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Revisions:

e Updated Lotus Lake analysis (Chapter 4) to reflect updated ravine erosion information provided
by RPBCWD staff, additional stormwater routing and recent project information from
Chanhassen, updated engineer’s opinion of probable cost for the iron enhanced sand filter.

e Revised Red Rock Lake BMP analysis for RRL_4 and RRL_6, corrected some stormwater routings,
and updated cost estimates to reflect revisions.

e Corrected engineer's opinion of probable cost for the unit price iron enhanced sand.

e Revised executive summaries to show annual phosphorus load reduction and cost per pound at
the respective lake rather than at each proposed BMP location.
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LOTUS, SILVER, DUCK, ROUND,
MITCHELL, RED ROCK USE
ATTAINABILITY ANALYSIS UPDATE;
LAKE IDLEWILD AND STARING LAKE
USE ATTAINABILITY ANALYSIS;
AND LOWER PURGATORY CREEK
STABILIZATION STUDY

EXECUTIVE SUMMARY
STUDY PURPOSE AND GOALS

The goal of this study is to provide updated and consistent
information about the water quality and biological integrity
of the receiving waters in the Purgatory Creek watershed
with a focus on the lower valley of purgatory creek and
major lakes in the watershed. The assessment of the
lower valley of purgatory creek incorporates the extensive
efforts previously conducted to establish planning level
streambank stabilization strategies. This study includes
trend analyses and comparisons of water quality
monitoring with state standards and District goals, water
quality modeling calibrated for critical conditions and used
to evaluate and recommend restoration measures based
on the potential water quality benefits and estimated
life-cycle costs, all while aligning with the District’'s “One
Waters” strategy of resource management.+

PROJECT APPROACH

The assessment of the Lower Valley of Purgatory Creek
incorporates the extensive efforts previously conducted
as part of the RPBCWD Water Management Plan, (CH2M
HILL, 2011), CRAS report (Barr and RPBCWD, 2015),

creek inventories by District staff (RPBCWD 2014, city

of Eden Prairie Purgatory Creek - 2006 to 2013 Erosion
Changes (Wenck 2014), and 2005 Purgatory Creek Use
Attainability Analysis (Barr 2005) to establish planning
level streambank stabilization strategies. The assessment
relied on existing information and did not involve the
collection of any new field data. In addition, the focus
was on Purgatory Creek downstream of Staring Lake

and reserved the assessment of the creek and wetlands
upstream of Valley View Road for future efforts. The
geomorphic assessment generally followed guidelines and
techniques included in the Rosgen classification system
(Rosgen, 1996).
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RPBCWD’S 2011 GOALS

The 2011 WMP indicates the following water quality goals for the
resources in Purgatory Creek Watershed

ROUND
LAKE

RPBCWD Goals'
Resource TP Chla SD MPCA Criteria
(pg/l) | (pg/l) (m)

Lower 2Pu rgatory ) ) ) Eutr%tg)?w?crgtl i
Creek Standard
Silver Lake non-degradation
Duck Lake
Mitchell Lake <60 <20 <1.0 Shallow Lake
Red Rock Lake Standard
Staring Lake
E(;LU; dLi:Ee <40 <14 >1.4 Deep Lake Standard
Lake Idlewild 3 3 . non-degradation

TP = Summer Average Total Phosphorus concentration
Chl a = Summer Average Chlorophyl a concentration
SD = Summer Average Secchi disc depth

"RPBCWD's 2011 Water Management Plan states the District “intends to achieve water
quality that surpasses this minimum requirement. The result will be lakes with less pol-
lution, better habitat, and more recreational opportunities than what would be afforded
by using the water quality standards as the goal.” The Plan also lists the water quality
vision for all lakes to have a Secchi Depth > 2.0 meters.

2The RPBCWD's Plan outlines goals aimed to protect and restore the creek (e.g. long-term
goal 2,3,4, and 5).

3 RPBCWD's 2011 Water Management Plan does not explicitly list water quality goals for
Lake Idlewild. Therefore the resource should be managed to improve water quality to
fully support its designated uses consistent with the District goals. This should include a
non-degradation goal for water quality.

WATERSHED PHOSPHORUS LOADING TO LAKES

The distribution of phosphorus sources indicates the importance of
managing both external and internal phosphorus sources.

2015 Nutrient (Phosphorus) Loading, Percent
Contribution by Source
Lake Direct | |z| Indirect heri
(Wg)g?_;ﬂgdy Internal?| gy iernalz | Atmospheric
Silver Lake 64 31 0 5
Duck Lake 40 55 0 5
Mitchell Lake 45 51 <1 4
Red Rock Lake 48 3 45 4
Staring Lake 48 41 10 1
Lotus Lake 28 68 0 3
Round Lake 56 41 0 3
Lake Idlewild 84 15 0 1
' Direct external represents the estimated ﬁhosphorus loads from the lakes
subwatershed and erosional sources such as ravine and streambank
2 Internal represents the estimated phosphorus loads from the various sources
including groundwater, sediment release, carp and curlyleaf pondweed.
* Indirect external represents the estimated phosphorus loads from upstream lakes.

The project approach utilized in this study includes four main steps of an
adaptive management approach. After analyzing available water quality
data and past studies, watershed modeling estimated total phosphorus
loads reaching the lake while an in-lake phosphorus concentration model
simulated the lake’s response to various loading sources. With calibrated
in-lake and watershed models, Best Management Practices (BMPs) were
devised to improve or protect water quality levels for the resources.
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RECOMMENDED
PHOSPHORUS REDUCTION
MANAGEMENT STRATEGY

\WATERSHED Recommended phosphorus reduction management strategy
to protect, enhance and restore the health of Purgatory

Creek lower valley and the lakes within the Purgatory Creek
Watershed. Watershed and in-lake BMPs as well as other
management strategies are needed to improve and protect
the water resources within the watershed.

RURGATIORY]

Additional System Wide Management Strategies:

QV\/atershed—V\/‘de Volume Reduction
and Detention

P 3 éCarp Management
Fo1 )

é Aquatic Invasive Species Management
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: : Management
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LOWER PURGATORY CREEK
STABILIZATION STUDY

EXECUTIVE SUMMARY

STUDY PURPOSE AND GOALS

The goal of this study is to provide updated and
consistent information about the water quality and
biological integrity of the receiving waters in the
Purgatory Creek watershed with a focus on the
lower valley of purgatory creek and major lakes in
the watershed. The assessment of the lower valley
of purgatory creek incorporates the extensive
efforts previously conducted to establish planning
level streambank stabilization strategies. This
study includes trend analyses and comparisons of
water gquality monitoring with state standards and
District goals, water quality modeling calibrated

for critical conditions and used to evaluate and
recommend restoration measures based on the
potential water quality benefits and estimated life-
cycle costs, all while aligning with the District's “One
Waters” strategy of resource management.+

PROJECT APPROACH

The assessment of the Lower Valley of Purgatory
Creek incorporates the extensive efforts previously
conducted as part of the RPBCWD Water
Management Plan, (CH2M HILL, 2011), CRAS report
(Barr and RPBCWD, 2015), creek inventories by
District staff (RPBCWD 2014), city of Eden Prairie
Purgatory Creek - 2006 to 2013 Erosion Changes
(Wenck 2014), and 2005 Purgatory Creek Use
Attainability Analysis (Barr 2005) to establish
planning level streambank stabilization strategies.
The assessment relied on existing information

and did not involve the collection of any new field
data. In addition, the focus was on Purgatory Creek
downstream of Staring Lake and reserved the
assessment of the creek and wetlands upstream of
Valley View Road for future efforts.

The geomorphic assessment generally followed
guidelines and techniques included in the Rosgen
classification system (Rosgen, 1996).

LOWER PURGATORY CREEK

WATER QUALITY MONITORING DATA
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The water quality monitoring data from Purgatory Creek shows
that total suspended solids sample results only exceeded a
concentration of 51 mg/L ten percent of the time. Since just

4% of the Purgatory Creek TSS samples exceeded the 65 mg/L,
the standard is being achieved and Purgatory Creek will be
considered for water quality protection in this study and will

not be subject to total maximum daily load development by the
MPCA. While the available TSS data for Purgatory Creek meets
the standard, the results are limited in that most of the historic
sampling has occurred upstream of significant near-channel
sources of erosion and mass wasting (see photo below), including
landslides. As a result, it is recommended that RPBCWD establish
a monitoring station to measure continuous turbidity and

collect TSS samples near the mouth of the creek, likely at the
Riverview Road crossing. This would enable direct comparison

of the continuous turbidity measurements with the data that

is currently being collected at the Pioneer Trail WOMP station

and allow RPBCWD to evaluate water quality improvements
associated with the implementation of projects in the lower valley

area.

Lower Purgatory Creek Stabilization Study | Executive Summary | November 2016




LOWER PURGATORY CREEK

RECOMMENDED PHOSPHORUS REDUCTIONMANAGEMENT STRATEGIES

LEEEND

Erosion Rating (Wenck, 2015)

H Severe
A Moderate
® Slight

Creek Restoration Action Strategy
(Barr and RPBCWD 2015)
Erosion and Channel Stability

7\, 1 (Best)
3
5
N\, 7 (Worst)

m High Risk Erosion Areas

Streams within High
Risk Erosion Areas

(:_:5 Steep Slopes >18%

2 Lake/Pond (MetCouncil)
N~ Streams/Creeks (PWI)
@ District Boundary
@ County Boundary (Mn/DOT)

There are five individual reaches that were assessed as being unstable with severe erosion, meamng
they possess bare banks with gullies and severe vegetative overhang and/or fallen trees. All but one
of these reaches is located within the high risk erosion areas where elevated levels of overland flow %
and/or concentrated stormwater discharge would also be expected to contribute to ravine and gully
erosion. To improve the overall quality of Purgatory Creek, improvements should be implemented on

a watershed-wide basis to reduce the frequency, rate, and volume of runoff to Purgatory Creek, and

on a localized basis to restore the physical stability of the stream channel. Activities associated with

reducing the frequency, rate and volume of runoff generally include storm water detention ponds or basins to reduce discharge rates and
volumes from the urbanized area. Introduction of rainwater gardens can be used to infiltrate runoff, thereby reducing the volume and rate of
runoff to the creek. Implementing these activities can reduce the frequency of bankfull flooding, and help maintain the stability of the stream.
Every resident and business can play a vital role in the restoration and protection of the Lower Purgatory Creek through self-implementation
of small scale non-structural measures such as keeping leaves, grass clippings, and fertilizers off impervious surfaces; establishing riparian
buffers; educating neighbors; cleaning catch basins; installing individual rainwater gardens; and reducing impervious cover on lots (i.e.,
promote infiltration). Collectively, the individual actions of watershed residents and businesses can have a profound impact on reducing the
potential adverse impacts of pollutants on downstream resources.

SUMMARY OF RECOMMENDED BMPS

Al Annualized Cost
Annual Phosphorus Load 30 Year Opinion of
BMP 1D BMP Type Reduction (lbs/yr)’ Planning Level Cost 2 per Pou(g;l";!)gmoved
$265,000 $3,720
Creek Restoration and Stabilization 3.8
PC1 l et ($133,000 - $531,000) ($2,700 - $10,600)
$185,000 $1,370
PC 2 |[Creek Restorati d Stabilizati 7.2 ' '
~4 | Hreek nestoration and Stabiization ($93,000 - $730,000) ($690 - $2,740)

1. Estimated annual average phosphorus load reduction to the lake, taking pollutant delivery into account.
2. Planning level probably cost; +40% / -20%, dependent on BMP

3. Cost per pound of phosphorus removal per year of operation to the lake, including bot operation, maintenance, and
capitol construction costs over a 30 year timeframe.

| Executive Summary | November 2




USE ATTAINABILITY
UPDATE
EXECUTIVE SUMMARY

STUDY PURPOSE AND GOALS

The goal of this study is to provide updated and
consistent information about the water quality and
biological integrity of the receiving waters in the
Purgatory Creek watershed with a focus on the
lower valley of purgatory creek and major lakes in
the watershed. The assessment of the lower valley
of purgatory creek incorporates the extensive
efforts previously conducted to establish planning
level streambank stabilization strategies. This
study includes trend analyses and comparisons of
water quality monitoring with state standards and
District goals, water quality modeling calibrated

for critical conditions and used to evaluate and
recommend restoration measures based on the
potential water quality benefits and estimated life-
cycle costs, all while aligning with the District's “One
Waters” strategy of resource management.+

PROJECT APPROACH
Assess WQ Goal
AUAIDABLE Attainment
IDATAYEIPAST)

z STUDIES]
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MODELING
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SIVIVLAE
e
Phosphorus Diet @‘5 Phosphorus
Budget

The project approach utilized in this study includes
four main steps of an adaptive management
approach. After analyzing available water quality data
and past studies, watershed modeling estimated
total phosphorus loads reaching the lake while an
in-lake phosphorus concentration model simulated
the lake's response to various loading sources.
With calibrated in-lake and watershed models,
Best Management Practices (BMPs) were devised
to improve or protect water quality levels for Lotus
Lake.

LOTUS LAKE
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2015 average transparency of 1.5 meters met the 1.4-meter goal.

2015 ANNUAL PHOSPHORUS BUDGET

Erosion
7 1bs, 1%

Direct
Watershed
306 Ibs,
28%

Atmosperic
Deposition
36 Ibs,
3%

Internal
Loading
732 Ibs, 68%

The pie chart above shows that approximately one-quarter of the phosphorus is
coming from watershed runoff while two-thirds of the load is coming from internal
sources. Internal represents phosphorus loads from various sources such as
sediment release, carp, and curlyleaf pondweed. A 399 pound phosphorus load
reduction is required to meet the phosphorus goal.

Lotus Lake Use Attainability Analysis Update | Executive Summary | November 2016




LOTUS LAKE

RECOMMENDED PHOSPHORUS REDUCTION MANAGEMENT STRATEGIES

Recommended phosphorus
reduction management
strategies to protect, enhance,
and restore Lotus Lake
include watershed and in-lake
Best Management Practices
(BMPs). Other management
strategies, such as aquatic
invasive species management,
shoreline assessments, water
quality/biological monitoring,
and watershed-wide volume
reduction and detention efforts |
are also needed to improve ‘
and protect the water quality
in Lotus Lake and downstream
resources (e.g. wetlands, lakes,
and Purgatory Creek). The
recommended BMPs are
intended to be a guide rather
than a prioritization list. In
general, it is recommended
that an adaptive management
approach be followed and
that watershed BMPs be
implemented prior to internal
sediment phosphorus release
reduction efforts in order to
maximize the effectiveness
and longevity of internal load
controls. Every resident and 3
business can play a vital role in the restoration and protection of Lotus Lake through se\f implementation of small scale non-structural
measures such as keeping leaves, grass clippings, and fertilizers off impervious surfaces; establishing riparian buffers; educating neighbors;
cleaning catch basins; installing individual rainwater gardens; and reducing impervious cover on lots (i.e., promote infiltration). Collectively, the
individual actions of watershed residents and businesses can have a profound impact on reducing the potential adverse impacts of pollutants
on downstream resources.

LEEEND

Best Management Practices
. Internal Load Control
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@ Iron Enhanced Filter
(> New Wet Pond
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SUMMARY OF RECOMMENDED BMPS

.. Annualized Cost
Annual Phosphorus Load 30 Year Opinion of
BMP 1D BMP Type Reduction (Ibs/yr)’ Planning Level Cost 2 per Po%gﬂtl,i)gmoved
$186,300 $1,550
New Wet Pond 6.4
LT | New et Fon ($149,000 - $261,000) ($1,240 - $2,170)
$389,700 $430
LL_3 |Infiltration Basi 48.5 '
FIEEton Basin ($312,000 - $546,000) ($340 - $600)
LL 6 |Internal Load Control 536 $1,258,000 $70
- (Two Whole Lake Alum Treatments) ($1,006,000 - $1,762,000) ($60 - $100)
7
LL_7 |Iron Enhanced Sand Filter 58.7 (5469 §g§5$ggo 000) ($433(;)5_3$740)
$142,400 $1,130
LL 8 [New Wet Pond 6.7 ' '
eV e ron ($114,000 - $199,000) ($900 - $1,580)
$556,200 $2,960
LL.9 |New Wet Pond 10 ’ ’
e erTon ($445,000 - $779,000) ($2,370 - $4,150)
LL 3&7 | Infiltration Basin and Iron Enhanced 735 $975,400 $740
- Sand Filter i ($780,000 - $1,366,000 ($570 - $990)

1. Estimated annual average phosphorus load reduction to the lake, taking pollutant delivery into account.

2. Planning level probably cost; +40% / -20%, dependent on BMP

3. Cost per pound of phosphorus removal per year of operation to the lake, including bot operation, maintenance, and
capitol construction costs over a 30 year timeframe.

Lotus Lake Use Attainability Analysis Update | Executive Summary | November 2016




USE ATTAINABILITY

UPDATE
EXECUTIVE SUMMARY

STUDY PURPOSE AND GOALS

The goal of this study is to provide updated and
consistent information about the water quality and
biological integrity of the receiving waters in the
Purgatory Creek watershed with a focus on the
lower valley of purgatory creek and major lakes in
the watershed. The assessment of the lower valley
of purgatory creek incorporates the extensive
efforts previously conducted to establish planning
level streambank stabilization strategies. This
study includes trend analyses and comparisons of
water quality monitoring with state standards and
District goals, water quality modeling calibrated

for critical conditions and used to evaluate and
recommend restoration measures based on the
potential water quality benefits and estimated life-
cycle costs, all while aligning with the District's “One
Waters” strategy of resource management.+

PROJECT APPROACH
Assess WQ Goal
AUAIDABLE Attainment
IDATAYEIPAST)

STUDIES]

WATERSHED
MODELING

1 S BALANCE
Al MODELING

SIVIVLAE
| e
Phosphorus Diet @‘5 Phosphorus
Budget

The project approach utilized in this study includes
four main steps of an adaptive management
approach. After analyzing available water quality data
and past studies, watershed modeling estimated
total phosphorus loads reaching the lake while an
in-lake phosphorus concentration model simulated
the lake's response to various loading sources.
With calibrated in-lake and watershed models,
Best Management Practices (BMPs) were devised
to improve or protect water quality levels for Silver
Lake.

SILVER LAKE
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2015 average transparency of 0.8 meters did not meet the 1.0-meter goal.

2015 ANNUAL PHOSPHORUS BUDGET
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Loading 64%
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Atmosperic
Deposition
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The pie chart above shows that approximately two-thirds of the phosphorus

is coming from watershed runoff while one-third of the load is coming from
internal sources. Internal represents phosphorus loads from various sources
such as sediment release and curlyleaf pondweed. A 35 pound phosphorus load
reduction is required to meet the phosphorus goal.

Silver Lake Use Attainability Analysis Update | Executive Summary | November 2016




RECOMMENDED PHOSPHORUS REDUCTION MANAGEMENT STRATEGIES

Recommended phosphorus
reduction management strategies
to protect, enhance, and restore
Silver Lake include watershed and
in-lake Best Management Practices
(BMPs). Other management
strategies, such as aquatic
invasive species management,
shoreline assessments, water
quality/biological monitoring,

and watershed-wide volume
reduction and detention efforts
are also needed to improve

and protect the water quality

in Silver Lake and downstream
resources (e.g. wetlands, lakes,
and Purgatory Creek). Wild rice

is a unique feature in the lake
that warrants protection and/or
enhancement. The recommended
BMPs are intended to be a guide
rather than a prioritization list. In
general, it is recommended that an
adaptive management approach
be followed and that watershed
BMPs be implemented prior to
internal sediment phosphorus
release reduction efforts in order
to maximize the effectiveness and
longevity of internal load controls.
Every resident and business can
play a vital role in the restoration
and protection of Silver Lake

LEGEND
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through self-implementation of small scale non-structural measures such as keeping leaves, grass clippings, and fertilizers off impervious
surfaces; establishing riparian buffers; educating neighbors; cleaning catch basins; installing individual rainwater gardens; and reducing
impervious cover on lots (i.e., promote infiltration). Collectively, the individual actions of watershed residents and businesses can have a
profound impact on reducing the potential adverse impacts of pollutants on downstream resources.

SUMMARY OF RECOMMENDED BMPS

BMP ID BMP Type A eduction (beryry | Planning Level Cost 2 Pe?gs‘t‘:ﬁﬁgg"sg‘%d
SiL_1 |Underground Filtration 16.3 ($649,O$£)%1—O:$71(,)1O35,000) _— 5362271 .
i : 534,700 4530
SiL_2 |Sand Filter 6.3 ($428,§OO 19,000 ($3,6§O e
SiL_3 |Slope Stabilization 10 ($43,0§§6_'2?32,000) ($23$O4_6$910)
SiL_4 |Slope Stabilization 3 ($40,0§§?’2?20,000) ($71$(51—,A5522(,)840)
SIL.5 |Slope Stabilization 4 ($4O,O§§?,2?20,OOO) ($53?_,%72(,)1 Y
SiL_6 |Slope Stabilization 3 ($26’O§SZ_12(13841000) o o$-931; ?’820)
SiL 7 Internal Load Control 4 <5 $332,000 $210
_ [T meAmeny oo repien Teamen ($266,000 - $464,000) ($170 - $300)

1. Estimated annual average phosphorus load reduction to the lake, taking pollutant delivery into account.

2. Planning level probably cost; +40% / -20%, dependent on BMP

3. Cost per pound of phosphorus removal per year of operation to the lake, including bot operation, maintenance, and

capitol construction costs over a 30 year timeframe.

4. Due to the unique presence of wild rice, which warrants protection, various alternatives for phosphorus precipitants

need testing to avoid adverse impacts on the wild rice.

Silver Lake Use Attainability Analysis Update | Executive Summary | November 2016
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USE ATTAINABILITY

UPDATE
EXECUTIVE SUMMARY

STUDY PURPOSE AND GOALS

The goal of this study is to provide updated and
consistent information about the water quality and
biological integrity of the receiving waters in the
Purgatory Creek watershed with a focus on the
lower valley of purgatory creek and major lakes in
the watershed. The assessment of the lower valley
of purgatory creek incorporates the extensive
efforts previously conducted to establish planning
level streambank stabilization strategies. This
study includes trend analyses and comparisons of
water quality monitoring with state standards and
District goals, water quality modeling calibrated

for critical conditions and used to evaluate and
recommend restoration measures based on the
potential water quality benefits and estimated life-
cycle costs, all while aligning with the District's “One
Waters” strategy of resource management.+

PROJECT APPROACH
Assess WQ Goal
AUAIDABLE Attainment
IDATAYEIPAST)
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WATERSHED
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MODELING
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Budget

The project approach utilized in this study includes
four main steps of an adaptive management
approach. After analyzing available water quality data
and past studies, watershed modeling estimated
total phosphorus loads reaching the lake while an
in-lake phosphorus concentration model simulated
the lake's response to various loading sources.

With calibrated in-lake and watershed models, Best
Management Practices (BMPs) were devised to

improve or protect water quality levels for Duck Lake.

DUCK LAKE
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2015 average transparency of 1.7 meters met the 1.0-meter goal.

2015 ANNUAL PHOSPHORUS BUDGET
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6 Ibs,
5%

The pie chart above shows that 40% of the phosphorus is coming from watershed
runoff while 55% of the load is coming from internal sources. Internal represents
phosphorus loads from various sources such as sediment release and curlyleaf
ponldvveed. No phosphorus load reduction is required to meet the phosphorus
goal.
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Recommended phosphorus reduction management strategies to protect, enhance, and restore Duck Lake include watershed and in-lake
Best Management Practices (BMPs). Other management strategies, such as aquatic invasive species management, shoreline assessments,
water quality/biological monitoring, and watershed-wide volume reduction and detention efforts are also needed to improve and protect the
water quality in Duck Lake and downstream resources (e.g. wetlands, lakes, and Purgatory Creek). The recommended BMPs are intended to
be a guide rather than a prioritization list. In general, it is recommended that an adaptive management approach be followed. Every resident
and business can play a vital role in the restoration and protection of Duck Lake through self-implementation of small scale non-structural
measures such as keeping leaves, grass clippings, and fertilizers off impervious surfaces; establishing riparian buffers; educating neighbors;
cleaning catch basins; installing individual rainwater gardens; and reducing impervious cover on lots (i.e., promote infiltration). Collectively, the
individual actions of watershed residents and businesses can have a profound impact on reducing the potential adverse impacts of pollutants
on downstream resources.

SUMMARY OF RECOMMENDED BMPS

- Annualized Cost
Annual Phosphorus Load 30 Year Opinion of
BMP ID BMP Type Reduction (Ibs/yr)' Planning Level Cost? | P€" Pouzg;:llgl)gmoved
$213,400 $4,760
Rainwater Gard 2.4
DLS | Rainwater fardens ($171,000 - $299,000) ($3,800 - $6,660)

1. Estimated annual average phosphorus load reduction to the lake, taking pollutant delivery into account.
2. Planning level probably cost; +40% / -20%, dependent on BMP

3. Cost per pound of phosphorus removal per year of operation to the lake, including bot operation, maintenance, and
capitol construction costs over a 30 year timeframe.
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EXECUTIVE SUMMARY

STUDY PURPOSE AND GOALS

The goal of this study is to provide updated and
consistent information about the water quality and
biological integrity of the receiving waters in the
Purgatory Creek watershed with a focus on the
lower valley of purgatory creek and major lakes in
the watershed. The assessment of the lower valley
of purgatory creek incorporates the extensive
efforts previously conducted to establish planning
level streambank stabilization strategies. This
study includes trend analyses and comparisons of
water quality monitoring with state standards and
District goals, water quality modeling calibrated

for critical conditions and used to evaluate and
recommend restoration measures based on the
potential water quality benefits and estimated life-
cycle costs, all while aligning with the District's “One
Waters” strategy of resource management.+
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The project approach utilized in this study includes
four main steps of an adaptive management
approach. After analyzing available water quality data
and past studies, watershed modeling estimated
total phosphorus loads reaching the lake while an
in-lake phosphorus concentration model simulated
the lake's response to various loading sources.
With calibrated in-lake and watershed models, Best
Management Practices (BMPs) were devised to
improve or protect water quality levels for Round
Lake.
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The pie chart above shows that more than half of the phosphorus is coming from
watershed runoff while approximately 40% of the load is coming from internal
sources. Internal represents phosphorus loads from various sources such as
sediment release and curlyleaf pondweed. No phosphorus load reduction is
required to meet the phosphorus goal.
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Recommended phosphorus reduction management strategies to protect, enhance, and restore Round Lake include watershed and in-lake Best
Management Practices (BMPs). Other management strategies, such as aquatic invasive species management, shoreline assessments, water
quality/biological monitoring, and watershed-wide volume reduction and detention efforts are also needed to improve and protect the water
quality in Round Lake and downstream resources (e.g. wetlands, lakes and Purgatory Creek). The recommended BMPs are intended to be a
guide rather than a prioritization list. In general, it is recommended that an adaptive management approach be followed. Every resident and
business can play a vital role in the restoration and protection of the [insert lake/creek name here] through self-implementation of small scale
non-structural measures such as keeping leaves, grass clippings, and fertilizers off impervious surfaces; establishing riparian buffers; educating
neighbors; cleaning catch basins; installing individual rainwater gardens; and reducing impervious cover on lots (i.e., promote infiltration).
Collectively, the individual actions of watershed residents and businesses can have a profound impact on reducing the potential adverse
impacts of pollutants on downstream resources.

SUMMARY OF RECOMMENDED BMPS

- Annualized Cost
Annual Phosphorus Load 30 Year Opinion of
BMP 1D LA Reduction (lbs/yr)' Planning Level Cost2 | P€" Pouzg;:l“;!)gmoved
N . $118,300 $930
RL1 | Infiltration Basin o8 ($95,000 - $166,000) ($750 - $1,310)
RL_2 |Underground Infiltration Basin 24.4 (5196 3(2)352223 000) ($43$05_4$750)
$361,700 $930
RL 4 i i i .
- |/nileration Basin 206 ($289,000 - $506,000) ($750 - $1,310)

1. Estimated annual average phosphorus load reduction to the lake, taking pollutant delivery into account.
2. Planning level probably cost; +40% / -20%, dependent on BMP

3. Cost per pound of phosphorus removal per year of operation to the lake, including bot operation, maintenance, and
capitol construction costs over a 30 year timeframe.
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EXECUTIVE SUMMARY

STUDY PURPOSE AND GOALS

The goal of this study is to provide updated and
consistent information about the water quality and
biological integrity of the receiving waters in the
Purgatory Creek watershed with a focus on the
lower valley of purgatory creek and major lakes in
the watershed. The assessment of the lower valley
of purgatory creek incorporates the extensive
efforts previously conducted to establish planning
level streambank stabilization strategies. This
study includes trend analyses and comparisons of
water quality monitoring with state standards and
District goals, water quality modeling calibrated

for critical conditions and used to evaluate and
recommend restoration measures based on the
potential water quality benefits and estimated life-
cycle costs, all while aligning with the District's “One
Waters” strategy of resource management.+
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The project approach utilized in this study includes
four main steps of an adaptive management
approach. After analyzing available water quality data
and past studies, watershed modeling estimated
total phosphorus loads reaching the lake while an
in-lake phosphorus concentration model simulated
the lake's response to various loading sources.
With calibrated in-lake and watershed models,
Best Management Practices (BMPs) were devised
to improve or protect water quality levels for Lotus
Lake.
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The pie chart above shows that 45% of the phosphorus is coming from watershed
runoff while more than 30% of the load is coming from internal sources. Internal
represents phosphorus loads from various sources such as sediment release and
curlyleaf pondweed. A 59 pound phosphorus load reduction is required to meet
the phosphorus goal.
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Recommended phosphorus reduction management strategies to protect, enhance, and restore Mitchell Lake include watershed and
in-lake Best Management Practices (BMPs). Other management strategies, such as aquatic invasive species management, shoreline
assessments, water quality/biological monitoring, and watershed-wide volume reduction and detention efforts are also needed to improve
and protect the water quality in Mitchell Lake and downstream resources (e.g. wetlands, lakes, and Purgatory Creek). The recommended
BMPs are intended to be a guide rather than a prioritization list. In general, it is recommended that an adaptive management approach be
followed and that watershed BMPs be implemented prior to internal sediment phosphorus release reduction efforts in order to maximize
the effectiveness and longevity of internal load controls. Every resident and business can play a vital role in the restoration and protection
of Mitchell Lake through self-implementation of small scale non-structural measures such as keeping leaves, grass clippings, and fertilizers
off impervious surfaces; establishing riparian buffers; educating neighbors; cleaning catch basins; installing individual rainwater gardens;
and reducing impervious cover on lots (i.e., promote infiltration). Collectively, the individual actions of watershed residents and businesses
can have a profound impact on reducing the potential adverse impacts of pollutants on downstream resources.

