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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

6 \ Water Quality/Biological
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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]

WATERSHED
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

Pfankuch Erosion Score

N\~ 1 (Best)

3

5

Major Lake Watershed
Boundaries

3

0 1,000 2,000
N S

Feet

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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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)
STUDIES]

WATERSHED
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MODELING
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[IpATER
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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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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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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.
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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.

ATERSHED DISTRICT

Staring Lake Use Attainability Analysis | Executive Summary | November 2016




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

November, 2016 (Revised March 2017)

Contents
EXECULIVE SUMIMIAIY ..ottt ss st s i
1.0 Background @nd StUAY GOAIS......oociierreereeneeeereeseeeesesesse e st st sesssssssesssss s st st s st sssssssssssssssessssessssssssssssnnes 1
11 Study PUrPOSE @NA GOQIS ...ttt ettt sttt 2
1.2 Purgatory Creek Watershed and Receiving Water CharacteristiCs........coonmnmrenerenrrenneenereneeeneeennnes 2
1.3 Urbanization Influence on PUrgatory CrEEK ... irenniiesiinssissssssssssssssessssssssssssssssssssssssssssssssses 3
14 PreViOUS STUAIES......cceecciecieeieieetisecieecssseessseesssesssessssessssesisse st st ssssessssesns 5
1.5 Lower Purgatory Creek Water QUality GOAIS. ... eesessseessseessseessseesssscssseees 5
1.5.1  Turbidity and Total Suspended SOliAS........ccceicrecriecrineeerneerineesisecsisecssseseseseseses 6
1.5.2  Eutrophication Standard..........nnninsnssenssssnssennns 7
1.6 Creek DYNAMICS PrIMET ...ttt st sese sttt st st nsens 7
1.6.1  Flood Frequency and Magnitude ... isseeisseeesseessssessssssessssessssessssesnns 7
1.6.2  Sediment TraNSPOIt .....cceeeecrieerreessiseesiecsisecssssecssssesesenens 10
1.6.3  Channel DiStUrDanCe ........ccmcrneeeeneceinecinecsisecsiesssesesesenene 10
1.7 Lake Water Quality GOalS.......ccccovuurrrerrrnrenrinneirniireeesseesssesssesssesssesesesssenenes ..10
1.7.1  Relationship to MPCA’s Impaired Waters Program ........eneeneeenseeseceseeesseeennens 11
1.8 Lake Water Quality Primer and Implications for Management..........ccccoonenreonerennecenneeesneeesneeonn. 13
181 TrOPRNIC STAtO.u ittt s s s s s st se st 13
1.82  Typical NULMHENT SOUICES ... eireeieeeiesiseissessesssesssssssesssssssenns 13
1.8.3  LaKE DYNAMICS coueeereerreereieeeiseeesee e s easssesss et se e st ss st s sssesns 15
2.0 Project APPIrOACH ...ttt sttt sttt 17
2.1 Creek ASSESSMENT APPIOACKH ...ttt ssss st ss bbb 17
211 EVAIUGTION ClItOIIa e ieieeeceeeeeeeeereeiese st eessee st ess e cessecssse s ss e sss s st sttt et 19
2.1.2  Typical Streambank Stabilization Measures............cocconecmecennecernecenene 20
2.1.2.1 Bioengineering and Hard Armoring Stream Stabilization Techniques............. 20
2.1.2.2  Vegetation ManagemMENt ... ssssssssssssssssssssssssssssnsens 22
2.1.2.3 High Bank Stabilization MEASUIES..........coocrueieneeeeeene i eeseeessseissseesssesseeeees 22
2124 Stream VOIteX TUDES ... ettt ssesasssess st sessssessssssssssssssssssssssssssnecs 23
XXi

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



2.2 Lake ASSESSMENT APPIOACK . ... ettt ss s st s st st ss s 23
221 Water QUAlItY ANAIYSIS ...t sssss s sssss st sssss st sssssssssssssss s ss st s ssnsssnes 24

2.2.2  Lake and Watershed Water Quality MOdeling.........ccccveurrrnrinrinrinrinrininsinsissississsssssssessseees 25

2.2.3  BMP Selection / Typical Stormwater Management Strategies..........cocvneeenecenecesecennecens 26
2.2.3.1 Structural Watershed Practices........couenmrenmrenneeernrenneiseeesseeerenens .26

2.2.3.2 In-Lake Management ACtiVIties.....ccooormrenmrernrrernrrernrrennrnonn. 28

2.2.3.3  NON-StrUCLUTAl PraCliCes ......ccvveuvuerieerireceieeiecsieciineeisesisesisesssessiseessseessssesssssssssssnees 29

2.3 COSt MELNOAOIOY ..ottt esseeesse s s s st bbb bbb 29
24  Time for Lake to Respond to Reduced Nutrient LOadiNg ........coccccemcecemnecenneceeceiecsseecesenecesens 30
3.0 PUIQAtOrY CrEEK ..ttt sss st ss st st 32
3.1 Watershed CharaCteriSTiCS ..ot iseeesse s eesse st st ssesssees 32
311 WaterShed SIOPES..... ettt sss st ss et s sttt 32

3.2 CHANNEI GEOMELIY ..ottt ss bbb s ss s ss bbb 32
3.21  Lower Valley ROSGEN INAICALOrS ...t sseessseeasse st ssses s s sssseens 33

3.3 StrEAM PrOfile ettt eese s 34
34 ETOSION TYPES cooiureriereceeeereetrestsesessesssssss s sssessss s sssssssssssssssessssssesssesssssssesssssssssssssssessnsses 35
341  Groundwater INAUCE EFOSION......ccceeiiciireciireciieciisecineeiseesssesesessssessssesssse s sssessiessesssssseeses 35

342 Stream Bank EroSiON..... et 36

34.3  ChaNNE@I INCISION oottt ettt ss bbbt 36

344 BIUFE EFOSION ..ttt s s ss bbb bbbt 36

3.5 Current Water QUality CONAITIONS .....ovuieeiereeereiereinirsissieseiisssesesssssssssssssse s s s s st sssssssssssssssssssssssessssses 37
3.6 Summary oOf Stream ECOSYSTEM DAta .....cooccoomreeerrceeiereeeeeseeessseeesssesesssesessssessssessssessssses st ssssesssssessssssssssns 38
3.7  Current and Past ManagemMeNnt ACHIONS ...t eessesssssssssessssssssse s sssssssessssessssssssessenees 38
3.8 SediMENt SOUICE ASSESSIMENT ....coourvimerirriimeeitieeeieseeesisesesesesesssseessssesssssessssse st sttt essesesssesesesesesenas 38
3.9 Recommendations for Water Quality Improvement OPLioNs ..........ccoc.ovemrvrnrrnnneernseensssensssssssssssesnns 44
3.10 Recommendations for Future Monitoring and STUAY ... ssessseessseeees 47
B0 LOTUS LAKE ..ottt ettt aesesss e ss st R 48
4.1 Watershed CharaCteriStiCs ... ereeinecieeiseeieesieesiseessseesssesssesssse st i i sssesssssssssssssessssesssnecsens 49
411 DraiNage PatterNS ... ettt eeseeas e esssecas e s sss s st 49

