220,000

Cost Notes
Low cost based on
using vinyl piles
Highly dependant
on excavated
material disposal
1 time alum
treatment, $6,000
for each additional
alum treatment
needed

*Failure is defined as sewage lagoon contributing nutrients to the creek
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2.4

Mean Total
Construction

Easements &
Acquisition
Agreements

Easement &
Acquisition Cost

10% Contingency

Subtotal†

$30,000

$20,000

$280,000

$10,000

$0

$20,000

$36,000

$396,000

$20,000

$20,000

$108,000

$10,000

$0

$20,000

$17,800

$195,800

$30,000

$40,000

$440,000

$30,000

$0

$20,000

$56,000

$616,000

$10,000

$5,000

$40,000

$2,000

$0

$20,000

$7,700

$84,700

$20,000

$20,000

$120,000

$10,000

$0

$20,000

$19,000

$209,000

$20,000

$40,000

$170,000

$30,000

$0

$20,000

$28,000

$308,000

Other

Permitting

1 - Sheet
Pile
2 - Rip Rap
3 - Cleanout
and Spot Fill
4 - Chemical
Remediation
and Spot Fill
5 - Bentonite
and Wire
Mesh
6 - Capping
and Wetland
Restoration

Engineering

Project

Table 20. Median Project Cost Details

Smith Dump Site
The Smith Dump Site, a 9.97 acre parcel of land located at 445 Brown Road South in
Orono, was the location of a household goods and construction debris dump from roughly
1935 until 1970 (Carlson, 2009). For a period of time prior to 1969, there was also a burn
pit located on site. Review of historical topographic maps and aerial imagery suggests
that a portion of the current landform likely consists of debris dumped during the time
period between 1935 until 1970. Original landform for the site depicted in a USGS
topographic map from 1907 suggests that upland existed only on the extreme eastern and
western periphery of the property. Vegetation color differences, i.e. wetland vs. upland
vegetation, depicted in early historical aerials are consistent with the landform depicted in
the 1907 topographic map. See Figure 10 for a time scale estimate of wetland filling and
expansion of the Smith dump site
In 2009, a Phase I Environmental Site Assessment (ESA) was conducted for the property
known as the Smith dump site. The Phase I Environmental Site Assessment was initiated
by the Blaine State Bank to satisfy one of the requirements to qualify the landowner for a
real estate transaction and to obtain an MPCA assurance letter for the property. In other
words, the bank was providing a loan to the property owner and was required to conduct
the Phase I ESA. The Phase I ESA consisted of a standard search of accessible State and
Federal database files for properties with a release or threatened release of hazardous
substances, pollutants, or contaminants, an on-site site assessment, interviews with

28jul11 Final Report: MCWD Comprehensive Long Lake Creek Feasibility Study

Page 57

neighbors and city officials, site documentation review, and a review of historic aerial
photographs and landform. The Phase I ESA is included as Appendix F.
The Phase I ESA found several recognized environmental conditions (RECs) for the
Smith property and one REC for a nearby property. RECs are defined as the presence or
likely presence of any hazardous substance or petroleum products on a property under
conditions that indicate an existing release, a past release, or a material threat of a release
of any hazardous substance or petroleum products into structures of the property or into
the ground, groundwater, or surface water of the property. Smith Site RECs identified for
the property include the Smith dump (identified through the MPCA) and debris and junk
piles noted across the property. An additional REC identified through the MPCA as the
Wayzata Settling Pond was eventually determined to be an error with the MPCA’s
database. The Wayzata Settling Pond is actually located several miles to the east of the
Smith property. The off-site REC identified through the Phase I is the Long Lake Nursing
Home. The Long Lake Nursing Home is listed as having groundwater contamination. The
site is located roughly 500 feet up-gradient from the Smith site, and is included as
generalized groundwater flow paths indicate the possibility of contaminated groundwater
flow from the Long Lake Nursing Home site moving down-gradient to and/or through the
Smith site.
Since the personnel conducting the Phase I ESA were unable to access buildings on site,
the ESA recommended that access to the structures be granted to verify the structures are
not RECs. The ESA specifically highlighted the garage structure due to the possibility of
the use of hazardous wastes and petroleum products associated with vehicles and vehicle
maintenance.
Since the issuance of the Phase I ESA conducted for the Blaine State Bank for the Smith
dump site, the owner of the property defaulted on the loan. A new owner purchased the
property in November 2009. The new owner, identified through a Hennepin County
property information search, is 445 Brown Road South LLC. On-site discussion with the
new property owner during a site assessment of the Smith dump area in spring 2011
provided information regarding the proposed future use of the site. The owner stated
intentions to divide the property into three parcels that would be located on the eastern
side of Long Lake Creek. Additionally it was stated that a Phase II assessment was in
process.
The spring 2011 site assessment conducted by EOR found four structures located on the
eastern side of the property. Structures included a house, barn, garage, and chicken coop.
All structures were noted to be in poor condition, and the house was vacant. To the west
of the structures, miscellaneous debris ranging from wood debris, a boat, metal scraps,
and brush piles were located on the east side of the creek. The assessment revealed
concrete, cinder blocks, metallic debris, glass and bottles, and wood scraps in the vicinity
of Long Lake Creek (making up a portion of the ditch banks through the property) and a
nearly ubiquitous presence of similar materials throughout the site on the western side of
the ditch. These materials are most evident at the transition from the wetland complex to
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the upland of the property. In the time period since the spring 2011 assessment and the
writing of this report, the existing buildings on the site were leveled and removed.
Conclusion
A Phase II assessment should be completed to determine the presence, amount and
potential threat of any pollutants. If the assessment is not fulfilled by the owner the cost
for this assessment is estimated at $10,000-$20,000. The findings of the Phase II
Environmental Site Assessment should be included in future restoration of the Smith
dump site.
Projects Warranting Further Review

2.5



Onsite debris should be covered with mineral soils. An approach to cover upland
debris that minimizes wetland infilling/impacts should be investigated.



The proposed Reach 2 channel design should move Long Lake Creek flow away
from the Smith dump site to limit interaction of creek water with unknown
contamination at the Smith dump site.

Evaluation of Ponding Opportunities in LLC-48 and LLC-51 Subwatersheds
LLC-48 and LLC-51 subwatersheds (Figure 18) were identified by MCWD as potential
locations for regional ponding. These subwatersheds were thoroughly evaluated by
reviewing previous studies and compiling available electronic information, followed by
field evaluation of potential locations.
Previous studies were reviewed to preliminarily evaluate ponding locations in the target
subwatersheds. Existing loading was reported in the HHPLS (MCWD 2003) and the
2007 MCWD Comprehensive plan set TP reduction goals for the subwatersheds. A
summary of relevant information from these studies is summarized in Table 21.
Table 21. Previous Studies Summary
Source

Key Information

MCWD 2007

Identifies LLC-48 and LLC-51 as locations for detention ponds.
Phosphorus reduction of 50% set as goal for these subwatersheds.
LLC-48 goal of reducing 49 lbs TP/ year.
LLC-51 goal of reducing 23 lbs TP/ year.