SUMMARY OF RECOMMENDED BMPS

Al Annualized Cost
Annual Phosphorus Load 30 Year Opinion of
BMP ID LA e Reduction (Ibs/yr)" Planning Level Cost 2 per Pou(g;iltl,!)gmoved
$132,900 $950
New Wet Pond 7.5
MLT e Ton ($106,000 - $186,000) ($760 - $1,330)
ML 2 |Internal Load Control 120 $518,800 $140
- (Two Whole Lake Alum Treatments) ($463,000 - $810,000) ($120 - $200)
$578,000 $1,460
ML 3 |I Enh d Sand Filt 211
- |ronEnnanced sand Her (463,000 - $810,000) ($1,170 - $2,050)
$314,500 $2,180
ML_4 i i ' !
_ Underground Filtration 7.7 (§252,000 - $440,000) ($1,740 - $3,050)

1. Estimated annual average phosphorus load reduction to the lake, taking pollutant delivery into account.
2. Planning level probably cost; +40% / -20%, dependent on BMP

3. Cost per pound of phosphorus removal per year of operation to the lake, including bot operation, maintenance, and
capitol construction costs over a 30 year timeframe.
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EXECUTIVE SUMMARY

STUDY PURPOSE AND GOALS

The goal of this study is to provide updated and
consistent information about the water quality and
biological integrity of the receiving waters in the
Purgatory Creek watershed with a focus on the
lower valley of purgatory creek and major lakes in
the watershed. The assessment of the lower valley
of purgatory creek incorporates the extensive
efforts previously conducted to establish planning
level streambank stabilization strategies. This
study includes trend analyses and comparisons of
water quality monitoring with state standards and
District goals, water quality modeling calibrated

for critical conditions and used to evaluate and
recommend restoration measures based on the
potential water quality benefits and estimated life-
cycle costs, all while aligning with the District's “One
Waters” strategy of resource management.+
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The project approach utilized in this study includes
four main steps of an adaptive management
approach. After analyzing available water quality data
and past studies, watershed modeling estimated
total phosphorus loads reaching the lake while an
in-lake phosphorus concentration model simulated
the lake's response to various loading sources.

With calibrated in-lake and watershed models, Best
Management Practices (BMPs) were devised to
improve or protect water quality levels for Red Rock
Lake.
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The pie chart above shows that approximately one-half of the phosphorus is
coming from watershed runoff while 45% of the load is coming from upstream
sources. Internal represents phosphorus loads from various sources such as
sediment release and curlyleaf pondweed. No phosphorus load reduction is
required to meet the phosphorus goal.
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Recommended phosphorus reduction management strategies to protect, enhance, and restore Red Rock Lake include watershed and
in-lake Best Management Practices (BMPs). Other management strategies, such as aquatic invasive species management, shoreline
assessments, water quality/biological monitoring, and watershed-wide volume reduction and detention efforts are also needed to improve
and protect the water quality in Red Rock Lake and downstream resources (e.g. wetlands, lakes, and Purgatory Creek). The recommended
BMPs are intended to be a guide rather than a prioritization list. In general, it is recommended that an adaptive management approach

be followed for BMP implementation. Every resident and business can play a vital role in the restoration and protection of Red Rock Lake
through self-implementation of small scale non-structural measures such as keeping leaves, grass clippings, and fertilizers off impervious
surfaces; establishing riparian buffers; educating neighbors; cleaning catch basins; installing individual rainwater gardens; and reducing
impervious cover on lots (i.e., promote infiltration). Collectively, the individual actions of watershed residents and businesses can have a
profound impact on reducing the potential adverse impacts of pollutants on downstream resources.

SUMMARY OF RECOMMENDED BMPS

Annual .. .
30 Year Opinion of Annualized Cost per Pound
BMP ID BMP Type Phosphorus Load 2
Reduction (Ibs/yr)' Planning Level Cost 2 Removed ($/1b)?
$305,900 $1,720
RRL_1 ! !
~ New et Ponc o2 ($245,000 - $428,000) ($1,370 - $2,400)
$89,700 $2,400
RRL_2 Infiltration Basi 20 ' ’
Hiieton Besn ($72,000 - $126,000) ($1,920 - $3,350)
$979,500 $2,130
RRL_4 | Sand Filter Chamb 24.5
B on sand rer harmber ($284,000 - $1,372,000) ($1,710 - $2,990)
$194,000 $3,570
RRL_6 ! !
B Expanded Wet Pond 29 ($155,000 - $272,000) ($2,860 - $5,000)
RRL 7 Iron Enhanced Sand Filter 10 $440,500 $2,350
B Benches ($352,000 - $617,000) ($1,880 - $3,290)
RRL 9 ﬁqsesgtr:Fog/l(;thSH Luaakliet 37 See Table 12.1 for the cost See Table 12.1 for the cost
- goals q y for Mitchell Lake BMPs for Mitchell Lake BMPs

1. Estimated annual average phosphorus load reduction to the lake, taking pollutant delivery into account.
2. Planning level probably cost; +40% / -20%, dependent on BMP

3. Cost per pound of phosphorus removal per year of operation to the lake, including bot operation, maintenance, and
capitol construction costs over a 30 year timeframe.
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EXECUTIVE SUMMARY

STUDY PURPOSE AND GOALS

The goal of this study is to provide updated and
consistent information about the water quality and
biological integrity of the receiving waters in the
Purgatory Creek watershed with a focus on the
lower valley of purgatory creek and major lakes in
the watershed. The assessment of the lower valley
of purgatory creek incorporates the extensive
efforts previously conducted to establish planning
level streambank stabilization strategies. This
study includes trend analyses and comparisons of
water quality monitoring with state standards and
District goals, water quality modeling calibrated

for critical conditions and used to evaluate and
recommend restoration measures based on the
potential water quality benefits and estimated life-
cycle costs, all while aligning with the District's “One
Waters” strategy of resource management.+
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The project approach utilized in this study includes
four main steps of an adaptive management
approach. After analyzing available water quality data
and past studies, watershed modeling estimated
total phosphorus loads reaching the lake while an
in-lake phosphorus concentration model simulated
the lake's response to various loading sources.
With calibrated in-lake and watershed models,
Best Management Practices (BMPs) were devised
to improve or protect water quality levels for Lake
Idlewild.

LAKE IDLEWILD

PHYSICAL CHARACTERISTICS

Lake Characteristic Lake Idlewild
Lake MDNR ID -
MPCA Lake Classification Not Classified
Water Level Control Elevation (feet MSL) 8535
Average Water Elevation (feet MSL) 853.7
Surface Area (acres) 12
Mean Depth (feet) 4
Maximum Depth (feet) 82
Littoral Area (acres) 12
Volume (at normal water elevation) (acre-feet) 51
Thermal Stratification Pattern polymictic
Estimated Residence Time (years) - 2014-2015 03
climatic conditions
Watershed Area Tributary to Upstream Lake 0
Total Watershed Area (acres, including lake area) 39
Subwatershed Area (acres) 39
Trophic Status Based on 2015 Growing Season ryEEreLiephic

Average Water Data

2015 GROWING SEASON AVERAGE

WATER QUALITY
2015 .
Parameter growing 2015 max 2015 min
season value value
average
TP (ng/L) 71 102 36
Secchi Depth (m) 17 23 11

2015 ANNUAL PHOSPHORUS BUDGET
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Direct
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The pie chart above shows that approximately 85% of the phosphorus is coming
from watershed runoff while 15% of the load is coming from internal sources.
Internal represents phosphorus loads from various sources such as sediment

release. No phosphorus load reduction is required.
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Recommended phosphorus reduction management strategies to protect, enhance, and restore Lake Idlewild include watershed and in-

lake Best Management Practices (BMPs). Other management strategies, such as watershed-wide volume reduction and detention efforts,
aquatic invasive species management, shoreline assessments, water quality/biological monitoring, and watershed-wide volume reduction
and detention efforts are also needed to improve and protect the water quality in Lake Idlewild and downstream resources (e.g. Purgatory
Creek and wetlands). The recommended BMPs are intended to be a guide rather than a prioritization list. In general, it is recommended that
an adaptive management approach be followed for BMP implementation. Every resident and business can play a vital role in the restoration
and protection of Lake Idlewild through self-implementation of small scale non-structural measures such as keeping leaves, grass clippings,
and fertilizers off impervious surfaces; establishing riparian buffers; educating neighbors; cleaning catch basins; installing individual rainwater
gardens; and reducing impervious cover on lots (i.e., promote infiltration). Collectively, the individual actions of watershed residents and
businesses can have a profound impact on reducing the potential adverse impacts of pollutants on downstream resources.

SUMMARY OF RECOMMENDED BMPS

. Annualized Cost
Annual Phosphorus Load 30 Year Opinion of
Ll il Ly Reduction (Ibs/yr)" Planning Level Cost 2 per Po%g;:lltl,l)gmoved
Ll 2a & nfiltration 20 $667,300 $1,780
LI 2b ($534,000 - $934,000) ($1,420 - $2,490)
LIL4  [Infiltration 2.5 $0* $0*

1. Estimated annual average phosphorus load reduction to the lake, taking pollutant delivery into account.
2. Planning level probably cost; +40% / -20%, dependent on BMP

3. Cost per pound of phosphorus removal per year of operation to the lake, including bot operation, maintenance, and
capitol construction costs over a 30 year timeframe.

4. BMP proposed to be implemented by developer as required to achieve conformance with RPBCWD stormwater
management rule.

Lake Idlewild Use Attainability Analysis | Executive Summary | November 2016




USE ATTAINABILITY
ANALYSIS
EXECUTIVE SUMMARY

STUDY PURPOSE AND GOALS

The goal of this study is to provide updated and
consistent information about the water quality and
biological integrity of the receiving waters in the
Purgatory Creek watershed with a focus on the
lower valley of purgatory creek and major lakes in
the watershed. The assessment of the lower valley
of purgatory creek incorporates the extensive
efforts previously conducted to establish planning
level streambank stabilization strategies. This
study includes trend analyses and comparisons of
water quality monitoring with state standards and
District goals, water quality modeling calibrated
for critical conditions and used to evaluate and
recommend restoration measures based on the
potential water quality benefits and estimated life-
cycle costs, all while aligning with the District's “One
Waters” strategy of resource management.+
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The project approach utilized in this study includes
four main steps of an adaptive management
approach. After analyzing available water quality data
and past studies, watershed modeling estimated
total phosphorus loads reaching the lake while an
in-lake phosphorus concentration model simulated
the lake's response to various loading sources.
With calibrated in-lake and watershed models, Best
Management Practices (BMPs) were devised to
improve or protect water quality levels for Staring
Lake.
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The pie chart above shows that approximately one-third of the phosphorus is
coming from the recreation area while about 40% of the load is coming from
internal sources. Internal represents phosphorus loads from various sources such
as sediment release, carp, and curlyleaf pondweed. A 500 pound phosphorus load
reduction is required to meet the phosphorus goal.
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Recommended phosphorus reduction management strategies to protect, enhance, and restore Staring Lake include watershed and in-lake Best Management Practices (BMPs). Other
management strategies, such as watershed-wide volume reduction and detention efforts, aquatic invasive species management, shoreline assessments, water quality/biological
monitoring, and watershed-wide volume reduction and detention efforts are also needed to improve and protect the water quality in Staring Lake and downstream resources (e.g.
Purgatory Creek and wetlands). The recommended BMPs are intended to be a guide rather than a prioritization list. In general, it is recommended that an adaptive management
approach be followed and that watershed BMPs be implemented prior to internal sediment phosphorus release reduction efforts in order to maximize the effectiveness and longevity
of internal load controls. Every resident and business can play a vital role in the restoration and protection of Staring Lake through self-implementation of small scale non-structural
measures such as keeping leaves, grass clippings, and fertilizers off impervious surfaces; establishing riparian buffers; educating neighbors; cleaning catch basins; installing individual
rainwater gardens; and reducing impervious cover on lots (i.e., promote infiltration). Collectively, the individual actions of watershed residents and businesses can have a profound

impact on reducing the potential adverse impacts of pollutants on downstream resources.

SUMMARY OF RECOMMENDED BMPS

Annual
Phosphorus - .
30 Year Opinion of Annualized Cost per
BMP ID BMP Type Reld;gﬁgion Planning Level Cost? | Pound Removed ($/1b)?
(Ibs/yr)!
St 1 Creek Restoration 5 $1,173,000 $1,200
- |and Stabilization ($586,500 - $2,346,000) ($600 - $2,410)
$253,000 $1,520
StL 2 |Infiltration Basi 8.9
=& | InIEEeris ey ($202,000 - $354,000) ($1,220 - $2,130)
$269,700 $2,000
E Wet P 72
S Bl Rond ($216,000 - $378,000) ($1,600 - $2,800)
$203,400 $3,110
New Wet Pond 35
Stla | New et Fon ($163,000 - $285,000) ($2,490 - $4,350)
$925,700 $2,650
New Wet Pond 18.6
StLo>  |NewWet Pon ($741,000 - $1,296,000) ($2,120 - $3,720)
$207,200 $940
StL7 |E ded Wet Pond 1.7
sl e " ($166,000 - $290,000) ($750 - $1,320)
$628,600 $3,990
StL_8 |Filtration Basi 8.4 ' '
== | By ($502,900 - $880,000)¢ ($3,200 - $5,590)
Stormwater Planters $851,500 $3,980
StL_10 1.4
and Tree Trenches ($681,200 - $1,192,100)® ($3,180 - $5,570)
Infiltration Basins $5,099,800 $7,310
St 11 37.2
and Tree Trenches ($4,080,000 - $7,140,000) ($5,860 - $10,245)
$270,000 $1,820
StL.12 | Pervi p t 7.9 i :
EIOE e S ($216,000 - $378,000)% ($1,460 - $2,550)
StL 15a& $894,400 $3,880
Infiltration Basi 12.3
StL_15p |M'"Taton Basins ($716,000 - $1,252,000) ($3,100 - $5,430)
$499,600 $5,230
StL_16 |New Wet Pond 5.1
- ST gy ($400,000 - $700,000) ($4,180 - $7,320)
StL 17 Creek Restoration 20 $550,000 $1,470
- and Stabilization ($275,000 - $1,100,000) ($730 - $2,930)
Internal Load
StL 18 Control 735 $812,000 $40
(Two Whole Lake Alum ($650,000 - $1,137,000) ($30 - $50)
Treatments)
St 21 Creek Restoration 17 $450,000 $1,410
- and Stabilization ($225,000 - $900,000) ($710 - $2,820)
St 22 gskseimrr?ei?lséﬁja;nnd 29 See table 12.1 for the cost| See table 12.1 for the cost
B . for each lake's BMPs for each lake's BMPs
quality goals

1. Estimated annual average phosphorus load reduction to the lake, taking pollutant delivery into account.

2. Planning level probably cost; +40% / -20%, dependent on BMP

3. Cost per pound of phosphorus removal per year of operation to the lake, including bot operation, maintenance, and
capitol construction costs over a 30 year timeframe.
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1.0 Background and Study Goals

The approved Riley-Purgatory-Bluff Creek Watershed District, Water Management Plan, (CH2M HILL, 2011)
(Plan), articulates the Riley-Purgatory-Bluff Creek Watershed District's (RPBCWD) vision of achieving
sustainable uses appropriate for each waterbody in the District. Achieving this vision will result in:

e Waters dominated by diverse native fish and plant populations

e Lakes with water clarity of 2 meters or more

e Delisting of half of all impaired (303d) lakes or stream reaches

e Anengaged and educated public and scientific community participating in adaptive management
activities

e Regulatory recommendations necessary for municipal, county, and state authorities to sustain the
achieved conditions

In addition, the Plan also indicates the focus in the Lower Valley of Purgatory Creek is on reducing channel
erosion, sediment loads, and promoting channel stability by pursuing the following general themes:

e Invasive species management for both upland and wetland vegetation. Invasive species identified
include purple loosestrife, reed canary grass, common buckthorn, and garlic mustard.

e Increase habitat effective area and mitigate the effects of development.

e Protect, preserve, and enhance stream corridor width and composition.

e Reduce the frequency and rate of runoff associated with impervious surface area by implementing
stormwater infiltration practices such as bioretention.

e Provide channel stability by implementing channel and floodplain restoration techniques, such as
streambank protection, riparian vegetation management, and channel restoration.

In the mid-2000's the RPBCWD elected to suspend completion of the Staring Lake Use Attainability
Analysis until the University of Minnesota (UofM) had an opportunity to develop a carp management
strategy for the Purgatory Creek basin. The recent success of the cooperative District/UofM lead carp
reduction efforts in Staring Lake presented the District with an opportunity to continue the adaptive
management of the resources in the Purgatory Creek watershed. In addition, the RPBCWD has
implemented the majority of the specific projects identified in the 2011 Plan leading to the need to
identify additional water quality improvement/protection projects in the watershed. This study includes a
water quality analysis and prescription of protective measures for Purgatory Creek and the eight major
waterbodies inside the Purgatory Creek watershed (Lotus Lake, Silver Lake, Duck Lake, Round Lake,
Mitchell Lake, Red Rock Lake, Lake Idlewild, and Staring Lake). This analysis is based on historical water
quality data, the results of intensive lake and stream water quality monitoring, and computer simulations
of land-use impacts on water quality. In addition, best management practices (BMPs) are evaluated to
compare their relative effect on lake total phosphorus (TP) concentrations and water clarity (i.e.,
chlorophyll-a (Chl-a) concentrations and Secchi disc transparencies (Secchi depth)).




1.1  Study Purpose and Goals

The goal of this study is to provide updated information about the water quality and biological integrity
of the Lower Valley of Purgatory Creek and the major lakes in the Purgatory Creek watershed. The
assessment of the Lower Valley of Purgatory Creek incorporates the extensive efforts previously
conducted to establish planning level streambank stabilization strategies. This study also includes trend
analyses and comparisons of water quality monitoring with state standards and District goals, watershed
and lake water quality modeling calibrated for critical conditions and used to evaluate and recommend
restoration measures based on the potential water quality benefits and estimated life-cycle costs, all while
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aligning with the District's “One Waters” strategy of resource management.

1.2  Purgatory Creek Watershed and Receiving Water
Characteristics

The Purgatory Creek watershed mostly lies within the cities of Eden Prairie and Minnetonka. Other smaller
portions of the watershed lie within the cities of Deephaven, Shorewood, and Chanhassen. The
headwaters of Purgatory Creek originate in Lotus and Silver Lakes as well as the northern branch of
Purgatory Creek in the city of Minnetonka. Purgatory Creek then flows through a series of wetlands
complexes before entering the Purgatory Creek Recreation Area (aka Purgatory Creek Park Area,
Recreation Area) in Eden Prairie, which was constructed in 2003. From the Recreation Area, Purgatory
Creek continues into Staring Lake and then through the bluffs of the Minnesota River Valley on its way to
its confluence with the Minnesota River. Locations of Purgatory Creek and the eight lakes (Lotus, Silver,
Duck, Round, Mitchell, Red Rock, Idlewild, and Staring Lakes) are shown in Figure 1.1.

The Purgatory Creek watershed ranges from marshy with a number of wetlands that have poor drainage
north of Highway 7, to a mix of marsh and forested upland areas in the middle of the watershed, to finally
the steep valley walls of the Minnesota River valley. In addition to the direct watershed of Purgatory
Creek, a chain of lakes known as the Eden Prairie Chain of Lakes discharges into Staring Lake during high
flow periods. This chain of lakes includes Round Lake, Mitchell Lake, and Red Rock Lake as well as Lake
McCoy (not included in this study). The four lakes were connected to each other and then Staring Lake
through a series of pipes installed in 1988 to control lake water levels. From Silver Lake through Staring
Lake to the confluence with the Minnesota River the total length of Purgatory Creek is 12 miles with a
total watershed area of 19,400 acres (30 square miles).

The history of Purgatory Creek, its watershed and land use can be understood through the examination of
aerial photos taken in 1945, 1962, and 1971. The land use of the Purgatory Creek watershed was primarily
agricultural until the 1970's. Several portions of Purgatory Creek had been ditched and straightened prior
to 1945, with a portion of the creek classified as county ditch. Much of the creek area appears to have
been grazed. The lower valley, in particular appeared to have been devoid of undergrowth vegetation.
Severe gully formations were evident in the lower valley even in the 1940's.




1.3  Urbanization Influence on Purgatory Creek

Because of its proximity to the metro area, the Purgatory watershed saw increased urbanization relatively
early, and is now almost fully developed. With urbanization, grazing gradually ended and the floodplain
has re-vegetated with grass, willow, dogwood, and other shrub vegetation. Many of the severely eroded
gullies bordering the lower valley have also re-vegetated, either naturally or artificially with development.
Re-vegetation of the floodplain areas appears to have improved the physical condition of Purgatory
Creek.

The current dominant land use in the Purgatory Creek watershed is single family residential representing
48% of the total watershed area. The next highest land use classification in the watershed is park,
recreational, or preserve which represents 13% of the total watershed area. All land use classifications and
areas are given in Table 1.1.

Table 1.1 Land use areas within Purgatory Creek watersheds
Area Area

Land Use [Acres (percent)] Land Use [Acres (percent)]
Single Family Detached 9299, (47.9%) Multifamily 506.6, (2.6%)
Park, Recreational, or Preserve 2604, (13.4%) Industrial and Utility 467, (2.4%)
Undeveloped 1624, (8.4%) Golf course 288, (1.5%)
Single Family Attached 1190, (6.1%) Office 162, (0.8%)
Open Water 1109, (5.7%) Airport 104, (0.5%)
Institutional 713, (3.7%) Agricultural/Farmstead 18, (0.1%)
Retail and Other Commercial 683, (3.5%) Mixed Use 17, (0.1%)
Major Highway 613, (3.2%)

Data from Metropolitan Council spatial data sets for existing (2010) land use for the Twin Cities Metropolitan Area
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1.4 Previous Studies

The following is a list of the past studies and reports related to Purgatory Creek as well as the Silver, Lotus,
Duck, Round, Mitchell, Red Rock, Staring, and Idlewild lakes. Not included in the list are the numerous
reports on water quality and plant surveys conducted on the lakes each year by the City of Eden Prairie
and the Riley Purgatory Creek Watershed District:

e Purgatory Creek "One Water” (CH2M HILL, 2011)

e Red Rock Lake use attainability analysis (Barr Engineering, 2006)

e Lotus Lake use attainability analysis (Barr Engineering, 2005).

e Round Lake use attainability analysis (Barr Engineering, 1999).

o Silver Lake use attainability analysis (Barr Engineering, 2003).

e Duck Lake use attainability analysis (Barr Engineering, 2005).

e Mitchell Lake use attainability analysis (Barr Engineering, 2005).

e Purgatory Creek use and attainability analysis (Barr Engineering, 2005).

e Agquatic Plant Community of Lakes Lotus, Lucy, Mitchell, Susan, Riley, and Staring within the Riley
Purgatory Creek Watershed (Jaka & Newman, 2014)

e Staring Lake Eurasian watermilfoil early detection and rapid response (Fresh Water Scientific
Services, 2015)

e Red Rock Lake plant management plan (Wenck Associates Inc., 2015).

¢ Mitchell Lake plant management plan (Wenck Associates, Inc., 2014)

e Staring Lake watershed stormwater pond assessment project (Wenck Associates, Inc., 2013).

e Red Rock and Duck Lake watersheds stormwater pond assessment project (Wenck Associates,
Inc., March 2014)

e Stormwater pond project 2012 Report (RPBCWD, 2014).

e Paleolimnological historical water quality and ecological change of three lakes (Mitchell, Lotus,
and Round) in the Riley Purgatory Creek Watershed District (Ramstack & Edlund, 2011).

e Paleolimnological analysis of Silver Lake, Hennepin County, Minnesota (Ramstack Hobbs &
Edlund, 2015)

e Development and implementation of a sustainable strategy to control common carp in the
Purgatory Creek chain of Lakes (Sorensen, et al., 2015)

e Creek restoration action strategy (RPBCWD and Barr, 2015).

e Purgatory Creek Watershed: Total Maximum Daily Load implementation plan (Barr, 2013)

A more detail list and summary of previous studies is given in annotated bibliography found in Appendix
A.

1.5 Lower Purgatory Creek Water Quality Goals

The District's 3rd Generation Watershed Management Plan has identified stream flows (hydrology),
erosion, water quality, and aquatic ecosystem biology/habitat as issues throughout the watershed. The
Plan also outlines short and long-term goals aimed to protect and restore the creeks in the District. These
goals include the following:




. Long-Term Goal 2. Improve water quality to fully support designated uses for water bodies,
and remove water bodies from the Minnesota Pollution Control Agency list of impaired
waters;

. Long-Term Goal 3. Preserve vegetation and habitat important to fish, waterfowl, and other
wildlife while also minimizing negative impacts of erosion; and

. Long-Term Goal 4. Maintain control of floodwaters and limit the impact of runoff quantity
and rate on receiving waterbodies.

. Long-Term Goal 5. Alter stormwater hydrographs (streamflow) through infiltrative strategies
that reduce peak discharge rates and overall flow volume.

A discussion of water classes in Minnesota and the standards for those classes is provided below in order
to define the regulatory context and environmental endpoint of the assessment of Lower Purgatory Creek.
All waters of Minnesota are assigned classes based on their suitability for the following beneficial uses:

Domestic consumption

Aquatic life and recreation
Industrial consumption

Agriculture and wildlife

Aesthetic enjoyment and navigation
Other uses

No v A wN e

Limited resource value

Purgatory Creek is not listed in the Minn. Rules Ch. 7050.0470 classification therefore it follows the Minn.
Rules Ch. 7050.0430 Unlisted Waters as a classification 2B, 3C, 4A, 5, 6 water. The quality of Class 2B
surface waters, such as Purgatory Creek, are defined as shall be such as to permit the propagation and
maintenance of a healthy community of cool or warm water sport or commercial fish and associated
aquatic life and their habitats. These waters shall be suitable for aquatic recreation of all kinds, including
bathing, for which the waters may be usable. This class of surface waters is also protected as a source of

drinking water.

1.5.1 Turbidity and Total Suspended Solids

Turbidity in water is caused by suspended sediment, organic material, dissolved salts and stains that
scatter light in the water column making the water appear cloudy. Excess turbidity can degrade aesthetic
qualities of water bodies, increase the cost of treatment for drinking or food processing uses and can
harm aquatic life. Aquatic organisms may have trouble finding food, gill function may be affected and
spawning beds may be covered. In addition, greater thermal impacts may result from increased sediment
deposition in the stream.

Turbidity is a parameter that has a significant amount of variability associated with the measurement
values reported. Unlike many water quality parameters which are a measurement of mass of
constituents in a volume of water, turbidity is a measure of the optical properties of a water sample
which causes light to be scattered and absorbed (Federal Water Pollution Control Administration,




1968). Differences in the constituents’ response to light contribute to the variability in turbidity
readings. Adding to this variability, differences between turbidity meter types can result in different
turbidity values being measured for the same water samples.

Because of the variability in the turbidity readings the MPCA adopted creek standards related to total
suspended solids in 2014 replacing the turbidity standard. According to the total suspended solids (TSS)
standard for Class 2B waters, a stream reach is considered impaired if more than 10% of TSS samples
collected April through September exceed 65 mg/L, based on the last ten years of monitoring data.

1.5.2 Eutrophication Standard

The 2015 monitoring showed that some of the sample results for TP and chl-a did not meet MPCA's
standards for river eutrophication (as approved in 2014). MPCA'’s TP and chl-a standards for the Central
River Nutrient Region are 100 pg/L and 18 ug/L, respectively.

1.6  Creek Dynamics Primer
1.6.1 Flood Frequency and Magnitude

Prior to the introduction of agriculture and grazing practices, Purgatory Creek was likely in dynamic
equilibrium with its watershed and was able to convey storm runoff without significant change in its
shape, pattern, or profile. Transforming the landscape to one dominated by agriculture likely made
fundamental changes to the hydrology by changing the dominant vegetation (both in the watersheds and
adjacent to the creek), improving the rate of drainage from fields, and altering the sediment load to the
stream. Relatively rapid fundamental changes to the hydrology can disrupt the dynamic equilibrium and
result in erosion as the stream gradually moves toward a new balance with the hydrology and sediment
supply to the creek in a process that can take years or decades to play out. When the watershed began to
urbanize, a similar process likely began again as sediment supply, drainage patterns, and runoff rates and
volumes changed again.

The most significant change associated with urbanization, as far as the stream is concerned, is an increase
in runoff from the watershed. With urbanization, the rate and volume of runoff generally increases, as
shown in Figure 1.2 assuming mitigating measures are implemented.




Flowrate ———

Time ——

====pre-Urban ====Urban w/o BMPs

Change in Streamflow Due to Urbanization (Center for Watershed Protection,
2003)

The shape, pattern, and profile of the stream channel are intimately related to the bankfull discharge.
When the stream is in equilibrium with its environment, the shape, pattern, and profile are such that the
stream can convey the bankfull discharge without significant change in those parameters. With
urbanization, the frequency of bankfull discharge typically increases depending on the amount of
impervious area in the watershed as illustrated in Figure 1.3.

Figure 1.2
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(Center for Watershed Protection, 2003)

Because the bankfull flood is the dominant, channel forming flow, and because under natural conditions
this flow only occurs on average once every 1 to 2 years, the stream must adjust to what is effectively a
larger channel-forming discharge. The channel tends to widen and deepen its cross-section. As it does
this, the sinuosity of the stream tends to decrease, with a resulting increase in the slope of the channel.

Detention ponds are often constructed to slow the rate of storm water flow to the stream, and thus
attempt to maintain a more natural rate of flow to the stream. By increasing storm water detention
volume available it may be possible to approach the pre-urbanized peak runoff rates to the stream.
Infiltration practices such as rainwater gardens are even more beneficial, because they reduce not only the
rate of runoff but also the volume.