A.1.2  LANA USE ettt ettt s s b e eSSt 51

L3 SOIIS et e b 51

4.2 LaKE CharaCteriStiCS ... esseesseesssessssessssesssse st st i ettt sens 54
4.3 Water QUality CONAITIONS. ...ttt es et ss s bsse sttt 55
431 PaleOlMNOIOGY .ot stiesssaeessesesesesesesessse s essssesssssesssssesssssesssesessseseessssesssineees 57

XXii

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



432  Water Quality RelationShips ........occceierineceinceineesinecrissecrisecessecsseesens 57

A4 ECOSYSTEMS DALa .ttt bbb s s e e e e e e 60
441 PRYLOPIANKEON ...ttt sttt st st s s e 60

442 ZOOPIANKEON .ottt ss s ssss s bbb bbb st s st st ss st st snssns 60

443 MACTOPRNYLES .....ovurceiercirieerieerieesiee s sssseseseesesesesssesessss ittt bbb besesebeneses 61

BAA  FISNEIY oottt ss sttt ettt 62

A5 TP SOUICE ASSESSIMENT ...ttt st ettt ettt bttt st sene 63
451 EXEEINAI LOAAS w.couveerieeceeceeeeiese et ees sttt ss bbbt 64
4511  AtMOSPhEriC DEPOSITION ..uuuvvurcreercrricerirreeiercsieeeesieesseseesisseesiseesssecssssessssnessssseseseneces 64

4.51.2  Watershed LOAAS.......ccceeeeieceieceieceieceiseesiessssssesssssesssses s sssssssssesssssesesssssessnees 64

4.5 1.3 ErOSION LOAAS ..couvemiiieimciciireciirecrireciieciseesseesseesesessssessssessssessssssisessssessssesssnssssssssessssessens 65

452 INTEINAI LOBUAS coouuiieieecer ettt eas b et e skt 65

453 TP Load REAUCLIONS ...t ssssssesssseens 67

4.6  Summary Of DIagnOStiC FINAINGS .....ovvrieeeeeiinriresiseisesiss st ssssssssss sttt ssssssssssssssssssssssssnsssnns 68
4.7  Current and Past Management ACLIONS ... sssssssssssssssssss s s sssssssssssssnns 70
4.8 Evaluation of Water Quality Improvement OPtions ...........coeeuneeeneeeensmeeeeneseessesessesesssneees 71
4.8.1 New wet pond in subwatershed Lotus_Lake, LL_1 ......cccoorrenmrenmrenneerneiseeeneeesssesseseeseseonees 74

4.8.2 New wet pond in subwatershed LL-8A, LL_2.......coooorrerrrrmrrcnmrrrnrrrnrrnnn. 74

4.8.3 New infiltration basin in subwatershed LL-8EL, LL_3 ...c.cooomomoieeeeeieeeeeeeeee e 74

484 Creek restoration and stabilization in subwatershed LL-8D, LL_ 4.......ccooooemvooemveeveeeenee. 75

4.8.5 Underground storage and reuse in subwatershed Lotus_Lake, LL_5.....cccccoovonrvrnrrrnrrnnns 75

4.8.6 Internal load control in Lotus Lake, LL_6......cccouenecemecenneceeneceunnee. 75

4.8.7 Iron enhanced sand filter in subwatershed LL-8B, LL_7 ... 75

4.8.8 Enhanced wet pond in subwatershed LL-11C1, LL_8.....c.ccoomomromrrrmrirnrrrnrirnsirnsiresisesesssesesennens 76

489 New wet pond in subwatershed Lotus_Lake, LL_9 ... 76

4.9 Recommendations for Water Quality Goal AtainmMeNt ... 76
5.0 SHIVEE LAKE oottt bbb s e 79
5.1 Watershed CharaCteriStiCs ........ureiceieeiieeiieesiseesssessssssessssesssssesssssesssssesesssesessssssssssesssssessssnessssneses 80
511 DraiNage PatternS ... e ssssssssssssssss st ssssss st sss st st ssssssssssssssssssssssanesn 80

5112 LANA US ettt et sas s s sk et 82

5,13 S0IIS ettt sttt sttt 82

5.2 LaKE CharaCtriStiCs .. cuumceeeerieeeieeiisseeeiieeesisesesesseessseesssesesssesssssesssssessssssssssesssssssssssesesssssssssessssnessssssesssseses 85
5.3  Water Quality CONAitiONS.......ooverirrerrieierireiseisess st ssssssenns ...86
531 PalEOliMNOIOGY ..ottt ess s ss st e s 88