MCWD 2003

LLC-48 is 170.1 acres
LLC-51 is 123.0 acres
Existing TP load from LLC-48 is 87 lbs TP / year
Existing TP load from LLC-51 is 45 lbs TP / year
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BMP Identification and Assessment
BMP locations were determined in the field with particular consideration given to
drainage area (size and landuse), existing treatment, proximity to natural resources, soils,
potential effect on high quality natural areas, potential habitat value, and connection to
other resources.
After reviewing potential BMP locations in the field it became apparent that the use of
regional ponding would be very difficult in the context of the subwatersheds. The
presence of high quality (groundwater dependent) wetlands at the outlet of LLC-48 and
LLC-51 were discovered at locations where regional ponding was to be sited. Adjacent
uplands were not available due to grades, existing landuse, or existing infrastructure
(Luce Line and Brown Rd). Although physical constraints to creating regional ponding
exists, there are other opportunities throughout the watershed to improve water quality.
The field examination identified 27 small-scale BMP sites throughout the two
subwatersheds (Figure 20 and Figure 21). These potential BMP locations have been
further examined. This change in direction was discussed and approved by MCWD staff
at a June 8, 2011 project progress meeting at the MCWD offices.
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Figure 18. Location Map LLC-48 and LLC-51 Subwatersheds
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To assess the pollutant removal potential of BMP opportunities identified, a PLOAD
model was created to estimate loading from each catchment area. PLOAD uses event
mean concentrations (EMCs) to calculate average annual phosphorus loading based on
landuse. This model was used to calculate the annual loadings to each of the BMPs.
This model was calibrated to the regional average runoff depth of 4.7 inches to be
consistent with the loadings reported in the original HHPLS (Table 22) and loading goals
set for the lake. The effect of this is that the unit area loading rates for each landuse is
decreased from uncalibrated PLOAD values.
Table 22. Unit Area Loadings by Landuse Calibrated to Original HHPLS
Uncalibrated
Total Phosphorus
Unit Area Loading
(lb/ac-year)

Calibrated
Total Phosphorus
Unit Area Loading
(lb/ac-year)

Commercial

1.47

0.62

Industrial

1.47

0.62

Single Family Residential

0.80

0.34

Institutional

1.42

0.60

Landuse

The use of the calibrated (lower) loading rates affect the BMP opportunity cost benefit
analysis and caution should be used when cross-comparing dollar per pound removals
with other studies or reports that use uncalibrated values. The cost benefit analysis of this
study is best applied to the comparison and ranking of BMP opportunities relative to one
another.
Runoff volume and phosphorus removal efficiency for each infiltration BMP was
calculated based on the BMP storage volume and the runoff from the contributing
catchment. Each BMP was fit to the site to determine the surface area of the practice. A
1-ft depth (including amended soil void space) over the surface area was used to define
the storage volume for raingarden and similar BMPs. The runoff volume of the
contributing drainage areas was calculated based on dominant landuse and soil type (B)
within each catchment using curve number methodology. Comparing the storage volume
available and the runoff volume of different rainfall depths, a volume removal efficiency
was assigned to each BMP based on Figure 19. The pollutant removal efficiency was set
equal to the volume removal efficiency for infiltration BMPs. The pollutant removal for
raingardens in areas that would likely have poor infiltration was calculated using this
method for phosphorus removal but was assigned a volume reduction of zero. Other noninfiltrating BMPs (water quality ponds and wetland enhancements) were assigned
phosphorus removals of 40% based on literature values from the Minnesota Stormwater
Manual and assigned a volume reduction of zero. Table 23 summarizes the pollutant
removal methodology for each type of BMP. Some values were manually adjusted to
account for treatment already provided by existing features recommended to be
enhanced.
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Figure 19. Precipitation Frequency for Minneapolis/St. Paul Airport (1971-2000).
Reproduced from Figure 1 in Issue paper B of the Minnesota Stormwater Manual 2005
Table 23. Pollutant Removal Methodology Summary
BMP
Raingarden
Wetland
Enhancement
Swale
Enhancement
Biofiltration
Island Rain
Garden
Future
infiltration
Pervious
Pavement
Water Quality
Pond
Planter

Total Phosphorus
Removal (%)

Volume Removal
(%)

Source

Infiltration BMP method

Infiltration BMP method MN Stormwater Manual

40%

0%

Infiltration BMP method

Infiltration BMP method Raingarden Removals

Infiltration BMP method

0%

Infiltration BMP method

Infiltration BMP method Raingarden Removals

Infiltration BMP method

Infiltration BMP method

Infiltration BMP method

Infiltration BMP method MN Stormwater Manual

40%

0%

Infiltration BMP method

Infiltration BMP method Raingarden Removals
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Costs were calculated based on design of similar projects as capital improvement
projects. There is opportunity to complete many of this projects as cost-share projects,
which will result in significant savings. Because many of the raingardens in this analysis
are larger than “standard” raingarden size, construction costs were based on a base cost of
$2,000 with an additional cost of $3.50/sf. These costs, benefits and other considerations
of all the potential BMP locations are summarized in Table 25-Table 26.

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$10,000
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

$4,600
$1,500
$1,100
$1,000
$1,600
$600
$1,300
$1,000
$4,400
$7,300
$600
$600
$3,200
$4,200
$8,300
$1,600
$1,000
$1,700
$1,200
$3,400
$2,900
$2,500
$5,300
$800
$1,000
$800
$700
$600
$600
$600

Subtotal†

$0
$8,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$4,000
$4,000
$2,000
$2,000
$10,000
$4,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000
$2,000

10%
Contingency

$38,200
$5,500
$7,800
$6,600
$12,000
$3,200
$9,200
$6,900
$33,200
$57,300
$3,500
$3,400
$18,000
$31,300
$59,100
$11,900
$6,900
$12,700
$8,200
$26,700
$22,300
$19,400
$42,300
$4,500
$7,000
$5,200
$3,700
$2,900
$3,300
$3,300

Other

Easement &
Acquisition
Cost

Permitting
$3,800
$600
$800
$700
$1,200
$300
$900
$700
$3,300
$5,700
$400
$300
$1,800
$3,100
$5,900
$1,200
$700
$1,300
$800
$2,700
$2,200
$1,900
$4,200
$500
$700
$500
$400
$300
$300
$300

Easements &
Acquisition
Agreements

$3,800
$600
$800
$700
$1,200
$300
$900
$700
$3,300
$5,700
$400
$300
$1,800
$3,100
$5,900
$1,200
$700
$1,300
$800
$2,700
$2,200
$1,900
$4,200
$500
$700
$500
$400
$300
$300
$300