Because it is usually impractical to store enough runoff to eliminate increases in the amount of runoff to
the channel, the stream must respond to the flow increases. The natural stream channel tends to widen
and deepen to convey the greater frequency and volume of discharge.




1.6.2 Sediment Transport

Sediment transport is an important function of the stream. It forms the shape of the channel, including
the pools and riffles which are so important to aquatic life. Sediment transport consists of suspended
sediment, which is distributed throughout the water column, and bed load sediment, which moves along
the stream bed. Suspended sediment generally consists of finer particles, while bed load sediment
consists of larger, heavier particles. With larger flows, bed load sediment particles may become
suspended as the power of the stream increases. Bed load sediment occupies from 5 to 50 percent of the
total sediment load of a stream; suspended sediment occupies the remaining larger fraction.

The general progression of suspended sediment transport with a single storm typically begins with a low
suspended sediment load at low stream flows. As flow increases, the sediment load also increases, until
the flow reaches a maximum. The rising sediment load is typically a combination of wash load from the
watershed and near channel sources, including mobilization of bed material. Near channel sources of
sediment can also include, but are not limited to, scour around fallen trees and bank slumps that have
occurred between floods. As the flood recedes, the sediment load is lower than for similar discharges on
the rising limb of the hydrograph for a few reasons. Wash load from the watershed is decreased as runoff
has either stopped already or easily movable sediment has already been washed into the stream.

Removal of slumped bank material and scour around in-stream obstruction decreases, either because the
easily transported material has already been moved or because the lower velocities can no longer
transport sediment from these sites. Velocities in the channel are also lower on the tail of the hydrograph
compared to the same flow on the rising arm of the hydrograph because flows are no longer increasing
and tailwater created by the flood help slow velocities; and lower velocities are less capable of eroding the
channel and transporting sediment.

1.6.3 Channel Disturbance

Activities such as road crossing of the creek, channel straightening and concentration of flow at culvert
crossings also have a negative impact on the stream. These activities alter the stable pattern and profile
of the channel. Areas of disturbed natural vegetation along the stream banks and floodplain also results
in greater erosion potential.

1.7 Lake Water Quality Goals

The MPCA lake eutrophication criteria establish water quality standards for lakes based on TP, chlorophyll
a, and Secchi disc transparency (Minnesota Rules, 7050). The standards are based on the geographic
location of the waterbody within the state (and the associated ecoregion) and the depth of the
waterbody, distinguishing shallow and deep lakes. The standards are based on the growing-season
average of the surface data available for any given lake. The growing season is defined as June through
September. Surface data is considered to be any water quality data collected in the depth range of 0 to

2 meters from the water surface of the lake. These criteria are used to determine if a lake is impaired by
excess nutrients and are the criteria used to list lakes on the MPCA 303(d) list of impaired waters.
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All eight lakes studied are located within the North Central Hardwood Forest ecoregion of the state.

Four of the lakes (Duck Lake, Mitchell Lake, Red Rock Lake, and Staring Lake) are classified as a shallow
lake by the MPCA, two (Round Lake and Lotus Lake) are classified as a deep lake and two (Silver Lake and
Lake Idlewild) are not classified by the MPCA. According to the district’s 2011 plan, the District goals for
Silver Lake are equivalent to the MPCA goals for a shallow Lake (CH2M HILL, 2011). Lake Idlewild is
classified as a wetland therefore the wetland non-degradation state goals apply.

As part of the District's 2011 plan (CH2M HILL, 2011), the RPBCWD adopted national and state goals for
the water resources within the watershed, including the MPCA lake water quality standards. Additionally,
as part of the RPBCWD's vision, an additional long-term goal is to have all lakes achieve water clarity of
2 meters or more. Table 1.2 Water Quality Goals and Standards for Purgatory Creek Lakes
summarizes the MPCA and RPBCWD water quality goals and standards as would be applied to Purgatory
Creek Lakes.

Table 1.2 Water Quality Goals and Standards for Purgatory Creek Lakes
Silver Lake Duck | Mitchell | Red Rock | Staring | Lotus | Round
Agency Parameter Lake® Idlewild | Lake Lake Lake Lake | Lakes | Lake
Depth classification -2 -2 Shallow Deep
TP Non degradation <60 pg/L <40 pg/L
MPCA
Chlorophyll a Non degradation <20 pg/L <14 pg/L
Secchi Depth Non degradation >10m >14m
TP <60 ug/L
Chlorophyll a < 20 pg/L
RPBCWD Py H9
Secchi Depth >10m
Goal for all lakes SD>20m

! Silver Lake follows the shallow lake standard according to RPBCWD 10 year plan (CH2M HILL, 2011).
? Not classified as a shallow or deep lake by MPCA.

1.7.1 Relationship to MPCA’s Impaired Waters Program

Four of the lakes (Staring, Lotus, Mitchell, and Red Rock) in the study have been listed as impaired for
nutrients/eutrophication by the MPCA since 2002. Red Rock Lake which was listed as being impaired in
2002 was removed from the impairment list in 2016 due to improvement in water quality concentrations
in recent years. Mitchell Lake which was listed as being impaired in 2002 is scheduled to be delisted by
the MPCA. This delisting will become official in the 2018 impaired water listings. Three lakes (Staring, Red
Rock, and Round) are listed as impaired for mercury in fish tissue. Round Lake and Red Rock Lake already
have completed TMDLs for the mercury listings. Table 1.3 MPCA Impaired Waters Listings displays
the waterbodies on the impaired waters list. Silver Lake has not been listed as impaired by the MPCA.
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Table 1.3 MPCA Impaired Waters Listings
Parameter Lotus Lake | Mitchell Lake Red Rock Lake Staring Lake Round Lake
. Lake or Lake or . Lake or Reservoir Lake or
Description . . Lake or Reservoir .
Reservoir Reservoir Reservoir
Year Listed 2002 2002 2002 2002 1998 2002
Lake IDs 10-0006-00 27-0070-00 27-0076-00 27-0078-00 27-0071-00
Affected use Aquatic Aquatic Aquatic Aquatic Aquatic Aquatic Aquatic
Recreation Recreation Recreation Consumption Recreation Consumption | Consumption
Nutrient/ Nutrient/ Nutrient/ Nutrient/
Pollutant of eutrophication | eutrophication | eutrophication | Mercury in fish | eutrophication | Mercury in Mercury in
stressor biological biological biological tissue biological fish tissue fish tissue
indicators indicators indicators indicators
TMDL target
Start date 2014 2014 2014 1998
TMDL target 2019 2019 2019 2025
completion
TMDL Plan 2008 2008
Approved
Year Delisted 2018* 2016

! Mitchell Lake is scheduled to be delisted by the MPCA on the 2018 impaired waters list.
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1.8 Lake Water Quality Primer and Implications for Management

One focus of this study is the eutrophication in the eight Purgatory Creek lakes. Eutrophication, or lake
degradation, is the accumulation of sediments and nutrients in lakes. Typically, the nutrient of concern in
fresh-water lake systems is phosphorus, as it often acts as the limiting nutrient that controls algal growth.
As a lake naturally becomes more fertile, algae and plant growth increases. The increasing biological
production and sediment inflow from the lake’s watershed eventually fills the lake’s basin. Over a period
of centuries, the lake successively becomes a pond, a marsh, and, ultimately, a terrestrial site. This process
of eutrophication is natural and results from the normal environmental forces that influence a lake.
Cultural eutrophication, however, is an acceleration of the natural process caused by human activities.
Nutrient and sediment inputs (i.e., loadings) from wastewater treatment plants, septic tanks, and
stormwater runoff can far exceed the natural inputs to the lake. The accelerated rate of water quality
degradation caused by these pollutants results in unpleasant consequences. These include profuse and
unsightly growths of algae (algal blooms) and/or the proliferation of rooted aquatic plants (macrophytes).

1.8.1 Trophic State

Not all lakes are at the same stage of eutrophication; therefore, criteria have been established to evaluate
the nutrient status, or trophic status, of lakes. Trophic status categories include oligotrophic (i.e., low
nutrient level), mesotrophic (i.e., moderate nutrient levels), eutrophic (i.e., high nutrient levels), and
hypereutrophic (i.e., extremely high nutrient levels). Water quality characteristics of lakes in the various
trophic status categories are listed below:

1. Oligotrophic: clear, low productivity lakes, with TP concentrations less than or equal to 10 pg/L,
chlorophyll a concentrations of less than or equal to 2 pg/L, and Secchi disc transparencies greater
than or equal to 4.6 meters (15 feet)

2. Maesotrophic: intermediate productivity lakes, with TP concentrations between 10 and 25 pg/L,
chlorophyll a concentrations between 2 and 8 pg/L, and Secchi disc transparencies between 2 and
4.6 meters (6 to 15 feet)

3. Eutrophic: high productivity lakes, with 25 to 57 ug/L TP, chlorophyll a concentrations between 8 and
26 ug/L, and Secchi disc measurements between 0.85 and 2 meters (2.7 to 6 feet)

4. Hypereutrophic: extreme productivity lakes which are highly eutrophic and unstable (i.e., their water
quality can fluctuate on daily and seasonal basis, experience periodic anoxia and fish kills, possibly
produce toxic substances, etc.) with TP concentrations greater than 57 ug/L, chlorophyll a

concentrations of greater than 26 pg/L, and Secchi disc transparencies less than 0.85 meters (2.7 feet)

1.8.2 Typical Nutrient Sources

Aquatic organisms influence (and are influenced by) the chemistry of the surrounding environment. For
example, phytoplankton extract nutrients from the water and zooplankton feed on phytoplankton.
Nutrients are redistributed from the upper waters to the lake bottom as the dead plankton gradually
settles to lower depths and decompose. Essential nutrients such as the bioavailable forms of phosphorus
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and nitrogen in the surface waters typically increase in the spring from snowmelt runoff and from the
mixing of accumulated nutrients from the bottom during spring turnover and decrease during summer
stratification as nutrients are taken up by algae and eventually transported to the bottom water when
algae die and settle out. Any "new" input of nutrients into the surface water may trigger a "bloom" of
algae. Such inputs may be from upstream tributaries after rainstorms, from die-offs of aquatic plants, or
from pulses of urban stormwater. In the absence of rain or snowmelt, an injection of nutrients may occur
simply from high winds that mix a portion of the nutrient-enriched upper waters of the hypolimnion into
the epilimnion.

Phosphorus enters a lake from a variety of external sources, such as watershed runoff, direct atmospheric
deposition, and discharges from upstream waterbodies. More recently, data collected by RPBCWD and the
city of Eden Prairie identified that some of the constructed stormwater ponds and natural wetlands can
also experience internal loading from the accumulated sediments and organic materials and can act as
sources of phosphorus to the downstream lakes, rather than phosphorus sinks. Because external
phosphorus sources can be significant, the phosphorus concentrations in a lake can be reduced by
decreasing the external load of phosphorus to the lake.

All lakes, however, also accumulate phosphorus (and other nutrients) in the sediments from the settling of
particles and dead organisms and organic matter. In some lakes, this reservoir of phosphorus can be
reintroduced in the lake water and become available again for plant uptake. This resuspension or
dissolution of nutrients from the sediments to the lake water is known as “internal loading.” As long as the
lake's sediment surface remains sufficiently oxidized (i.e., dissolved oxygen remains present in the water
above the sediment), the phosphorus will remain bound to ferric iron in sediment particles. When
dissolved oxygen levels become extremely low at the water-sediment interface (as a result of microbial
activity using the oxygen), the chemical reduction of ferric iron to its ferrous form causes the release of
dissolved phosphorus, which is readily available for algal growth, into the water column. Low-oxygen
conditions at the sediments, with resulting phosphorus release, are to be expected in eutrophic lakes
where relatively large quantities of organic material (decaying algae and macrophytes) are deposited on
the lake bottom.

In addition to the dissolved oxygen levels along the sediment interface, the pH of the water column can
also play a vital role in affecting the phosphorus release rated under oxic conditions. Photosynthesis by
macrophytes and algae during the day tend to raise the pH in the water column, which can enhance the
phosphorus release rate from the oxic sediment. Enhancement of the phosphorus release at elevated pH
(pH great than 7.5) is thought to occur through replacement of the phosphate ion (PO,) with the excess
hydroxyl ion (OH’) on the oxidized iron compound (James, et al., 2001). How this internal phosphorus load
from the sediments impacts the observed water quality in the lake is highly dependent on the thermal
stratification and mixing dynamics within the lake.

Another potential source of internal phosphorus loading is the die-off and subsequent decay of curlyleaf
pondweed, an exotic (i.e, non-native) lake plant prevalent in many Minnesota lakes. Curlyleaf pondweed
grows over the winter and tenaciously during early spring, crowding out native species. It releases a small
reproductive pod (turion) that resembles a small pinecone during late June. After curlyleaf pondweed dies
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out, often in late-June and early-July, it may sink to the lake bottom and decay, releasing phosphorus and
causing oxygen depletion and exacerbating internal sediment release of phosphorus. This potential
increase in phosphorus concentration during early July can result in algal blooms during the peak of the
recreational season.

Benthivorous (bottom feeding) fish activity is another common source of internal loading in some lakes.
Benthivorous fish, such as carp and bullhead, can have a direct influence on the phosphorus concentration
in a lake (LaMarra, 1975), as these fish typically feed on decaying plant and animal matter and other
organic particulates found at the sediment surface and convert these nutrients into a soluble form that is
then available for algal uptake. They also cause resuspension of sediments that reduce water clarity as well
as high phosphorus concentrations (Cooke, et al., 1993). Additionally, benthivorous fish can destroy the
aquatic rooted vegetation, which can have a significant impact on the overall lake water quality (Sorensen,
University of Minnesota, phone conversation, 6/19/2013).

1.8.3 Lake Dynamics

Thermal stratification, or the changes in the temperature profile within a lake system, profoundly
influences a lake’s chemistry and biology. In lakes of the upper Midwest, the water near a lake's bottom
will usually be at 39°F just before the lake's ice cover melts in the spring as water has the highest density
at this temperature. Water density decreases as temperatures increases or decreases from 39 degrees. As
the weather warms, the ice melts. As the surface water heats its density increases causing the surface
water to sink and mix with the waters below. Spring turnover occurs when the temperature (and density)
of the surface water equals that of the bottom water and continues until the water temperature of the
entire lake reaches approximately 39°F. The surface waters continue to absorb heat, causing the water
temperatures to rise above 39°F, resulting in the density of the water to decrease and become lighter than
the cooler water below. For a while, winds may still mix shallower lakes from bottom to top, but eventually
the upper water of deeper lakes become too warm and too buoyant to completely mix with the denser
deeper water. The relatively large differences in density at higher temperatures are very effective at
preventing mixing.

As summer progresses, the temperature (and density) differences between upper and lower water layers
become more distinct. Deep lakes generally become physically stratified by temperature into three
identifiable layers, known as the epilimnion, metalimnion, and hypolimnion. The epilimnion is the upper,
warm layer, and is typically well mixed. Below the epilimnion is the metalimnion or thermocline region, a
layer of water in which the temperature declines rapidly with depth. The hypolimnion is the bottom layer
of colder water, isolated from the epilimnion by the metalimnion. The density change at the metalimnion
acts as a physical barrier that prevents advective mixing of the upper and lower layers for several months
during the summer. The depth of mixing depends in part on the exposure of the lake to wind (its fetch),
but is most closely related to the lake’s size. Smaller to moderately-sized lakes (50 to 1000 acres)
reasonably may be expected to stratify and be well mixed to a depth of 10-23 feet in north temperate
climates. When this occurs, generally in mid-summer, oxygen from the air cannot reach the bottom lake
water and, if the lake sediments have sufficient organic matter, biological activity can deplete the
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remaining oxygen in the hypolimnion. The epilimnion can remain well oxygenated, while the water above
the sediments in the hypolimnion becomes completely devoid of dissolved oxygen (anoxic).

As the weather cools during autumn, the epilimnion cools too, reducing the density difference between it
and the hypolimnion. As time passes, winds mix the lake to greater depths, and the thermocline gradually
deepens. When surface and bottom waters approach the same temperature and density, autumn winds
can mix the entire lake; the lake is said to turn over again in fall. As the atmosphere cools, the surface
water continues to cool until it freezes. A less distinct density stratification than that seen in summer
develops under the ice during winter. This pattern (spring turnover — summer stratification — fall
turnover — winter stratification) is typical for temperate lakes. Deeper lakes with this pattern of two
mixing periods are referred to as dimictic, while shallower lakes with several mixing periods that can occur
throughout the summer with sufficient wind energy are referred to as polymictic.

Thermal stratification can significantly influence the amount of internal phosphorus loading from the
sediments that can occur in the lake, and in some lakes, can significantly influence the water quality in the
epilimnion (surface layer). Biological activity peaks during the spring and summer when photosynthetic
activity is driven by high solar radiation. Furthermore, during the summer most lakes in temperate
climates are stratified. The combination of thermal stratification and biological activity causes
characteristic patterns in water chemistry. During summer stratification, the conditions in each layer
diverge. The dissolved oxygen (DO) concentration in the epilimnion remains high throughout the summer
because of photosynthesis and diffusion from the atmosphere. However, oxygen conditions in the
hypolimnion vary with trophic status. In eutrophic (more productive) lakes, hypolimnetic DO declines
during the summer because it is cut-off from all sources of oxygen, while organisms continue to respire
and consume oxygen. The bottom layer of the lake and even the entire hypolimnion may eventually
become anoxic, or totally devoid of oxygen.

As microorganisms continue to decompose material in the lower water column and in the sediments, they
consume oxygen, and DO is depleted. No oxygen input from the air occurs with ice cover, and, if snow
covers the ice, it becomes too dark for photosynthesis. This condition can cause high fish mortality during
the winter, known as "winter kill." Low DO in the water overlying the sediments can exacerbate water
quality deterioration; because when the DO level drops below 1 mg O,/L chemical processes at the
sediment-water interface frequently cause release of phosphorus from the sediments into the water.
When a lake mixes in the spring, this new phosphorus and ammonium that has built up in the bottom
water fuels increased algal growth.
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2.0 Project Approach

The Plan includes the flow diagram shown in Figure 2.1 to outline the District’s overall approach to

protection and restoration of the water resources in the District.
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Figure 2.1
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2.1 Creek Assessment Approach
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RPBCWD Overall Approach to Resources Protection and Restoration

The assessment of the Lower Valley of Purgatory Creek incorporates the extensive efforts previously
conducted as part of the RPBCWD Water Management Plan, (CH2M HILL, 2011), CRAS report (Barr and
RPBCWD, 2015), creek inventories by District staff (RPBCWD 2014), city of Eden Prairie Purgatory Creek -
2006 to 2013 Erosion Changes (Wenck 2014), and 2005 Purgatory Creek Use Attainability Analysis (Barr
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2005) to establish planning level streambank stabilization strategies. The assessment relied on existing
information and did not involve the collection of any new field data. In addition, the focus was on
Purgatory Creek downstream of Staring Lake and reserved the assessment of the creek and wetlands
upstream of Valley View Road for future efforts.

The geomorphic assessment generally followed guidelines and techniques included in the Rosgen
classification system (Rosgen, 1996). Rosgen classification uses multiple measurements and ratios to
classify a given stream into one of eight different stream types (Figure 2.2). Streams that fall into each
stream type typically share many characteristics. One or more measurements that are inconsistent with
typical or expected values can help indicate if a stream is stable or unstable.

As can be seen in Figure 2.2, the Rosgen classification system is dependent on the entrenchment ratio, the
width to depth ratio, sinuosity, slope, and bed material. The entrenchment ratio and width-to-depth ratio
both use dimensions from the bankfull level for each channel. Bankfull is generally defined as the depth at
which flow in the channel just begins to spill into the adjacent floodplain. The flow that results in a
bankfull depth is typically between the 1- and 2-year recurring flows, although the exact frequency is
dependent on each stream and watershed characteristics. The 1.5-year recurring flow is often used to
estimate bankfull flows. The key components of the Rosgen classification system are briefly summarized
below:

e Entrenchment ratio is the ratio between the bankfull width and the floodplain width. The flood
prone width is defined as the width of the floodplain at twice the bankfull depth. This ratio helps
described how confined the stream is within its floodplain. A large value indicates a wide
floodplain, and a small value indicates a small floodplain.

e The width-to-depth ratio is the ratio between the bankfull width and bankfull depth. It provides
information about the channel shape.

e Sinuosity is the stream length divided by the valley length and provides information about how
much the stream meanders through the landscape.

e Slope is the average channel slope through the study area.

e Bed material characterizes the dominant material and size of material on the channel bottom.

All channel types can be stable in the right site characteristics. In the Twin Cities and central Minnesota,
the most common stable channels are Type C and Type E channels. Type C channels are often found in
forested areas whereas E channels are often found with grassy riparian areas.
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The Key to the Rosgen Classification of Natural Rivers
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Figure 2.2 Rosgen Classification System Key (Rosgen, 1996)
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Specific stabilization measures should be selected and designed based on expected velocities and shear
stresses within the channel for all sites and reaches. Published threshold values for stabilization measures
can aid in the selection of stabilization criteria. Examples of published threshold criteria are presented in
Table 2.1.

Evaluation Criteria
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Table 2.1 Published threshold values for selected stabilization techniques

Allowable Velocity | Allowable Shear Stress

Stabilization Technique (fps) (Ibs/ft?)
Sandy loam soil® 1.75-2.25 0.045-0.05
Stiff clay® 3-4 0.26
Vegetated soil with short native grasses® 3-4 0.7-0.95
Vegetated turf reinforcement mat® 8-21 8
Vegetated Reinforced Soil Slopes (VRSS) -
. . . b 3-5 5-9
immediately after installation
Vegetated Reinforced Soil Slopes (VRSS) - after 1-
b 8 14
2 years of growth
Riprap (12-in Dsp)* 10-13 5.1
Riprap (24-in Dsg)** 14-18 10.1
Rootwads® N/A N/A

a — from Reference (Fischenich, 2001)

b — Sotir and Fischenich (2003)

¢ — for use in constructed riffles and grade control

d - for use in rock vanes

e — design and installation guidelines in Reference (Sylte, 2000)

2.1.2 Typical Streambank Stabilization Measures

Techniques for stream stabilization generally fall into two categories: bioengineering (also known as soft
armoring) and hard armoring. Bioengineering techniques employ biological and ecological concepts to
control erosion, using vegetation or a combination of vegetation and construction materials, including
logs and boulders. Techniques that do not use vegetative material but are intended to achieve
stabilization of natural flow patterns and create in-stream habitat, such as boulder or log vanes, are
generally included under the umbrella of bioengineering. Hard armoring techniques include the use of
engineered materials such as stone (riprap or boulders), gabions, and concrete to stabilize slopes and
prevent erosion. Technical stakeholders, including the USACE and MDNR, have expressed a preference for
bioengineering over hard armoring for stream stabilization where possible. The RPBCWD Rules (Rule F)
include specific language requiring that a preference be made for natural materials and bioengineering
over hard armor.

The following is a brief discussion of potential stabilization measures for the Lower Valley of Purgatory
Creek. For additional information on the proposed measures, please refer to the schematics presented in
Appendix F.

2.1.2.1 Bioengineering and Hard Armoring Stream Stabilization Techniques

Bioengineering techniques maintain more of a stream'’s natural function and provide better habitat and a
more natural appearance than hard armoring. If vegetation is well-established this approach can also be
self-maintaining. Due to biodegradation of construction materials and variable vegetation establishment
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success, it is typically assumed that bioengineering installations have a shorter life span and may need

more frequent (if less expensive) maintenance, particularly as the vegetation is becoming established.

Compared to hard armoring, the success of bioengineering techniques is more dependent on the skill of

the designer and installer—sometimes making bioengineering construction more expensive. Hard

armoring and bioengineering techniques present different challenges, costs, and benefits for stream

stabilization design.

Bioengineering techniques

Active floodplain/vegetated bench—modifications made to the stream cross section to increase
floodplain connectivity and decrease erosive stress during flood flows; can involve construction of
a soil bench, lowering an existing bench, and/or raising the channel bed

Boulder or log vane—boulders or large logs buried in the stream bed and extending partially
("vanes”) or entirely across the stream (“cross vanes”) to achieve one or more of the following
goals: re-direct flows away from banks, encourage sediment deposition in selected areas, control
stream bed elevations, and create scour pool habitat features Vanes are largely submerged and
inconspicuous.

Constructed riffle—gravel or cobble material installed in the stream bed to create natural flow
patterns/varied habitat features and, frequently, to control stream bed elevations.

Vegetated buffer—native vegetation established along a stream bank or overbank area to
stabilize bare soils and increase resistance to fluvial erosion

Vegetated reinforced slope stabilization (VRSS)—soil lifts created with long-lasting, biodegradable
fabric and vegetated to stabilize steep slopes and encourage establishment of root systems for
further stabilization

Root wads or toe wood—consist of logs with the root ball attached anchored into the bank, so
that only the root ball is exposed. Typically placed about half below and half above the normal
water line, they are well suited to deeper locations such as outside bends. The trunk portion is
placed in the bank by either placing it in a trench or by pushing the trunk into the bank. The root
wad absorbs energy and diverts flows away from the bank, create undercut/overhanging bank
habitat features, re-direct flows away from banks, and provide a bench for establishment of
riparian vegetation. Rootwads are generally cost effective and provide excellent fish habitat.

Scarp Toe Stabilization — vertical cedar pilings placed one foot on center along the toe of the
actively eroding scarp and extending approximately 2 feet above the channel bed. Salvaged trees
are installed longitudinally on the landward side of the cedar pilings. The combined structure
would reduce further erosion of the scarp toe and provide a bench for scarp material to deposit,
eventually reducing the slope of the scarp and allowing for the scarp revegetation.

Scarp Stabilization — intended to be constructed in conjunction with Scarp Toe Stabilization, this
technique involves grading of the scarp to a stable slope (3:1 or 2:1), installation of erosion
control blanket, and establishment of erosion resistant vegetation.
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Hard armoring methods are viewed as standard and time-tested and typically have a longer life span due
to the permanence of the materials used. Hard armoring is usually effective in preventing erosion where it
is installed; however, placement must consider downstream impacts, understanding that the armoring
may push the erosive stresses downstream. Hard armoring typically requires little maintenance; however,
if the armoring fails, maintenance or replacement can be expensive, particularly if the armoring materials
need to be removed from the site.

Hard armoring techniques

e Riprap-lined channel—riprap throughout an entire channel cross section to control stream bed
elevations and prevent erosion

e Stone toe protection— Stone toe protection employs stones to armor the toe of the bank. It is
often used on sites that are too shaded to support good ground vegetation cover, and where
vanes or root wads are not necessary. Stones are selected to be large enough so that they would
not be moved by flood flows, but small enough to be consistent with the size of other stones
found in and near the stream and thus appear natural.

e Riprap slope stabilization—riprap along a steep slope to protect against erosion and prevent
undercutting and slumping

2.1.2.2 Vegetation Management

Vegetation management involves the selection of an optimal species mix to contribute to a healthy and
stable stream. Typically an optimal species mix will provide good root structure to help stabilize
streambanks and provide good habitat for riparian birds and animals. Obtaining this mix often requires
planting new species, removing unwanted or exotic species, and/or thinning existing vegetation to
provide enough sunlight to allow new ground vegetation to become established. Vegetation
management should be considered for the entire Lower Valley, where mature trees block most of the
sunlight from reaching the forest floor during the summer months. Invasive species of vegetation and
less desirable tree species could be removed, leaving the more valuable trees and vegetation in place.
Supplemental planting of ground vegetation is also desirable.

2.1.2.3 High Bank Stabilization Measures

High bank stabilization methods are employed on the taller eroded banks to prevent future slumping and
bank failure. Bank stabilization will reduce sediment loading to the stream and will reduce the loss of
adjacent property. Stabilizing the high, eroded banks require a combination of methods, depending on
the specific site conditions. In particular, some of the erosion sites are exacerbated by groundwater
seepage, which when combined with steep banks, sparse vegetation, and fluvial erosion leads to bank
failure. Two basic methods of upper bank stabilization typically used are — bank grading and
revegetation, and vegetated reinforced soil slope technique. With either method, stabilization of the
lower bank is usually required and is a priority if resources are limited.

Grading and revegetation of the eroded bank is the most common method for stabilization. With this
method, the upper bank is graded at a 2:1 (2 foot horizontal to 1 foot vertical) or flatter slope to allow for
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replanting. The slope is typically seeded with a cover crop and covered with erosion control fabric. Plant
plugs and shrubs such as willows or dogwood can then be installed through the erosion control fabric.
The stabilized slope and vegetation work together to prevent erosion from stream flows, wind, and
raindrop impact.

Vegetated reinforced soil slope (VRSS) is another method for upper bank stabilization. It is typically used
on steep slopes where grading the bank to a more stable slope is not an option due to site restrictions.
VRSS typically involves protecting layers of soils with a blanket or geotextile material (e.g. erosion control
blanket) and vegetating the slope by either planting selected species (often willow or dogwood species)
between the soil layers or by seeding the soil with desired species before it is covered by the protective
material. In either case, if given enough light and moisture, the vegetation grows quickly and provides
significant root structure to strengthen the bank. This method tends to be labor intensive.

2.1.2.4 Stream Vortex Tubes

Some stream stabilization techniques are neither hard armoring nor bioengineering. Stream Vortex Tubes
can be used in situations where excess sediment is the main cause of channel instability. The Stream
Vortex Tube removes sediment from a stream channel and stores it in an off-channel basin. An open-top
pipe is placed in the stream so that flow over the top of the opening is forced into a vortices thereby
removing sediment from the water. This sediment is conveyed along the pipe into a pond. The sediment
could be used as a commercial product for road base, surfacing, and material processing.