XXiii

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



53.2  Water Quality RelationShips ........ccverimecrineeerneernecrinsecsiecsssecesenesesens 89

54 ECOSYSEEMS DAt ...ouieuieuiereciecie ettt ettt sttt st s ss sttt sttt snntees 91
541 PRYtOPIaNKEON ..ottt sttt sttt st bbbt ens 91
542 ZOOPIANKEON ..ottt sssssss bbb bbb st s st s s st s s ssssssse s bannsn 91
54.3  IMACTOPRNYLES ..ottt sese s sb sttt et 92
B4 FISNEIY oottt bs eSS RR RS sRRsntnbte 93
5.5 TP SOUICE ASSESSIMENT ....ouiimiimiicircieeieciseiseiseeieeieetestsestsessssessessesassssestsestsestsestsestsesssesssesssesssesssesssessnessnessncs 93
551 EXEEINQAI LOAUS oottt sttt e et 94
5511  AtmMOSPhEric DEPOSITION ....ccuiiuerieecrieerriersieesiecsiecsssesesesesesessessssecsssessssnessssneces 94
5512 Watershed LOBAS.....ccccciiceineceieceineesiieecsisseesesssesssssesssssssssssssssss s ssssesesssesesenees 94
552 INTEINAI LOAAS ..o cimiiiiciciciceieeisetiieciisecisse i s sssesssse st st et 95
5521 Curlyleaf PONAWEET ...t seeetssesesssesess s ssssesssssssssssss s ssssessssnsees 95
5.5.2.2  BenthivOrous FiSh ACHIVILY .....cccooccinceiceieceiecsiecsiecssiesesssessssessssnessssnesssenesess 95
5523 SediMENT REIEASE. ... cuemceiceiceieciieeiissesiseceisseesssse s s ssissesssssessssses s s essesens 95
5.5.3 TP Load REAUCLIONS .....ovummriericricrireeiirerieeiineeiseeisesiecsiecseneesonee 97
5.6  SUumMmMary of DiagNOStiC FINAINGS ....rvuuurreeereeieeiereeeeieeeeseeeesseees st seessssesssssssssssesssss st sssssssss st ssssssssssesees 99
5.7 Current and Past Management ACHIONS ... eesse et sssesssssessssssssssssssssssssssssssssessnees 100
5.8  Evaluation of Water Quality Improvement OptioNns ......c..ccoeomermrennrrernsrernneesnseessssssnsssenens 101
5.8.1 Underground filtration in subwatershed Silver_Lake, SiL_L.......ccccoomomrrmrrrnrrnnrrrnrrernnnen. 101
5.8.2  Sand filter in subwatershed SilVer_Lake, SIL_2 ... e eeeeesessseene 101
5.8.3  Slope stabilization in subwatershed Silver_Lake, SiL_3, SiL_4, SiL_5, & SiL_6................ 104
5.84 Internal load control in Silver Lake, SiL_7......mcnecnneceinecens 104
5.9 Recommendations for Water Quality Goal AttainmeNt........cocevervcrnrinnrinneesnssesessssesessssesssssesseenses 104
5.0 DUCK LAKE oottt ettt 88kt 107
6.1  Watershed CharaCteriSTiCS ...t sieesiseesssee i ssss st sssessssessseen 108
6.1.1  DraiNage PatteINS ... ettt eas s ssse s ss sttt beneen 108
B.1.2  LANA USE ettt sste sttt sttt 110
B.1.3  SOUIS oottt e 110
6.2 LaKe CRAraCEIISTICS ..cuuevercrirciieiieiieiiee i ireciiecieeessseesses s ssessssessse sttt ettt besecbene 113
6.3  Water Quality CONAItIONS.....c.oevureeeceecireese e ssseessseessseeens ...114
6.3.1  Water Quality RelatiONSHIPS .....vvvuurvecrieciieriieceieceiecsiessseesesisesesesesesessecssssecsssessssessssneces 116
6.4 ECOSYSEEMS D@t ...ttt ssss st 118
B.4.L  PhYTOPIANKEON ..ttt 118
B.4.2  ZOOPIANKLON ..ottt ettt sss s ssss s s sss bbbt 118

XXiV

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



B.4.3  MaACTOPNYLES .cooeeeeeeee ettt ss st 119

B.4.4  FISNEIY oottt sttt sttt 119

6.5 TP SOUICE ASSESSIMENT ..ottt ssse s e et sssesine 120
6.5.1  EXTEINQAI LOBAS .ottt ittt bbb et 121
6.5.1.1  AtmMOSPhEric DEPOSITION ...t ses st sssessssessssessssssssseses 121

6.5.1.2  WatersShed LOAAS. ...cccureeeieceiecieieceieceiseesises st ssssesssses s ssssesssssesesssesessssssssnnees 121

6.5.2  INTEINGAI LOAAS ...ttt siesesasse ittt et een 122
6.5.2.1  CUrlyleaf PONAWEET ...t ses et sstsses s sssses s ssssnsssssnees 122

6.5.2.2  Benthivorous FiSh ACHIVILY c..coccrcrcicereceneceiecsiecsiiesssisessssnesssenesssenesssennes 122

65.5.2.3  SEAIMENT REIEASE.....oomceeceiceicietiecieeeeii e esss st asse st st ssesssessssens 122

6.5.3 TP Load REAUCLIONS .....cvumiriciiimcereeiieciineeisenisesissesiecsisecsesecsonee 124

6.6 Summary of DiagNOStiC FINAINGS ...rvuurreeeieeieeeereeeeieeees et st eesssesesss s ses s sss s sss st ss s ssssessss 126
6.7  Current and Past ManagemMeNnt ACHIONS ... sessesssss st sssse st sessssssssssssssssssens 127
6.8  Evaluation of Water Quality Improvement OptioNs .........cocnrrnnrennersennssnseenssesesenssenns 128
6.81 New wet pond in subwatershed Duck_Lake, DL_1 .......crnrinrenrinsineiesissesssesssesssesseens 128

6.8.2 Internal load control in Duck Lake, DL 2. 128

6.8.3  Rainwater gardens in subwatershed DLLC, DL_3.....ccoucrmecrncrneceeceineceieneceseneces 128

6.9 Recommendations for Water Quality Goal AttainMmENt.........ccooevrererernnerennreesnrisnssesssseesssessesesseesees 132
7.0 ROUNG LAKE.ccoriiciicicicieireeieciieciieciseeise e sesessssesssse s i ssss s siseces 134
7.1 Watershed CharaCteriStiCS ...t ssssses st sssesesssssssssese st s ssssesesssesessnees 135
711 DraiNage PatterNS ...ttt s ssssssssssss s s s s s s ssssssss s ssssssssssssssssens 135

T 012 LGN USE ittt et esse et s e e bbb 137

T 1.3 SOUIS ettt SRRt 137

7.2 LAKE CRATaCLEIISTICS ..cccvuuurvemncrimeceireeeiieeeieesesisesesse e esssecssse bbb bbb bbb 140
7.3 Water Quality CONAItIONS.......ovorveerereererereriresiseiesiseiseeissessessssessssssssssseees 141
7.3 1 Pal@OlIMNOIOGY oottt es e ss bbb na s 143

7.3.2  Water Quality ReltiONSNIPS .....ccvuucvicrieciieriieceieceiecsiesssiesesisesesesesesesecsssessssessssessssneces 145

T A  ECOSYSTEMS DAt@ ...ttt bbbt st 147
TAL  PRYIOPIANKEON .ttt b 147

T A2 ZOOPIANKEON ..ottt sss s ssss s s bbbttt 147

TA3  MACTOPNYLES oot cssee s s sttt bbbt reeses 148

TAL  FISNEIY ettt sttt s RS sR et teens 148

7.5 TP SOUICE ASSESSMENT.....comiicincicicieiireiesersse et ssse sttt ettt sssesine 149
751 EXTEINQAI LOBAS .ottt eb s bbb st 150

