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1.0 Executive Summary

Since 1970, when the Bassett Creek Watershed Management Commission (Commission) and its
predecessor, the Bassett Creek Flood Control Commission, were formed, water quality conditions in
the ten major lakes have been periodically monitored. The objective of the lake monitoring program
is to detect changes or trends in water quality over time, thereby determining the effect of changing
land use patterns in the watershed and the effectiveness of the Commission’s efforts to prevent water
quality degradation in the lakes. Also, monitoring serves another function as Medicine Lake has
been listed as “impaired” (i.e., not meeting water quality standards and not supporting assigned

beneficial uses) for mercury and excess nutrients by the MPCA.

This report evaluates the historic and current water quality of Medicine Lake. In 2006, the lake was
monitored for water quality (Appendix A) and biota, specifically zooplankton (Appendix B).
Monitoring results for 2006 and past monitoring seasons were analyzed as summer averages (June
through August) and are summarized in this report. The Commission’s Medicine Lake goals for
Total phosphorus (TP), chlorophyll a, and Secchi disc depth are 38 pg/L, 10 pg/L, and 2.2 meters,

respectively.

The conclusions that can be reached from the water quality monitoring data are as follows:

e The water quality in Medicine Lake appears to have improved over the previous decade
(1997 through 2006) but has been variable, making clear trends difficult to ascertain.
Average summer (TP) levels peaked in 1998 at 69.7 pug/L and reached a low level of
40.3 pg/L in 2001.

e Average summer chlorophyll a was lowest in 2001 at 17.0 pug/L and reached a peak of
36.0 pg/L in 2003. In 2006, total phosphorus and chlorophyll a were 42.3 pg/L and
23.7 ug/L (June through August average), respectively. Both TP and chlorophyll a did not
meet targets set for these parameters (38 pg/L for TP and 10 pg/L for chlorophyll a).

e Average summer Secchi disc levels have not noticeably improved in recent years, ranging
from 1.0 meters in 1998 to 2.0 meters in 2002. The summer average in 2006 was 1.4 meters
at both sampling locations (Main Basin and Medicine Bay) and did not meet the target of
2.2 meters.

e Total phosphorus concentrations increased substantially in the bottom waters of Medicine
Lake during the summer of 2006, indicating the presence of internal phosphorus loading in
the lake. From April through August 2006, TP increased from 37.5 pug/L to 1,151 pg/L at the
Main Basin sampling station. From April through September 2006, TP increased from
425.5 ug/L to 2,248.1 ug/L at the Medicine Bay monitoring station.



Total phosphorus, chlorophyll a, and Secchi depth measurement all indicate that Medicine

Lake is eutrophic.
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2.0 Introduction

Since 1970, when the Bassett Creek Water Management Commission (Commission) and its
predecessor, the Bassett Creek Flood Control Commission, were formed, water quality conditions in
the ten major lakes have been periodically monitored. The Commission’s policy is to preserve water
quality conditions, and to improve them where possible. Nonpoint source pollution (pollutants
transported by stormwater runoff) is the predominant cause of lake water quality degradation. The
objective of the lake monitoring program is to detect changes or trends in water quality over time,
thereby determining the effect of changing land use patterns in the watershed and the effectiveness of

the Commission’s efforts to prevent water quality degradation in the lakes.

In 1991, the Commission established an annual lake water quality monitoring program that generally
followed the recommendations of the Metropolitan Council (Osgood, 1989a) for a “Level 1, Survey
and Surveillance” data collection effort. The lake sampling program generally involves monitoring
of ten lakes on a 4-year rotating basis, three or four lakes per year. However, some of the lakes,
including Lost Lake and Sunset Hill (Cavanaugh) Lake have been eliminated from the program.
Major lakes include the following water bodies, with prior monitoring years indicated
parenthetically:

Table 1 Lakes Monitored in the Basset Creek Watershed Commission Area
(Years with sampling data are in parenthesis)

e Crane (1977, 1982, 1993, 1997, 2001) e Sunset Hill (Cavanaugh) (1977, 1982, 1994,
1998)
o Lost (1977, 1982, 1993, 1997) e Sweeney (1977, 1982, 1985, 1992, 1996
2000, 2005)
e Medicine (1977, 1982, 1983, 1984, 1988, e Twin (1977, 1982, 1992, 1996, 2000, 2005)
1994%, 1999', 2006%)
e Northwood (1972, 1977, 1982, 1992, 1996, e Westwood (1977, 1982, 1993, 1997, 2001)
2000, 2005)
e Parker’s (1977, 1982, 1992, 1996, 2000) e Wirth (1977, 1982, 2001)

Wirth Lake is currently monitored annually by the Minneapolis Park and Recreation Board. Hence,
Wirth Lake is not included in the Commission’s lake monitoring program. Medicine Lake is

currently monitored annually by the Three Rivers Park District (Three Rivers). The Commission

! Monitoring performed jointly with Three Rivers Park District (formerly Suburban Hennepin Regional Park
District).




periodically participates with Three Rivers to monitor at a second site at Medicine Lake. The

Commission partnered with the Three Rivers to perform the lake sampling for this study.

The lake sampling program occasionally includes limited monitoring for other water bodies, which
has included the following ponds and the year sampled in parenthesis:

e Courtland, East Ring, and West Ring Ponds (1993)

e Grimes Pond (1996)

e North Rice and South Rice Ponds (1994, 1998)

This report presents the results of water quality monitoring in 2006 of Medicine Lake. The lake was
monitored for water quality (Appendix A) and biota, specifically zooplankton (Appendix B).
Monitoring results are summarized in the following pages including a narrative description of the
results as well as a graphical summary. More detailed data can be found in the appendices of the

report.

The discussion of water quality conditions focuses on the three principal nutrient-related water
quality indicators: TP, chlorophyll a concentrations, and Secchi disc transparency. Phosphorus is a
nutrient that usually limits the growth of algae. Chlorophyll a is the primary photosynthetic pigment
in lake algae; therefore, the concentration in a lake water sample indicates the amount of algae
present in the sampled area of the lake. Secchi disc transparency is a measure of water clarity, and is

inversely related to algal abundance.

The water quality conditions were classified as to trophic state, based on the TP concentration,

chlorophyll a concentration, and Secchi disc transparency (Table 2).

Table 2 Trophic State Classifications for Total Phosphorus, Chlorophyll a, and Secchi Disc
Transparency

Secchi Disc

Trophic State

Total Phosphorus

Chlorophyll a

Transparency

(nutrient rich)

Oligotrophic less than 10 pg/L less than 2 pg/L greater than 15 ft
(nutrient poor) (4.6 m)
Mesotrophic 10 pg/L — 24 pg/L 2 ug/L - 7.5 pg/L 15 ft - 6.6 ft
(moderate nutrient levels) (4.6 m-2.0m)
Eutrophic 24 pg/L — 57 pg/L 7.5 pg/L - 26 pg/L 6.6 ft — 2.8 ft

(2.0 m - 0.85 m)

Hypereutrophic
(extremely nutrient rich)

greater than 57 pg/L

greater than 26 pg/L

less than 2.8 ft
(0.85 m)
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Biological data were compiled and evaluated in this study as well (Appendix B). Zooplankton data
provide insight into the health of the aquatic ecosystem associated with each water body. Aquatic
communities interact with each other and influence both short- and long-term variations in observed

water quality.

Zooplankton (microscopic crustaceans)—are vital to the health of a lake ecosystem because they
feed upon the phytoplankton and are food themselves for many fish species. Protection of the lake’s
zooplankton community through proper water quality management practices protects the lake’s
fishery. Zooplankton are also important to lake water quality. The zooplankton community is
generally comprised of three groups: Cladocera, Copepoda, and Rotifera. If present in abundance,

large Cladocera can decrease the number of algae and improve water transparency within a lake.

Some of the lake and streams in the Bassett Creek Watershed have been listed as “impaired” (not meeting
water quality standards and not supporting assigned beneficial uses) by the MPCA. The federal Clean
Water Act requires that the MPCA assess the quality of streams and lakes in Minnesota, determine if they
are impaired and list and report the impaired waters to the EPA. Water bodies on the 303(d) list (Section
of the Clean Water Act) are required to have an assessment completed that addresses the causes and
sources of the impairment. This process is called a total maximum daily load (TMDL) analysis and its
purpose is to bring the water body back into compliance with water quality standards. The State of
Minnesota’s Water Quality Standards, Minnesota Rules Chapter 7050, are the numeric and narrative

conditions that are used to determine if the waters are impaired.