2.2 Lake Assessment Approach

The project approach utilized in this study includes four main steps. Step one involved the analysis of all
available water quality data and past studies in the Purgatory Creek watershed with the focus on Secchi
depth, chlorophyll-a, and TP. Step two of the analysis was the modeling of watershed TP loads reaching
each lake and the development of an in-lake daily time step TP concentration model (step 3). With
calibrated in-lake and watershed models, Best Management Practices (BMPs) were devised to reduce or
protect water quality level in each of the eight lakes. Each devised BMP was modeled to determine TP
load reductions. Finally costs were calculated for each BMP examined. These four steps are part of an
adaptive management approach to providing provide water quality improvements to the lakes in
Purgatory Creek. Figure 2.3 highlights the adaptive management approach to achieve this goal. This
project is focused on the first four steps of that approach.
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Figure 2.3 Project adaptive management approach

2.2.1 Water Quality Analysis

Water quality data was compiled for each of the waterbodies from various sources including the RPBCWD
Environmental Quality Information System (EQuIS) database, the MPCA environmental data access web
site, the Metropolitan Council environmental database, electronic data obtained from CH2MHill, electronic
data obtained from city of Eden Prairie, and data that was not available electronically but highlighted in
various water quality reports. A summary of available water quality data, categorized by water quality
parameters and the year collected, for each lake and for Purgatory Creek are displayed in Appendix C.
Appendix C shows all of the water quality parameters collected for each lake during a particular year
including grab samples, profiles, plant surveys, macrophyte analysis, plankton surveys, sediment diatom
analysis, sediment phosphorus fractionations, and other analyses conducted on the waterbody. Using the
data from available sources, the water quality parameters were compiled for TP, chl-a, and Secchi depth
and summarized based on the growing season (June-September) for all years with available data. A Thiel-
Sen slope was calculated on the annual average growing season values and the significance of the trend
was tested using the Mann-Kendall non parametric test. Trends and significance of the trends were
calculated for the entire data record as well as for years 1999-2015. The 1999-2015 time period was
chosen to determine whether lake water quality was improving or degrading over a more recent time
frame. The 17-year window allows for a large enough period to determine trend significance in most of
the data sets. The year 1999 also represents the year that detailed water quality analyses were conducted
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on a number of the lakes for the Use Attainability Analyses (UAAs), giving a good base point to start the
trend analyses. A discussion of the trends by lake is given in Sections 4 through 11.

2.2.2 Lake and Watershed Water Quality Modeling

Watershed runoff modeling was conducted using the P8 Urban Catchment Model (Program for
Predicting Polluting Particle Passage thru Pits, Puddles, and Ponds). P8 is a model used for predicting the
generation and transport of stormwater runoff and pollutants in urban watersheds. The model tracks the
movement of particulate matter (fine sand, dust, soil particles, etc.) as it is carried along by stormwater
runoff traveling over land and pavement. Particle deposition in ponds/infiltration practices are tracked in
order to estimate the amount of pollutants that eventually reach a waterbody.

P8 was used for this study as it can be run with updated climate data to develop phosphorus (total and
dissolved) and total suspended solids (TSS) loadings to a receiving waterbody. P8 has already been used
extensively in the RPBCWD as well as other urban TMDL studies throughout Minnesota and maintains
widespread acceptance by all levels of government and practitioners. Existing BMPs were modeled and
available water quality monitoring data was used to calibrate the watershed modeling where possible. The
results of the watershed modeling were used as an input into the in-lake water quality modeling as well as
to identify high priority areas for BMP implementation.

For the majority of Minnesota lakes, phosphorus is the limiting nutrient for algae, and an increase in total
phosphorus (TP) results in an increase in chlorophyll a concentrations and a decrease in water clarity.
Eutrophic lakes can be restored by reducing TP concentrations. An in-lake mass balance model for TP was
developed for each lake in order to quantify TP source loads to the lake. To-date, much of the past
receiving waterbody water quality modeling efforts in the Purgatory Creek watershed has been
accomplished with BATHTUB or another simplified mass balance model using a spreadsheet. The
empirical equations in BATHTUB and other spreadsheet models simplify the lake TP mass balance by
assuming that the lake system is in a steady state over the averaging period that has been used (typically
a year). For this study the in-lake modeling was accomplished through the development of a daily time
step TP mass balance spreadsheet model. This differs from BATHTUB and other empirical spreadsheet
equations in that it determines the water and TP mass balance calculations on a daily basis throughout
the critical monitoring period for each lake. This enables the in-lake water quality modeling to be
calibrated to the important watershed and internal load dynamics that vary in response to stormwater
runoff and seasonal fluctuations. This approach for in-lake water quality modeling has been used in
several other TMDL studies and has gained acceptance from MPCA and EPA. The calibrated watershed
and in-lake water quality modeling was used in combination for each lake's critical condition to determine
the relative level of importance that must be placed on reducing external and internal TP loadings to meet
the state standards and District goals.

A detailed description of the watershed and in-lake TP modeling methodology used for all eight analyzed
lakes is provided in Appendix D. Modeling results are presented for individual lake in the lake sections of
the report (Sections 4.0-11.0).
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2.2.3 BMP Selection / Typical Stormwater Management Strategies

The results of the watershed and in-lake modeling were used to determine and prioritize locations for
implementation of additional best management practices (BMPs) and/or stormwater management
strategies to improve lake and stream water quality. For the purposes of considering future BMP
implementation, it was expected that each city has been maintaining, and will continue to maintain,
existing BMPs consistent with the requirements of the MPCA Municipal Separate Storm Sewer Systems
(MS4) Stormwater Permit. This section discusses improvement options and general BMPs to remove TP
and/or reduce sediment and litter entering the receiving waters. Three types of BMPs were considered
during the preparation of this report: structural, in-lake, and nonstructural.

1. Structural BMPs remove a fraction of the pollutants and sediment loads contained in stormwater

runoff prior to discharge into receiving waters.

2. In-Lake BMPs reduce TP already present in a lake, and/or prevent the release of TP from anoxic

lake sediments.

3. Nonstructural BMPs (source control) eliminate pollutants at the source and prevent pollutants

from entering stormwater flows.

2.2.3.1 Structural Watershed Practices

Structural BMPs temporarily store and treat urban stormwater runoff to reduce flooding, remove
pollutants, and provide other amenities (Schueler, 1987). Water quality BMPs are specifically designed for
pollutant removal, and their typical effectiveness is summarized in Table 2.0.2. Structural BMPs control TSS
and TP loadings by slowing stormwater and allowing particles to settle or be filtered in areas before
reaching receiving waters. More recently, these structural BMPs have been modified and enhanced with
materials such as iron filings or spent lime to improve removal of not only the pollutants associated with
particulates but to also begin addressing the soluble fraction of pollutants such as phosphorus that
cannot be filtered or settled out of the runoff.
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Examples of structural BMPs installed to improve water quality include:

e Wet detention ponds

e Bioretention (rainwater gardens)

o Infiltration basins or trenches

e Sand filters

e Iron-enhanced sand filters

e Vegetative buffer strips

¢ Oil and grit separators

e Alum or ferric chloride treatment plants

e Spent lime treatment

The general effectiveness of each of the BMPs is summarized in Table 2.0.2. When choosing a structural
BMP, the ultimate objective must be well understood. The BMP should accomplish the following
(Schueler, 1987):

e Reproduce, as nearly as possible, the stream flow before development
e Remove at least a moderate amount of most urban pollutants

e Require reasonable maintenance

e Have a neutral impact on the natural and human environments

e Be reasonably cost effective compared with other BMPs

General description of several of the BMPs are provided below Appendix B.1.

27



Table 2.2 General Phosphorus Removal Effectiveness of Stormwater BMPs (source: adapted
from the Minnesota Stormwater Manual, MPCA 2005)

BMP design Average TP Maximum TP Average soluble P
BMP group variation removal rate (%)® | removal rate (%) | removal rate (%)%
) g Underdrain 50 65 0
Bioretention
Infiltration 100 100 100
Sand filter 50 55 0
Filtration Dry swale 0 55 0
Wet swale 65 75 70
Y Infiltration trench 100 100 100
Infiltration
Infiltration basin 100 100 100
Wet pond 50 65 0
Stormwater ponds
Multiple pond 60 75 0
Shallow wetland 40 55 0
Stormwater wetlands
Pond/wetland 55 75 0
lio=Elieneeel Sl | g N/A N/A 40-90
Filtration
spent Lime Basin N/A N/A 80
Treatment

®Removal rates show in table are a composite of five sources: 1) Caraco (Center for Watershed Protection, 2001),
2) Maryland Department of the Environment (2000), 3) Winer (Center for Watershed Protection, 2000), 4) P8
modeling (William Walker)

b Average removal (MDNR, 2011) efficiency expected under MPCA Sizing Rules 1 and 3

¢ Upper limit on phosphorus removal with increased sizing and design features, based on national review

d Average rate of soluble phosphorus removal in the literature

€ See section on calculating credits for each BMP in this Manual.

" Note that the performance numbers apply only to that portion of total flow actually being treated; it does not
include any runoff that bypasses the BMP

INote that soluble P can transfer from surface water to groundwater, but this column refers only to surface water
"Note that 100% is assumed for all infiltration, but only for that portion of the flow fully treated in the infiltration
facility; by-passed runoff or runoff diverted via underdrain does not receive this level of treatment.

iRange based on City of Bellvue, WA, 1999; Erickson et. al., 2006; Erickson et. al., 2009

JBased on 2012 monitoring data from experimental spent lime treatment system installed in Ramsey-Washington
Metro Watershed District

2.2.3.2 In-Lake Management Activities

In-lake management activities are intended to target the “internal” sources of phosphorus in the lake,
which can include the prevention of the release of phosphorus from the lake sediments. In-lake

management practices intended to reduce phosphorus include:

e Removal of benthivorous (bottom-feeding) fish, including carp
e Application of alum (aluminum sulfate) or similar precipitant to reduce sediment phosphorus
release

28



e Application of herbicides to control non-native macrophyte species such as curlyleaf pondweed
e Mechanical harvesting of lake macrophytes

e Hypolimnetic withdrawal

e Hypolimnetic aeration

e Iron salt applications
Several in-lake BMPs are discussed in Appendix B.2.

2.2.3.3 Non-Structural Practices

Nonstructural practices are generally thought of as “good housekeeping” activities or actions that are
intended to reduce pollutants at the source. While RPBCWD, Cities and other governmental agencies
routinely perform many of the non-structural BMPs, every resident and business can play a vital role in the
restoration and protection of the water resources through self-implementation of small scale non-
structural measures. This can include keeping leaves, grass clippings, and fertilizers off impervious
surfaces; educating neighbors; cleaning catch basins; installing individual rainwater gardens; establishing
riparian buffers; and reducing impervious cover on lots (i.e., promote infiltration). These non-structural
measures are important even if the property is not immediately adjacent to a water resource because the
runoff will ultimately reach a valued resource. Collectively, the individual actions of watershed residents
and businesses can have a profound impact on reducing the potential adverse impacts of pollutants on

downstream resources. Examples of non-structural BMPs include:

e Public education and outreach
e City ordinances
e Street sweeping

e Deterrence of waterfowl

A detailed description of various non-structural practices are described in Appendix B.3.

2.3 Cost Methodology

Planning-level costs were developed for each BMP that was identified for this study. For each BMP, the
physical characteristics and the storm water routing were defined so that construction quantities could be
estimated. Construction quantities included mobilization, erosion protection (construction entrance, silt
fence, erosion control blanket, etc.), tree removal or clearing and grubbing, excavation and disposal,
filtration material if necessary, lengths of pipe, inlets and outlets, site restoration, and others. Additionally,
the planning-level cost estimates included engineering and design (15%), construction management
(15%), legal (5%), and permitting (5%), as was assumed for the UAA for Rice Marsh Lake and Lake Riley
(Barr Engineering, November, 2015). Industry resources for cost estimating provided guidance on cost
uncertainty that ranged from -20%/40% for most BMPs, and was -50%/+100% for others (American
Society for Testing and Materials, 2006) and (Association for the Advancement of Cost Estimating, 2005).
The cost estimates do not include wetland mitigation or land acquisition (where applicable). The cost
estimates for each BMP, including the quantities and unit costs, are included in Appendix E. These costs
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were combined with respective TP load reduction estimates to estimate the efficiency of each BMP in
terms of dollars per pound of TP removed. It should be noted that each BMP option will require further
feasibility analysis and consideration of land acquisition and water quality goal attainment prior to its
inclusion in the RPBCWD Capital Improvements Plan.

2.4  Time for Lake to Respond to Reduced Nutrient Loading

Each lake is unique in its water quality respond to reduced nutrient loading. There are numerous factors
that influence the time it takes for a lake to respond to reductions in nutrient loads. Some of these factors
include hydrology, vegetation growth, transport rate and path, hydraulic residence time, nutrient sources,
flow dynamics, ecosystem/biologic dynamics, nutrient cycling, and type of best management practice.
Structural, non-structural and in-lake best management practices will each affect the lake response in
different ways in that some BMPs represent a "quick-fix" (e.g., point source reduction and alum) while

other are long-term management options (e.g., P-fertilizer elimination and watershed BMPs).

Jeppesen et al. (2005) indicates that it will take a minimum of three residence times for the benefits of
watershed loading reduction to be realized by the receiving waterbody. Jeppesen et al. (2005) examined
35 long-term lake improvement case studies covering shallow and deep lakes, most of which were
northern temperate lakes. Their review noted a “delay in the reduction of in-lake total phosphorus (TP)
concentrations because at least three retention times are needed to wash out 95% of the excess P pool in
the water column of fully mixed lakes, unless P is permanently lost to the sediment, (Sas, 1989), and
because internal loading continuously replenishes the P pool in the water column (Sgndergaard, Jensen &
Jeppesen, 2003; Nurnberg & LaZerte, 2004).” They concluded reduced external phosphorus loading leads
to lower in-lake TP concentration, lower chlorophyll a (chl a) concentration and improved water clarity.
The study also found that most lakes, shallow and deep, reached a new equilibrium phosphorus level after
10-15 years, which was only slightly influenced by the hydraulic retention time, and internal loading
delayed the improvement response to external load reductions (Jeppesen et al. 2005). This suggests that
to be effective at restoring and protecting the waterbodies both short-term and long-term management
strategies should be considered and results of management efforts will take time to materialize. Long-
term management techniques to control sediments and nutrients can occur simultaneously with the
appropriate in-lake restoration techniques. To successfully protect and restore the health of a lake the
program will likely need to manage both external and internal nutrient sources (Department of ecology,
State of Washington, http://www.ecy.wa.gov/programs/wg/plants/algae/lakes/LakeRestoration.html).

Figure 2.4 shows two potential approaches to addressing phosphorus loading to a lake.

1. Continue to address/reduce external sources of phosphorus with the expectation that internal
sources of phosphorus will slowly be flushed out of the system and water quality will come to a
new equilibrium with lower phosphorus. As discussed above, this method may take many decades
and is less likely to result in long-term success for lakes with low flushing rates.

2. Because internal loading has the potential to continually replenish the phosphorus in the water

column the benefits of external load reduction will take time to materialize. In addition, as the
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phosphorus concentration in the lakes water decrease a larger concentration gradient has the
potential to exacerbate the release of phosphorus from lake sediment. Conducting an in-lake
alum treatment to greatly reduce sediment phosphorus release and recycling while continuing to
address external sources of phosphorus load improves the potential to achieve the water quality
goals and standards over both the short-term and long-term. It also has the potential to be more
cost-effective than only implementing watershed BMPs. Caution should be used if internal load
control measures are pursued too soon in the management plan, or without addressing the
impacts of carp in shallow lakes, because uncontrolled or unmitigated external sources could
overwhelm the internal measure and reduce the effective live of the treatment, such as was
experienced on Lake Susan in the lake 1990's. In general, it is recommended that external
phosphorus load reductions of 30 to 50 percent (from untreated levels) should be attained before

considering internal load controls.
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Figure 2.4 Potential approaches for addressing lake phosphorus loadings
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3.0 Purgatory Creek

The Purgatory Creek watershed mostly lies within the cities of Eden Prairie and Minnetonka. Other smaller
portions of the watershed lie within the cities of Deephaven, Shorewood, and Chanhassen. The
headwaters of Purgatory Creek originate in Lotus and Silver Lakes as well as the northern branch of
Purgatory Creek in the city of Minnetonka. Purgatory Creek then flows through a series of wetlands
complexes before entering Staring Lake. The creek then flows through the bluffs of the Minnesota River
Valley on its way to its confluence with the Minnesota River. From Silver Lake through Staring Lake to the
confluence with the Minnesota River the total length of Purgatory Creek is 12 miles with a total watershed
area of 19,400 acres (30 square miles).

This study focused the assessment on the Lower Valley of Purgatory Creek (Lower Valley) to assess the
health of the Lower Valley relative to the District's and MPCA water quality goals and identify potential
remedial measure to protect and restore the resource. The discussion in the following sections focus on
the Lower Valley.

3.1 Watershed Characteristics

The Lower Valley watershed includes the reach between the outlet of Staring Lake and the culvert crossing
of Riverview Road. The drainage area of the Lower Valley is 4,620 acres. While the dominate land use in
the Lower Valley is single family residential a significant impervious area in the watershed is Eden Prairie
Center. As flows leave Staring Lake the creek meanders through relatively steep, glacial outwash deposits
of sand and gravel in its course to the Minnesota River floodplain.

3.1.1 Watershed Slopes

The District's hydrologic and hydraulic model of the Lower Valley indicates that the overall slope of the
study watershed is relatively steep, with more than 30 percent of the catchment area having a slope of
more than 10 percent and an average slope over the entire Lower Valley watershed of 9.4 percent. This is
an indication that, independent of other factors (such as runoff intensity, soil erodibility, land use, etc.), the
potential for soil erosion in the watershed uplands is relatively high. The slope of the watershed uplands
increases from the watershed divide to the stream channel, which implies that in addition to the relatively
high potential for soil erosion, the conditions are favorable for most of this sediment from areas near the
creek will likely reach the main channel rather than depositing before reaching the stream.

3.2 Channel Geometry

The channel geometry of most streams is influenced by several factors. Channel slope, streambed
material, stream bank material, and riparian vegetation are factors that are directly connected to the
stream and have significant influence over channel geometry. Similarly, several hydrologic factors have
significant influence as well since they will control how much water enters the stream. These factors
include the amount of rainfall, the intensity of rainfall, watershed slopes, storage within the watershed,
infiltration capacity within the watershed, impervious area, and land use. All of these factors can change
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over time or change along the length of the stream, so the stream is constantly trying to achieve
equilibrium with these changing influences.

Natural processes of change, such as changing weather patterns or changing vegetation communities,
typically happen at a gradual rate, so the stream and the channel geometry has ample time to slowly
adjust to these influential factors. Even with these slow processes, it is possible for a stream to undergo
significant changes and have large erosion problems. This can be caused either by large catastrophic
events or by the stream channel and/or valley reaching a point where a major adjustment is necessary.

Man-made processes of change, such as increased development, altering of storage areas, and altering
drainage patterns, tend to happen too quickly for the stream to gradually adjust. Even though greater
measures are being taken to protect streams through the use of detention ponds and other best
management practices within the watershed, the streams still require a certain amount of adjustment to
once again achieve equilibrium with their watersheds.

Purgatory Creek, as it flows through the Lower Valley, has varying channel geometries that reflect the
influence of some of the factors listed above. Between Staring Lake and Homeward Hills Road, the
channel meanders through several wetland complexes. The basic channel geometry changes in typical
ways as the stream moves between the wetland complex and a riffle and pools system. Downstream of
Pioneer Trail, the channel geometry changes dramatically as the stream enters a reach that is experiencing
some severe erosion problems as the creek makes it way to the Minnesota River.

3.2.1 Lower Valley Rosgen Indicators

Several cross sections in the Lower Valley were surveyed in 1995 and again in 2003. Table 3.01 shows the
range of key components of the Rosgen classification system estimated from past field surveys. Based on
the data in Table 3.01, the creek reach downstream of Pioneer Trail would be considered a Rosgen class
C-5 stream while upstream of Homeward Hills Road the creek is considered a Rosgen class E-5.
Combining these classification with Rosgen'’s sensitivity of streams information summarized in Table 3.2
suggests that both reaches are highly sensitive to disturbance and vulnerable to streambank erosion.
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Table 3.1 Summary of Rosgen classification values for Lower Valley (CH2M HILL, 2011)
Between Homeward Hills Road and Between Staring Lake and
Rosgen Variable Riverview Road Homeward Hills Road
1996 2003 1996 2003
Entrenchment 4 3 16 17
Ratio Slight Slight Slight Slight
_ ) 11 14 8 9
Width/Depth
Low Moderate Low Low
_ . 2.7 1.7 2.5 3.1
Sinuosity - - . -
Very high High Very high Very High
4 0.003 0.003 0.0005 0.0009
Slope
Low Low Low Low
Bed Material Sand Sand Sand Sand
Rosgen
Classification C-5 C-5 E-5 E-5
! Entrenchment Ratio = Floodprone Width/Bankfull Channel Width
2Width/Depth = Bankfull Channel Width/Average Bankfull Channel Depth
8 Sinuosity = Channel Length/Valley Length
4 Slope = Change in Water Surface Elevation/Channel Length
Table 3.2 Sensitivity of Stream Types (Rosgen, 1996)
Streambank | Vegetation
Sensitivity to Recovery Sediment Erosion Controlling
Stream Type® | Disturbance? Potential® Supply* Potential Influence®
C-5 (sand) very high fair very high very high very high
E-5 (sand) very high good moderate high very high

! Stream types condensed to those evident along the Purgatory Creek Lower Valley.
%Includes increases in streamflow magnitude and timing and/or sediment increases.
% Assumes natural recovery once cause of instability is corrected.

*Includes suspended and bedload sediment from channel sources and from adjacent to stream.
° Vegetation that influences width/depth ratio stability.

3.3

As with any stream, the slope of Purgatory Creek varies along its length. Analyzing the changes in

Stream Profile

channel slope can help identify either current or potential problem areas. The greater the channel slope
is, the greater potential there is for erosion because the slope plays a critical role in the flow velocities and
the stresses imposed on the stream bed. Given that the streambed in Purgatory Creek ranges from
cohesive clay to gravel and some cobble, a slope less than or equal to 0.5 percent would likely result in a
stable creek system. For slopes greater than approximately 0.5 percent, the stream would need larger bed
material in order to remain stable for the long term. These reaches, with slopes between approximately
0.5 and 0.75 percent, can be stable and many of them on Purgatory Creek are stable. However, periodic
monitoring of these reaches is recommended to detect early signs of erosion problems. Slopes between
0.75 percent and 1 percent are an additional indicator of potential erosion. If erosion is not already
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present along these reaches, they should be monitored on an annual basis. Slopes greater than
approximately 1 percent are a strong indicator of potential erosion problems. These slopes can generate
stream velocities that easily erode streambed or streambank materials. The profile of Purgatory Creek
transitions from a gentle 0.1 percent just downstream of Staring Lake to slopes approaching 0.6 percent
at some locations downstream of Pioneer trail.

3.4  Erosion Types

There are four main types of erosion along Purgatory Creek. They can be categorized as Groundwater
Erosion, Stream Bank Erosion, Incision, and Bluff Erosion. These are described in more detail in the
following discussion.

3.4.1 Groundwater Induced Erosion

Groundwater erosion is caused by springs and groundwater seepage. Along Purgatory Creek, this type of
erosion occurs most commonly where a bluff meets the floodplain (usually at the toe of the bluff slope).
It is characterized by very moist soils or visible springs at the toe of the bluff and results in two
subcategories of erosion. The first and most common type of erosion attributed to groundwater flow is a
result of the groundwater seepage being a catalyst for additional erosion. The high moisture content in
the toe of the bluff significantly reduces cohesion between the soil particles and makes the toe of the
bluff highly susceptible to erosion by the creek. During high flows, creek flow easily erodes the soils at
the toe of the bluff that are already saturated from the groundwater flow. As the toe of the bluff erodes,
the bluff above the toe also recedes. This process also happens in bluffs that do not have groundwater
seepage along the toe, but the rate of erosion is often greatly increased by the presence of seepage.

The second form of erosion attributed to groundwater flow results from the groundwater flow itself. The
saturated soil has a positive pore water pressure that can cause soil in the area of the spring to be
displaced. This causes a slow failure of the bank as small quantities of soil are carried away by the seeping
groundwater. This type of erosion generally occurs slowly, but can occur more quickly if groundwater
flows are high and soil cohesion is low.
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3.4.2 Stream Bank Erosion

Stream bank erosion is caused by water flowing in the stream channel. The shear stress caused by the
flow entrains soil particles into the flow, causing the stream bank to erode away. This is, by far, the most
common type of erosion that occurs in streams. Virtually all

s

streams have some amount of this type of erosion occurring
as streams naturally change their flow path over time.
However, the rate of stream bank erosion can increase when
the stream is out of equilibrium with its watershed.
Increased flow from a watershed will increase the rate of
erosion.

Stream bank erosion is occurring along all reaches on Lower

Purgatory Creek. In most cases, it appears to be a part of
the natural process of stream evolution as the creek adapts
to urbanization. However, it can lead to high-bank failure A severe bank erosion site in the Lower
where the stream abuts the steep valley walls, and it can Valley as observed in 2014.

exacerbate other forms of erosion.

3.4.3 Channel Incision

Channel incision, or down-cutting, occurs when there is an imbalance between the sediment supply and
the sediment carrying capacity of the stream. Erosion occurs when the sediment carrying capacity of a
stream exceeds the sediment supply. In streams with cohesive banks, such as Purgatory Creek, the
erosion will occur primarily as streambed incision because that is where the erosive forces are the
strongest. While sediment that is eroded from bank erosion often redeposits locally (such as on the
opposite bank), sediment is often transported a large distance in an incised system. This indicates that
the stream is out of balance with the watershed hydrology. As the channel deepens, the banks gradually
fail and stream becomes wider. Although the stream will eventually return to equilibrium, the process can
take many years and significant amounts of erosion can occur during the process.

While there is no significant evidence that channel incision is occurring along the Lower Valley based on
the information provided by the city of Eden Prairie (Wenck 2014), monitoring should continue to identify
if erosions areas or downcutting form which can lead to significant channel incision.

3.4.4 Bluff Erosion

Bluff erosion occurs on the valley walls of the stream corridor. For the purposes of this analysis, bluff
erosion is distinguished as erosion that is above the creek itself and is, therefore, not entirely due to the
flow in the creek. It is a naturally occurring phenomenon that can have several different causes, including
groundwater seepage, concentrated runoff on the bluff, effects from falling trees, or massive slope failure
due to an imbalance of geotechnical forces.
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There are some areas of isolated bluff erosion within the Lower Valley, the most notably occurrence was in
2014 at Burr Ridge. Other areas of bluff erosion within the Lower Valley are more typically a side effect of
either groundwater or fluvial bank erosion.

3.5 Current Water Quality Conditions

According to the total suspended solids (TSS) standard for Class 2B waters, a stream reach is considered

impaired if more than 10% of TSS samples collected April through September exceed 65 mg/L, based on
the last ten years of monitoring data. Figure 3.1 shows the magnitude and frequency with which the TSS

sample results have exceeded 65 mg/L for the Purgatory Creek sampling stations, downstream of Staring
Lake.

Figure 3.1 shows that the Purgatory Creek TSS sample results only exceeded a concentration of 51 mg/L
ten percent of the time. Since just 4% of the Purgatory Creek TSS samples exceeded the 65 mg/L, the
standard is being achieved and Purgatory Creek will be considered for water quality protection in this
study and will not be subject to TMDL development by the MPCA. While the available TSS data for
Purgatory Creek meets the standard, the results are limited in that most of the historic sampling has
occurred upstream of significant near-channel sources of erosion and mass wasting, including landslides.
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Figure 3.1 Purgatory Creek TSS concentration cumulative frequency curve, 2006-2015

In addition to TSS, RPBCWD (2015) has sampled eight sites along Purgatory Creek for other water quality
constituents. The 2015 monitoring showed that some of the sample results for TP and chl-a did not meet
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MPCA's standards for river eutrophication (as approved in 2014), although MPCA had not applied these
standards to Purgatory Creek as of the 2016 impaired waters listing cycle.

3.6 Summary of Stream Ecosystem Data

MPCA will adding the segment of Purgatory Creek between Staring Lake and the Minnesota River to its
draft impaired waters listings in 2018 for a low Index of Biological Integrity (IBI) score for macro-
invertebrates, which is a measure of the biological health of the system, as well as an E. coli impairment.

3.7  Current and Past Management Actions

RPBCWD (2014) detailed a site assessment of the overall impact of an erosion/landslide event that
occurred on May 11, 2014 at Burr Ridge Road in Eden Prairie. The bluff failure was caused by a rain event
that overwhelmed a broken storm sewer and a house ultimately had to be removed. Significant sediment
deposition occurred at the erosion site and along the Purgatory Creek bank downstream and immediately
upstream from the site. Jennings et al. (2016) also documented the same landslide event in a historical
inventory for the Twin City Metropolitan Area. The material exposed is primarily dry sand and gravel,
which lack cohesion and typically seek an angle of repose of approximately 30 to 45 degrees depending
on the average grain size and mixture. If stormwater is focused and creates a ravine in dry sediment,
newly formed steep slopes quickly fail to the angle of repose. Similar failures, along the high terraces of
the Minnesota River in Eden Prairie, have occurred both recently and historically (Jennings et al., 2016). A
conservative approach may be to include slopes of approximately 20% or greater in a general
susceptibility map. For site-specific rules, slopes associated with particular geologic units should be
reviewed. The Lower Minnesota River Watershed District encourages additional setbacks of 30" from the
tops of slopes (Jennings et al., 2016).

3.8 Sediment Source Assessment

The CRAS report (Barr and RPBCWD, 2015) identified relative sources of erosion and prioritized areas for
improvements along Purgatory Creek. The erosion and channel stability results of the CRAS assessments
were combined with previous efforts to quantify steep slopes (greater than 18%) and concentrated flow
conveyances within high risk erosion areas in the lower valley portion of Purgatory Creek (shown in
Figures 3.2 through 3.5). Each reach of the lower valley of Purgatory Creek is classified based on the
erosion and channel stability scoring criteria (1=very stable, 3=moderately stable, 5=moderately unstable,
and 7=unstable). It was estimated that incremental changes between each erosion category translates to
increases in erosion rates that are two- to five- times higher.