XXV

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



7511  AtMOSPhEriC DEPOSITION ...civucireiricerireceieeesiiseeesessessiseesisesisessssesssssessseseseseneses 150
7.5.1.2  Watershed LOAAS. ..ottt ssssessssssesssssesssssesssssesssssesssssesesssssessnees 150
752 INEEINGAI LOAAS ...ttt siesesssse sttt een 151
7.5.21  CUrlyleaf PONAWEEA ........cooiuerereeeeiereeeeceieeeeieseeeses s esss st s s s sssenesssssees 151
7.5.22  Benthivorous FiSh ACHIVILY c..coccccrcieceieceieceinecsiecsieesssisnessssnessssnessssnesssenees 151
7.5.2.3  SEAIMENT REIEASE.....coomceeeiciceteeeiee i essssessssses st st sssssessssens 153
7.5.3 TP Load REAUCLIONS ....cvvumricricieeireeiieciieeisseeissesissesisecsisecsisecsonee 153
7.6 Summary Of DiagnoStiC FINAINGS wc.criuerreeeriereeieeseeeeteseitseesesseeesssesesssesssssessss s ssss st st st ssssessssesess 155
7.7  Current and Past ManagemeNnt ACHIONS ... ee sttt sssss s st ssssssssesssssens 156
7.8  Evaluation of Water Quality Improvement OptioNns..........cernneeenmrrnseenseesssessssessssenns 157
7.8.1  New storm water feature in subwatershed Round_Lake, RL T1......cccocooiviviviveeeiieennee. 157
7.8.2  Underground infiltration basin in subwatershed RLP-2, RL_2......c.ccoooonienmrennereennereenn. 160
7.8.3 Internal load control in Round Lake, RL_3 ... 160
7.84  Converted pond to infiltration basin in subwatershed 08-23-A, RL_4......ccccconevvonerunne. 160
7.9 Recommendations for Water Quality Goal AttainmMeNt........co..coevvrmrvrnrvennrrnnriensssssessesessessssessssesseons 161
8.0 MILCNEI LAKE oottt eses sttt b 163
8.1 Watershed CharaCteriStiCs .......rereireeiieerieciieeiseeiseeisessssessse st s e sssesssssessss st sssessssesssnecsons 164
8. 11 DraiNage PAtleINS ...ttt ses e ssseess ettt beeeen 164
812 LANA USE ettt sttt et 166
813 SOUIS oot b 166
8.2 LaKE CharaCteriSTiCS ...ttt sseseessseessse i s s ssse bttt sses e siees 169
8.3  Water Quality CONItIONS ...t eeseesesesseseeienee .170
8.3.1  Paleolimnology ......cerneceinecernseerinseesiseesiseesieecsseesens .172
8.3.2  Water Quality REIQtIONSNIPS .....vurverrrieeeireriiesies sttt ssssssssssssssssssssssssssssssnsssnnss 173
84 ECOSYSTEMS DIATA ..ottt s et 175
8AL  PRYLOPIANKEON ..ttt 175
8.4.2  ZOOPIANKEON w.cooee ettt sas et s sttt 175
8.4.3  MACTOPRNYLES ..ottt sttt sss s s st st s sttt 176
BAA  FISNEIY oottt e 176
8.5 TP SOUICE ASSESSIMENT ...ttt e e ettt 177
8.5.1  EXTEINQAI LOBAS ..ottt sttt st ss st ss st rens 178
8.5.1.1  AtmMOSPhEriCc DEPOSITION ...ttt sssssssssssss st ssssssssesssssssssssssenses 178
8.5.1.2  WaAtershed LOAdS.......c.ouciieieinecinecieee i siesssssssse i i sissssisessisecssseces 178
8.5.1.3  SUrficial GrOUNAWALET ..ottt ssss sttt ssssesess 179

XXVi

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration

and Protection Study-March2017.docx



8.5.1.4  UPSLrEaM LAKES .ottt sssse s ss st st ss s ss s sansens 179
8.5.2  INEINAI LOAUS ..ottt cesie i esss s ssssessbss st si st st seni s 179
8.5.2.1  CUrlYleaf PONAWEE. ... ssss s sssss s sssssssssses 179
8.5.2.2  Benthivorous FiSh ACHIVILY ..ot eessee s ssssssseees 181
8.5.2.3  SeAIMENT REIEASE ... ettt ss st st s ss e sansens 181
8.5.3 TP LOad REAUCLIONS .coveverreicriciicieieceiecsisecsieesssesessessssnesens 181
8.6  Summary of DiIagnoStiC FINAINGS ......oovverirerierisiissi st ssssssssssssssssssssss s ssssssssssssssssssssssssssssssnns 183
8.7  Current and Past ManagemeNnt ACHIONS ...t seessee st essse s s s s ssesssesens 184
8.8  Evaluation of Water Quality Improvement OPtions ..........cceeecemnecemecemecernneens 185
881 New wet pond in subwatershed M-3A3, ML_L......cconminninnrnneisssssssssssssssessssennss 185
8.8.2 Internal load control in Mitchell Lake, ML_2 ...t 185
8.8.3 Iron enhanced sand filter in subwatershed 18-14-A, ML_3....ocoeeeeeeeeeeeeeeeeeeenens 189
8.84  Underground infiltration in subwatershed Mitchell_Lake, ML 4 ......ccccconvnronnrennreonnneenn. 189
8.9 Recommendations for Water Quality Goal AttainmeNt ..o 190
0.0 REA ROCK LAKE ..ottt bbb bbbt b bt et 192
9.1 Watershed CharaCteriStiCS ...t sisesessesssssse st ssssessssssssssssse st st ssssesssssesessnses 193
.11 DraiNage PatterNS ... ettt st s ssssssssssss s s s s s ssss s ssss s sssssssssnssns 193
0.1.2  LANA US ettt ettt as st ek 195
0.1.3  SOHIS ettt 195
0.2 LAKE CRATaCLEIISTICS ..uccveuuceerncrimneeimeeiieeeiieeesisesessecseseessssesssse bbb bbbt bbbt s 198
9.3 Water Quality CONAItIONS.......ovureerreeeerreereriresieeieeiseisesissesssesssesssesesssssenes 199
931 Water Quality ReIGtIONSNIPS .....cuueeriieiereeeieeite ettt st sssee s essseesseesssssssesssens 201
9.4 ECOSYSEEMS DAt ...ttt ssse st sase s ssse s e sssse st sssse s e e seses e 203
.41 PRYLOPIANKEON ..ottt sttt ss st st ss st ss s st eess 203
0.4.2  ZOOPIANKEON .ottt s bbbt 203
0.4.3  MACTOPRNYLES ..ottt et 204
044 FISNEIY oottt e b 205
0.5 TP SOUICE ASSESSIMENT...ucvumrrenrirerircricrianerisesiseesisecseseessssessessesessssessssesase it seseeseseesssesssssesssssssssanecsesecssnecsens 205
0.5.1  EXTEINQAI LOBAS .ottt es s bs b i sisees 206
9.5.1.1  AtmMOSPhEric DEPOSITION ...ttt ssssstsessssssssst st ssssssssssssssssssssns 206
9.5.1.2  Watershed LOAdS........coovrereeeerceeceeeeee et ssesese st st sssssss s sssssssseses 206
9.5.1.3  UPSLrEAM LAKES .ottt ssssssssssssssssss st st sssssssnsssnssns 207
0.5.2  INEEINGI LOAAS ...t siesesssse s sb it een 207
9.5.21  CUrlyleaf PONAWEERT ........ooiueereeieeiereeeeeeceieeeetseseeesesees et esssses s s sssssssssssessssees 207