Total
Construction

LLC-48-1
LLC-48-2
LLC-48-3
LLC-48-4A
LLC-48-4B
LLC-48-5
LLC-48-6
LLC-48-7
LLC-48-8
LLC-48-9
LLC-48-10
LLC-48-11
LLC-48-12
LLC-48-13
LLC-48-14
LLC-48-15
LLC-51-1
LLC-51-2
LLC-51-4
LLC-51-5
LLC-51-7A
LLC-51-7B
LLC-51-7C
LLC-51-8A
LLC-51-8B
LLC-51-9
LLC-51-10A
LLC-51-10B
LLC-51-11A
LLC-51-11B

Engineering

Project

Table 24. BMP Cost analysis

$50,400
$16,200
$12,500
$11,000
$18,000
$6,400
$14,300
$11,300
$48,200
$80,000
$6,900
$6,600
$34,800
$45,700
$81,200
$17,900
$11,300
$19,000
$13,000
$37,500
$31,600
$27,700
$58,000
$8,300
$11,400
$9,000
$7,200
$6,100
$6,500
$6,500
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Table 25. BMP Opportunities and pollutant reductions within Subwatershed LLC-48

Project Description

Project ID

Land
Ownership
(Public or
Private)

Location
relative to
other BMPs
(flows to)

Catchment
Area
(ac)

TP Load
Volume
Reduction Reduction
(lbs/yr)
(ac-ft)

Cost
($)

Cost:Pollutant Cost:Volume
Benefit
Benefit
($/lb)
($/ac-ft)

Additional Considerations

POND

LLC-48-1

Public / Private

None

1.8

0.2

0.0

$50,400

$252,000

None

Adjacent to Luce Line, location is within floodplain

RAINGARDEN

LLC-48-2

Private

None

10.2

2.5

2.0

$16,200

$6,480

$8,100

4 raingardens could be placed along private drive

SWALE ENHANCEMENT

LLC-48-3

Private

None

6.2

1.2

0.9

$12,500

$10,417

$13,889

Small but severe erosion problem from concentrated flow off of
roadway

RAINGARDEN

LLC-48-4A

Private

None

2.7

0.7

0.5

$11,000

$15,714

$22,000

RAINGARDEN

LLC-48-4B

Private

None

7.0

1.7

1.4

$18,000

$10,588

$12,857

May need stormsewer modification, good floodplain forest

RAINGARDEN

LLC-48-5

Private

None

0.7

0.2

0.2

$6,400

$32,000

$32,000

Small site

RAINGARDEN

LLC-48-6

Private

LLC-48-5

4.8

1.3

1.0

$14,300

$11,000

$14,300

Corner lot with great potential if there is a willing landowner

RAINGARDEN

LLC-48-7

Private

LLC-48-8

2.1

1.1

0.9

$11,300

$10,273

$12,556

Could treat half of church and parking lot

POND IMPROVEMENT

LLC-48-8

Private

None

4.0

0.5

0.0

$48,200

$96,400

None

Retrofit existing pond with iron-enhanced sand filtration

PERVIOUS PARKING

LLC-48-9

Public

None

3.8

1.3

0.0

$80,000

$61,538

None

High use area, if city is reconstructing the parking area it could be a
good opportunity. $8/sf

RAINGARDEN

LLC-48-10

Private

None

1.5

0.3

0.3

$6,900

$23,000

$23,000

RAINGARDEN

LLC-48-11

Public

None

3.6

0.2

0.2

$6,600

$33,000

$33,000

RAINGARDEN

LLC-48-12

Private

None

2.8

0.8

0.6

$34,800

$43,500

$58,000

SWALE OR FILTER

LLC-48-13

Public

None

35.8

6.6

0.0

$45,700

$6,924

None

POND

LLC-48-14

Private

None

5.1

0.7

0.0

$81,200

$116,000

None

FILTER

LLC-48-15

Private

None

7.8

1.9

0.0

$17,900

$9,421

None

99.9

21.2

8.0

$461,400

$21,764

$57,675

Summation
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Many potential sites exist in this untreated drainage area, construction
cost assumes 9 raingardens at $2,000/ea
Large drainage area, drainage area contains NURP ponds. Could
utilize hockey rink for filtration
Additional survey would need to be conducted to get stormsewer
elevations
Good opportunity on private land
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Table 26. BMP Opportunities and pollutant reductions within Subwatershed LLC-51

Project Description

Project ID

Land
Ownership
(Public or
Private)

Location
relative to
other BMPs
(flows to)

Catchment
Area
(ac)

TP Load
Reduction
(lbs/yr)

Volume
Reduction
(ac-ft)

Cost
($)

Cost:Pollutant
Benefit
($/lb)

Cost:Volume
Benefit
($/ac-ft)

Additional Considerations

RAINGARDEN

LLC-51-1

Public

None

2.4

0.7

0.5

$11,300

$16,143

$18,833

Nice site in right of way

RAINGARDEN

LLC-51-2

Private

None

0.6

0.2

0.1

$19,000

$95,000

$95,000

Good forest cover exists

RAINGARDEN

LLC-51-4

Private

LLC-51-5

1.9

0.6

0.5

$13,000

$21,667

$26,000

Low spot in R.O.W.