Figures 3.2 through 3.5 show that there are five individual reaches that were assessed as being unstable
with severe erosion, meaning they possess bare banks with gullies and severe vegetative overhang and/or
fallen trees. All but one of these reaches is located within the high risk erosion areas where elevated levels
of overland flow and/or concentrated stormwater discharge would also be expected to contribute to
ravine and gully erosion.
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The District’'s hydrologic and hydraulic model for this reach helped inform the understanding of velocities
and shear stresses that can be expected to be present in this reach during extreme events. Table 3.3
summarizes the modeled flow rate, velocities, and shear stress values in the Lower Valley. The simulated
velocities in this reach range between less than one foot per second (fps) to almost 3.8 fps for the 2-year
return period flow while the shear stress for the same event ranges between 0.2 to 2.8 pounds per square
foot. As one would expect the velocities and the modeled shear stress both increase during larger storm
event. Based on the modeling results it appears that about 60 percent of reach downstream of Staring
Lake will experience velocities that are greater than the recommended velocity threshold for the native
materials present in the bed and bank of the creek. In addition, greater than 95 percent of the reach will
experience shear stress levels greater than the native soils can withstand during the 2 year event.
Therefore, substantial erosion over time could be expected. It should be noted that these values represent
the average values for the channel. Peak values in the middle of the channel and on bend in the creek are
typically greater and values at the edge of the channel are typically smaller. Also, site specific assessment
are needed to better define soil types, cross sections and other factors which influence erosion, such as
groundwater seepage.

Table 3.3 Range of Modeled Velocities and Shear Stresses along the Lower Valley
Shear
Flowrate | Velocity | Stress
Event (cfs) (fps) | (Ibs/ftd)
2-year 83-296 | 0.8-3.8 | 0.2-2.8
100-year | 258-782 | 1.3-4.9 | 0.3-44

The city of Eden Prairie has also assessed the Lower Valley in 2006 and again in 2013. Eden Prairie’s Local
Surface Water Management Plan (Wenck 2016) provides information identifying over 80 moderately
unstable to unstable erosion sites along the Lower Valley in 2006. In 2013, the most severe areas visited
to assess any change in conditions. The City's 2013 erosion assessment suggests there are 17 distinct
locations where erosion was exacerbated between 2006 and 2013. The information also suggests that
many of the other locations had minimal change from the 2006 investigations and some had started to
revegetate. The 17 sites that experienced continued erosion were estimated to have lateral bank loss
rates of between 0.01 and 0.5 feet per year leading to about 56 tons of sediment annually. Eden Prairie
also provided information for the reach downstream of Riverview Road which suggests the area had
annual lateral bank loss rates of 0.3 to 5 feet per year between 2011 and 2013 based on bank pin
measurements. This results in an estimates sediment load over the same time period of 1.8 to 51 tons per
year (Wenck, 2014). It should be noted that since the last survey occurred in 2013, it is expected that the
creek and amounts of erosion were significantly altered following high flow and mass erosion events that
occurred in 2014. In addition, while the proposed measures address stabilization of the creek, they do not
include stormwater treatment options to better control the high flow rates and discharge velocities that
occur in the main channel and side channels of the lower valley.
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3.9 Recommendations for Water Quality Improvement Options

To improve the overall quality of Purgatory Creek, improvements should be implemented on a watershed
basis to reduce the frequency, rate, and volume of runoff to Purgatory Creek, and on a localized basis to
restore the physical stability of the stream channel.

Activities associated with reducing the frequency, rate and volume of runoff generally include storm water
detention ponds or basins to reduce discharge rates and volumes from the urbanized area. Introduction
of rainwater gardens can be used to infiltrate runoff, thereby reducing the volume and rate of runoff to
the creek. Implementing these activities can reduce the frequency of bankfull flooding, and help maintain
the stability of the stream. The District should continue to promote the cost share program and
coordination with stakeholder to implement a watershed-wide volume reduction strategy which will
reduce the pollutants to Purgatory Creek and the lakes in the watershed, reduce erosion in streams
related to high stream flows and velocities, and help Cities meet MPCA NPDES nondegradation
requirements.

Activities associated with improving the channel stability include channel and floodplain restoration
techniques, such as improving stream bank protection, management of riparian vegetation, and restoring
a stable channel shape, slope, and sinuosity. Vegetation can also be reestablished at areas that lack
sufficient vegetation to prevent erosion. Selective tree removal may be necessary in order to provide
more sunlight to areas that have a lack of ground vegetation. When removing invasive plants and
reintroducing native species, a number of related and follow-up measures must be addressed, either by
the District or in collaboration with municipalities and other agencies. These include

e Ongoing maintenance of restored areas (even after invasive species have been eradicated, the

threat for new infestations remains)
e Controlling deer, which can decimate a newly planted area and degrade existing diverse areas

e Controlling erosion, which is often related to unmanaged foot paths on steep slopes. Establishing

properly sloped, sustainable trails and cutting off certain routes may be necessary.

Improving the physical characteristics of Purgatory Creek will improve: (1) the ability of the stream to
continue to naturally meander without excessive bank erosion, (2) the ecological characteristics and
aesthetics of the stream, and (3) the ability of the stream to convey flood flows efficiently without
degradation. Improving streambank and riparian vegetation throughout the stream system will improve
the resistance of the stream to erosion.

Water quality improvement options for Purgatory Creek will need to prioritize and complete stormwater
control and streambank stabilization projects at sites that are contributing inordinate sediment loads to
the study lakes and stream reaches, including subreaches that are at high-risk of bank instability and
excessive bedload. Depending on the ephemeral or perennial flow conditions, sources of erosion are
highly variable and it is difficult to quantify the water quality benefits that can result from stabilization
projects. Figures 3.2 through 3.5 combine the necessary information to identify and prioritize likely
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sources of near-channel erosion as well as side-catchment areas that may also represent significant
sources of ravine and gully erosion, depending on the extent of disturbance or existing vegetation that
can mitigate changes to stormwater discharge.

Implementation of the recommended BMPs through an adaptive management approach would
significantly reduce the TP and sediment loads to the receiving waters and allow time to evaluate the
effectiveness of the measures implemented to ensure cost-effective use of resources while striving to
improve the overall water quality. The CRAS report (Barr and RPBCWD, 2015) identified relative sources of
erosion and prioritized areas for improvements along the Lower Valley. While over 80 moderately
unstable to unstable erosion site were identified in Eden Prairie’s Local Water Management Plan (Wenck
Associates, 2016), 17 sites were considered for stabilization by the City and were grouped into two
groups. Based on the severity of erosion at these 17 site and the proposed stabilization measures in the
City's Local Surface Water Management Plan, the budgetary opinion of probable cost to stabilize the
streambanks at these locations along the Lower Valley is estimated to be $450,000 with a range of
$225,000 to $900,000. Prior to implementation of streambank stabilization measures along the reach,
more detailed study should be completed to verify and/or develop specific BMPs for implementation. The
study should also assess the potential benefits of implementing additional watershed detention and
volume reduction efforts to help mitigate the impacts of urbanization on the creek.
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Table 3.4 - Summary of the Lower Valley BMPs, Resulting Load Reductions, and Cost Estimates

30-year - P Load |30-year - Sediment Planning Level Estimated Cost per Pound |Cost per Ton
Reduction at Load Reduction at Cost Estimate & [Annual O&M |P Removed at Sediment Removed
BMP ID BMP Type and Description BMP (Ibs/yr)* BMP (tons/yr)’ Range® Cost ($/yn)*  |BMP ($/Ib)° at BMP ($/ton)°®
Creek Restoration and Stabilization $265,000 $5,300 $3720 $720
PC_1 - Restoration and. stabilizatz:on of 10 locations (725 feet) 3.8 19.6 ($133,000 - ($2,700 - ($1,860’— $7.440) ($360 - $1.440)
downstream of Pioneer Trail (Group 1) $531,000) $10,600)
Creek Restoration and Stabilization $185,000 $3,700 $1370 $270
PC_2 - Restoration and stabilization of 6 locations (380 feet) 7.2 36.6 ($93,000 - ($1,900 - '
) ) ($690 - $2,740) ($130 - $540)
downstream of Pioneer Trail (Group 2) $370,000) $7,400)
Notes:

1. Estimated annual average phosphorus load reduction at the outlet of the BMP or downstream end of the creek reach

2. Estimated annual average sediment load reduction at the outlet of the BMP or downstream end of the creek reach

3. Planning level probable cost detailed in Appendix E; range is generally +100%/-50% for creek restoration and stabilization

4. Planning level estimate of annual operation and maintenance costs rounded to nearest $100; 2% of the construction cost, except for internal load reduction where it is $0.

5. Cost per pound of phosphorus removed per year of operation at the outlet of the BMP, including both construction and O&M.

6. Cost per ton of sediment removed per year of operation at the outlet of the BMP, including both construction and O&M.




3.10 Recommendations for Future Monitoring and Study

Follow-up monitoring should also be completed to both evaluate progress toward the water quality
targets provided in the TMDL Report and to inform and guide implementation activities. The aquatic life
impairment will remain listed until water quality standards and the macro-invertebrate IBI threshold score
are met. Stream monitoring for turbidity and flow is expected to continue at the Purgatory Creek WOMP
site. This monitoring will occur during open water season and at a set frequency and timing (15 minutes).
In addition to turbidity and flow, samples measuring TSS, total suspended volatile solids and Chl-a will
continue to be analyzed at the monitoring stations to better target implementation efforts and conduct
on-going assessment. As previously discussed, the monitoring results from the Purgatory Creek segment
between Staring Lake and the Minnesota River are somewhat limited by the fact that most of the historic
sampling has occurred upstream of significant near-channel sources of erosion and mass wasting. For that
reason it is recommended that RPBCWD establish a monitoring station to measure continuous turbidity
and collect TSS samples near the mouth of the creek, likely at the Riverview Road crossing. This would
enable direct comparison of the continuous turbidity measurements with the data that is currently being
collected at the Pioneer Trail WOMP station and allow RPBCWD to evaluate water quality improvements
associated with the implementation of projects in the lower valley area.

In addition to the water quality monitoring, RPBCWD staff have also been installing bank pins in eroding
streambanks that will be monitored for relative amounts of erosion throughout the system. It is
recommended that this information be combined with information regarding channel and flow
characteristics and mapped to evaluate patterns and develop additional improvement options, as well as
refinements to the sediment loading rates.
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4.1 Watershed Characteristics

Lotus Lake is a headwater lake to Purgatory Creek. Lotus Lake lies mostly within the boundaries of the City
of Chanhassen. A small portion of the watershed along the east side lies within the city of Eden Prairie.
Lotus Lake has an overall watershed of 1397 acres, including the lake surface area of the approximately
248 acres (Figure 4.1).

4.1.1 Drainage Patterns

The stormwater conveyance system in the Lotus Lake watershed is comprised of storm sewer networks,
constructed stormwater detention ponds, and natural wetlands within the watersheds tributary to the lake
(Figure 4.1). Most of the constructed stormwater ponds within the Lotus Lake watershed are wet detention
ponds. These ponds are designed to provide water quality treatment of stormwater runoff, by allowing
particles to settle out in the permanent pool of water and by having the capacity to temporarily store
excess runoff volumes and release it at lower rates than incoming flows.

The Lotus Lake watershed was divided into subwatersheds based on updated topographical data (MDNR,
2011), storm sewer data, BMP locations, and other information from the cities of Chanhassen and Eden
Prairie. The subwatersheds were grouped into 11 major drainage areas within the Lotus Lake watershed
(Figure 4.1). Each major drainage area is named after the terminating watershed in each conveyance
network. In addition to the major drainage areas is the lakes direct watershed. The direct watershed
includes areas along the shoreline of the lake that contribute flow directly to the lake through surface flow
as well as small stormsewered sections that do not receive treatment before discharging into the lake.
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4.1.2 Land Use

Land use within a lake’s watershed can impact the hydrology and water quality of a lake. Varying land
uses contribute different quantities of sediments and TP to downstream waterbodies, due primarily to
differences in the amount of impervious surfaces associated with the different land-use types.

Existing land-use patterns used to estimate the amount of impervious surface and expected change in
imperviousness for each watershed were based on information from the Metropolitan Council. The land-
use classifications and the amount of total impervious surface and directly connected impervious surface
(i.e., impervious surfaces that contribute runoff directly to a stormwater conveyance system) associated
with each type are summarized in Appendix D.

The majority of the Lotus Lake watershed is covered by single family residential land use (65%). Figure 4.2
shows the existing land uses present in the Lotus Lake watershed.

4.1.3 Soils

The infiltration capacity of soils affects the amount of direct runoff resulting from rainfall. Soils with a
higher infiltration rate have a lower runoff potential. Conversely, soils with low infiltration rates produce
high runoff volumes and high peak runoff rates. According to the Natural Resource Conservation Service's
(NRCS) Soil Survey Geographic (SSURGO) database map for Carver and Hennepin counties, the underlying
soils in the Lotus Lake watershed are predominantly classified as hydrologic soil group (HSG) B with
moderate infiltration rates (Figure 4.3). The remaining areas in the watershed are coved by HSG C/D or
B/D soils with low infiltration rates. High infiltration rate HSG A soils are not present in the watershed
besides a small section north of the lake.
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4.2 Lake Characteristics

Table 4.1 provides a summary of the physical characteristics for Lotus Lake. Lotus Lake has an open-water
surface area of approximately 248 acres. The lake is deep, with a maximum depth of approximately 31 feet
and mean depth of approximately 16 feet. The lake area, depth, and volume depend on the water level of
the lake, which has been observed to vary between a high measurement of 897 feet mean sea level (MSL)
(1992) to a low measurement of 893.2 feet MSL (1976). Since 2010 water levels in Lotus Lake have
averaged at a measurement of 895.49 feet MSL. The outlet of Lotus Lake is a manmade structure that
conveys water to Purgatory Creek. The outlet is at elevation of 895.4 feet. At the average water elevation
of 895.49 feet, the total water volume in Lotus Lake is 2,500 acre-ft.

Table 4.1 Lotus Lake Physical Characteristics
Lake Characteristic Lotus Lake

Lake MDNR ID 10-0006-00
MPCA Lake Classification Deep
Water Level Control Elevation (feet MSL) 895.4
Average Water Elevation (feet MSL) 895.49
Surface Area (acres) 248
Mean Depth (feet) 16
Maximum Depth (feet) 31
Littoral Area (acres) 177
Volume (at normal water elevation) (acre-feet) 2,500
Thermal Stratification Pattern Dimictic
Estimated Residence Time (years) — 2013-2015 57
climatic Conditions
Watershed Area Tributary to Upstream Lake 0
Total Watershed Area 1,397%
Subwatershed Area (acres) 1,397
Trophic Status Baseq on 2015 Growing Season Hypereutrophic
Average Water Quality Data

1 — Watershed area includes surface area of lake.

Given the depth of Lotus Lake and the review of temperature and dissolved oxygen profiles suggest that
Lotus Lake is a dimictic lake. This means that the lake mixes twice a year in the fall and spring as surface
water temperature reach the temperature of maximum density (~39° F). During the summer months,
temperature stratification is strong enough to prevent a wind mixing event from fully mixing the lake
water column.
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4.3  Water Quality Conditions

Historical water quality data, in terms of growing-season (June — September) average TP concentrations,
chlorophyll a concentrations, and Secchi disc transparency for Lotus Lake are presented in Figure 4.4. Also
shown in these figures is the MPCA water quality standards for each parameter. The growing season
average concentrations consistently failed to meet the MPCA water quality standards throughout the
record. The most recent growing-season average TP concentration in year 2015 was calculated as 65 ug/L,
slightly less than the 73 pg/L concentration recorded on 2014. TP concentrations reached a recent
minimum in 2010 of 30 pg/L, but have been elevated in recent years since 2012.

Chl-a concentrations follow a similar patters to the TP values. Historically Chl-a concentrations in Lotus
Lake have exceeded the MPCA water quality standard for a deep lake. The 2015 growing season average
concentration of 64 pg/L was the highest recorded average concentration on record.

Historical Secchi depths in Lotus Lake have mostly not met the MPCA water quality standard of 1.4
meters. Since 2009 five out of the seven growing season average values have met the water quality
standard with each of the last three values (2013-2015) meeting the goal. The best average Secchi depth
value of 1.8 meters was recorded in 2011. The most recent 2015 average depth was 1.5 meters.

Trends in the water quality data were determined by calculating a Thiel-Sen slope on the annual average
growing season values and the significance of the trend was tested using the Mann-Kendall non
parametric test at the 95% confidence internal. No significant trends are present over the recent time
period of 1999-2014 or through the entire record since 1972 in any of the three parameters (Table 4.2). A
slope of slight improvement in water clarity (Secchi Depth) was calculated, however it was not statistically
significant.

Table 4.2 Lotus Lake water quality parameter Thiel-Sen trends for year 1999-2015

Parameter 1999-2015 Entire Record
TP (ug/L/yr) 0 0
Chl-a (ug/L/yr) 0 -0.1
Secchi Depth (m/yr) 0.03 0.01
Notes:

* Designates significant trends at the 95% confidence level
using Mann-Kendall significance test
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4.3.1 Paleolimnology

In 2011 the district contracted with St. Croix Watershed Research Station to use paleolimnological
techniques to reconstruct the trophic and sedimentation history of Lotus Lake (Ramstack & Edlund, 2011).
A sediment core was collected and lead-210 activity was analyzed to develop a dating model and
determine the sediment accumulation rate over the past 150 to 200 years.

The Lotus Lake reconstruction shows TP concentration in the most recent analyzed year (2010) consistent
with concentrations observed in the pre-European settlement time periods (1860-1900). An increase in
concentration was observed in the 1950's-1980's followed by a decreasing trend in the 1990’s and 2000's
back to pre-settlement concentrations (Figure 4.5).
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0 20 40 1] &0
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&
=

Figure 4.5 Lotus Lake diatom-inferred TP reconstruction (Ramstack &
Edlund, 2011).

4.3.2 Water Quality Relationships

As previously discussed, phosphorus often acts as the limiting nutrient for algal growth (as measured by
chlorophyll @), which in turn, affects lake water clarity (Secchi depth). This section describes how
incremental phosphorus load reductions would be expected to impact perceptible changes in lake water
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quality. The compiled data for the water quality variables from Lotus Lake were analyzed to develop
relationships between the water quality parameters: TP, chlorophyll a, and Secchi depth. Relationships
were evaluated based on individual sampling dates and based on the growing season averages. In
addition to developing the water quality relationships based on the observed data, the regression
equations developed by the MPCA based on a statewide lake data base (MPCA, 2005) were also plotted
against the lake data.

The relationships between the various water quality parameters for the actual Lotus Lake data did indicate
some correlation between the water quality parameters (Figure 4.6). The MPCA regression equations
resulted in similar fit for the chlorophyll a, Secchi disc transparency data, and TP. For this reason the MPCA
statewide regression equations were selected to estimate the resulting chlorophyll a and Secchi disc
transparency for Lotus Lake based on TP concentration.

Figure 4.6 shows the individual water quality data points for Lotus Lake, along with plots of the MPCA
statewide regression equations.

The statewide regression equations developed by the MPCA are summarized below:

e LoglO Chla (ug/L) = 1.31 Log10 TP (ug/L) — 0.95
e Logl0 Secchi (meters) = -0.59 Log10 Chla (ug/L) + 0.89
e Logl0 Secchi (meters)= -0.81 Log10 TP (ug/L) + 1.51
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4.4  Ecosystems Data

The term “ecosystem” describes a community of living things and its interaction with the environment in
which those living things live with each other. The ecosystem includes all the organisms associated with
the lake's food chain including: macrophytes (aquatic plants), phytoplankton (algae), zooplankton (which
prey upon algae), and the fisheries (which include the smaller planktivores (small fish that feed on
zooplankton) and predator fish (larger fish that feed on the planktivores). Decomposers, a less visible
component of the food chain, include bacteria living at the lake bottom, which break down dead and
decaying organisms into nutrients and other essential elements. All life in the lake’s food chain is
interdependent. If any one group becomes unbalanced, all life in the food chain is adversely impacted. An
aquatic ecosystem is managed to maintain balance between the phytoplankton, zooplankton, small fish
(bluegill sunfish and crappies), and large fish (bass and northern pike).

4.4.1 Phytoplankton

Phytoplankton, also called algae, are small aquatic plants naturally present in lakes that derive energy
from sunlight (through photosynthesis) and from dissolved nutrients found in lake water. The
phytoplankton (algae) species in Lotus Lake form the base of the lake’s food web and directly impact fish
production in the lakes. An inadequate phytoplankton population reduces the lake’s zooplankton
population and adversely impacts the lake’s fishery. Excess phytoplankton, however, reduce water clarity,
and reduced water clarity can interfere with the recreational usage of a lake. Phytoplankton growth is
typically stimulated by excess TP loads.

RPBCWD has collected phytoplankton data in Lotus Lake for years: 1999, 2008, and 2009. Additionally,
phycocyanin (cyanobacteria (blue-green algae) pigment) readings have been collected in years 2009 and
2013. A 2008 analysis (CH2M HILL, 2009) of zooplankton and phytoplankton in Lotus Lake showed
phytoplankton was dominated (66 percent) by dinoflagellate while 32 percent were cyanobacteria.

While green algae are edible to zooplankton and serve as a valuable food source, cyanobacteria are
considered a nuisance type of algae because they:

e Are generally inedible to fish, waterfowl, and most zooplankters
e Float at the lake surface in expansive algal blooms
e May be toxic to animals when occurring in large blooms

e Can disrupt lake recreation because they are most likely to be present during the summer months

4.4.2 Zooplankton

Zooplankton are microscopic animals that feed on particulate matter, including algae and are, in turn,
eaten by fish. As a result, zooplankton populations are considered vital to the fishery. Protection or
enhancement of the lake’s zooplankton community through judicious management practices affords
protection to the lake's fishery.
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The rotifers and copepods graze primarily on extremely small particles of plant matter and do not
significantly affect the lake’s water quality. However, the cladocera graze primarily on algae and can
improve water quality if present in abundance.

The most recent analysis of zooplankton occurred in September of 2008. The zooplankton population was
dominated by small bodied organisms that were unable to control algal growth. Copepodes represented
29% of the zooplankton density with Rotifers representing 40% and cladocerans representing 30%. Only
1% of the zooplankton density was represented by large bodied cladocerans. An analysis conducted in
1999 (Barr Engineering, 2005) found a similar result during the late summer/fall months. However, large
populations of large bodied cladocerans were observed from April-June resulting in estimated grazing
rates of the surface water column (0-6 ft) ranging from 7 to 20 percent. Declining grazing rates observed
during June corresponded with declining numbers of large bodied cladocera and increasing volume of
blue-green algae.

4.4.3 Macrophytes

Aquatic plants (macrophytes) are a natural part of most lake communities and provide many benefits to
fish, wildlife, and people. Typical functions of a lake’s macrophyte community include the following:

e Provide habitat for fish, insects, and small invertebrates

e Provide food for waterfowl, fish, and wildlife

e Produce oxygen

e Provide spawning areas for fish in early spring/provide cover for early life stages of fish
e Help stabilize marshy borders and protect shorelines from wave erosion

e Provide nesting sites for waterfowl and marsh birds

Plant surveys have been conducted on Lotus Lake in years 1999, 2013, and 2014. The 1999 plant survey
was part of the Lotus Lake UAA (Barr Engineering, 2005). The most recent survey conducted on Lotus Lake
was a set of point intercept surveys during the summer of 2013 and 2014 by the University of Minnesota
(Jaka & Newman, 2014). It was found that Lotus Lake has a diverse macrophyte community with 18
different species present with moderate species richness at each sample site. Most plant species were
observed in low frequencies and low densities with coontail (Ceratophyllum demersum, a native species)
as the dominate species found in both frequency of occurrence and dry plant mass. Coontail was found at
approximately 35 percent of the sites during both 2013 and 2014 with plant masses of 250 and 100 g
dry/m? during the 2013 and 2014 sampling dates respectively. Eurasian watermilfoil (Myriophyllum
spicatum, an exotic species) and Curlyleaf pondweed (Potamogeton crispus, an exotic species) were both
found in Lotus Lake during both years, however at levels that are not of concern (Jaka and Newman,
2014). Plant management is not suggested at this time for Lotus Lake, but occasional monitoring is
recommended (Jaka and Newman, 2014).
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4.4.4 Fishery

The MDNR has developed a classification system for Minnesota lakes relative to the chemical and physical
properties of each lake class and the fishery that is supported by each lake (Schupp, 1992). This ecological
classification is a function of lake area, percentage of the lake surface area that is littoral, maximum depth,
degree of shoreline development, Secchi disc transparency, and total alkalinity. According to it ecological
classification, Lotus Lake is a class 24 lake. Class 24 lakes typically have a good permanent fishery (Schupp,
1992). According to its classification, Lotus Lake's primary fish species are northern pike, bluegill, and carp.
Northern pike is a predator fish (eats bluegills). Bluegills are planktivores (eat zooplankton). Carp is
considered a benthic or bottom feeding fish.

Based on a lake fish survey conducted in 1999 by the DNR the lake's fisheries consist of panfish, gamefish,
roughfish, and other fish species. The 1999 MDNR fish survey showed that the following species were
present in Lotus Lake.

o Panfish: Black crappie, bluegill, hybrid sunfish, green sunfish, and pumpkinseed sunfish.

e Gamefish: largemouth bass, northern pike, yellow perch, and walleye

e Rough fish: black bullhead, yellow bullhead, and common carp

e Other fish: golden shiner, spottail shiner, fathead minnow, jonney darter, and white sucker.

Overall results of the survey indicated an excellent fishery in Lotus Lake. Increased numbers of gamefish
were observed when compared with the previous survey in 1994. Fish numbers, sizes, and growth rates
were good when compared to class 24 lakes.

The RPBCWD funded the University of Minnesota to conduct multi-year research on the movement of
common carp through the Purgatory Creek chain of lakes and document the key factors that influence
carp recruitment (Sorensen, et al., 2015). Boat electrofishing surveys conducted in 2011 as part of this
study found moderately abundant levels of carp (6 carp/hectare) in Lotus Lake. Further surveys using mark
capture analyses conducted in 2012 and 2013 found the population of carp in Lotus Lake to be ~1,700
carp with a biomass of 60 kg/hectare. The carp populations in Lotus Lake were being adequately
managed by natural predation within the lake system and carp are prevented from leaving the lake due to
a fish barrier at the outlet. Carp biomass reductions through netting were conducted in 2012 and 2013
resulting in a reduction of the carp biomass to 51.7 kg/hectare. Subsequent surveys found a lack of young
carp in the system further reinforcing the initial conclusions that native fish are adequately controlling the
carp population in Lotus Lake (Sorensen, et al., 2015).

On July 6%, 2015 the MnDNR conducted a score the shore analysis on the shoreline of Lotus Lake. This
analysis is a quick classification of shoreline fish habitat in the lake. The analysis gave the shorelines
habitat of Lotus Lake a score of 74 out of 100 which corresponds to an overall fair lakeshore condition.
Developed shoreline had an average score of 71 while undeveloped sites had an average score of 93.
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The DNR also conducted a fish IBI (FIBI) study along with the score the shore analysis. The fish analysis
found 12 different species of fish in the near shore sampling. The species included zero intolerant species
and 2 tolerant species (common carp and green sunfish).The FIBI gave a score of 29 which is below the
impairment threshold of 45. This low score was based on a low diversity of vegetation dwelling species, a
low proportion of intolerant species of fish in the near shore, and a low biomass of top carnivores
compared to lakes used to develop the FIBI scoring system.

4.5 TP Source Assessment

The watershed and in-lake water quality models were developed to assess both the external and internal
TP loads in Lotus Lake for the 2015 water year (October 2014 — September 2015). A detailed discussion of
the modeling methods used is presented in Section 2.2.2 and Appendix D. Possible lake external loads of
TP include atmospheric depositions, stormwater runoff from the lake watershed, erosion from
ravines/channels contributing to the lake, surficial groundwater interactions with the lake waters, internal
loads from upstream ponds and wetlands, and load from any upstream lakes that might flow into the
waterbody.

External loads that applied to Lotus Lake are atmospheric deposition, watershed loads, and erosion. Based
on the 2015 water balance it appeared that there was no net surficial groundwater inflow meaning the
inflow of groundwater likely equals the outflow, and Lotus Lake being a headwaters lake to Purgatory
Creek is not downstream from another major waterbody/Lake. Internal TP loads can come from sediment
phosphorus release, curly leaf pondweed, or benthivorous fish activity.

Figure 4.7 summarizes the 2015 annual water year TP budgets for Lotus Lake, including the relative
contributions of the internal and external TP loads. This budget explains the sources of TP to the lake and
help identify implementation strategies. Each of the sources are discussed further in the following
section(s).
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Figure 4.7 Lotus Lake TP load sources for 2015 water year

45.1 External Loads
4.5.1.1 Atmospheric Deposition

Atmospheric deposition of TP onto the lake water surface was calculated by using the estimated statewide
TP atmospheric deposition rate of 0.17 kg/ha/year (Barr, 2004). For Lotus Lake, this loading rate was
applied to the combined open water area. The daily rate was applied to the surface area of the lake based
on the modeled lake water elevation from the lake water balance model. The resulting atmospheric
deposition TP load for the 2015 water year was 36 pounds which amounted to 3% of the TP load to Lotus
Lake (Figure 4.7).

45.1.2 Watershed Loads

The P8 watershed model estimated surface runoff from Lotus Lake’s subwatersheds (not passing through
upstream lakes) based on observed climatic data (precipitation and temperature). The total untreated
watershed load from the watersheds in Lotus Lake for the 2015 water year was modeled to be 472
pounds. The watershed load travels through existing stormwater ponds, wetlands, infiltration practices,
and other BMPs located throughout the watershed providing treatment resulting in a load of 306 pounds
reaching the lake. This represents a 35% removal being provided by existing treatment practices in the
watershed. The 306 pound TP load reaching the lake from the watershed load represented 28% of the
total TP load to Lotus Lake (Figure 4.7).
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To help evaluate areas that might benefit from additional treatment watershed loads to the lake were
calculated for each of Lotus Lake's individual subwatersheds. The load to the lake is defined as the
amount of TP load from that watershed reaching the lake without being removed by an existing BMP
within the subwatershed or downstream from the subwatershed. The P8 results were used to calculate the
total annual average untreated watershed TP loads from each subwatershed. Next the watershed load to
the lake was calculated. This was accomplished by applying the annual average removal efficiencies from
each BMP in succession along the watershed flow path until the cumulative flow reached the lake. This
calculation resulted in the amount of TP load from each subwatershed that reached the lake without
being removed by an existing BMP. The watershed load to the lake for each subwatershed is shown in
Figure 4.8.