There are currently five lakes and Bassett Creek in the Bassett Creek watershed that are included on the
MPCA'’s 2006 Final List of Impaired Waters [303(d) list approved by U.S. EPA on June 1, 2006].

o Parkers Lake (listed for mercury)

e Medicine Lake (listed for mercury and excess nutrients)
o Sweeney Lake (listed for excess nutrients)

o Wirth Lake (listed for mercury and excess nutrients)

o Northwood Lake (listed for excess nutrients)

e Bassett Creek (listed for biota/fish)

Medicine Lake is listed for mercury with a target start and completion schedule of 1999/2011 and for

excess nutrients with a target start and completion schedule of 2005/2008.



3.0 Site Description

Medicine Lake, the second largest lake in Hennepin County, is located in the cities of Plymouth and
Medicine Lake, northwest of the Highway 169 and Highway 55 interchange (Figure 2). The lake has
an approximate water surface area of 886 acres and a maximum depth of 49 feet. The Medicine Lake
watershed consists of 11,613 acres and includes the Plymouth Creek and Ridgedale watersheds.

Both watersheds discharge into Medicine Lake in the southwestern-most bay. Medicine Lake serves
as the headwaters for Bassett Creek, which eventually drains into the Mississippi River in downtown

Minneapolis.

Medicine Lake is designated as a Level | water body, appropriate for all recreational uses including
swimming. Level | goals are: (1) TP concentration of 30 pg/L, (2) maximum chlorophyll a
concentration of 10 pg/L, and (3) Secchi disc transparency of 2.2 meters (7.2 feet). However, due to
implementation costs, the Commission’s TP goal for Medicine Lake is 38 pg/L. Medicine Lake is
used for a variety of recreational activities including fishing, waterskiing, and swimming. There is
one public boat access point located in the Three Rivers Park District’s French Regional Park. The
park contains much of the shoreline for the northwest portion of the lake and the remainder of
Medicine Lake’s shoreline is comprised primarily of residential neighborhoods. In 2004, 2005, and
2006, the City of Plymouth treated Medicine Lake with Endothall in order to limit Curlyleaf

pondweed (Potamogeton crispus) growth.

The BCWMC, the city of Plymouth, Three Rivers Park District, and the city of Medicine Lake have
been partners in working to improve the water quality of Medicine Lake for many years. In March
2000 the Commission completed the draft Medicine Lake Watershed and Lake Management Plan
with specific recommendations to improve the overall health of the Lake. The city of Plymouth
adopted a Medicine Lake Watershed Implementation and Management Plan in 2001. The
recommendations in the respective plans included steps to manage macrophyte growth in order to
enhance recreational uses of the lake. Several methods were detailed and recommended to reduce
phosphorus and sediment entering the lake as well. Many these recommendations have been
completed by the City of Plymouth or jointly implemented by the Commission and the City of

Plymouth. Following are some of these completed projects:

e Water quality ponds ML-4 (Medicine Lake East Beach) and ML-5 were constructed at the
southeast corner of Medicine Lake during 2004.



In-lake herbicide application was performed for three years, during 2004, 2005 and 2006

to manage macrophyte growth and reduce Curlyleaf pondweed.

Timber Creek erosion control project located east of Medicine Lake was completed by

Plymouth during 2005.

Goose management and pavement sweeping programs and the phosphorus fertilizer

ordinance have been implemented by Plymouth.

Shoreland restoration was completed at 12 sites during 2004 and 11 sites during 2005 by
Plymouth to reduce erosion along Medicine Lake.

The Commission and Plymouth have adopted development requirements requiring water
quality improvement features (ponds, rain gardens, etc.) for new and redevelopment
projects.

In addition, following are several other projects proposed during the next five years:

The Wood Creek erosion control project located east of Medicine Lake is proposed by
Plymouth for 2007/2008.