RAINGARDEN

LLC-51-5

Private

None

0.9

0.3

0.2

$37,500

$125,000

$187,500

Good forest cover exists

SWALE ENHANCEMENT

LLC-51-7A

Private

None

11.1

3.1

2.5

$31,600

$10,194

$12,640

Existing swales are in good condition with very isolated erosion

SWALE ENHANCEMENT

LLC-51-7B

Private

LLC-51-5

0.6

0.2

0.2

$27,700

$138,500

$138,500

Existing swales are in good condition with very isolated erosion

SWALE ENHANCEMENT

LLC-51-7C

Private

None

2.1

0.7

0.6

$58,000

$82,857

$96,667

drains to landlocked area

RAINGARDEN

LLC-51-8A

Private

LLC-51-8B

1.7

0.8

0.6

$8,300

$10,375

$13,833

drains to landlocked area

RAINGARDEN

LLC-51-8B

Private

None

0.5

0.2

0.1

$11,400

$57,000

$114,000

drains to landlocked area

RAINGARDEN

LLC-51-9

Public

None

0.5

0.2

0.1

$9,000

$45,000

$90,000

RAINGARDEN

LLC-51-10A

Private

None

0.6

0.2

0.1

$7,200

$36,000

$72,000

RAINGARDEN

LLC-51-10B

Public

None

0.3

0.1

0.1

$6,100

$61,000

$61,000

RAINGARDEN

LLC-51-11A

Private

None

1.4

0.3

0.2

$6,500

$21,667

$21,667

RAINGARDEN

LLC-51-11B

Public

None

1.9

0.4

0.3

$6,500

$16,250

$21,667

26.5

8.0

6.4

$253,100

$31,638

$39,547

Summation
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Projects Warranting Further Review
The following BMP target projects justify further review (Table 27). Project
recommendations are based on cost and a number of qualitative and quantitative benefit
assessments. Some of the projects from the previous section have been lumped together.
See the conclusions and recommendations section for additional review of these projects.
Individual raingarden projects - $114,600
12 raingarden projects were lumped together into one project. They are fairly
typical (although some are large) raingardens that would be easy to implement
through cost-share and are recommended regardless of other considerations.
LLC-48-3 Westwood Drive Swale Enhancement - $12,500
This isolated area of severe erosion occurs were a stormsewer system on
Westwood Drive discharges to a lawn area. During the site visit it was apparent
that it is an actively eroding site. This area should be reinforced and retrofitted
with a series of raingardens with additional erosion protection.
LLC-48-7 Calvin Presbyterian Church Raingarden - $11,300
Located at the intersection of Glendale Drive and Grand Avenue, this Church has
a great opportunity to install raingardens to treat the parking lot and half of the
building. During the site visit it was apparent that pollutants (gravel, debris) were
being deposited in this area. Enhancing this area could provide an amenity and
educational opportunity to the congregation.
LLC-48-9 Hackberry Park pervious pavement - $80,000
The parking area of Hackberry Park consists of a dirt/grass area that is eroding
and rutting. Because of the elevation of adjacent wetlands, it is likely that this
area experiences high water table which would need to be studied before a BMP
is installed. There is an opportunity to partner with the City of Long Lake if/when
a formal parking surface is constructed.
LLC-48-12 Hackberry Hill Raingardens - $34,800
The Hackberry Hill site is located on the west side of Hackberry Park. The streets
are stormsewered and a pipe discharges this area on the north side of Maple Lane
to the wetland near Willow Drive N. Installing raingardens at the existing
catchbasins should be undertaken as a cost-share or CIP project. Also see related
project LLC-48-14.
LLC-48-14 Regional Pond - $81,200
The Hackberry Hill raingarden area drains to a wetland near willow drive. It is
feasible that a stormwater pond could be placed on the east side of Willow Drive
near the intersection with Maple Lane. This project could be undertaken with or
instead of the Hackberry Hill raingardens as it would have a similar catchment
area. A drawback of this project is high land acquisition cost.
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LLC-48-15 Devin Lane Cul-de-sac Filter - $17,900
The Devin Lane Cul-de-sac filter could take the form of an underdrained
raingarden, typical sand filter or sand/iron filter. This project collects most of the
water from Devin Lane and is located close to the main drainage of LLC-48
making infiltration an unlikely candidate.
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Table 27. BMP Recommendations Summary Table
Land Ownership
(Public
or Private)

Downstream
Project ID
(flows to)

Catchment
Area (ac)

TP Load
Reduction
(lbs/yr)

Volume
Reduction
(ac-ft)

Cost ($)

Individual
Raingarden
Projects

48-2, 484A, 48-6,
48-10, 4811, 51-1,
51-4, 51-9,
51-10A-B,
51-11A-B

Private

None

31.8

7.5

6.0

$114,600

Westwood Drive

LLC-48-3

Private

None

6.2

1.2

0.9

$12,500

Calvin
Presbyterian

LLC-48-7

Private

LLC-48-8

2.1

1.1

0.9

$11,300

Hackberry Park
Parking

LLC-48-9

Public

None

3.8

1.3

0.0

$80,000

Hackberry Hill
Raingardens

LLC-48-12

Private

None

2.8

0.8

0.6

$34,800

Regional Pond

LLC-48-14

Private

None

5.1

0.7

0.0

$81,200

Devin Lane Culde-sac Filter

LLC-48-15

Private

None

7.8

1.9

0.0

$17,900

59.6

14.5

8.4

$352,300

Project
Description

Project IDs

Total
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Figure 20. LLC-48 BMP Opportunities
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Figure 21. LLC-51 BMP Opportunities
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2.6

Long Lake Alum Treatment
Evaluation of 1996 Alum Treatment in Long Lake
Long Lake water quality data were reviewed to evaluate the impact that the 1996 alum
treatment had on Long Lake. Average phosphorus concentrations were calculated for
years preceding the 1996 treatment and following the treatment in order to understand the
water quality benefit. Water quality improvement is apparent from pre- to post-1996
(Figure 22), but it is unclear to what extent the improvements are associated with alum
treatment versus other watershed or in-lake characteristics that changed over time. The
following periods were used to estimate the in-lake phosphorus reductions achieved
through alum treatment: 1990-1995 and 1997-2006. The period from 1990 to 1995
represents six years prior to alum treatment for which three years of data are available
(1990, 1991 and 1995). In 1991 and 1995, a sample was only taken in the month of July.
Only six years of data prior to alum treatment were used in an attempt to reduce the
extent to which changes in phosphorus concentrations are affected by changing
watershed and in-lake characteristics.
Water quality concentrations in 1997 and 1998 following alum treatment show an
immediate decrease in phosphorus concentration (Figure 22). This is followed by a
sustained period of improved water quality relative to pre-alum treatment, but poorer
water quality than during the two-year period immediately after the alum treatment. Data
from the ten-year period following alum treatment (1997-2006) were included in the
analysis of the benefits of alum treatment. Data from greater than 10 years after the alum
treatment were not included since the beneficial effects of alum treatment typically last
ten years.
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Figure 22. Long Lake phosphorus growing season means.
Due to the prevalence of July data in the 1990-1995 time period (only July data are
available for two of the three years having data), only July data were used for both the
pre- and post-1996 time periods in order to provide a meaningful comparison. In-lake
July phosphorus concentration averaged 85.0 µg/L from 1990-1995 and decreased to 51.7
µg/L for the period from 1997-2006. This represents a 39% decrease in in-lake
phosphorus concentration following alum treatment. For reference purposes, a 37%
decrease in in-lake phosphorus concentration was found between these time periods
including all growing season months (June through September).
Evaluation of Another Long Lake Alum Treatment:
The evaluation of the 1996 alum treatment estimated a 39% reduction in Long Lake
phosphorus concentration as a result of alum treatment. This same effect is assumed to
occur if a second Long Lake alum treatment were conducted. A 39% reduction in Long
Lake phosphorus concentration was applied to the existing average concentration of 66
µg/L, which results in a concentration of 40 µg/L. The Long Lake tributary input in the
Tanager Lake Bathtub model (see Appendix G: Tanager Lake Water Quality Model) was
revised with a concentration of 40 µg/L, and the model was run to determine the
downstream effects on Tanager Lake. The revised input assumed no losses of
phosphorus through the creek.
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The assumption of a 39% reduction is not a conservative assumption. Typically,
phosphorus reduction benefits are greater when treating higher initial concentrations. A
39% reduction was achieved when Long Lake had an initial phosphorus concentration of
85.0 µg/L, whereas in this scenario, Long Lake has an initial phosphorus concentration of
66 µg/L. There is no clear way to estimate the reduced benefits due to starting at a lower
initial concentration. For the purposes of addressing this uncertainty, an estimated 31%
reduction in Long Lake phosphorus concentration has also been modeled, which is a 20%
more conservative estimated percent reduction and results in a reduced Long Lake
phosphorus concentration of 46 µg/L. Table 28 illustrates the projected Tanager Lake
conditions after a Long Lake alum treatment.
Table 28. Tanager Lake conditions under second Long Lake alum treatment scenario
Loading Scenario
Parameter