45.1.3 Erosion Loads

TP loads from bank erosion were calculated for tributaries to Lotus Lake based on estimates resulting
from the RPBCWD Creek Restoration Action Strategy (CRAS) report (Barr Engineering, 2015) and
associated documentation for the surveys of the stream reaches within the respective watersheds. Since
the CRAS methodology quantifies a range in the amount of material that is at-risk of eroding during a 20-
year period, the bank erosion estimates were based on the average of the highest and lowest annual
sediment and TP loading rate estimates which were further reduced to account for a 20 percent delivery
ratio to the lake. From this calculation an erosion load of 7 pounds of TP was estimated. This load
represents 1% of the TP load to Lotus Lake (Figure 4.7).

45.2 Internal Loads

The Internal load in Lotus Lake represents 68% (732 pounds) of the TP load in the 2015 water year.
Internal loading sources appear to be from three primary sources: Curly leaf pondweed, benthivorous fish
activity, and sediment phosphorus release.

Curlyleaf Pondweed

Because of the relatively low occurrence of curlyleaf pondweed in Lotus Lake during the most recent U of
M macrophyte survey completed in 2014, the TP loading from curlyleaf pondweed was not explicitly
modeled for this study. The internal loading calibration parameter was used to simulate this release along
with other sources of internal loading. In 2013 and 2014 curlyleaf pondweed was found to be in Lotus
Lake but at levels that are not of concern (Jaka & Newman, 2014). Due to the low levels it is likely that
curlyleaf pondweed is a minor source of TP to Lotus Lake.
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Benthivorous Fish Activity

Although carp have historically been present in Lotus Lake, the current carp densities estimated suggest
that carp activity does not have a significant impact on the observed water quality in the lakes. Carp
populations appear to be naturally controlled in Lotus Lake through predation of young carp by predator
fish in the Lake. Through four years of surveys (2011-2014) carp biomass has been determined to be well
below the water impairment threshold of 100 kg/hectare determined by the University of Minnesota
(Sorensen, et al.,, 2015). The most recent survey conducted in 2014 found biomass levels equal to 51.7
kg/hectare. Because of the relatively low biomass of carp and other benthivorous fish, the TP load from
benthivorous fish activity was not separated out from the other internal loads.

Sediment Release

Internal loading through sediment release occurs during anoxic conditions. A review of dissolved oxygen
profiles in Lotus Lake showed anoxic conditions reaching a depth of 13 feet from the lakes water surface
during the middle summer months. Persistent stratification in Lotus Lakes occurs throughout the summer
with mixing events only happening in the late fall and early spring. The stratification and subsequent
anoxic conditions in the hypolimnion allow for the release of phosphorus throughout the growing season
months. Elevated TP concentrations have been recorded in the lake hypolimnion corresponding to anoxic
conditions. TP concentrations in the hypolimnion have reached as high as 1000 pg/L since 2013 with
concentrations typically seen between 400 and 600 ug/L during the summer months. As the lake mixes
due to turnover in the fall from temperature changes this phosphorus load is distributed throughout the
water column, impacting surface water concentrations.

45.3 TP Load Reductions

The in-lake model was used to determine the TP load reductions needed to meet the water quality goal
for Lotus Lake. Table 4.3 shows the measured and modeled growing season average (June — September)
concentration, the TP load to the lake under existing conditions, the water quality goal, the TP loading
capacity for meeting the water quality standard and the required percent reduction needed to meet the
water quality goal. Under existing conditions, Lotus Lake is not meeting the TP concentration goal for a
deep lake of 40 pg/L. Modeled and measured growing season TP average concentrations in the lake
surfaces waters for the 2015 water year was 64 ug/L and 65 ug/L respectively. Lotus Lake was modeled as
a stratified lake with modeled concentrations for the hypolimnion and epilimnion. The annual TP load to
the whole lake under existing conditions was 1,081 pounds for the 2015 water year. To meet the water
quality goal the annual TP load to Lotus Lake would need to be reduced to approximately 682 pounds,
resulting in an overall 37% TP load reduction.
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Table 4.3 Lotus Lake estimated load reductions required to meet TP water quality goal for
2015 water year

Measured Modeled Estimated Percent
growing growing Estimate TP Loading reduction
season season 2015 TP concentration | Capacity to | needed to
average TP average TP | loading rate goal meet WQ achieve
concentration | concentration (Ibs/yr) (ng/L) goal goal
(ng/L) (ng/L) (Ibs/yr) (%)
65 64 1,081 40 682 37%

Figure 4.9 shows how lake concentrations react to lake load reductions. The calibrated in-lake TP model

was used to determine in-lake water quality based on the amount of TP load to the lake. TP

concentrations were estimated using the in-lake model. Chl-a and Secchi depth concentrations were

determined based on the water quality relationships discussed in Section 4.3.2. The figure shows how

incremental load reductions would impact the water quality in Lotus Lake.
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Figure 4.9 Lotus Lake TP load relationship with lake water quality (TP, Chl-a and clarity)

4.6 Summary of Diagnostic Findings

Table 4.4 provides a summary of the key water-quality findings for Lotus Lake.
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Table 4.4 Diagnostic Findings for Lotus Lake

Topic

Lotus Lake

Water Quality Standards
and Goals

Does not meet MPCA Deep Lake Standards
Does not meet RPBCWD goals or long term vision

Baseline Water Quality

Water quality concentrations are elevated above reconstructed
concentrations from predevelopment time periods

Water Quality Trends

No significant trends since 1999

Watershed Runoff

Represents 28% of annual TP load
Watershed load appears to be reduced by 35% by existing
BMPs, ponds and wetlands located throughout the watershed.

Macrophyte Status

Diverse macrophyte community dominated by native coontail
Curlyleaf pondweed is present in low numbers
Eurasian water milfoil is present in low numbers

Fishery Status

Carp populations currently below water quality degradation
threshold

Cyanobacteria (blue
green algae)

Has historically experienced cyanobacteria blooms during the
summer

Internal Loading from
sediments

Thermally stratifies during summer months with anoxic
conditions of the hypolimnion reaching up to 13 ft depth from
surface waters

Internal loading (sediment, curlyleaf, and carp) estimated to be
68% of annual TP load

Methylmercury in Fish
Tissues

No studies have been conducted, not currently listed as
impaired
No consumption advisories

Additional discussion of the diagnostic findings in relation to the sources of TP and water quality of the

lake based on the data analyses, watershed and in-lake modeling, and review of recent studies and

information is summarized below. These conclusions influenced the implementation strategies evaluated

for the management of Lotus Lake water quality (see Section 4.8).

e Lotus Lake is currently listed on the MPCA 303(d) impaired waters list for excess nutrients with TP
concentrations exceeding the 40 ug/L MPCA deep water standard. A TMDL analysis is currently
being developed with the MPCA. A complete historic review of water quality conditions in Lotus
Lake show TP concentration consistently above the standard for TP, Chl-a and Secchi depth. A
trend analysis showed no significant trends in water quality over the entire period of record as

well as over the most recent time period since 1999.

e Roughly 67 percent of the watershed runoff receives treatment prior to entering Lotus Lake due
to the number of stormwater ponds and other waterbodies within the watershed. As stormwater

runoff passes through the many constructed stormwater ponds and natural wetlands in the

watershed, removal of TP associated with particulates in the runoff occurs due to particle settling.
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4.7

As a result, the watershed modeling suggests the TP in the watershed runoff reaching the lake is
in a soluble form or associated with very small particles that are difficult to settle. Therefore,
treatment practices that can remove dissolved TP such as infiltration and enhanced filtration
practices should be examined in addition to practices in currently untreated areas.

The watershed phosphorous load to Lotus Lake represented 28 percent of the total annual TP
budget to the lake during the 2015 water year, internal loading represented another 68 percent of
the total annual TP budget (see Figure 4.7)

Water quality data collected along the depth profile of Lotus Lake indicates that the interface
along the bottom sediments can become anoxic during the summer and elevated TP levels have
been observed near the lake bottom, supporting that internal loading is a source of TP in Lotus
Lake.

Figure 4.8 shows the estimated 2015 water year TP loading from the major drainage basins in the
Lotus Lake watershed. The watershed modeling suggests that the direct watershed to Lotus Lake
provides 38 percent of the watershed load to Lotus Lake. Providing treatment to areas draining
directly into Lotus Lake should be examined. Another 29 percent of the watershed load to Lotus
Lake passes through the LL-8A major drainage area. This drainage area appears to provide a good
opportunity for the implementation of additional watershed BMPs or modifications to existing
BMPs.

Based on the 2013 and 2014 macrophyte data collected by the University of Minnesota (Jaka &
Newman, 2014), Lotus Lake has a diverse macrophyte community dominated by native coontail.
Eurasian watermilfoil and curlyleaf pondweed were found in the lake surveys but at low levels that
are not of concern.

According to the U of M the carp population in Lotus Lake is currently at low levels and appears
to be managed through natural predation from blue gill feeding on carp eggs (Sorensen, et al.,,
2015). Harvesting campaigned in 2012 and 2013 reduced the biomass of carp in the lake from 60
kg/hectare to 51 kg/hectare (Sorensen, et al., 2015).

Current and Past Management Actions

The following includes a summary of BMPs either implemented or analyzed in the Lotus Lake watershed:

Suggested BMP and mitigation measures for Lotus Lake as part of the "One Water” Water
Management Plan (CH2M HILL, 2011) included:

0 Curlyleaf pondweed mitigation through herbicide and mechanical treatment,

0 Eurasian water milfoil treatment through mechanical or herbicide treatment,

0 carp mitigation through collaboration with the University of Minnesota,
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0 control internal loading of phosphorus and mercury methylation through oxygenation,
aeration, sediment oxygenation, alum treatment, or a combination of methods,

0 control purple loosestrife with beetles,

0 control cyanobacteria through destratification.

e Moderate carp populations were found in Lotus Lake in 2011 with carp removal conducted in
2012. High presence of blue gills in Lotus Lake is likely suppressing the reproduction of carp in
the lake. Carp population was comprised primarily of old individuals (Sorensen, et al., 2015).

e In 2012 a pilot program was implemented to create low impact development projects in the
Carver Beach neighborhood (RPBCWD, 2012).

e Shoreline restoration project was implemented along Lotus Lake in 2012 (RPBCWD, 2012).

e Ponds LL-P10.7, LL-P10.4, LL-P6.3, analyzed in the Lotus Lake watershed over years 2012 and
2013, were determined to have TP concentration above 0.250 mg/l and could benefit from
remediation measures (RPBCWD, 2014).

e Continued carp monitoring to maintain low carp populations (Sorensen, et al,, 2015). Continued
plant monitoring to maintain low densities of invasive macrophytes (Jaka & Newman, 2014).

4.8 Evaluation of Water Quality Improvement Options

All of the BMPs identified for Lotus Lake are listed and described in detail in the following subsections.
Table 4.5 provides a list of the potential BMPs and Figure 4.10 shows the identified potential BMP
locations in the Lotus Lake watershed.
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Table 4.5 - Summary of Lotus Lake BMPs, Resulting Load Reductions, and Cost Estimates

30-year - P Load (30-year - P Load |P Load Reduction to [Planning Level Estimated Cost per Pound [Cost per Pound
Reduction at Reduction to Lake as a Percentage |Cost Estimate & |Annual O&M [Removed at Removed at
BMP ID BMP Type and Description BMP (lbs/yr)!  |Lake (Ibs/yr)® of Goal (%)* Range® Cost ($/yr)°  |BMP ($/Ib)° Lake ($/1b)’
New Wet Pond $186,300 $3,700
. $1,550 $1,550
LL 1 - A 0.6 acre, 3-foot deep wet pond designed to treat 4.0 6.4 6.4 2% ($149,000 - ($3,000 -
. . ($1,240 - $2,170) | ($1,240 - $2,170)
acres of impervious area $261,000) $5,200)
Expanded Wet Ponds $88,600 $1,800
. . $11,880 $11,880
LL 2 - Two ponds totalling 0.25 acres, 2.5-feet deep, designed to 04 04 0% ($71,000 - ($1,400 -
. . ($9,510 - $16,640)(($9,510 - $16,640)
treat 1.9 acres of impervious area $124,000) $2,500)
Infiltration Basin $389,700 $7,800 $350 $430
LL 3 - A 1.6 acre, 1.7-foot deep infiltration basin designed to treat 58.8 485 12% ($312,000 - ($6,200 -
. . ($280 - $500) ($340 - $600)
20.9 acres of impervious area $546,000) $10,900)
Creek Restoration and Stabilization $388,000 $7,800 §7.970 §7.970
LL 4 - Restoration and stabilization of the 1,550-foot reach 2.6 2.6 1% ($194,000 - ($3,900 - ' '
($3,990 - $15,950)(($3,990 - $15,950)
between Carver Beach Road and Lotus Lake. $776,000) $15,500)
Underground Storage and Reuse
. . $1,737,400 $34,700
- A 0.4 acre, 3-foot deep buried concrete structure designed $4,950 $4,950
LL_5 . . . 18.7 18.7 5% ($1,390,000 - ($27,800 -
to store 2.8 inches off of 5.2 acres of impervious area for ($3,960 - $6,930) | ($3,960 - $6,930)
$2,432,000) $48,600)
reuse later
1,258,000
Internal Load Control $ $70 $70
LL 6 586 586 147% ($1,006,000 - $0
- Two treatments of a whole lake alum treatment ($60 - $100) ($60 - $100)
$1,762,000)
Iron Enhanced Sand Filter $585,700 $11,700 §530 §530
LL_7 - A 0.8 acre, 1.6-foot deep iron enhanced sand filter 58.7 58.7 15% ($469,000 - ($9,400 -
. . . ($430 - $740) ($430 - $740)
designed to treat 8.9 acres of impervious area. $820,000) $16,400)
New Wet Pond $142,400 $2,800 $870 $1.130
LL 8 - A 0.45 acre, 3-foot deep wet pond designed to treat 12.1 8.7 6.7 2% ($114,000 - ($2,300 - '
. . ($690 - $1,210) ($900 - $1,580)
acres of impervious area $199,000) $4,000)
New Wet Pond $556,200 $11,100
. $2,960 $2,960
LL 9 - A 0.9 acre, 4-foot deep wet pond designed to treat 4.2 10 10 3% ($445,000 - ($8,900 -
. . ($2,370 - $4,150) [ ($2,370 - $4,150)
acres of impervious area $779,000) $15,600)
975,400 19,500
Infiltration Basin and Iron Enhanced Sand Filter $ $ $710 $710
LL_3&7 L. . 73.1 73.5 18% ($780,000 - ($15,600 -
- Combination of BMPs LL_3 and LL_7 as described above. ($570 - $1,000) ($570 - $990)
$1,366,000) $27,300)
Notes:

1. Estimated annual average phosphorus load reduction at the outlet of the BMP or downstream end of the creek reach

2. Estimated annual average phosphorus load reduction to the receiving lake, taking into account delivery ratios. Most BMPs are modeled in P8 as described in this report,

others are estimated by erosion estimates (BWSR Pollution Reduction Estimator, Pfankuch erosion indices, and assumed 80% reduction with alum treatment).

3. Overall load reduction goal for Lotus Lake is 399 pounds of phosphorus per year; 97 lbs/yr from the watershed, and 302 Ibs/yr internally.

4. Planning level probable cost detailed in Appendix E; range is generally +40%/-20% but is dependent on the BMP

5. Planning level estimate of annual operation and maintenance costs rounded to nearest $100; 2% of the construction cost, except for internal load reduction where it is $0.

6. Cost per pound of phosphorus removed per year of operation at the outlet of the BMP, including both construction and O&M.

7. Cost per pound of phosphorus removed per year of operation to the receiving lake, including both construction and O&M.




Best Management Practices
Internal Load Control
Expanded Wet Pond
Infiltration Basin
Iron Enhanced Filter
New Wet Pond
Creek / Slope Stabilization
Underground Storage

Pfankuch Erosion Score

aMN\pm= 1 (Best)

M= 3

M= 5

Major Lake Watershed
Boundaries

~N
RILEY
PURGATORY

BLUFF CREEK BARR

WATERSHED DISTRICT I

ALL IDENTIFIED BMPs,
SN LOTUS LAKE WATERSHED
| WATER QUALITY MANAGEMENT

= f Bagetagrs g KRNR I R = = Sl g STRATEGIES

N
S -

<

N\ ——

T
L ol

Sy e IR : o ; Ot RIS (=t tasoa. B e FIGURE 4.10

o~
>
w
=
i
Q
b
>
°
x
€
%
o
=
o
1]
X
©
-
@
3
5
-~
o
-
<
g
3
o
2
|
o
=
o
=
E=
£
S
o
7]
o
B
3
©
=
—
<
k)
=]
©
©
S
2
3
o
X
D
o
)
e
S
2
©
S
g
3|
a
—
3
=
wn
—
o
N
|
4
D
®
O
A
X
)
e
s
)
[}
[~%
o
=
Z|
=4
9
2
K]
i
—
wn
i
—
wn
-
[a2]
N
~
—
o
o~
=
S
—
v
(Y]
O
<
<
i
Q
g
s}
o
w
=
=
©
o0




4.8.1 New wet pond in subwatershed Lotus_Lake, LL 1

BMP LL_1 would be a new wet pond receiving runoff from roughly 4.0 acres of untreated impervious area
in subwatershed Lotus_Lake just south of a baseball field and park on the east side of Pleasantview Road .
This pond is proposed to be approximately 0.6 acres at the surface and about 3 feet deep on average.
Computer simulations suggest the pond would remove approximately 6.4 pounds of TP per year based on
30-year modeling results. Because the BMP is near Lotus Lake, the TP reduction to the lake is also
anticipated to be about 6.4 pounds of TP per year. The cost-benefit of this BMP for Lotus Lake is
estimated to be about $1,550 per pound of TP, assuming the BMP functions for 30 years.

4.8.2 Expanded wet ponds in subwatershed LL-8A, LL 2

BMP LL_2 is the combination of expanding two existing wet ponds in subwatershed LL-8A currently
treating 1.9 acres of impervious area. These ponds are at the ends of Big Woods Boulevard and Bighorn
Drive. These ponds together are proposed to be approximately 0.25 acres at the surface with an average
depth of about 2.5 feet. The smaller size relative to the area treated is driven by the space constraints. The
expanded ponds are estimated to remove an additional 0.4 pounds of TP per year. Based on the proximity
of the ponds in the watershed relative to Lotus Lake, the TP reduction to the lake is also estimated to be
0.4 pounds of TP per year. The cost-benefit of this BMP for Lotus Lake is estimated to be about $11,830
per pound of TP, assuming the BMP functions for 30 years.

4.8.3 New infiltration basin in subwatershed LL-8E1, LL_3

BMP LL_3 would replace the existing dry detention basin in subwatershed LL-8E1, located near the park
just west of Kerber Boulevard and south of Pontiac Lane, with a new infiltration basin to treat runoff from
20.9 acres of untreated impervious area. According to the NRCS Soil Survey Geographic (SSURGO)
database map for Carver County the soils in this area are "B" soils, with a good capacity to infiltrate water.
This infiltration basin is proposed to be approximately 1.6 acres at the surface and about 1.7 feet deep.
The infiltration basin would have three inlets of various sizes, and one 60-inch overflow outlet. The
infiltration basin could potentially remove an additional 58.8 pounds of TP. Based on the distance of the
BMP in the watershed relative to Lotus Lake, the actual TP reduction to the lake is estimated to be 48.5
pounds of TP per year. The cost-benefit of this BMP for Lotus Lake is estimated to be about $430 per
pound of TP, assuming the BMP functions for 30 years. Because of the efficiency of the BMP and the
relatively low cost-benefit, BMP LL_3 is recommended for further consideration.

If BMP LL_3 is combined with proposed BMP LL_7, the total TP reduction to the lake is 73.5 Ibs. The
combined cost-benefit for both LL_3 and LL_7 is $740 per pound of TP, assuming the BMPs function for
30 years. Because of the efficiency of these BMPs and the relatively low cost-benefit, constructing both
BMP LL_3 and BMP LL_7 is recommended for further consideration.
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4.8.4 Creek restoration and stabilization in subwatershed LL-8D, LL 4

BMP LL_4 is the restoration and stabilization of a 1,550-foot reach of a ravine/creek, between Carver
Beach Road and Lotus Lake, in subwatershed LL-8A. This reach of the ravine/creek was identified in the
ravine walks completed by RPBCWD staff as a reach with an estimated severe erosion rate. The purpose of
this BMP is to reduce the soil erosion quantities which will also reduce the TP load from this watershed.
The restoration and stabilization of this ravine/creek reach is estimated to reduce TP loading from the
creek by about 2.6 pounds per year. The simulated load of TP to the lake is also estimated to be reduced
by 2.6 pounds of TP per year since this reach flows directly into the lake. The cost-benefit of this BMP for
Lotus Lake is estimated to be about $7,970 per pound of TP, assuming the creek remains stable for

30 years. Because of the relatively low load reduction and high cost-benefit, BMP LL_4 is not considered a
practical BMP for implementation.

4.8.5 Underground storage and reuse in subwatershed Lotus_Lake, LL 5

BMP LL_5 is a buried concrete structure in subwatershed Lotus_Lake in the open space near a beach just
east of Frontier Trail designed to temporarily store up to 2.8 inches of runoff from the 5.2 acres of
untreated contributing impervious area for later use. The expected possible use is irrigation of nearby
lawns or parks. The buried storage container is proposed to be approximately 0.4 acres and about 3 feet
deep. The storm sewer systems along both Frontier Trail and Laredo Drive would be routed into this
storage container. The storage and reuse system is estimated to remove 18.7 pounds of TP per year based
on 30-year modeling results. Based on the proximity of the BMP to Lotus Lake and the general focus on
runoff reduction, the estimated reduction of TP load to the lake is also about 18.7 pounds of TP per year.
The cost-benefit of this BMP is estimated to be about $4,950 per pound of TP, assuming the BMP
functions for 30 years. Because of the relatively high cost, BMP LL_5 is not recommended for the
watershed, even though it would have other benefits such as reducing the runoff volume from the
contributing watershed.

4.8.6 Internal load control in Lotus Lake, LL_6

BMP LL_6 is a method for reducing the internal loading within the lake, likely with an alum treatment to
bind mobile TP in the lake sediment. The treatment within the lake is expected to initially reduce the
internal TP loading by approximately 80% (Welch & Cooke, 1999), resulting in a reduction of 586 pounds
per year. The dose needed to achieve this reduction is estimated to be approximately 1,500 gallons per
acre, based on 2005 samples of mobile TP in the sediment cores of Lotus Lake (Barr Engineering, 2005).
The cost-benefit of this BMP is estimated to be about $70 per pound of TP, assuming treatment is not
needed again for at least another 15 years (Huser, et al., 2015). Two treatments will likely be needed over
30 years and the total cost of both treatments is estimated to be $1,258,000 (Table 4.5). Because of the
significant load reduction and the low cost, BMP LL_6 is recommended for the lake after external loads are
controlled in order to maximize the design life of the application.

4.8.7 Iron enhanced sand filter in subwatershed LL-8B, LL_7

BMP LL_7 is converting an existing wet pond into an iron enhanced sand filter in subwatershed LL-8B just
north of Bighorn Drive. This BMP receives runoff from approximately 8.9 acres of untreated impervious
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area. This iron enhanced sand filter is proposed to be approximately 0.8 acres at the surface and about 1.6
feet deep. The iron enhanced sand filter is estimated to remove an additional 58.7 pounds of TP per year
based on 30-year modeling results. Based on the proximity of the BMP to Lotus Lake, the actual TP
reduction reaching the lake is also estimated to be about 58.7 pounds of TP per year. The cost-benefit of
this BMP is estimated to be about $530 per pound of TP, assuming the BMP functions for 30 years.
Because of the efficiency of the BMP and the relatively low cost-benefit, BMP LL_7 is recommended for
further consideration.

If BMP LL_7 is combined with proposed BMP LL_3, the total TP reduction to the lake is 73.5 Ibs. The
combined cost-benefit for both LL_3 and LL_7 is $740 per pound of TP, assuming the BMPs function for
30 years. Because of the efficiency of these BMPs and the relatively low cost-benefit, constructing both
BMP LL_3 and BMP LL_7 is recommended for further consideration.

4.8.8 Enhanced wet pond in subwatershed LL-11C1, LL_8

BMP LL_8 is the enhancement and enlargement of an existing wet pond in subwatershed LL-11C1 just to
the west of Frontier Trail that receives runoff from 12.1 acres of untreated impervious area. This pond is
proposed to be approximately 0.45 acres at the surface with an average depth of about 3 feet. The pond
is estimated to remove an additional 8.7 pounds of TP per year based on the 30-year modeling
simulation. Based on the location of the BMP in the watershed relative to Lotus Lake, the TP reduction to
the lake is simulated to be less, about 6.7 pounds of TP per year. The cost-benefit of this BMP for Lotus
Lake is estimated to be about $1,130 per pound of TP, assuming the BMP functions for 30 years. Because
of the efficiency of the BMP and the relatively low cost-benefit, BMP LL_8 is recommended for the
watershed.

4.8.9 New wet pond in subwatershed Lotus_Lake, LL_9

BMP LL_9 is a new wet pond in subwatershed Lotus_Lake near Chanhassen Road and Choctaw Circle. This
BMP would receive runoff from 4.2 acres of untreated impervious area. The site of the pond is currently a
six-foot mound, which causes the excavation quantities to be significant and costly. This pond is proposed
to be approximately 0.9 acres at the surface and about 4 feet deep. The pond would have one inlet from
re-routed storm sewer, and one 30-inch outlet. Simulations suggest that the pond will remove 10 pounds
of TP per year. Because this BMP is relatively close to Lotus Lake, the TP reduction to the lake is also
estimated to be 10 pounds of TP per year. The cost-benefit of this BMP for Lotus Lake is estimated to be
about $2,960 per pound of TP, assuming the BMP functions for 30 years. Because of the efficiency of the
BMP, LL_9 is recommended for the watershed.

4.9 Recommendations for Water Quality Goal Attainment

To reach the water quality goal for Lotus Lake (Section 4.5.3), the water quality modeling results call for an
overall TP load reduction of 399 pounds of TP per year. It is recommended that the TP load reduction is
split between watershed load reduction (97 Ibs/yr) and internal load reduction (302 Ibs/yr). The
recommended BMPs for Lotus Lake are listed below along with the percent of the overall load reduction
goal that each individual BMP provides. The recommended BMPs are also shown in Figure 4.11. The TP
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reduction expected by the recommended watershed BMPs is 96.6 pounds per year if both LL_3 and LL_7
are constructed and 586 pounds per year internally. The summary below is intended to be a guide rather
than a prioritization list. In general, it is recommended that an adaptive management approach be
followed and that watershed BMPs be implemented prior to internal sediment TP release reduction efforts
in order to maximize the effectiveness and longevity of internal load controls. This is consistent with the
district's “"ONE WATER Watershed Management Approach” (Section 2.3.4 of (RPBCWD, 2011)).

e LL_1, new wet pond in subwatershed Lotus_Lake, ~2% of the total load reduction goal

e LL_3, new infiltration basin in subwatershed LL-8E1, ~12% of the total load reduction goal if LL_7
is not installed. If both are constructed their combined removal is ~18% of the total load

reduction goal.

e LL_6, internal load control in Lotus Lake, ~147% of the total load reduction goal

e LL_7,iron enhanced sand filter in subwatershed LL-8B, ~15% of the total load reduction goal if
LL_3 is not installed. If both are constructed their combined removal is ~18% of the total load

reduction goal.

e LL_8, new wet pond in subwatershed LL-11C1, ~2% of the total load reduction goal

e LL 9, new wet pond in subwatershed Lotus_Lake, ~3% of the total load reduction goal
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51 Watershed Characteristics

Silver Lake is one of two headwater lakes to Purgatory Creek. Silver Lake lies mostly within the boundaries
of the City of Shoreview with the southern part of the watershed in the city of Chanhassen. The watershed
area contributing runoff to Silver Lake is 407 acres including the lake surface area of 71 acres (Figure 5.1).

5.1.1 Drainage Patterns

The stormwater conveyance system in the Silver Lake watershed is comprised of storm sewer networks,
constructed stormwater detention ponds, and natural wetlands within the watersheds tributary to the lake
(Figure 5.1). Most of the constructed stormwater ponds within the Silver Lake watershed are wet detention
ponds. These ponds are designed to provide water quality treatment of stormwater runoff, by allowing
particles to settle out in the permanent pool of water and by having the capacity to temporarily store
excess runoff volumes and release it at lower rates than incoming flows.

The Silver Lake watershed was divided into subwatersheds based on updated topographical data (MDNR,
2011), storm sewer data, BMP locations, and other information from the cities of Shoreview and
Chanhassen. The subwatersheds were grouped into 2 major drainage areas within the Silver Lake
watershed (Figure 5.1). Each major drainage area is named after the terminating watershed in each
conveyance network. The two contributing drainage areas each drain to existing wetlands before entering
Silver Lake. In addition to the major drainage areas is the lakes direct watershed. The direct watershed
includes areas along the shoreline of the lake that contribute flow directly to the lake through surface flow
as well as small stormsewered sections that do not receive treatment before discharging into the lake.
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5.1.2 Land Use

Land use within a lake’s watershed can impact the hydrology and water quality of a lake. Varying land
uses contribute different quantities of sediments and TP to downstream waterbodies, due primarily to
differences in the amount of impervious surfaces associated with the different land-use types.

Existing land-use patterns used to estimate the amount of impervious surface and expected change in
imperviousness for each watershed were based on information from the Metropolitan Council. The land-
use classifications and the amount of total impervious surface and directly connected impervious surface
(i.e., impervious surfaces that contribute runoff directly to a stormwater conveyance system) associated
with each type are summarized in Appendix D.

The majority of the Silver Lake watershed is covered by single family residential land use (72%). Figure 5.2
shows the existing land uses present in the Silver Lake watershed.