XXVii

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration

and Protection Study-March2017.docx



9.5.22  Benthivorous FiSh ACHIVILY c..occcucucrcieccreceineceinecsiesssiesssssnessssnessssnesssesessenees 207

0.5.2.3  SEAIMENT REIEASE.....oomceeeiceicteceie et esss it asse st st ssesssessesens 208
9.5.3 TP Load REAUCLIONS .....evumericricieireeriecieeeiseeisesissesisecsisecsesecsanee 210
9.6 Summary Of DIagNOStiC FINAINGS w.cucureeuereeeeiereeieeseeeieseseit st sessseessssessss s sss st st st ssssesssssesess 212
9.7  Current and Past Management ACLIONS ... eeeeeseeesesssss st ssss s st ssssssssesssesens 213
9.8  Evaluation of Water Quality Improvement OptioNns..........cerneeermernseennseesnssessesesnssenns 214
9.8.1 New wet pond in subwatershed 16-44-A, RRL_L........cooonmrrnrirnreneinsississisesssseesssssesssseens 214
9.8.2 Infiltration basin in subwatershed 17-44-B, RRL_2......oooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeceeseeseees 214
9.8.3 New wet pond in subwatershed 20-11-C, RRL_3......ccoovrorirmrermrerneeresereeeseesseessssesseseenees 217
9.84  Sand filter trench in subwatershed EdenPrRd_Summit, RRL_4....ccccoovvvemecumecrrnneceenecernnen. 217
9.8.5 New wet pond in subwatershed CovePt, RRL_5......ccccnrnrinninnesessessesseseseseenens 217
9.8.6 Expanded wet pond in subwatershed 17-14-A, RRL_6.....cccccoeovreomrronrrcnrrenrirnsirnsiresisnsesesennens 217
9.8.7 Iron enhanced sand filter benches in subwatershed 17-44-C1, RRL_7 .....ccoccomvermrurmruene. 218
9.8.8 Expanded wet pond in subwatershed 21-31-A, RRL_8......ccccoorrmrrrmrrmmrrnnrrnnrinnrissseesessennns 218
9.8.9 Improve Mitchell Lake water quality, RRL_9......cccoovuomremrirnrrrnrirnrrrnrirnnenn. 218
9.9 Recommendations for Water Quality Goal AttainmMENTt......c.occcoveruerrreerereeseeeeseeeee e sseesssesessesesseees 219
10.0  LaKE IAIEWIlA ...ooreeeeereeeeeeeeeeeeeete ettt sssssssse st st ss s nsssssssns 221
10.1 Watershed CharaCteriSTiCS ...t eesseeaseesseeessse st s s st cssseeen 222
10.1.1  Drain@ge PAtTOINS ... ccecreeeceiecricsieceiieceienesssesesesesessessesssssesssssesssssessisnssssnessssnessssnesssenssessssees 222
10.1.2 Land Use224
10.1.3 Soils 224
10.2  LaKE CRATCLEIISTICS ..uuveuucerreereeeeeieecisseceseeessectsee st esssessssecasse s s s et 227
10.3 Water Quality CONAItIONS......ccerucriecrieerieeeiecsiecsiecsssecsseesssenecens ..228
10.3.1 Water Quality RelatioNSNIPS ...t sisssssssssssssssssssssssssssssssssssssssssssssssnns 228
10.4  ECOSYSEEIMS DAt ...ttt sttt 228
L1041 PRYOPIANKEON .ottt et ss bbbttt 229
104.2  ZOOPIANKEON ..ottt ettt ss bbbt sssees 229
10.4.3  MACTOPRNYLES ...ttt se s sssssss s ss st s s ss bbb s s ss s ba s s ssssesssnes 229
10.4.4 Fishery 230
10.5 TP SOUMCE ASSESSIMENT ...ouiimrireircireeieeieeiseeie ittt sssessse et ss e si ettt baeen 230
10.5. 1 EXEEINQAI LOAAS c.orveereerreeeieeie ettt sess s sssesssss s ss et ss s st st ss s ssnos 231
10.5.1.1 AtmMOSPNEriC DEPOSILION ..ottt ssssssssssssssssssssssssssnns 231
10.5.1.2 Watershed LOas.......ccoucincuineeieeeieciieeisesisesissesssseesssessssessssssisessssssssnsessnsssssssses 231
10.5:2  INEEINAI LOAAS. ..ottt easse et et ss sttt ettt 232
XXViii

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



10.6
10.7
10.8

10.9 Recommendations for Water Quality Goal Attainment

11.0 Staring LaKe......oovereenneererrerreereiereres

111

11.2
11.3

114

115

10.5.2.1 Sediment Release........cooeoeoeeereeeereennn.

10.5.3 TP Load Reductions.........ccoeeuvevunenne.

Summary of Diagnostic FINdiNgs .....cc..ccoevevrvrerirnrrrnrrennnnnnn.

Current and Past Management ACIONS ...t eisseessssssssssssse st sssessssesssssssnas

Evaluation of Water Quality Improvement Options

10.8.1 Stormwater planters in subwatershed Idlewild, LI_1

10.8.3 Tree trenches in subwatershed Idlewild_TC-06, LI_3
10.8.4 Underground infiltration in subwatershed 14-21-C, LI 4

Watershed Characteristics ........ooveeveeeeeenn.e.