Existing

Long Lake Alum
Treatment
(in-lake TP decrease
from 66 µg/L to 46
µg/L)

Long Lake Alum
Treatment
(in-lake TP decrease
from 66 µg/L to 40
µg/L)

Water Quality
Standard

TP (µg/L)

94

79

75

40
(MCWD interim
goal = 70)

Chl-a (µg/L)

78

69

66

14

0.93

1.0

1.0

1.4

Secchi (m)

Projects Warranting Further Review
Alum treatment of Long Lake has the potential to improve the water quality in Tanager
Lake and should be considered in the final evaluation. See the conclusions and
recommendations section for additional review of these projects.
The approximate cost of an alum treatment in Long Lake is $105,000 to $189,000 (for
210 acres, the approximate area deeper than six feet).
Table 29. Estimated Cost for Long Lake Alum Treatment
Task

Estimate Cost

Engineering & Permitting

$5,000

Administration

$1,000

Construction / Application
10% Contingency
TOTAL

$147,000*
$15,300
$168,300

*Average of $105,000-$189,000
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2.7

Tanager Lake Internal Loading
Internal loading in lakes refers to the phosphorus load that originates in the bottom
sediments and is released back into the water column. The phosphorus in the sediments
was originally deposited in the lake sediments through the settling of particulates
(attached to sediment that entered the lake from watershed runoff, or as phosphorus
incorporated into biomass) out of the water column. Internal loading can occur through
various mechanisms:


Anoxic (lack of oxygen) conditions in the overlying waters. Water at the sedimentwater interface may remain anoxic for a portion of the growing season, and low
oxygen concentrations result in phosphorus release from the sediments. If a lake’s
hypolimnion (bottom area) remains anoxic for a portion of the growing season, the
phosphorus released due to anoxia will be mixed throughout the water column
when the lake loses its stratification at the time of fall mixing.



Physical disturbance by bottom-feeding fish such as carp and bullhead.



Physical disturbance due to wind mixing. This is more common in shallow lakes
than in deeper lakes. In shallower depths, wind energy can vertically mix the lake at
numerous instances throughout the growing season.



Phosphorus release from decaying curly-leaf pondweed (Potamogeton crispus).
This is more common in shallow lakes since shallow lakes are more likely to have
nuisance levels of curly-leaf pondweed.



While not an internal load per se, an imbalance in the ecological community can
lead to an overabundance of planktivorous fish and/or an overgrazing on
zooplankton, which decreases the grazing capacity of zooplankton and increases
algal density.

The following sections explore the internal load from these different sources.
Anoxic Release from Sediments
In some years, the water column in Tanager Lake displays thermal stratification and
anoxic conditions in the hypolimnion; phosphorus released from the sediments builds up
in the hypolimnion, leading to concentrations as high as 600 µg/L TP, such as in 2008
(Figure 23 and Figure 25). In other years, such as 2009, thermal stratification is weak,
the bottom water is not as anoxic, and hypolimnetic phosphorus concentrations are not as
high (Figure 24 and Figure 25).
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Figure 23. 2008 dissolved oxygen depth profile, Tanager Lake
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Figure 24. 2009 dissolved oxygen depth profile, Tanager Lake
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Figure 25. Surface and bottom TP, Tanager Lake

Rates of phosphorus release from sediments were determined under laboratory-controlled
anoxic conditions. Triplicate sediment cores were collected in mid-April, 2011. Cores
were kept under anoxic conditions and incubated for two weeks, during which the
concentration of phosphorus in the overlying water was monitored and rates of
phosphorus release from the sediments were estimated (see Appendix B: ERDC 2011
Internal Phosphorus Loading and Sediment Phosphorus Analysis for Tanager Lake, MN
for more details). The average rate of anoxic release was 5.7 mg/m2-day. Estimated
phosphorus loading from sediments was calculated using this release rate and a calculated
anoxic factor, which is dependent on lake morphometry and in-lake concentration
(Nürnberg 1996). Phosphorus loading from sediments is estimated to be 183 lb/yr,
representing 19% of the total loading to the lake (including watershed and atmospheric
sources).
The measured phosphorus release rate of 5.7 mg/m2-day represents potential phosphorus
release, as it would only occur under anoxic conditions. This rate, along with phosphorus
concentrations in the Tanager Lake sediments, are moderate when compared to other
eutrophic lake sediments (Nürnberg 1988).
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Higher phosphorus release rates and concentrations are sometimes expected when a lake
is located downstream of a historic sewage treatment system, as is the case for Tanager
Lake (see Section 2.3). Phosphorus release from anoxic sediments appears to be typical
for a lake like Tanager Lake. The moderate potential release rates observed in Tanager,
combined with the observation that the lake does not always stratify during the growing
season (Figure 25), suggest that internal loading from anoxic release is a problem in the
lake, but it is not the singular cause of poor water quality.
Physical Disturbance of Sediments
Tanager Lake has a maximum depth of approximately 19 feet and a mean depth of
approximately 10 feet. Approximately 25% of the lake is less than 6 feet deep. In 1992, a
DNR fish survey was conducted on Tanager Lake. In 2007 and 2008, DNR fish surveys
were conducted on Lake Minnetonka and Long Lake, respectively, from which fish can
enter Tanager Lake. DNR fish surveys on adjacent bays of Lake Minnetonka were not
found to be readily available.
The 1992 fish survey is not recent enough to place significant weight on findings, but it is
notable that common carp and black bullhead were found in the survey; both
benthivorous species. In the 2007 survey on Lake Minnetonka, black bullhead and
common carp were captured in low numbers relative to other species captured in the
survey. Lake Minnetonka waters are different in character than its bays, so species
densities may differ within the bays as compared to the main lake. In the 2008 survey on
Long Lake, black bullhead and common carp were found. Black bullhead abundance
increased from the 2001 survey, but the DNR reports that the 2008 abundance is average
for this type of lake. Common carp were also found at average abundance in Long Lake.
Abundant common carp were observed in Long Lake Creek during the 2011 field
investigation.
Motorboat activity can also disturb lake sediments, leading to increased internal loading.
The extent of motorboat activity in shallow areas of Tanager is not known, but some
motorboat activity exists in relation to the boat slips in the lake.
Release from Decay of Curly-leaf Pondweed
A macrophyte survey was conducted at Tanager Lake on June 3, 2011. Curly-leaf
pondweed was found mostly in the northern and western portions of the lake, with
greatest densities near the inlet (Figure 26). The Long Lake Creek inlet upstream of the
bike trail had a particularly high abundance of curly-leaf pondweed. Eurasian
watermilfoil and a possible invasive species of cattail (Typha angustifolia) were also
documented, along with seven native species of aquatic macrophytes. The southeastern
area of the lake adjacent to the boat slips at Minnetonka Marine had little to no
vegetation, suggesting the use of herbicides or mechanical treatment around the marina.
The average vegetation cut off depth was approximately eight feet, with only a few
locations where macrophytes were found in depths greater than eight feet. The Secchi
transparency at the time of the survey was 1.5 meters.
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Figure 26. Aquatic macrophytes in Tanager Lake, June 3, 2011
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Imbalance in Ecological Community
There is not enough data to fully evaluate the ecological community in Tanager Lake.
Due to the connection between Tanager Lake and Lake Minnetonka, the fish community
is fed by the fish community from Lake Minnetonka and likely is not extremely out of
balance.
The lack of vegetation in the southeastern area of the lake (Figure 26) indicates that the
ecological community could be disrupted. Vegetation normally provides habitat for both
fish and zooplankton, and the lack of vegetation could stress those communities.
Internal Loading Summary