The County Road 9 and County Road 61 erosion control project located north of
Medicine Lake is proposed for 2007/2008.

The West Medicine Lake Park water quality pond and Plymouth Creek restoration project
is proposed 2007-2009.

Shoreline restoration is proposed by Plymouth at 6-10 sites during 2007.



4.0 Water Quality

4.1 Monitoring Overview

Medicine Lake was sampled at two locations during the 2006 season. One location was the Main
Basin and the second and deeper location was in Medicine Bay. In 2006, Medicine Bay and the Main
Basin were sampled 15 and 16 times, respectively, between April 18 and October 10 at

approximately 2-week intervals.

4.2 Temperature and Dissolved Oxygen

Temperature and dissolved oxygen (DO) measurements indicate that Medicine Lake is stratified
throughout much of the summer season. Temperature (Figure 3) and DO (Figure 4) measurements
indicate the thermocline is located at a depth of approximately 6 to 8 meters from the lake surface
and the hypolimnion is stable at depths below 10 meters. DO measurements also show the
hypolimnetic layer (greater than 8 meters depth) is nearly depleted of oxygen from mid-April through
late September. The anoxic zone reaches to approximately 6 meters from the bottom as more oxygen

is depleted during the summer months.
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4.3 Surface Total Phosphorus, Chlorophyll a and Secchi Depth
While water quality in Medicine Lake appears to have improved somewhat over the previous decade
(see long-term trends in Appendix D), however, TP levels are still above the water quality goals for
the lake (Figure 1). Figure 1 shows TP levels have generally declined from a summer average (June
through August) of 69.7 pg/L (1998) to 42.3 ug/L (2006). The recent measurements of TP in the
lake water are among the lowest recorded for Medicine Lake in the past 40 years of reporting,
however, the Commission goal of 38 pg/L has not yet been met. Current TP levels indicate that
trophic status of the lake has improved from the hypereutrophic range to the eutrophic range since

monitoring of the lake began.

Chlorophyll a, an indicator of algal biomass, has steadily dropped as well and has fallen by almost
35 percent since the recent peak in 2003 (June through August average) from 36.0 pg/L to 23.7 pg/L
in 2006 (Figure 1). However, this is still well above the Commission’s desired concentration of

10 pg/L and is just slightly below average when compared to the previous 10 years of monitoring

data (average = 27 pg/L).

Summer average Secchi disc transparency was 4.6 feet (1.4 meters) and represents diminished water
quality when compared to data from recent years. In 2002, the summer average Secchi disc depth
was 6.7 feet (2.0 meters) and in 1999 it reached a 10-year low of 3.3 feet (1 meter). The 2006
observations (Figure 5) indicate that the Secchi disc transparency for Medicine Lake (June through
August average) peaked in the month of May with readings close to 12 feet (3.6 meters), but
transparency diminished greatly as the summer growing season began and never recovered above
4.4 feet (1.35 meters).

Seasonal patterns were apparent for the 2006 monitoring period (Figure 5). Both TP and

chlorophyll a were elevated in early spring and then decreased in late spring. Both TP and
chlorophyll a increased throughout the summer and peaked in September. Secchi disc depth was low
in the early spring and increased later in the spring. During the summer it decreased to less than

1 meter (3.1 feet in July) and remained low through the end of the monitoring period (October).

12
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4.4 Hypolimnetic Phosphorus

Substantial increases in phosphorus concentration during the summer months are evident in both the
Main Basin and Medicine Bay areas of the lake (Figure 6). According to the 2000 Draft Report,

43 percent of the TP load to Medicine Lake is due to internal release by the bottom sediments.
Sediments play an important role in the cycling of phosphorus in lakes and can be either a source or a
sink depending on several conditions such as season. Lake sediment can become saturated with
phosphorus over time through excessive inputs (i.e., agricultural input or stormwater input associated
with urban development) and contribute to poor water quality. Phosphorus release from the sediment
accelerates when oxygen concentrations drop below 2 mg/L because iron, a natural binder of
phosphorus in sediment, becomes reduced and releases phosphorus. As shown in Figure 4, a large
area of Medicine Lake’s bottom is exposed to low oxygen conditions (anoxia) during the summer

months.