10.8.2 Infiltration in subwatersheds Idlewild & Idlewild_TC08, LI 2a & LI 2b .....cccccovuvvvvcunccc.

11.1.1 Drainage Patterns........nnenneenn.

11.1.2 Land Use246
11.1.3 Soils 246

Lake Characteristics........ocovveveeeseeesenenn.

Water Quality Conditions.........ccccoeveveeerruennes

11.3.1 Water Quality Relationships

.250

Ecosystems Data.......ccocoocovcvcrnennnce

1141 Phytoplankton............
1142 Zooplankton .........nrnricnsineinnnns
1143  Macrophytes......mconeeeoneceneeenneeens
1144 Fishery 256

TP Source Assessment.........ccecneceeneenn.
11.5.1 External Loads.......coccooneemneen

11.5.1.1 Atmospheric Deposition

11.5.1.2 Watershed Loads

11.5.1.3 Erosion Loads ......cnecenecenne.
11.5.1.4 Upstream Lakes ......coovrrrnrrreenneerneennrenns
11.5.2 Internal Loads......oemrenneeneceonecenne.
11.5.2.1 Curlyleaf Pondweed........ccoomomrommrnnrennrernrennnes

11.5.2.2 Benthivorous Fish Activity

11.5.2.3 Sediment Release........covevevveveverienn.
11.53 TP Load REAUCTIONS .....oeeeeeeeeeeeeeeeeeeeee s

234
236
236
236
236
237
237
237
240
242
243
243

249

252
254
254
254
255

256
257
257
257
258
258
259
259
259
2601
261

XXiX

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



11.6  Summary of DiagnOStiC FINAINGS ....ccuurreeercriceieceiieceiieceseeseseseseseseesesessssesssssessssessssnessssnessssnesssenees 263

11.7 Current and Past Management ACHIONS ..........coovrirrrienniinnrinesisesssesssssssssssssssssssssssssssssssssssssssessssssssness 265
11.8 Evaluation of Water Quality Improvement OPtioNns .......c..ccoceeeeervrnrvenneinseeessessssssssennsens 266
11.8.1 Creek restoration and stabilization in subwatershed 09-42-B, StL_1.....ccccccooviivieuvicnne. 266
11.8.2 New infiltration basins in subwatershed 09-43-A, StL_2.....ocoooovveveennne. ..266
11.8.3 Enhanced wet pond in subwatershed 10-33-E, StL_3.....ccccooornronmrennrrnnrrnsesesiesessesnnnens 267
11.84 New wet pond in subwatershed 09-44-A, STL 4 ... nrnrnnnressessissssssssssessenes 267
11.8.5 New wet pond in subwatershed 10-44-A, STL_5 .......rrrrnnnenenessssssesssesssssssessaenes 270
11.8.6 Tree trenches in subwatershed 10-44-D, StL_6 ... 270
11.8.7 Enhanced wet pond in subwatershed 11-33-C, StL_7....coocnmrennrernerrnnrrnseesessesessesssnens 270
11.8.8 Filtration basins in subwatershed 15-14-B, StL_8 ... 270
11.8.9 Pervious pavement in subwatershed 15-14-A-TC02, StL_9.....coovvrrvrrnrrnrenrrrernrnsiseins 271
11.8.10 Stormwater planters and tree trenches in subwatershed 14-23-B, StL_10.................... 271
11.8.11 Infiltration basins and tree trenches in subwatershed 14-23-A, StL_11.....cccconevoneneeen. 271
11.8.12 Pervious pavement in subwatershed 14-23-A, StL_12.......corrnrennennenrinnineiseissienes 271
11.8.13 Infiltration, basin and underground in subwatershed 14-32-A_Pres1, StL_13............. 272
11.8.14 Infiltration basin in subwatershed 21-44-B, StL 14 ... 272
11.8.15 New infiltration basins in subwatershed Staring, StL_15a & StL_15b.......cccocomrrcrrrrrnrnene. 272
11.8.16 New wet pond in subwatershed Staring, STL_16......cc.cccocvunrirrrnrrcnricnninnenressissisessesseseenes 272
11.8.17 Creek restoration and stabilization in subwatershed Staring, StL_17......ccoccovvvnrunecunne. 272
11.8.18 Internal load control in Staring Lake, StL_18 ... eesseeesseeenns 273
11.8.19 Converted pond to infiltration basin in subwatershed 10-34-A, StL_19 .....ccouevoneceen. 273
11.8.20 Converted pond to infiltration basin in subwatershed 10-33-F, StL_20......cccccouvvrnnnene. 273
11.8.21 Creek restoration and stabilization in subwatershed ValleyView, StL_21 ........cccoeee..e. 274
11.8.22 Upstream lakes meet water quality and load goals, StL_22 .......cccccomcmcnmcconeccrneccnnnne 274
11.8.23 Carp management in Staring Lake and the Recreation Area, StL_23 .......ccooconrvcrmrrcrnrnene. 274

119 Recommendations for Water Quality Goal AttainmeENt........cocerervcrnrvnerinsresnsssnnsessssessssesssssessesenses 275
12.0 Recommendations and Capital Improvement Planning ... eeseeesseeisssessseessseesnes 278
12.1 Purgatory Creek Watershed-Wide Volume Reduction Project.......nionrenneenneenseenssinenenns 279
12.2  Summary of BMP Cost-Benefit for whole watershed..........cneonnrennesees e 280
12.3 Recommendations for further study and adaptive management ...........ccceneecrneeerneecnenne 284
12.3.1 Aquatic Vegetation Surveys and Lake Vegetation Management Planning.................. 284
12.3.2 Fish IBI Determinations and Shoreling ASSESSMENTS ........cc.covcucuecreeimeeineeineceirecrerecrerecnene 284
12.3.3 Wild Rice Protection and Internal Load Control in Silver LaKe........cccooecovennrenneenecenecenne. 284

XXX

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



1234 Lower Purgatory Creek Monitoring......ccenecennecereecenen. 285

12.3.5 Additional Assessment for Areas Upstream of Recreation Area......c.coocenvecnnrvrnrrernrnnnn. 286

L300 REFEIENCES ...ttt sttt s sttt asss s e st ssaseassassassesassassassassasssssssassassassnsanes 287