Internal loading from anoxic sediment release is moderate.



Physical disturbance of the bottom sediments by carp and/or black bullhead likely
exists, but the extent is unknown.



Curly-leaf pondweed is a source of phosphorus to the lake. The existence of
native macrophytes indicates that the invasive has not completely taken over the
lake.



There is not enough data to fully evaluate the ecological community in Tanager
Lake. The lack of vegetation in portions of the lake may have an ecological
impact.

Internal Loading Treatment Options
Table 30 presents a suite of internal loading treatment options for lakes, along with
comments on the applicability of each treatment to Tanager Lake specifically. The most
applicable options selected from this table will be further evaluated to determine the costs
and benefits of the options.
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Table 30. Evaluation of in-lake treatment options
In-Lake
Treatment
Method

Description & Typical Goals of Method

Applicability

Pros

Drawdown

A lowering of water level to expose
sediments to the air and to freezing
conditions. Goal is typically to allow
consolidation of sediments,
encouragement of native plants, and
exposure to freezing and drying to limit
growth of certain nuisance macrophytes
such as curly-leaf pondweed.

-Lakes with an adjustable outlet are
more feasible for drawdown,
otherwise pumping is needed.

−

Herbicide

Application of chemical herbicides to the
littoral area of the lake. Goal is to kill
aquatic vegetation to eliminate it as a
source of nutrients.

-Fluridone is often used for
Eurasian watermilfoil control
-Endothall is often used for curlyleaf pondweed control
-Treatment of both milfoil and
curly-leaf pondweed typically use a
combination of herbicides
(endothall and 2-4, D or triclopyr)

−

-Lakes with vegetation at or near
the surface (for boat-type
mechanical harvester)
-For milfoil, would only be
applicable for lakes with
widespread coverage of milfoil

−

Vegetation Management

Category

Mechanical
harvesting

Cutting and removal of aquatic
vegetation. Goal is to remove vegetation
from the water to eliminate it as a source
of nutrients as the vegetation degrades.
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Cons

Can limit growth of a number of
macrophytes (milfoil, curly-leaf
pondweed) and encourage
natives
− A side benefit for infested
waters is that it may also reduce
zebra mussel populations

−

Properly applied herbicides
generally have little effect on
overall native macrophytes,
though can change species
abundance

−

No addition of chemicals needed
and no change to lake chemistry
− Allow immediate recreational
access to harvested areas

Applicability to Tanager Lake
indicates that the treatment option has not been ruled
out with available data

Landowners must approve the
drawdown, which is often
difficult
− May negatively impact wildlife
(beavers, frogs, turtles) and
macroinvertebrates (mussels,
Extent of macrophyte problem not severe enough
snails, insects)
− May negatively impact desired or practical to warrant drawdown.
vegetation
− May cause in-lake oxygen
problems and algal blooms
after water levels increase

Multiple years of treatment
needed
− If used for milfoil control,
won’t eliminate milfoil, just
slows its spread and reduces
nuisance conditions
− May eliminate some desired
native species
− 2-4, D is a likely endocrine
disruptor

Option for future treatment, but further
investigation needed:
− Not certain of the extent of curly-leaf
pondweed problem.
− Not certain of the quality of the native
macrophyte community (which will impact
success of treatment of curly-leaf
pondweed).

Mechanical harvesting can
spread milfoil and curly-leaf
pondweed
− Ongoing harvesting needed

−

−



Drawbacks outweigh benefits.
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Fisheries Management

Category

In-Lake
Treatment
Method

Description & Typical Goals of Method

Applicability

Biomanipulation
of trophic status

Alteration of fish population structure.
Goal is to alter fish population structure
so that fewer planktivorous fish are
present, leaving the zooplankton present
to reduce the algae population.

Fish kill –
rotenone

Kill fish population using pesticide. Goal All lakes; however, larger lakes are
is to eliminate an unbalanced fish
more costly to treat and re-stock.
population in order to re-establish a
May also want to consider
healthy fish population.
interaction of treated water with
downstream water bodies.

−

Fish kill –
reverse aeration

Kill fish population by lowering oxygen
Shallow, hyper-eutrophic systems
levels in the water column by moving
are most likely to produce effective
anoxic water from the lake bottom
results
through the full water column under ice
cover. Goal is to eliminate an unbalanced
fish population in order to re-establish a
healthy fish population.

−
−

Rough fish
harvest

Selective removal of rough fish (carp,
bullheads) by commercial fishermen.
Goal is to remove benthivorous fish that
stir up bottom sediments and decrease
water quality.

Easier to harvest more of the target
fish population in smaller lakes

−

Rough fish
exclusion

Restrict movement of fish, particularly
carp, into the water body. Goal is to
maintain the desired fish population
particularly after harvest or other fish
management activities.