The 2006 water column data show a steep gradient of phosphorus between the surface and bottom
waters in Medicine Lake that appears to affect surface water concentrations later in the season
(Figure 7). The buildup of phosphorus in the bottom waters of Medicine Lake can be transported to

the surface through direct transfer (diffusion) or mixing during storms and lake turnover events.

14
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5.0 Recreational Suitability

The Metropolitan Council published a report card for many metro lakes (2005) that did not include
Medicine Lake. By extrapolating Medicine Lake water quality to the standards used for lakes in the
Metropolitan Council report however, Medicine Lake would have earned a grade of C. Based on
2006 Secchi disc observations, Medicine Lake can be classified as a moderately impaired water body
for swimming. A moderately impaired water body occurs at Secchi disc transparencies of 1 to

2 meters; Medicine Lake’s mean Secchi depth for June through August 2006 was 1.4 meters.

17



6.0 Biota

Zooplankton samples were collected from May through September 2006 at two locations; one located
in the Main Basin and the other in Medicine Bay (Figure 8). In the Main Basin, total zooplankton
population density peaked at nearly 3 million per square meter in the first sample in May. The total
population decreased throughout the summer, reaching a low of around 200,000 per square meter in
August 2006, before recovering and reaching around 1.4 million per square meter by the end of
September. The initial decline in zooplankton is expected when a large population of planktivorous
fish is present. High quality algae are food for the zooplankton in the spring and populations of
zooplankton increase greatly. Zooplankton are then fed upon by young fish and then the zooplankton

populations typically decrease.

The dominant taxa in 2006 were Copepoda and Rotifers, which accounted for between 66 and

93 percent of all zooplankton collected. These are smaller zooplankton that feed primarily on algae
and phytoplankton. The large-bodied Cladocera were much less abundant. The lower levels of
Cladocera and the decline of the total population of zooplankton throughout the summer indicate that
fish are present in large numbers and exert pressure on zooplankton through grazing. Indeed, in 2004
a DNR fish population survey showed that yellow perch, black crappies, and particularly bluegills,

are found in large numbers in Medicine Lake.

18
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7.0 Conclusions

Water quality in Medicine Lake is variable but appears to have improved somewhat when compared
to historical data (i.e., the 40 years of data on record) and the last decade (i.e., 1990 through 2006).
However, all three nutrient-related water quality parameters (TP, chlorophyll a and Secchi disc
depth) did not meet the Commission’s goals, or the Type | goals recommended by the State for lakes

in this class.

Within season trends for the 2006 monitoring season were evident. Total phosphorus and
chlorophyll a concentrations were initially elevated in the early spring after turnover and then
decreased in May. During the summer months, TP and chlorophyll a both increased until reaching a
peak near the end of September. Secchi disc depth, which is inversely correlated to both TP and
chlorophyll a, was low in the early spring and increased in the late spring. Clarity then decreased in
the beginning of the summer and declined to less than 1 meter near the end of July and remained near

the 1 meter mark (or slightly above) for the remainder of the season.

It is interesting to note that Medicine Lake did not meet water quality goals (i.e., phosphorus levels
were high) after lake turnover in early April, 2006. In late April and May, however, Medicine Lake
primarily met set targets. Water quality goals were then exceeded for the remainder of the summer.
The high nutrient status after spring turnover and later in the summer months is typical of lakes that
are affected by internal phosphorus loading. Without additional analysis it is difficult to determine
the degree to which internal loading affects lake water quality. However, it may be necessary to

directly address internal loading in the future to meet the lake goals.

The Commission and the City have implemented several water quality treatment options
recommended in the respective Medicine Lake plans. These improvements have reduced sediment
and phosphorus loading to Medicine Lake, reduced shoreline erosion and improved storm water
runoff. Several additional projects are proposed during the next five years that are anticipated to be

beneficial for Medicine Lake and improve its water quality.

Continued monitoring of phosphorus inputs to Medicine Lake as well as phosphorus in the water
column of Medicine Lake (preferably at 1-meter increments from the bottom to the surface) along
with other standard parameters (e.qg., dissolved oxygen) is recommended to help assess reasons for

changes in lake water quality and to develop plans for future lake management and a TMDL study.
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