5.1.3 Soils

The infiltration capacity of soils affects the amount of direct runoff resulting from rainfall. Soils with a
higher infiltration rate have a lower runoff potential. Conversely, soils with low infiltration rates produce
high runoff volumes and high peak runoff rates. According to the Natural Resource Conservation Service's
(NRCS) Soil Survey Geographic (SSURGO) database map for Carver and Hennepin counties, the underlying
soils in the Silver Lake watershed are predominantly classified as hydrologic soil group (HSG) B with
moderate infiltration rates (Figure 5.3). The remaining areas in the watershed near the two wetlands are
coved by HSG C/D or B/D soils with low infiltration rates. High infiltration rate A soils are not present in
the watershed besides a small section in the southern portion of the watershed.
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5.2 Lake Characteristics

Table 5.1 provides a summary of the physical characteristics for Silver Lake. Silver Lake has an open-water
surface area of approximately 71 acres. The lake is shallow, with a maximum depth of approximately

14 feet and mean depth of approximately 5 feet. The lake area, depth, and volume depend on the water
level of the lake, which has been observed to vary between a high measurement of 901.03 feet mean sea
level (MSL) (2012) to a low measurement of 894.78 feet MSL (1972). Since 2011 water levels in Silver Lake
have averaged 899.3 feet mean sea level (MSL). The outlet of Silver Lake is a control structure that feeds
into Purgatory Creek with a control elevation of 898.54. At the average water elevation of 899.3 feet the
total water volume in Silver Lake is 190 acre-ft.

Table 5.1 Silver Lake Physical Characteristics
Lake Characteristic Silver Lake

Lake MDNR ID 27-0136-00
MPCA Lake Classification None
Water Level Control Elevation (feet MSL) 898.54
Average Water Elevation (feet MSL) 899.3
Surface Area (acres) 71
Mean Depth (feet) 5
Maximum Depth (feet) 14
Littoral Area (acres) 71
Volume (at normal water elevation) (acre-feet) 190
Thermal Stratification Pattern polymictic
Estimated Residence Time (years) — 2014-2015 0.9
climatic Conditions
Watershed Area Tributary to Upstream Lake 0
Total Watershed Area 407
Subwatershed Area (acres) 407?
Trophic Status Baseq on 2015 Growing Season Hypereutrophic
Average Water Quality Data

1 - Average water elevation 1911-2015.
2 — Watershed area includes surface area of lakes

Given the depth of Silver Lake and the review of temperature and dissolved oxygen profiles suggest that
Silver Lake is a polymictic lake. This means that the lake mixes multiple times throughout the year from
wind mixing events. Temperature stratification forms resulting in anoxic conditions near the lake
sediments; however wind mixing events during the summer can occur which are strong enough to
completely mix the lake water column providing oxygen to the sediments and mixing TP throughout the
water column.
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Silver Lake was classified as a wetland by the MPCA. Silver Lake has also been classified as a Type 5
wetland by the MDNR indicating that it is comprised of shallow open water (Barr Engineering, 2003).
However, according to the Riley Purgatory Creek Water Management Plan, the District goals for Silver
Lake are equivalent to the MPCA goals for a shallow Lake (CH2M HILL, 2011).

5.3  Water Quality Conditions

Historical water quality data, in terms of growing-season (June — September) average TP concentrations,
chlorophyll a concentrations, and Secchi disc transparency for Silver Lake are presented in Figure 5.4. Also
shown in these figures are the MPCA water quality standards for a shallow lake for each parameter. The
growing season average TP concentrations consistently failed to meet the MPCA water quality standards
throughout the record. The most recent growing-season average TP concentration in year 2015 was
calculated as 85 pg/L which is higher than the RPBCWD goal of 60 ug/L. The 2015 value is the second
lowest growing season average concentration on record since concentrations were recorded in 1996. The
lowest TP concentration was 72 ug/L recorded in 2011. TP concentrations reached a maximum value of
210 pg/L in 2000.

Historically Chl-a concentrations in Silver Lake have exceeded the District goal of 20 ug/L every year on
record. The 2015 growing season average concentrations was 36 pg/L, this was lowest value on record.
The highest average value recorded was 220 pg/L in 2000.

Historical Secchi depths in Silver Lake have not achieved the goal of 1.0 meter. The growing season
average Secchi depth in 2015 was 0.78 meters. This was the highest (best) value on record. The lowest
(worst) value calculated was 0.22 meters in 2000.

Trends in the water quality data were determined by calculating a Thiel-Sen slope on the annual average
growing season values and the significance of the trend was tested using the Mann-Kendall non
parametric test at the 95% confidence internal. Improving trends are present in all three parameters when
examining the record since 1999. The only trend that is statistically significant is for Secchi depth (Table
5.2).

86



Phosphorus (ug/L)

Chlorophyll-a (ug/L)

Secchi disk depth (m)

300 -
200 -

100 -

0

1970 1975 1980 1985

300 -

200 -

100 -

1990

1995 2000 2005 2010 2015

0

0 -
02 -
04 -
06 -
08 -

1

1970 1975 1980 1985

1990

1995 2000 2005 2010 2015

1.2

1970 1975 1980 1985

1990

1995 2000 2005 2010 2015
Figure 5.4
Silver Lake Water Quality Growing

Season (June - September)
Average, Min and Max Values



Table 5.2 Silver Lake water quality parameter Thiel-Sen trends
for year 1999-2015

Parameter 1999-2015
TP (ug/L/yr) -8
Chl-a (ug/L/yr) -4.3
Secchi Depth (m/yr) 0.04*

Notes:
* Designates significant trends at the 95% confidence
level using Mann-Kendall significance test

5.3.1 Paleolimnology

In 2014 the district contracted with St. Croix Watershed Research Station to use paleolimnological
techniques to reconstruct the trophic and sedimentation history of Silver Lake (Ramstack Hobbs & Edlund,
2015). A sediment core was collected from the lake, and lead-210 activity was analyzed to develop a
dating model and determine the sediment accumulation rate over the past 150 to 200 years.

TP (ugh)
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mzo 1 1 1 1
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Figure 5.5 Silver Lake diatom-inferred TP reconstruction (Ramstack
Hobbs & Edlund, 2015).

The data suggests that Silver Lake has been eutrophic for over 200 years with a rise in TP concentrations
in recent years (Figure 5.5). Reconstructed TP concentration have risen since the 1950's to present with
current (2015) concentrations higher than pre-settlement values.
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5.3.2 Water Quality Relationships

The compiled data for the water quality variables from Silver Lake were analyzed to develop relationships
between the water quality parameters: TP, chlorophyll a, and Secchi depth. Relationships were evaluated
based on individual sampling dates and based on the growing season averages. In addition to developing
the water quality relationships based on the observed data, the regression equations developed by the
MPCA based on a statewide lake data base (MPCA, 2005) were also plotted against the lake data.

The relationships between the various water quality parameters for the actual Silver Lake data did indicate
some correlation between the water quality parameters (Figure 5.6). The MPCA regression equations
resulted in similar fit for the chlorophyll a, Secchi disc transparency data, and TP. For this reason the MPCA
statewide regression equations were selected to estimate the resulting chlorophyll a and Secchi disc
transparency for Silver Lake based on TP concentration.

Figure 5.6 shows the individual water quality data points for Silver Lake, along with plots of the MPCA
statewide regression equations.

The statewide regression equations developed by the MPCA are summarized below:

e LoglO Chla (ug/L) = 1.31 Log10 TP (ug/L) — 0.95
e Logl0 Secchi (meters) = -0.59 Log10 Chla (ug/L) + 0.89
e Logl0 Secchi (meters)= -0.81 Log10 TP (ug/L) + 1.51
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5.4  Ecosystems Data

The term “ecosystem” describes a community of living things and its interaction with the environment in
which those living things live with each other. The ecosystem includes all the organisms associated with
the lake's food chain including: macrophytes (aquatic plants), phytoplankton (algae), zooplankton (which
prey upon algae), and the fisheries (which include the smaller planktivores (small fish that feed on
zooplankton) and predator fish (larger fish that feed on the planktivores). Decomposers, a less visible
component of the food chain, include bacteria living at the lake bottom, which break down dead and
decaying organisms into nutrients and other essential elements. All life in the lake’s food chain is
interdependent. If any one group becomes unbalanced, all life in the food chain is adversely impacted. An
aquatic ecosystem is managed to maintain balance between the phytoplankton, zooplankton, small fish
(bluegill sunfish and crappies), and large fish (bass and northern pike).

5.4.1 Phytoplankton

Phytoplankton, also called algae, are small aquatic plants naturally present in lakes that derive energy
from sunlight (through photosynthesis) and from dissolved nutrients found in lake water. The
phytoplankton (algae) species form the base of the lake's food web and directly impact fish production in
the lakes. An inadequate phytoplankton population reduces the lake’s zooplankton population and
adversely impacts the lake’'s fishery. Excess phytoplankton, however, reduce water clarity, and reduced
water clarity can interfere with the recreational usage of a lake. Phytoplankton growth is typically
stimulated by excess TP loads.

RPBCWD has collected phytoplankton data in Silver Lake for years: 1996 and 2000. Additionally,
phycocyanin (cyanobacteria (blue-green algae) pigment) readings have been collected in years 2011 -
2013. During the 1996 and 2000 plankton surveys cyanobacteria were the most abundant plankton
species throughout the monitoring months (Barr Engineering, 2003). Peak algae volumes were found
during the month of August with higher algae volumes observed in the 2000 survey than the 1996 survey.

While green algae are edible to zooplankton and serve as a valuable food source, cyanobacteria are

considered a nuisance type of algae because they:

e Are generally inedible to fish, waterfowl, and most zooplankters
e Float at the lake surface in expansive algal blooms
e May be toxic to animals when occurring in large blooms

e Can disrupt lake recreation because they are most likely to be present during the summer months

5.4.2 Zooplankton

Zooplankton are microscopic animals that feed on particulate matter, including algae and are, in turn,
eaten by fish. As a result, zooplankton populations are considered vital to the fishery. Protection or
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enhancement of the lake’'s zooplankton community through judicious management practices affords
protection to the lake's fishery.

The rotifers and copepods graze primarily on extremely small particles of plant matter and do not
significantly affect the lake’'s water quality. However, the cladocera graze primarily on algae and can

improve water quality if present in abundance.

The most recent analysis of zooplankton in Silver Lake occurred in years 1996 and 2000 (Barr Engineering,
2003). The zooplankton population was dominated by small bodied organisms that were unable to
control algal growth. Large bodied zooplankton (cladocera) compromised less than 1% of the total
zooplankton community for both surveys. The low numbers of zooplankton have minimized the biological

control of the lake's phytoplankton populations.

5.4.3 Macrophytes

Aquatic plants (macrophytes) are a natural part of most lake communities and provide many benefits to
fish, wildlife, and people. Typical functions of a lake's macrophyte community include the following:

e Provide habitat for fish, insects, and small invertebrates

e Provide food for waterfowl, fish, and wildlife

e Produce oxygen

e Provide spawning areas for fish in early spring/provide cover for early life stages of fish
e Help stabilize marshy borders and protect shorelines from wave erosion

e Provide nesting sites for waterfowl and marsh birds

Plant surveys were conducted in Silver Lake during 1996, 2000, 2005 and most recently in 2013. Each
survey found the presence of two invasive species curlyleaf pondweed and purple loosestrife. Curlyleaf
pondweed was found at low to moderate densities in the lake. Purple loosestrife was found to be dense in
the northern end of the lake. All of the plant surveys also found the presence of wild rice dispersed
around the lake.

The presence of wild rice is a unique feature that will require protection and/or enhancement. MPCA is
currently undergoing rule revisions for its sulfate standard, which is intended to protect wild rice waters
and formalize how wild rice waters are designated. Based on field data collected from 108 lakes as part of
the Wild Rice Study, the MPCA concluded that three independent variables are correlated with wild rice
occurrence. They include porewater sulfide, water transparency, and water temperature. Furthermore,
through analysis of field data from the Wild Rice Study, structural equation modeling, the MPCA
concluded that sediment concentration of total organic carbon (TOC) and total extractable iron (TEFe)
affect the relationship between sulfate and sulfide. Therefore, the MPCA is developing a strategy that
relies on sulfate, TOC, and TEFe to assure that sulfide concentrations remain in the porewater at levels
protective of wild rice. The MPCA also acknowledges that other factors are known to influence wild rice
including invasive species (e.g. carp), water movement, ground water inflows, perennial vegetation, abrupt
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changes in water level, climate change, and residential development. Silver Lake is not currently listed as a
wild rice water and it isn't clear if the wild rice density would meet the MPCA'’s draft criteria which requires
that a lake, stream or wetland must have at least one of the following attributes:

e It contains a natural bed of wild rice of at least:
0 0.25 acres in an area with stem density of at least 8 stems per square meter; or
o 0.5 acres in an area with a stem density of ate least 4 stems per square meter
e It has a documented history of wild rice harvest occurring after November 28, 1975.

5.4.4 Fishery

Fish surveys have not been conducted recently on Silver Lake by the MDNR. The MDNR believes that
Silver Lake is unsuitable for gamefish (Barr Engineering, 2003). Silver Lake was previously stocked with fish
between 1916 and 1943. Fish stocking ceased in 1943. A carp fish survey conducted by the University of

Minnesota in 2011 and 2012 found zero occurrences of carp in Silver Lake (Sorensen, et al., 2015).

55 TP Source Assessment

Watershed and in-lake water quality models were developed to assess both the external and internal TP
loads in Silver Lake for the 2015 water year (October 2014 — September 2015). A detailed discussion of the
modeling methods used is presented in Section 2.2.2 and Appendix D. Possible lake external loads of TP
include atmospheric deposition, stormwater runoff from the lake watershed, erosion from
ravines/channels contributing to the lake, surficial groundwater interactions with the lake waters and
internal loads from upstream ponds and wetlands.

External loads that applied to Silver Lake are atmospheric deposition and watershed loads. Based on the
2015 water balance it appeared that there was no net surficial groundwater inflow meaning the inflow of
groundwater likely equals the outflow, Silver Lake is not downstream from another major waterbody/lake,
and small channels with erosion potential contribute to the lake. Internal loading within the ponds and
wetlands was not evaluated for this study. Internal TP loads can come from sediment TP release, curlyleaf
pondweed, or benthivorous fish activity.

Figure 5.7 summarizes the 2015 annual water year TP budgets for Silver Lake, including the relative
contributions of the external and internal TP loads. This budget explains the sources of TP to the lake and
help inform implementation strategies. Each of the sources are discussed further in the following
section(s).
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Internal Loading
65 Ibs, 31%

Direct Watershed

135 Ibs, 64%
Atmosperic
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11 Ibs, 5%
Figure 5.7 Silver Lake TP load sources for 2015 water year

5.5.1 External Loads
5.5.1.1 Atmospheric Deposition

Atmospheric deposition of TP onto the lake water surface was calculated by using the estimated statewide
TP atmospheric deposition rate of 0.17 kg/ha/year (Barr Engineering, 2004). For Silver Lake, this loading
rate was applied to the combined open water area. The daily rate was applied to the surface area of the
lake based on the modeled lake water elevation from the lake water balance model. The resulting
atmospheric deposition TP load for the 2015 water year was 11 pounds which amounted to 5% of the TP
load to Silver Lake (Figure 5.7).

5.5.1.2 Watershed Loads

The P8 watershed model estimated surface runoff from Silver Lake’s subwatersheds (not passing through
upstream lakes) based on observed climatic data (precipitation and temperature). The total untreated
watershed load from the watersheds in Silver Lake for the 2015 water year was modeled to be 181
pounds. The watershed load travels through existing stormwater ponds, wetlands, infiltration practices,
and other BMPs located throughout the watershed providing treatment resulting in a load of 115 pounds
reaching the lake. This represents a 37% removal being provided by existing treatment practices in the
watershed. An additional 20 pounds of TP was estimated through erosion estimates along the steep
slopes west of Silver Lake. With the addition of the erosion estimates the total load reaching Silver Lake
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from watershed sources were determined to be 135 pounds TP representing 64% of the total annual TP
load to Silver Lake (Figure 5.7).

To help evaluate areas that might benefit from additional treatment watershed loads to the lake were
calculated for each of Silver Lake’s individual subwatersheds. The load to the lake is defined as the
amount of TP load from that watershed reaching the lake without being removed by an existing BMP
within the subwatershed or downstream from the subwatershed. The P8 results were used to calculate the
total annual average untreated watershed TP loads from each subwatershed. Next the watershed load to
the lake was calculated. This was accomplished by applying the annual average removal efficiencies from
each BMP in succession along the watershed flow path until the cumulative flow reached the lake. This
calculation resulted in the amount of TP load from each subwatershed that reached the lake without
being removed by an existing BMP. The watershed load to the lake for each subwatershed is shown in
Figure 5.8.

55.2 Internal Loads

Internal loading in Silver Lakes represented 31% (65 pounds) of the TP load in the 2015 water year (Figure
5.7). The internal loading sources to Silver Lake appear to be primarily from sediment P release with minor
influence from curlyleaf pondweed.

5.5.2.1 Curlyleaf Pondweed

Because of the relatively low occurrence in Silver Lake TP loading from curlyleaf pondweed was not
explicitly modeled for this study. The internal loading calibration parameter was used to simulate this
release along with other sources of internal loading.

5.5.2.2 Benthivorous Fish Activity

In fish surveys of Silver Lake in 2011 and 2012 by the University of Minnesota zero adult or young carp
were found (Sorensen, et al., 2015). As a result, this analysis assumes that the activities of carp and other
benthivorous fish are not a significant source of TP in Silver Lake and were not quantified as part of the in-
lake water quality modeling in 2015.

5.5.2.3 Sediment Release

Due to the determination that loading due to curlyleaf pondweed and benthivorous fish are negligible,
the entire modeled internal loading rate was applied to sediment phosphorus release. Internal loading
through sediment release occurs during anoxic conditions. A review of dissolved oxygen profiles in Silver
Lake showed periodic anoxic conditions in the sediments reaching a depth of 6.6 feet from the lakes water
surface during the middle summer months. Anoxic conditions are present at times during the summer
months, but wind mixing regularly occurs re-oxygenating the lakes sediments and distributing any
internal load of TP throughout the water column.
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5.5.3

The in-lake model was used to determine TP load reductions needed to meet the water quality goal for

TP Load Reductions

Silver Lake. Table 5.3 shows the measured and modeled growing season average (June — September)
concentration, the TP load to the lake under existing conditions, the water quality goal, the TP loading
capacity for meeting the water quality standard and the required percent reduction needed to meet the
TP goal. Under existing conditions Silver Lake is not meeting the water quality goal for a shallow lake of
60 ug/L. Modeled and measured growing season average concentrations in the lake surfaces waters for
the 2015 water year was 91 ug/L and 85 pg/L respectively. Silver Lake was modeled as a completely mixed
waterbody. Therefore the modeled concentrations represent the volumetric average concentrations for
the entire water column. The TP load under existing conditions was 214 pounds for the 2015 water year.
To achieve the TP goal the load to Silver Lake would need to be reduced to 179 pounds, resulting in a
16% TP load reduction.

Table 5.3 Silver Lake estimated load reductions required to meet TP water quality goal for
2015 water year
Measured Modeled Estimated Percent
growing growing Estimate TP Loading reduction
season season 2015 TP concentration | Capacity to | needed to
average TP average TP | loading rate goal meet WQ achieve
concentration | concentration (Ibs/yr) (ng/L) goal goal
(ng/L) (ng/L) (Ibs/yr) (%)
85 91° 214 60 179 16%

® Volumetric average concentration for entire water column

Figure 5.9 shows how lake concentrations react to lake TP load reductions. The calibrated in-lake TP
model was used to determine in-lake water quality based on the amount of TP load to the lake. TP
concentrations were calculated using the in-lake model. Chl-a and Secchi depth concentrations were
determined based on the water quality relationships discussed in Section 5.3.2. The figure shows how
incremental load reductions would impact the water quality in Silver Lake. A TP load reduction of 30
pounds could reduce the lake TP concentration to 65 pg/L. A TP load reduction of 50 pounds could
reduce the lake concentration to 47 ug/L.

97



100 2.5

= 90 -

s

= 80 - -2

2

8 70 -~

€ / T

u S—

§ 60 - = L5 =
=%

g 50 - ]

- —
=

g / \>< g

v L1

m m

= 30 -

5 /

e 20 - 0.5

©

o TP Goal - 2015TP

= 10 1 / Load | Load

0 T T T T ! T T ! 0
130 160 190 220
TP annual load to lake (Ibs)
—TP =—Chl-a —Secchi Depth
Figure 5.9 Silver Lake TP load relationship with lake water quality (TP, Chl-a and clarity)

98



5.6 Summary of Diagnostic Findings

Table 5.4 provides a summary of the key water-quality findings for Silver Lake.

Table 5.4 Diagnostic Findings for Silver Lake
Topic Silver Lake
Water Quality Standards - Classified as a wetland by MPCA
and Goals - Does not meet RPBCWD goals or long term vision

- Water quality concentrations are elevated above reconstructed

Baseline Water Qualit . . .
Quality concentrations from predevelopment time periods

- Significant improving trend in Secchi Depth since 1999.

Water Quality Trends - No significant trends in TP of Chl-a

- Represents approximately 64% of annual TP load
Watershed Runoff - Watershed load estimated to be reduced by 37% by existing
BMPs, ponds, and wetlands located throughout the watershed.

- Wild rice is an unique macrophyte found at various locations in
Macrophyte Status the lake and will require protection and/or enhancement
- Curlyleaf pondweed is present in low densities

- Believed to be unsuitable for game fish

Fishery Stat :
ishery Status - No carp found in recent U of M survey

Cyanobacteria (blue - Has historically experienced cyanobacteria blooms during the
green algae) summer

- Anoxic conditions above deep sediment found during summer
months. Wind mixing events are strong to periodically re-
oxygenate sediments during summer months.

- Internal loading from sediment estimated to be 31% of annual
TP load

Internal Loading from
sediments

- No studies have been conducted, not currently listed as
impaired
- No consumption advisories

Methylmercury in Fish
Tissues

Additional discussion of the diagnostic findings in relation to the sources of TP and water quality of the
lake based on the data analyses, watershed and in-lake modeling, and review of recent studies and
information is included. These conclusions influenced the implementation strategies evaluated for the

management of Silver Lake water quality (see Section 5.8).

e Approximately 52 percent of the watershed of Silver Lake receives treatment prior to entering
Silver Lake due to the number of stormwater ponds and other waterbodies within the watershed.
As stormwater runoff passes through the constructed stormwater ponds and natural wetlands in
the watershed, removal of TP associated with particulates in the runoff occurs due to particle
settling and infiltration. Modeling suggests that 37% of the watershed load is removed by existing
BMPs or wetlands before reaching Silver Lake. Some areas surrounding the lake remain untreated

and should be examined for treatment potential. In addition erosion along the steep slopes on
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the west side of the lake have been detected and are areas to consider for further TP load
reduction.

e The watershed phosphorous load to Silver Lake represented 64 percent of the total annual TP
budget to the lake during the 2015 water year, internal loading represented another 31 percent of
the total annual TP budget (see Figure 5.7)

e Water quality data collected along the depth profile of Silver Lake indicates that the interface
along the bottom sediments can become anoxic during the summer supporting that internal
loading is a source of TP in Silver Lake. Regular wind mixing event throughout the summer

months appear to redistribute the internal TP load into the water column periodically.

e Figure 5.8 shows the estimated TP loading from the major drainage basins in the Silver Lake
watershed. The watershed modeling suggests that 75 percent of the watershed load to Silver Lake
is from Silver's Lake direct watershed. The other 25 percent of the load passes through existing
ponds and wetlands before reaching Silver Lake. Silver Lakes direct drainage area appears to
provide the best opportunity for the implementation of additional watershed BMPs to reduce the
TP load.

e Wild rice is present in Silver Lake at various locations which is a unique feature that may require
management actions to protect or enhance habitat. The most recent plant surveys in Silver Lake
also indicate that invasive species curlyleaf pondweed and purple loosestrife were found in the
lake.

e The carp population was analyzed in Silver Lake in 2011 and 2012 as part of the University of
Minnesota's study for Purgatory Creek (Sorensen, et al., 2015). Zero occurrences of carp either
adult or young were found in Silver Lake.

5.7  Current and Past Management Actions

The following includes a summary of BMPs either implemented or analyzed in the Silver Lake watershed:

e A sanitary sewer line adjacent to Silver Lake was repaired in 2011 for leaks. The leaks resulted in
groundwater and/or Silver Lake water entering the sanitary sewer pipe. Sanitary water was not
recorded as leaking out of the pipe into Silver Lake. The pipe will be inspected again in 2016
(correspondence with Metropolitan Council May 5, 2015).

e BMP and mitigation measures suggested for Silver Lake as part of the “One Water” Water
Management Plant (CH2M HILL, 2011) included:

o control curlyleaf pondweed mechanically and through herbicide treatment,

0 control internal loading of phosphorus and mercury methylation through oxygenation,
aeration, sediment oxygenation or a combination of methods,

0 control purple loosestrife with beetles,
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0 control cyanobacteria through destratification,
0 and control phytoplankton through bio-manipulation and fisheries management
e Pond 41, analyzed in the Silver Lake watershed over years 2012 and 2013, was determined to have
TP concentration above 0.250 mg/! and could benefit from remediation measures (RPBCWD,
2014).
e Carp were not found in Silver Lake as part of surveys conducted in 2011 and 2012 (Sorensen, et
al, 2015).

5.8 Evaluation of Water Quality Improvement Options

All of the BMPs identified for Silver Lake are listed and described in detail in the following subsections.
Table 5.5 provides a list of the potential BMPs and Figure 5.10 shows the identified potential BMP
locations in the Silver Lake watershed.

5.8.1 Underground filtration in subwatershed Silver_Lake, SiL_1

BMP SiL_1 is a buried pre-cast container in subwatershed Silver_Lake at the north end of Silver Lake along
Covington Road, filled with a sand filter material, designed to treat 6.0 acres of impervious area. There
may already be a grit chamber in this location designed to settle out solids. If this is the case, the grit
chamber may be retrofitted to be converted to a sand filter. This underground sand filter is proposed to
be approximately 0.6 acres and about 1.5 feet deep. Simulations indicate the sand filter could reduce the
annual TP loading to the lake by 16.3 pounds of TP per year based on 30-year modeling results. The cost-
benefit of this BMP for Silver Lake is estimated to be about $2,650 per pound of TP, assuming the BMP
functions for 30 years.

5.8.2 Sand filter in subwatershed Silver_Lake, SiL_2

BMP SiL_2 is a sand filter in subwatershed Silver_Lake just north of Pleasantview Road. This BMP is
designed to treat runoff from impervious areas along Pleasantview Road and Ridge Road. This sand filter
is proposed to be approximately 0.4 acres at the surface. The road runoff would be routed to the sand
filter which would filter out solids and particulates and slow down the flow before it runs down the slope
and into Silver Lake. The BMP would have two 18-inch inlets and SAFL Baffles, and one 27-inch outlet. The
sand filter could potentially remove 6.3 pounds of TP per year and reduce the annual loading to Silver
Lake by a similar amount. The cost-benefit of this BMP is estimated to be about $4,530 per pound of TP,
assuming the BMP functions for 30 years.
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Table 5.5 - Summary of Silver Lake BMPs, Resulting Load Reductions, and Cost Estimates

30-year - P Load [30-year - P Load |P Load Reduction to |Planning Level Estimated Cost per Pound |Cost per Pound
Reduction at Reduction to Lake as a Percentage |Cost Estimate & |Annual O&M |Removed at Removed at
BMP ID BMP Type and Description BMP (Ibs/yr)* Lake (Ibs/yr)? of Goal (%)* Range® Cost ($/y)°  [BMP ($/Ib)® Lake ($/1b)’
Underground Filtration $810,700 $16,200
X - Construct / retrofit a 0.6 acre, 1.5-foot deep underground ' ' $2,650 $2,650
SiL_1 . X . 16.3 16.3 47% ($649,000 - ($13,000 -
iron enhanced sand filter designed to treat 6.0 acres of ($2,120 - $3,710) | ($2,120 - $3,710)
. . $1,135,000) $22,700)
impervious area
Sand Filter $534,700 $10,700 $4.530 $4.530
SiL_2 - A 0.4-acre area that treats road runoff before it runs down 6.3 6.3 18% ($428,000 - ($8,600 - 83 6201— $6,340) | (53 6201— $6,340)
the slope to Silver Lake $749,000) $15,000) ' ' ' '
86,000
SiL 3 Slope Stabilization 16 10 20% ($$43 000 $1,700 $290 $460
o . -
- - Stabilization of an eroding slope ($900 - $3,400)| ($140 - $570) ($230 - $910)
$172,000)
80,000
SiL 4 Slope Stabilization e S o ($$40 000 $1,600 $710 $1,420
(] H =
- - Stabilization of an eroding slope $160,000) ($800 - $3,200) | ($360 - $1,420) | ($710 - $2,840)
80,000
SiL 5 Slope Stabilization 6 4 11% ($$40 000 $1,600 $710 $1,070
(] , -
- - Stabilization of an eroding slope ($800 - $3,200) | ($360 - $1,420) | ($530 - $2,130)
$160,000)
52,000
SiL 6 Slope Stabilization 4 3 9% (;26 000 $1,000 $680 $910
(] , =
- - Stabilization of an eroding slope ($500 - $2,100) | ($340 - $1,370) | ($460 - $1,820)
$104,000)
$332,000
I I'L | 21 21
SiL7 nternal Load Control B 52 52 149% ($266,000 - $0 $210 $210
- Two treatments of a sediment-phosphorus precipitant ($170 - $300) ($170 - $300)
$464,000)
Notes:

1. Estimated annual average phosphorus load reduction at the outlet of the BMP or downstream end of the creek reach

2. Estimated annual average phosphorus load reduction to the receiving lake, taking into account delivery ratios. Most BMPs are modeled in P8 as described in this report,

others are estimated by erosion estimates (BWSR Pollution Reduction Estimator, Pfankuch erosion indices, and assumed 80% reduction with alum treatment).

3. Overall load reduction goal for Silver Lake is 35 pounds of phosphorus per year.

4. Planning level probable cost detailed in Appendix E; range is generally +40%/-20% but is dependent on the BMP

5. Planning level estimate of annual operation and maintenance costs rounded to nearest $100; 2% of the construction cost, except for internal load reduction where it is $0.