Lakes with defined fish access or
fish movement points

−
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-Lakes with unbalanced fish
populations that don’t respond to
contributing watershed load
reductions
-Rotenone, fish harvest, and fish
stocking can be used to support
biomanipulation
-May be more effective in shallow
lakes

Pros

Cons

-Side benefit can be a transition
to a fish population and size
structure that is more attractive
to anglers (if piscivorous fish
are desired over planktivorous
fish)

−

-Allows lake to be “restarted”
with fully defined new fish
population
− -Treatment has been able to shift
shallow systems to clear water
state for a period of time (many
years)

−

-Chemical free fish kill method
-If aeration system present, can
use existing system

−

−

-Removes unwanted fish

-Minimizes movement of fish
into or out of the lake
(depending on barrier type and
design)
− -Assists in isolating fish
population for management

Applicability to Tanager Lake
indicates that the treatment option has not been ruled
out with available data

May not be effective if high
internal load from sediment
still present
− May take a long time to see full
effect of biomanipulation
efforts

Kills all fish, even those that
are desirable in the lake
− May also kill zooplankton
− May limit use of lake as habitat
for wildlife because of lack of
available food (fish)
May not kill fish that are more
tolerant of low dissolved
oxygen (e.g black bullheads,
carp)
− Can exacerbate carp problem,
if present, by allowing a new
carp cohort to survive due to
lack of predators
− May not work if mixing
doesn’t cause low enough
oxygen, or if mixing is not
complete

Options for future treatment, but further
investigation needed:
− Not certain of extent of carp or black
bullhead populations.
− Fish community structure likely not
extremely out of balance.



May only remove a small
proportion of the rough fish
community.
− May need to repeat harvest
often, or install barriers to keep
fish from re-populating. Fish
barriers may not be successful.
−

−

Most barrier designs limit
movement of all types of fish,
including desired species
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Category

In-Lake
Treatment
Method

Phosphorus Cycling Management

Alum – in-lake

Description & Typical Goals of Method

Applicability

Pros

Injection of aluminum sulfate into the
water column. Goal is to bind
phosphorus so that it is no longer
biologically active or available to support
algae or macrophyte growth.

Lakes where the external load has
been adequately controlled. Best
used in deeper lakes that stratify
(not as effective in shallow lakes).
Not effective in lakes with high
alkalinity.

−

Iron

Addition of iron particles to the bottom
sediments. Goal is to bind phosphorus in
the sediment and reduce the amount of
biologically available phosphorus.

Lakes with iron-poor sediments in
oxygenated zones

−

Barley straw

Placement of barley straw into the water
body. Goal is to reduce the growth of
algae through uptake of nutrients into the
microbial community instead of in algae.

Primarily used on ponds but has
shown mixed results on lakes.

−

Summer aeration Add air or oxygenate water in the water
Lakes with high sediment internal
body. Goal is to ensure that bottom
load that would benefit from
waters are oxygenated so that phosphorus destratification
is not released from sediment.
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Improvement seen shortly after
treatment
− Treatment typically lasts over 10
years

−

Iron should bind phosphorus
unless low-oxygen conditions
occur
− May also change sediment
properties to limit the growth of
curly-leaf pondweed; however
this is considered experimental
and outcomes are not fully
known. Use of iron to
specifically impact vegetation is
not an approved herbicide for
lakes.

−

No chemical inputs

Limits phosphorus transport
from sediments
− For lakes with undesired winter
fish kill, can also be used in
winter to prevent fish kill.
−

Applicability to Tanager Lake
indicates that the treatment option has not been ruled
out with available data

Ineffective if external load not
adequately controlled.
− Can negatively impact benthic
organisms.

−
−

Unsuccessful if bottom waters
have low oxygen.

−

An option only when combined with summer
aeration of bottom sediments.

−

Lake too large to predict that treatment will
be effective.

Not shown to be consistently
effective
− Not approved by EPA as
algaecide
−

−
−
−

Requires ongoing maintenance
Ongoing energy needs
Warms deeper waters in deep
lakes

Applicable to Tanager Lake
Potential for immediate, but not long-lasting,
benefits
− Estimated cost: $500-$900/ac =$20,000$36,000 for treatment of 40 ac (approx area
deeper than 6 ft)



Potential for benefits: In some years
stratification leads to anoxic release, and in
other years stratification is weaker and there
is less P release from the sediments.
Indicates the potential for destabilization of
thermocline and lower P release from
sediments.
− Typically more successful in deeper lakes
where P release from anoxic hypolimnion is
main source of P in the lake.
− Estimated cost: $16,000-$18,000 for
materials and installation plus $2,000$4,000/yr O&M
−
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Category

In-Lake
Treatment
Method

Description & Typical Goals of Method

Applicability

Pros

Proprietary Devices

Misc

Removal of
Excavation and disposal of bottom
bottom sediments sediments. Goal is to remove
by dredging
phosphorus-laden sediment from the
water body.

Disturbs lake ecosystem (seed
bank, existing vegetation and
animals)
− Often prohibitively expensive
−

Reduce or
eliminate
motorboat
activity in
shallow areas

Through ordinances, control the extent of Shallow lakes
motorboat activity that disturbs lake
sediments and harms native plant
communities.

Floating
treatment
wetlands

Floating constructed wetland system.
Goal is to filter lake water and take up
nutrients by vegetation and microbial
action.

Solar Bee

Solar powered lake circulation system.
See aeration
Goal is to circulate lake water to ensure
that bottom waters are oxygenated so that
phosphorus is not released from sediment.
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Smaller lakes and ponds

Applicability to Tanager Lake
indicates that the treatment option has not been ruled
out with available data
Lake sediments not enough of a problem to
warrant dredging.

Feasibility of public acceptance?


−

May work well as supplement to
existing aeration system to
provide additional filtration

Solar powered option, no extra
energy needs
− Also see aeration
−

−
−

Experimental
Not enough evidence of treatment effectiveness
Most studies in rivers and small to predict that treatment will be effective.
ponds

−

See aeration, although no extra Has not shown to be effective in other Lake
energy needs since solar
Minnetonka Bay.
powered
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Long Term Recommendations
The following is recommended to address internal loading in Tanager Lake:
1) Address elevated watershed loads first. Incoming phosphorus concentrations from
Long Lake Creek in 2009 ranged from 49 µg/L to 446 µg/L, and 56% of the samples
violated the MCWD stream standard of 80 µg/L. When restoring lakes such as
Tanager, the first step is to reduce phosphorus loads from the watershed. Only after
the watershed phosphorus loads are reduced to levels that the lake can assimilate
should the internal load be addressed. If in-lake measures are undertaken before the
watershed load is controlled, the lake’s response may be short-lived.
2) If immediate improvements are desired, and if it is recognized that improvements
may not be long-lasting, consider alum treatment.
3) After the elevated watershed loads are addressed, implement the following:


Consider alum treatment if it has not yet been done



Evaluate ecological components of the lake (macrophytes, fish, zooplankton,
algae) to determine how to best address in-lake loads. Depending on the
characteristics of the lake ecology at the time, options may include:
−

A holistic approach to aquatic macrophyte management, whereby curly-leaf
pondweed is treated, but native macrophytes are left undisturbed. Without
native macrophytes, removal of unwanted plants such as curly-leaf pondweed
often leads to increased algae growth and/or increased abundance of other
unwanted plants such as Eurasian watermilfoil. This may have happened in
the south-eastern part of the lake where there is a lack of aquatic macrophytes
in the shallow areas. Curly-leaf pondweed can be selectively removed at
targeted points during its growing season.