List of Tables

Table 1.1 Land use areas within Purgatory Creek watersheds...........cnrinrinnrinssineenesssesssesssesssesssesesens 3
Table 1.2 Water Quality Goals and Standards for Purgatory Creek Lakes.........cccoecrervrnrnene. 11
Table 1.3 MPCA IMpPaired Waters LISTINGS ..o ssssssssssssssssssssssssssssssssssssssssssssssssens 12
Table 2.1 Published threshold values for selected stabilization techniqUES..........ccoevceeverrrrnerrnrernrinennen. 20
Table 2.2 General Phosphorus Removal Effectiveness of Stormwater BMPs (source: adapted from
the Minnesota Stormwater Manual, MPCA 2005).........c e eseeseseeseseas 28
Table 3.1 Summary of Rosgen classification values for Lower Valley (CH2M HILL, 2011) .........ccoouueu... 34
Table 3.2 Sensitivity of Stream Types (Rosgen, 1996)........cc..coovvemrvrmrrrnrrernirenenenn. 34
Table 3.3 Range of Modeled Velocities and Shear Stresses along the Lower Valley ...........ccoooenvveneee. 39
Table 3.4 Summary of the Lower Valley BMPs, Resulting Load Reductions, and Cost Estimates........ 46
Table 4.1 Lotus Lake Physical CharaCteriStiCs ... ssssssssesssssssssssssssssssssssssssssssssssnns 54
Table 4.2 Lotus Lake water quality parameter Thiel-Sen trends for year 1999-2015.........cc.ccovvernrrnenen. 55
Table 4.3 Lotus Lake estimated load reductions required to meet TP water quality goal for 2015
WATEE YA ..ttt et st 68
Table 4.4 Diagnostic FINAINGS fOr LOTUS LAKE ........cvrveireeiieniieeiesisssisssesssessssssssssssssssssssssssssssssssssssssssssssnns 69
Table 4.5 Summary of Lotus Lake BMPs, Resulting Load Reductions, and Cost Estimates.................... 72
Table 5.1 Silver Lake Physical CharaCteriStiCS .....oinrinniisiississiisssssssssessssssssssssssssssssssssssssssssssssssnsssssssssness 85
Table 5.2 Silver Lake water quality parameter Thiel-Sen trends for year 1999-2015......ccccoovomrrrmrrnnnes 88
Table 5.3 Silver Lake estimated load reductions required to meet TP water quality goal for 2015
WATEE YA ..ottt et ettt et 97
Table 5.4 Diagnostic FINAINGS fOr SHVEN LAKE ... ssesssssssssessssessssssssssssssssssssssssssssenns 99
Table 5.5 Summary of Silver Lake BMPs, Resulting Load Reductions, and Cost Estimates.................. 102
Table 6.1 Duck Lake Physical CharaCteriStiCS ... .o sisseissssssesssssssssssssssssssssssssssssssssssnssens 113
Table 6.2 Duck Lake water quality parameter Thiel-Sen trends........nernnrennsinnsissesssssssseenees 116
Table 6.3 Duck Lake estimated load reductions required to meet TP water quality goal for 2015
WALET YA ..ottt sese e bbb 124
Table 6.4 Diagnostic FINAiNGS fOr DUCK LaKE ... esssseesssses s sssssessssesens 126
Table 6.5 Summary of Duck Lake BMPs, Resulting Load Reductions, and Cost Estimates.................. 130
Table 7.1 Round Lake Physical CharaCteriStiCSs.........comiurrinrienneieiiesinseesssesssssssssssssssssssssssssssssssssssssssssses 140
Table 7.2 Round Lake water quality parameter Thiel-Sen trends ... 143
XXXi

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



Table 7.3 Round Lake estimated load reductions required to meet TP water quality goal for 2015
WALET YA ..o eereeeeecireeeeire ettt e e 153
Table 7.4 Diagnostic FINAiNgs fOr ROUNG LaKe........cccueucrciineceieceieceiecsiecssiseeseesesiseessssesssssessseneseses 155
Table 7.5 Summary of Round Lake BMPs, Resulting Load Reductions, and Cost Estimates............... 158
Table 8.1 Mitchell Lake Physical CharaCteriStiCS ......cowrerrenrreeeeeereeceseessessssssssessssssssssssssssssssssessssesssnees 169
Table 8.2 Mitchell Lake water quality parameter Thiel-Sen trends.........cenecnnenneeneeenecenecineees 172
Table 8.3 Mitchell Lake estimated load reductions required to meet TP water quality goal for 2015
WALET YA ..o eeriecerrireeee ettt e e 182
Table 8.4 Diagnostic FINAiNgs for MItChell LaKe..........occcecricieceieceiecesesesiecsssecsssnessssnesssenesesens 183
Table 8.5 Summary of Mitchell Lake BMPs, Resulting Load Reductions, and Cost Estimates............ 187
Table 9.1 Red Rock Lake Physical Characteristics..........cenecenecernecerenee. 198
Table 9.2 Red Rock Lake water quality parameter Thiel-Sen trends for year 1999-2015..................... 201
Table 9.3 Red Rock Lake estimated load reductions required to meet TP water quality goal for 2015
WALET YA ..oueeeeceeireee ittt ettt 210
Table 9.4 Diagnostic Findings for Red Rock Lake.........cocoovvomrinnrinnrinnriennnenne. 212
Table 9.5 Summary of Red Rock Lake BMPs, Resulting Load Reductions, and Cost Estimates ......... 215
Table 10.1 Lake Idlewild Physical CharaCteriStiCs ......c.comremrenereeeeiereeeeseessessssssssessssssssssssssssssessssessssesssnees 227
Table 10.2 Lake Idlewild 2015 growing season average wWater QUality .......crnecerneerrneeerieecnens 228
Table 10.3 Lake Idlewild estimated load reductions required to meet TP water quality goal for 2015
WALEE YA ...uuoimciincrineeimnriscerie it st siseesesee s sissssesessssessssesssesisessisecsenecsenee 234
Table 10.4 Diagnostic FINAiNgs for Lake IAIEWIld ... ssssssssssssssssssssssssnens 236
Table 10.5 Summary of Lake Idlewild BMPs, Resulting Load Reductions, and Cost Estimates............. 238
Table 11.1 Staring Lake Physical CharaCteriStiCS. ......cormcrieceieceiecemieessiseeseeesiseesssecsssnessssnecssenessseneces 249
Table 11.2 Staring Lake water quality parameter Thiel-Sen trends for year 1999-2015 ........cccooevuee. 252
Table 11.3 Staring Lake estimated load reductions required to meet TP water quality goal for 2015
WALEE YA ...uuoimciincrineeirnriscerie sttt seseesaseessssesenessssessssesssesisessasecsesecsenee 261
Table 11.4 Diagnostic FINAiNgs fOr Staring LaKe........cccccciieceieceiecsiecsieeesisssesessesssseesssesssssesessseseses 263
Table 11.5 Summary of Staring Lake BMPs, Resulting Load Reductions, and Cost Estimates.............. 268
Table 12.1 Summary of recommended BMPs for all lakes, resulting load reductions, and cost
ESTIMATES ..ottt ese e e e et 281
List of Figures
Figure 1.1 Purgatory Creek and Lakes Watershed ...t eees s ssssssssesens 4
Figure 1.2 Change in Streamflow Due to Urbanization (Center for Watershed Protection, 2003).......... 8
Figure 1.3 Conceptual Frequency of Bankfull Flooding as a Function of Imperviousness (Center for
Watershed Protection, 2003) ... eeeeeesseseese s sesssssssssssssss s ssssssssssssssssssssssssssassssssssssans 9
Figure 2.1 RPBCWD Overall Approach to Resources Protection and Restoration ..., 17
XXXii