6. Cost per pound of phosphorus removed per year of operation at the outlet of the BMP, including both construction and O&M.

7. Cost per pound of phosphorus removed per year of operation to the receiving lake, including both construction and O&M.




Best Management Practices
. Internal Load Control
@ Sand Filtration
oo Slope Stabilization
Pfankuch Erosion Score
~M.~= Unsurveyed Stream Reach
N~ 1 (Best)
N 3
N 5
M= 7 (Worst)

Major Lake Watershed
Boundaries

~N
RILEY
PURGATORY

BLUFF CREEK BARR

WATERSHED DISTRICT I

ALL IDENTIFIED BMPs,
SILVER LAKE WATERSHED
WATER QUALITY MANAGEMENT
STRATEGIES

A FIGURE 5.10

=
=
i
Q
b
>
o
x|
£
&
o
=
o
1]
X
©
| !
=
[
=
Z
<
i
<
3
5
2
T
S
a
k]
4
|
8
T
>
~|
=
.9
=1
©
©
S
0
Q
14
X
D
L
s
2
<]
28
©
S
o
3|
o
—
3
=2
)
i
S
&
@
4
7
bl
°
O
A
X
]
e
2
@)
o
o
I3
=)
f={
9
)
2
K
[
o
=
(a2}
—
~
Iy
=)
=
O
I
S
o~
<
S
—
a
(Y]
4
<
i
Q
2
2
<]
s
E
©
o




5.8.3 Slope stabilization in subwatershed Silver_Lake, SiL_3, SiL_4, SiL_5, & SiL_6

There are multiple opportunities for reducing erosion on the west side of Silver Lake, and BMPs SiL_3
through SiL_6 are all slope stabilization BMPs. One of these locations is visible through aerial
photography, and the other three have been selected based on LiDAR contours and site visits. The specific
locations can be seen in Figure 5.11. The cost estimates for these are rough estimates because the extent
of the work that would be needed to stabilize the slopes is unknown. At this point, the cost is assumed to
be $400 per lineal foot of slope, a cost estimate similar to that of creek restoration and stabilization.
Because of the erosion that is occurring from the steep western slope of Silver Lake, and the subsequent
TP that is loading the lake with each erosive event, these BMPs are recommended for the watershed.

5.8.4 Internal load control in Silver Lake, SiL_7

BMP SiL_7 is a method for reducing the internal loading within the lake. Because of the unique presence
of wild rice, a standard alum treatment is likely not appropriate for the lake. The treatment proposed for

Silver Lake would involve an alternative sediment-phosphorus precipitant that would not adversely affect

the sediment sulfide concentration. The treatment within the lake is expected to initially reduce the
internal TP loading by approximately 80% (Welch & Cooke, 1999), resulting in a reduction of 52 pounds
per year. The dose needed to achieve this reduction is estimated to be approximately 580 gallons per
acre, based on 2005 samples of mobile phosphorus in the sediment cores of Silver Lake (Barr Engineering,
2005). In addition, the soft substrate on the lake bottom could impact the dosing rate and effectiveness of
a sediment-phosphorus precipitant. This migration could enhance the treatment by inactivating a large
portion of the phosphorus in the sediment as the material move through substrate rather than only the
phosphorus in the top few centimeters. Additional laboratory testing is needed to assess the potential
migration of the material into the substrate. The cost-benefit of this BMP is estimated to be about $210
per pound of TP, assuming treatment is not needed again for at least another 15 years (Huser, et al.,
2015). Two treatments will likely be needed over 30 years and the total cost of both treatments is
estimated to be $332,000 (Table 5.5). Because of the significant load reduction and the low cost, BMP
SiL_7 is recommended for the lake after external loads are controlled in order to maximize the design life
of the application.

5.9 Recommendations for Water Quality Goal Attainment

The overall load reduction for Silver Lake is recommended to be 35 pounds of TP per year to achieve the
district’'s TP goal (Section 5.5.3). The recommended BMPs for the Silver Lake watershed are in the bullet
list below along with the percent of the overall load reduction goal that each individual BMP provides. The
recommended BMPs are also shown in Figure 5.11. The total reduction expected by the recommended
BMPs is 42.6 pounds per year from the watershed, and 52 pounds per year internally. The summary below
is intended to be a guide rather than a prioritization list. In general, it is recommended that an adaptive
management approach be followed and that watershed BMPs be implemented prior to internal sediment
phosphorus release reduction efforts in order to maximize the effectiveness and longevity of internal load
controls. This is consistent with the district's "ONE WATER Watershed Management Approach” (Section
2.3.4 of (RPBCWD, 2011)).
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SiL_1, underground sand filter in subwatershed Silver_Lake, ~47% of the total load reduction goal
SiL_2, sand filter in subwatershed Silver_Lake, ~18% of the total load reduction goal

SiL_3, slope stabilization in subwatershed Silver_Lake, ~29% of the total load reduction goal
SiL_4, slope stabilization in subwatershed Silver_Lake, ~9% of the total load reduction goal

SiL_5, slope stabilization in subwatershed Silver_Lake, ~11% of the total load reduction goal
SiL_6, slope stabilization in subwatershed Silver_Lake, ~9% of the total load reduction goal

SiL_7, internal load control in Silver Lake, ~149% of the total load reduction goal
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6.0 Duck Lake

IPURGATIORY]
WATERSHED]
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6.1 Watershed Characteristics

Duck Lake lies entirely within the boundaries of the City of Eden Prairie. The watershed area contributing
to Duck Lake is 233 acres including the lake surface area of 41 acres (Figure 5.1). Duck Lake does not have
any upstream lakes contributing flow. The flow from Duck Lake exits through a control structure into a
storm sewer pipe that drains into Purgatory Creek.

6.1.1 Drainage Patterns

The stormwater conveyance system in the Duck Lake watershed is comprised of storm sewer networks,
constructed stormwater detention ponds, and natural wetlands within the watersheds tributary to the lake
(Figure 6.1). Most of the constructed stormwater ponds within the Duck Lake watershed are wet detention
ponds. These ponds are designed to provide water quality treatment of stormwater runoff, by allowing
particles to settle out in the permanent pool of water and by having the capacity to temporarily store
excess runoff volumes and release it at lower rates than incoming flows.

The Duck Lake watershed was divided into subwatersheds based on updated topographical data (MDNR,
2011), storm sewer data, BMP locations, and other information from the city of Eden Prairie. The
subwatersheds were grouped into 10 major drainage areas within the Duck Lake watershed (Figure 6.1).
Each major drainage area is named after the terminating watershed in each conveyance network. In
addition to the major drainage areas is the lakes direct watershed. The direct watershed includes areas
along the shoreline of the lake that contribute flow directly to the lake through surface flow as well as
small stormsewered sections that do not receive treatment before discharging into the lake.
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6.1.2 Land Use

Land use within a lake’s watershed can impact the hydrology and water quality of a lake. Varying land
uses contribute different quantities of sediments and TP to downstream waterbodies, due primarily to
differences in the amount of impervious surfaces associated with the different land-use types.

Existing land-use patterns used to estimate the amount of impervious surface and expected change in
imperviousness for each watershed were based on information from the Metropolitan Council. The land-
use classifications and the amount of total impervious surface and directly connected impervious surface
(i.e., impervious surfaces that contribute runoff directly to a stormwater conveyance system) associated
with each type are summarized in Appendix D. The majority of the Duck Lake watershed is covered by
single family residential land use (80%). Figure 5.2 shows the existing land uses present in the Duck Lake
watershed.

6.1.3 Soils

The infiltration capacity of soils affects the amount of direct runoff resulting from rainfall. Soils with a
higher infiltration rate have a lower runoff potential. Conversely, soils with low infiltration rates produce
high runoff volumes and high peak runoff rates. According to the Natural Resource Conservation Service's
(NRCS) Soil Survey Geographic (SSURGO) database map for Carver and Hennepin counties, the underlying
soils in the Duck Lake watershed are predominantly classified as hydrologic soil group (HSG) A with high
infiltration rates and B with moderate infiltration rates (Figure 6.3). The entire south west corner of the
watershed has A soils with B soils being the predominant soil type in the rest of the watershed.
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6.2 Lake Characteristics

Table 6.1 provides a summary of the physical characteristics for Duck Lake. Duck Lake has an open-water
surface area of approximately 41 acres. The lake is shallow, with a maximum depth of approximately 8 feet
and mean depth of approximately 3.4 feet. The lake area, depth, and volume depend on the water level of
the lake, which has been observed to vary between a high measurement of 916.12 (2014) feet MSL to a
low measurement of 911.26 feet MSL (1988). Since 2011 water levels in Duck Lake have averaged 914.25
feet MSL. The outlet of Duck Lake is a manmade structure that conveys water to Purgatory Creek. The
outlet is an elevation of 914.35 feet. At the average water elevation of 914.25 feet the total water volume
in Duck Lake is 131 acre-ft.

Table 6.1 Duck Lake Physical Characteristics

Lake Characteristic Duck Lake
Lake MDNR ID 27-0069-00
MPCA Lake Classification Shallow
Water Level Control Elevation (feet MSL) 914.35
Average Water Elevation (feet MSL) 914.25
Surface Area (acres) 41
Mean Depth (feet) 34
Maximum Depth (feet) 8
Littoral Area (acres) 41
Volume (at normal water elevation) (acre-feet) 131
Thermal Stratification Pattern Polymictic
Estimated Residence Time (years) — 2014-2015 10
climatic Conditions
Watershed Area Tributary to Upstream Lake 0
Total Watershed Area 2337
Subwatershed Area (acres) 2332
Trophic Status Baseq on 2015 Growing Season Eutrophic
Average Water Quality Data

1 - Average water elevation 2011-2015.
2 — Watershed area includes surface area of lakes

Given the depth of Duck Lake and the review of temperature and dissolved oxygen profiles suggest that
Duck Lake is a polymictic lake. This means that the lake mixes multiple times throughout the year from
wind mixing events. Temperature stratification does form resulting in anoxic conditions near the lake
sediments; however wind mixing events during the summer can be strong enough to completely mix the
lake water column providing oxygen to the sediments and mixing phosphorus throughout the water
column.
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6.3  Water Quality Conditions

Historical water quality data, in terms of growing-season (June — September) average TP concentrations,
chlorophyll @ concentrations, and Secchi disc transparency for Duck Lake are presented in Figure 6.4. Also
shown in these figures are the MPCA water quality standards for a shallow lake for each parameter.
Historically the growing season average TP concentrations consistently failed to meet the MPCA water
quality standards. However, four of the five years since 2011 have all meet the 60 pg/L shallow lake
standard. The most recent growing-season average TP concentration in year 2015 was calculated as

40 pg/L, thus achieving the standard. The lowest average concentration was recorded in 2014 at 32 ug/L.
The highest average concentration was recorded in 1988 at 240 ug/L.

Chl-a concentrations have followed the same pattern as TP concentrations. Historical growing season
average values before 2009 were all above the water quality standard of 20 pg/L. Since 2009, five of the
six average concentration values were below the standard. The most recent value in 2015 was 10 ug/L.
The lowest value was in 2014 with an average concentration of 3 ug/L. The highest value was in 1998 with
an average summer value of 82 ug/L.

Prior to 2008, Secchi depths in Duck Lake did not meet the MPCA water quality standard of 1.0 meter.
Since 2008 six of the seven growing season average concentrations have met the standard. The 2015
average depth was 1.7 meters. The highest (best) recorded average depth of 2.4 occurred in year 2013.
The lowest (worst) average depth of 0.4 meters occurred in 1981.

Trends in the water quality data were determined by calculating a Thiel-Sen slope on the annual average
growing season values and the significance of the trend was tested using the Mann-Kendall non
parametric test at the 95% confidence internal. Improving water quality trends were present in all
parameters for each of the time periods (since 1999 and the entire record). Statistically significant trends
were present in the TP concentrations since 1999 and the chl-a concentration for the entire record (Table
6.2).
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Table 6.2 Duck Lake water quality parameter Thiel-Sen trends

Parameter 1999-2015 Entire Record
TP (ug/L/yr) -8* -2
Chl-a (ug/L/yr) -3.6 -1.1%
Secchi Depth (m/yr) 0.2 0.03

* Designates significant trends at the 95% confidence level
using Mann-Kendall significance test

6.3.1 Water Quality Relationships

As previously discussed, phosphorus often acts as the limiting nutrient for algal growth (as measured by
chlorophyll @), which in turn, affects lake water clarity (Secchi depth). This section describes how
incremental phosphorus load reductions would be expected to impact perceptible changes in lake water
quality. The compiled data for the water quality variables from Duck Lake were analyzed to develop
relationships between the water quality parameters: TP, chlorophyll @, and Secchi depth. Relationships
were evaluated based on individual sampling dates and based on the growing season averages. In
addition to developing the water quality relationships based on the observed data, the regression
equations developed by the MPCA based on a statewide lake data base (MPCA, 2005) were also plotted
against the lake data.

The relationships between the various water quality parameters for the actual Duck Lake data did indicate
some correlation between the water quality parameters (Figure 6.5). The MPCA regression equations
resulted in similar fit for the chlorophyll a, Secchi disc transparency data, and TP. For this reason the MPCA
statewide regression equations were selected to estimate the resulting chlorophyll a and Secchi disc
transparency for Duck Lake based on TP concentration.

Figure 6.5 shows the individual water quality data points for Duck Lake, along with plots of the MPCA
statewide regression equations.

The statewide regression equations developed by the MPCA are summarized below:

e LoglO Chla (ug/L) = 1.31 Log10 TP (ug/L) — 0.95
e Logl0 Secchi (meters) = -0.59 Log10 Chla (ug/L) + 0.89
e Logl0 Secchi (meters)= -0.81 Log10 TP (ug/L) + 1.51
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6.4  Ecosystems Data

The term “ecosystem” describes a community of living things and its interaction with the environment in
which those living things live with each other. The ecosystem includes all the organisms associated with
the lake's food chain including: macrophytes (aquatic plants), phytoplankton (algae), zooplankton (which
prey upon algae), and the fisheries (which include the smaller planktivores (small fish that feed on
zooplankton) and predator fish (larger fish that feed on the planktivores)). Decomposers, a less visible
component of the food chain, include bacteria living at the lake bottom, which break down dead and
decaying organisms into nutrients and other essential elements. All life in the lake’s food chain is
interdependent. If any one group becomes unbalanced, all life in the food chain is adversely impacted. An
aquatic ecosystem is managed to maintain balance between the phytoplankton, zooplankton, small fish
(bluegill sunfish and crappies), and large fish (bass and northern pike).

6.4.1 Phytoplankton

Phytoplankton, also called algae, are small aquatic plants naturally present in lakes that derive energy
from sunlight (through photosynthesis) and from dissolved nutrients found in lake water. The
phytoplankton (algae) species form the base of the lake's food web and directly impact fish production in
the lakes. An inadequate phytoplankton population reduces the lake’s zooplankton population and
adversely impacts the lake’s fishery. Excess phytoplankton, however, reduce water clarity, and reduced
water clarity can interfere with the recreational usage of a lake. Phytoplankton growth is typically
stimulated by excess TP loads.

Plankton surveys have been collected on Duck Lake for the years: 1981, 1984, 1988, 1990, 1993 and 2002.
Additionally, phycocyanin (cyanobacteria (blue-green algae) pigment) readings were collected in the years
2011 - 2013. During the most recent plankton survey in June 2002 the plankton community was found to
be dominated by small bodied algae allowing the zooplankton to graze and control algae levels (Barr
Engineering, 2005). In July through September the small bodied algae plankton were replaced by large
bodied cyanobacteria that were inedible to the zooplankton preventing the control of the algae
community. A more recent plankton survey was not available.

While green algae are edible to zooplankton and serve as a valuable food source, cyanobacteria are

considered a nuisance type of algae because they:

e Are generally inedible to fish, waterfowl, and most zooplankters
e Float at the lake surface in expansive algal blooms
e May be toxic to animals when occurring in large blooms

e Can disrupt lake recreation because they are most likely to be present during the summer months

6.4.2 Zooplankton

Zooplankton are microscopic animals that feed on particulate matter, including algae and are, in turn,
eaten by fish. As a result, zooplankton populations are considered vital to the fishery. Protection or
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enhancement of the lake’'s zooplankton community through judicious management practices affords
protection to the lake's fishery.

The rotifers and copepods graze primarily on extremely small particles of plant matter and do not
significantly affect the lake’'s water quality. However, the cladocera graze primarily on algae and can

improve water quality if present in abundance.

The most recent analysis of zooplankton in Duck Lake occurred in 2002 (Barr Engineering, 2005). In the
surveys conducted throughout the monitoring season all three zooplankton groups were well
represented. During the June through early August surveys the structure began to change when larger
bodied cladocera decreased significantly and small bodied cladocera increased. The observed drop in
large bodied cladocera was likely caused by the predation by newly hatched fish, called young-of-the-
year. During this time estimated grazing rates decreased from 17 percent in June to 4 percent of the

plankton community in August (Barr Engineering, 2005).

6.4.3 Macrophytes

Aquatic plants (macrophytes) are a natural part of most lake communities and provide many benefits to
fish, wildlife, and people. Typical functions of a lake's macrophyte community include the following:

e Provide habitat for fish, insects, and small invertebrates

e Provide food for waterfowl, fish, and wildlife

e Produce oxygen

e Provide spawning areas for fish in early spring/provide cover for early life stages of fish
e Help stabilize marshy borders and protect shorelines from wave erosion

e Provide nesting sites for waterfowl and marsh birds

The most recent plant survey in Duck Lake was conducted by the Blue Water Science for the City of Eden
Prairie in year 2013 (Blue Water Science, 2013). Two surveys were conducted at the beginning and end of
the summer (May and August). In the May survey curlyleaf pondweed was found throughout the lake in
up to 9 feet of water depth. In the deeper waters curlyleaf pondweed was more scattered. In the August
survey curlyleaf pondweed had died back and was only found in three locations. Overall the survey found
six species of macrophytes in the May survey and four species in the August survey resulting in a modest
plant diversity condition. Curlyleaf pondweed was the most abundant species in the May survey with
coontail being the most abundant plant in the late summer survey. This same pattern was observed in
previous surveys in 2004 and 2009.

6.4.4 Fishery

The MDNR developed a classification system for Minnesota Lake relative to the chemical and physical
properties of each lake class and the fishery that is supported by each lake (Schupp, 1992). According to
its ecological classification, Duck Lake is a Class 40 lake. Class 40 lakes are typically shallow and productive
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lakes with fish assemblages that include perch, bluegills, walleye, bullhead, carp, northern pike, and
crappie (Schupp, 1992). The most recent fish survey conducted on Duck Lake was in 1996. During this
survey it was found that the fishery in Duck Lake consisted of panfish and rough fish (Barr Engineering,
2005). The species found were black crappie, bluegill, and black bullhead. The fish community was
dominated by black bullheads. Since this survey, the MDNR has stocked Duck Lake with black crappies,
bluegills, largemouth bass, and white crappies in years 2008, 2010, 2011, 2013, and 2014. A more recent
survey of the carp population conducted by the University of Minnesota in 2011 and 2012 found zero
occurrences of carp in Duck Lake (Sorensen, et al.,, 2015). A full fish survey has not been conducted in
Duck Lake since 1996.

6.5 TP Source Assessment

The watershed and in-lake water quality models were developed to assess both the external and internal
TP loads in Duck Lake for the 2015 water year (October 2014 — September 2015). A detailed discussion of
the modeling methods used is presented in Section 2.2.2 and Appendix D. Possible lake external loads of
TP include atmospheric depositions, stormwater runoff from the lake watershed, surficial groundwater
interactions with the lake waters, internal loads from upstream ponds and wetlands, and load from any
upstream lakes that might flow into the waterbody.

External loads that applied to Duck Lake are atmospheric deposition and watershed loads. Based on the
2015 water balance it appeared that there was no net surficial groundwater inflow meaning the inflow of
groundwater likely equals the outflow, Duck Lake is not downstream from another major waterbody/lake,
and no channels with erosion potential contribute the Duck Lake. While the RPBCWD has collected water
quality data in several ponds within the Duck Lake watershed, the internal loading within the ponds and
wetlands was not evaluated for this study. Internal TP loads can come from sediment TP release, curlyleaf
pondweed, or benthivorous fish activity.

Figure 6.6 summarizes the 2015 annual water year TP budgets for Duck Lake, including the relative
contributions of the external and internal TP loads. This budget explains the sources of TP to the lake and
helps to identify implementation strategies. Each of the sources are discussed further in the following
section(s).
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Figure 6.6 Duck Lake TP load sources for 2015 water year

6.5.1 External Loads
6.5.1.1 Atmospheric Deposition

Atmospheric deposition of TP onto the lake water surface was calculated by using the estimated statewide
TP atmospheric deposition rate of 0.17 kg/ha/year (Barr Engineering, 2004). For Duck Lake, this loading
rate was applied to the combined open water area. The daily rate was applied to the surface area of the
lake based on the modeled lake water elevation from the lake water balance model. The resulting
atmospheric deposition TP load for the 2015 water year was 6 pounds which amounted to 5% of the TP
load to Duck Lake (Figure 6.6).

6.5.1.2 Watershed Loads

The P8 watershed model estimated surface runoff from Duck Lake's subwatersheds (not passing through
upstream lakes) based on observed climatic data (precipitation and temperature). The total untreated
watershed load from the watersheds in Duck Lake for the 2015 water year was modeled to be 79 pounds
of TP. The watershed load travels through existing stormwater ponds, wetlands, infiltration practices, and
other BMPs located throughout the watershed providing treatment resulting in a TP load of 49 pounds
reaching the lake. This represents a 38% removal being provided by existing treatment practices in the
watershed. The 49 pounds TP load reaching the lake from the watershed load represented 40% of the
total TP load to Duck Lake (Figure 6.6).
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To help evaluate areas that might benefit from additional treatment watershed loads to the lake were
calculated for each of Duck Lake's individual subwatersheds. The load to the lake is defined as the amount
of TP load from that watershed reaching the lake without being removed by an existing BMP within the
subwatershed or downstream from the subwatershed. The P8 results were used to calculate the total
annual average untreated watershed TP loads from each subwatershed. Next the watershed load to the
lake was calculated. This was accomplished by applying the annual average removal efficiencies from each
BMP in succession along the watershed flow path until the cumulative flow reached the lake. This
calculation resulted in the amount of TP load from each subwatershed that reached the lake without
being removed by an existing BMP. The watershed load to the lake for each subwatershed is shown in
Figure 6.7.

6.5.2 Internal Loads

Internal loading in Duck Lakes represented 55% (67 pounds) of the TP loads in the 2015 water year. The
internal loading sources to Duck Lake are likely a combination of curlyleaf pondweed delay and sediment
release.

6.5.2.1 Curlyleaf Pondweed

Because of the relatively high occurrence in Duck Lake, TP loading from curlyleaf pondweed may be
significant during part of the summer, but was not explicitly modeled to quantify its potential impact for
this study. The internal loading calibration parameter was used to simulate this release along with other
sources of internal loading.

6.5.2.2 Benthivorous Fish Activity

In fish surveys of Duck Lake in 2011 and 2012 by the University of Minnesota zero carp were found
(Sorensen, et al,, 2015). As a result, this analysis assumes that the activities of carp and other benthivorous
fish are not a significant source of TP in Duck Lake and were not quantified as part of the in-lake water
quality modeling in 2015.

6.5.2.3 Sediment Release

Internal loading through sediment release occurs during anoxic conditions. A review of dissolved oxygen
profiles in Duck Lake showed periodic anoxic conditions 7.4 feet below the lakes water surface during the
middle summer months. Anoxic conditions in the sediment are present at times during the summer
months, but wind mixing regularly occurs re-oxygenating the lakes sediments and distributing any
internal load of TP throughout the water column.
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6.5.3

The in-lake model was used to determine TP load reductions needed to meet the water quality goal for

TP Load Reductions

Duck Lake. Table 6.3 shows the measured and modeled growing season average (June — September)
concentration, the TP load to the lake under existing conditions, the TP goal, the TP loading capacity for
meeting the water quality standard and the required percent reduction needed to meet the water quality
goal. Under existing conditions Duck Lake is meeting the water quality goal for a shallow lake of 60 ug/L.
Modeled and measured growing season average concentrations in the lake surfaces waters for the 2015
water year was 42 ug/L and 40 pg/L respectively. The TP load under existing conditions was 123 pounds
for the 2015 water years. No reductions are needed in Duck Lake to meet the water quality goal for the
analyzed time period. However protection measures should be considered to limit the potential for future
degradation.

Table 6.3 Duck Lake estimated load reductions required to meet TP water quality goal for
2015 water year
Measured Modeled Estimated Percent
growing growing Estimate TP Loading reduction
season season 2015 TP concentration | Capacity to | needed to
average TP average TP | loading rate goal meet WQ achieve
concentration | concentration (Ibs/yr) (ng/L) goal goal
(ng/L) (ng/L) (Ibs/yr) (%)
40 42 123 60 Meets goal 0

Volumetric average concentration for entire water column

While load reduction is not required in Duck Lake to meet the water quality standard for the 2015 water
year, BMPs to further reduce the TP concentrations in the lake could be implemented. Figure 6.8 shows
how lake concentrations react to lake load reductions. The calibrated in-lake TP model was used to
determine in lake water quality based on the amount of TP load to the lake. TP concentrations were
calculated using the in-lake model. Chl-a and Secchi depth concentrations were determined based on the
water quality relationships discussed in section 6.3.1. The figure shows how incremental load reductions
would impact the water quality in Duck Lake. A TP load reduction of 10 pounds would reduce the lake TP
concentration to 38 ug/L. A TP load reduction of 37 pounds could reduce the lake concentration to 30

Hg/L.
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6.6 Summary of Diagnostic Findings

Table 6.4 provides a summary of the key water-quality findings for Duck Lake.

Table 6.4 Diagnostic Findings for Duck Lake
Topic Duck Lake
- Meets the MPCA shallow lake water quality standards for TP,
Water Quality Standards Chl-a and Secchi depth.
and Goals - Does not meet RPBCWD long term vision for Secchi depth in

2015, but did meet the 2 m goal in 2013 and 2014.

- Reconstruction sediment core analysis has not been conducted

Baseline Water Quality on Duck Lake

- Statistically significant improving trend in TP since 1999.

Water Quality Trends - Statistically significant improving trend in Chl-a since 1971

- Represents approximately 40% of the annual TP load.
Watershed Runoff - Watershed load is estimated to be reduced by 38% by existing
BMPs, ponds, and wetlands located throughout the watershed.

- Curlyleaf pondweed is present in high densities

Macrophyte Status . e
phy - No occurrences of the Eurasian watermilfoil

Fishery Status - No carp found in recent survey

Cyanobacteria (blue - Has historically experienced cyanobacteria blooms during the
green algae) summer

Internal Loading from - Internal loading from sediment estimated to be 55% of annual
sediments TP load

- No studies have been conducted, not currently listed as
impaired
- No consumption advisories

Methylmercury in Fish
Tissues

Additional discussion of the diagnostic findings in relation to the sources of TP and water quality of the
lake based on the data analyses, watershed and in-lake modeling, and review of recent studies and
information is included. These conclusions influenced the implementation strategies evaluated for the
management of Duck Lake water quality (see Section 6.8).

e In 2015 Duck Lake met the MPCA shallow lake water quality standards for all three parameters (TP,
Chl-a, and Secchi depth). A significant trend in improving TP concentrations was detected since 1999.

e Approximately 55 percent of the watershed runoff receives treatment prior to entering Duck Lake due
to the number of stormwater ponds and other waterbodies within the watershed. As stormwater
runoff passes through the many constructed stormwater ponds and natural wetlands in the
watershed, removal of TP associated with particulates in the runoff occurs due to particle settling and
infiltration. Modeling suggests that 38% of the watershed load is removed by existing BMPs or
wetlands before reaching Duck Lake.
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e The watershed phosphorous load to Duck Lake represented 40 percent of the total annual TP budget
to the lake during the 2015 water year, internal loading represented another 55 percent of the total
annual TP budget (see Figure 5.7)

e Figure 6.7 shows the estimated TP loading from the major drainage basins in the Duck Lake
watershed. The watershed modeling suggests that 25 percent of the watershed load to Duck Lake
comes from Duck Lake's direct watershed. Another 25 comes from watershed DL4 as well as 25% from
the drainage areas to 05-33-A. These three areas appear to provide the best opportunities for

watershed additional TP reductions.

e The most recent plant surveys in Duck Lake indicate that invasive species curlyleaf pondweed is
present in the Lake at high densities. Curlyleaf pondweed is most active in the early summer and

tends to die off in the late summer months (Blue Water Science, 2013).

e The carp population was analyzed in Duck Lake in 2011 and 2012 as part of the University of
Minnesota's study for Purgatory Creek (Sorensen, et al., 2015). Zero occurrences of carp either adult

or young were found in Duck Lake.

6.7 Current and Past Management Actions

The following includes a summary of BMPs either implemented or analyzed in the Duck Lake watershed:

e A stormwater basin inventory and analysis identified 7 stormwater ponds out of 74 basins in the
Red Rock Lake and Duck Lake watersheds as high priority basins that should be routinely
inspected and maintained (Wenck Associates, Inc, 2014).

e Pond 05-34-C, analyzed in the Duck Lake watershed over years 2012 and 2013, was determined to
have TP concentration above 0.250 mg/I and could benefit from remediation measures (RPBCWD,
2014).

e BMP and mitigation measures suggested for Duck Lake as part of the “One Water” Water
Management Plant (CH2M HILL, 2011) include:

0 control external TP loading through stormwater infiltration basin construction

o0 control curlyleaf pondweed mechanically and through herbicide treatment,

o control internal loading of phosphorus and mercury methylation through oxygenation,
aeration, sediment oxygenation, alum treatment or a combination of methods,

e Curlyleaf pondweed management was suggested to be explored before implementing large scale
watershed improvements for water quality in Duck Lake (Wenck Associates, Inc, 2014).

e Carp were not found in Duck Lake as part of surveys conducted in 2011 and 2012 (Sorensen, et
al,, 2015).
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6.8  Evaluation of Water Quality Improvement Options

All of the BMPs identified for Duck Lake are listed and described in detail in the following subsections.
Table 6.5 provides a list of the 