−

Protection of lake sediments through control of benthivorous fish and
motorboats.
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Projects Warranting Further Review
Since it is recommended to first address the external loads to Tanager Lake, the majority
of the internal loading projects evaluated are not recommended to be pursued at this time.
If immediate improvements are desired, and if it is recognized that improvements may
not be long-lasting, alum treatment of the sediments of Tanager Lake may be undertaken
with the goal of phosphorus inactivation. See the conclusions and recommendations
section for additional review of these projects.
Table 31. Estimated Cost for Tanager Lake Alum Treatment
Task

Estimate Cost

Engineering & Permitting

$5,000

Administration

$1,000

Construction / Application
10% Contingency
TOTAL

$28,000
$3,400
$37,400
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3

CONCLUSION

3.1

Recommendations
The improvement options from each chapter that were indicated as “warranting further
review” are further explored in Table 32. Each option is evaluated with respect to the
extent that it addresses the goals in the MCWD Comprehensive Water Resources
Management Plan; approximate costs are also included. Projects indicated with a check
() were selected for final consideration, based on the overall benefits expected from the
project relative to cost and other considerations.
Implementing all near term recommendations from all categories in this report would
result in a nutrient reduction to Tanager Lake of 140 lbs TP/year.
A lake response model was developed to evaluate the impact that the recommended
practices will have on the in-lake water quality of Tanager Lake. Watershed phosphorus
loads were estimated using event mean concentrations based on land use and land cover
(using the PLOAD model, or the Simple Method), along with load estimates that cover
upstream waters, subsurface sewage treatment systems, and the upstream sewage lagoon.
These load estimates were integrated into a Bathtub model that was then used as the lake
response model. Appendix G contains the details of the watershed and lake water quality
models. The near-term recommendations would reduce the in-lake TP from 94 to 78
µg/l, the chlorophyll from 78 µg/l to 68 µg/l, and would improve the Secchi transparency
from 0.93 m to 1.0 m (Table 33). The model does not take into account phosphorus
settling or resuspension within Long Lake Creek.
While these changes will improve the water quality of Tanager Lake, they are not enough
for the lake to achieve the interim water quality goal. After the near term (two to five
years) improvements are completed, the long term (five to ten years) recommendations in
Table 32 should be considered for implementation.
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Stream
Rehabilitation

Stabilization of 4 high
sediment contributing sites
from Reach 5 (Sta 1197012030, 12000-12030, 1376013780 & 13960-13990)

     

   

$31,647

Stabilization of Brown Rd
Outfall Sites (Sta 7650-7675
& 7880-8000)





















$49,731



Stabilization of Wayzata
Blvd Outfall (Sta 1404014070)





















$10,172



$396,100



Reach 2 Stream Restoration
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Eliminates 2
crossings;
bypasses
potential
Smith dump
contaminants

Long Term (5-10 Years)
Recommendations

Near Term (2-5 Years)
Recommendations

Estimated Cost†

Floodplains

Groundwater

Wetlands

BMPs

Shorelines &
Streambanks

Water Quantity

Public Health

Reference
or Name

Water Quality

Type

Abstraction
/Filtration
Ecological
Integrity

Prospective Project

Comprehensive Water Resources Management
Address Plan Goals – Qualitative Evaluation*
 No or Minor Benefit
Moderate Benefit
Significant Benefit
#1 #2 #3 #4 #5 #6 #8 #11 #12 #13

Other
Considerations

Table 32. Recommendation Evaluation
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Wetland
Enhancement

Complete
with 02-039
for cost
potential cost
savings

D-117-23-02-013





$97,100



D-117-23-02-039





D-117-23-03-016



D-117-23-03-036A



$108,800
Hydrologic
restoration









$34,500
portion of
project only
Hydrologic
restoration









$48,600
portion of
project only
Same Project as Reach 2 Stream Restoration see Stream Rehabilitation above
Hydrologic
restoration









$138,500
portion of
project only









$380,400









$180,000









$39,300









$189,800

D-117-23-03-036
D-117-23-03-044A



D-117-23-03-044-B
D-117-23-03-036-B
D-117-23-03-09-A
D-117-23-03-09-B
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Long Term (5-10 Years)
Recommendations

Near Term (2-5 Years)
Recommendations

Estimated Cost†

Other
Considerations

Floodplains

Groundwater

Wetlands

BMPs

Shorelines &
Streambanks

Water Quantity

Public Health

Reference
or Name

Water Quality

Type

Abstraction
/Filtration
Ecological
Integrity

Prospective Project

Comprehensive Water Resources Management
Address Plan Goals – Qualitative Evaluation*
 No or Minor Benefit
Moderate Benefit
Significant Benefit
#1 #2 #3 #4 #5 #6 #8 #11 #12 #13
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Subwatershed
BMPs

$114,600





















Westwood Drive Swale
Calvin Presbyterian
Raingardens





















$12,500























$11,300



Hackberry Park Parking





























































Hackberry Hill Raingardens
Regional Pond
Devin Lane Cul-de-sac Filter
Former Sewage Long Lake Sewage Lagoon
Lagoon
Isolation
Long Lake Alum Treatment
Alum Treatment Tanager Lake Alum
treatment

Partnership
opportunity
with City of
Long Lake

Based on
option 5

Long Term (5-10 Years)
Recommendations

Cost-share
project
would
significantly
decrease the
cost

Near Term (2-5 Years)
Recommendations

Estimated Cost†

Floodplains

Groundwater

Wetlands

BMPs

Shorelines &
Streambanks

Water Quantity

Other
Considerations

Individual Raingarden
Projects

Public Health

Reference
or Name

Water Quality

Type

Abstraction
/Filtration
Ecological
Integrity

Prospective Project

Comprehensive Water Resources Management
Address Plan Goals – Qualitative Evaluation*
 No or Minor Benefit
Moderate Benefit
Significant Benefit
#1 #2 #3 #4 #5 #6 #8 #11 #12 #13

$80,000



$34,800
$81,200
$17,900




$209,000











































$168,300





















$37,400
Subtotals: $2,471,650


$947,103

*Goals not listed are not positively or adversely affected by any of the prospective projects
†
Includes all perceived project cost, excluding associated maintenance
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$370,947

Table 33. Tanager Lake modeled loading scenarios
Loading Scenario
Existing
Water Quality Standard
Long Lake Alum Treatment
(in-lake TP decrease from 66 µg/L
to 46 µg/L)
Long Lake Alum Treatment
(in-lake TP decrease from 66 µg/L
to 40 µg/L)
Near-term recommendations

Tanager Lake
Chl-a
TP (µg/L)
(µg/L)

Secchi (m)

Long Lake
Creek TP
(µg/L)

94

78

0.93

227

40
(MCWD interim
goal = 70)

14

1.4

NA

79

69

1.0

83

75

66

1.0

78

78

68

1.0

81
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