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



Figure 2.2 Rosgen Classification System Key (ROSGEN, 1996)........ccoomrrurrreenmeeeermreeenseesseeesssessssessssssessessssnns 19
Figure 2.3 Project adaptive management apProach ... seesssessseesseesssessssessons 24
Figure 2.4 Potential approaches for addressing lake phosphorus l0adings.......c..ccconmvnrrvnrennrinnrvonnnnen. 31
Figure 3.1 Purgatory Creek TSS concentration cumulative frequency curve, 2006-2015......................... 37
Figure 3.2 Lower Purgatory Creek Erosion and Channel Stability........ccccocovrenrunncen.
Figure 3.3 Lower Purgatory Creek Erosion and Channel Stability.........ccccourerrrennce.
Figure 3.4 Lower Purgatory Creek Erosion and Channel Stability ..., 42
Figure 3.5 Lower Purgatory Creek Erosion and Channel Stability.........cocooiomeinnriionniinnsinnnisesisesssssenens 43
Figure 4.1 Lotus Lake Subwatersheds and Stormsewer AlIGNMENTS ..........ccocccnrernecrnecreceneceseecesenee 50
Figure 4.2 Lotus Lake Land Use ClassifiCations........cccrncerermecmecsiecsimesemeesesesesessssessssecssssessssnesssenes 52
Figure 4.3 Lotus Lake SOil ClasSifiCAtIONS .......ucwcrureirerirrerineeriecsisecsssesesesesesesesssesessesessssessisnessssnessssnesesenees 53
Figure 4.4 Lotus Lake Water Quality Growing Season Average (June-September), Min and Max
VAIUBS «.cooreectie ettt se s ssse s bbbt 56
Figure 4.5 Lotus Lake diatom-inferred TP reconstruction (Ramstack & Edlund, 2011).......cccccovvvreunnce. 57
Figure 4.6 Lotus Lake Individual Samples Water Quality Parameter Regression Relationships............. 59
Figure 4.7 Lotus Lake TP load sources for 2015 water Yar ..........cenecernecens 64
Figure 4.8 Lotus Lake Subwatershed TP Loads to the Lake......ccommcnnecennecirnnecens 66
Figure 4.9 Lotus Lake TP load relationship with lake water quality (TP, Chl-a and clarity) ........ccccoecucu... 68
Figure 4.10 All identified BMPs, Lotus Lake watershed .........cccoonmeonncecnnncennenens 73
Figure 4.11 Recommended BMPs, Lotus Lake Watershed ..........nnecnneeneesecseceseeeseeesseeeseeesseseons 78
Figure 5.1 Silver Lake Subwatersheds and Stormsewer AligNMENTS.........c.ooecmreerreereeeneeenecennecenseeesseeesseeenees 81
Figure 5.2 Silver Lake Land Use ClassifiCations........cco..covririvniiennrienssississsisssssssssssssssssssssssssssssssssssssssssssssnnes 83
Figure 5.3 Silver Lake Soils ClassifiCations........co..covrinrinnsiinneinsiisessesessessssessssssssssssssssens 84
Figure 5.4 Silver Lake Water Quality Growing Season Average (June-September), Min and Max
VAIUES ettt bbb e e 87
Figure 5.5 Silver Lake diatom-inferred TP reconstruction (Ramstack Hobbs & Edlund, 2015).............. 88
Figure 5.6 Silver Lake Individual Samples Water Quality Parameter Regression Relationships ............ 90
Figure 5.7 Silver Lake TP load sources for 2015 water year ...........ernrvnnevennenonn. 94
Figure 5.8 Silver Lake Subwatershed TP Load to Lake.......cccooeremrnnrennrennrirnrennnann. 96
Figure 5.9 Silver Lake TP load relationship with lake water quality (TP, Chl-a and clarity) ........cccceeveue.. 98
Figure 5.10 All identified BMPs, Silver Lake watershed ..........ccooomronnronnrnnrrnnnnens 103
Figure 5.11 Recommended BMPs, Silver Lake Watershed ... snesinssesssessssesssssssssnees 106
Figure 6.1 Duck Lake Subwatersheds and Stormsewer AlIgNMENTS ........ccoc.covvvrrrvnrrionrrernriennriesnssenseissnsssenees 109
Figure 6.2 Duck Lake Land Use ClasSifiCatIONS ........cuwwueerericerierrieesimecsisecsssnessenesesessesssessassessssnessseneseses 111
Figure 6.3 Duck Lake Soils ClassifiCations.........cc.occeeemnrernecriecsisecsimecsseeseseeessesessesessisessisessssnessssnesesens 112
Figure 6.4 Duck Lake Water Quality Growing Season Average (June-September), Min and Max
VAIUBS «.cooreectieceiee ettt ssse bbbttt 115
Figure 6.5 Duck Lake Individual Samples Water Quality Parameter Regression Relationships........... 117
Figure 6.6 Duck Lake TP load sources for 2015 Water Year .........cronererneeernreennnns 121
XXxiii

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



Figure 6.7 Duck Lake Subwatershed TP Load to Lake. ......ccooemrenmrenneeneceneeenecenne. 123
Figure 6.8 Duck Lake TP load relationship with lake water quality (TP, Chl-a and clarity)........ccccccc.... 125
Figure 6.9 All identified BMPs, Duck Lake Watershed..........irionnieenisssinssssssisssisssssssssssssssesssssssenns 131
Figure 6.10 Recommended BMPs, Duck Lake Watershed...........ecnseeneinsnesesesssesesesssesssesssesssenees 133
Figure 7.1 Round Lake Subwatersheds and Stormsewer AigNMENtS.........c..cocvvevrrenrinreenrenseensensinsineines 136
Figure 7.2 Round Lake Land Use ClassifiCations ... ssssssssssssssssssssssssssssssssses 138
Figure 7.3 Round Lake Sils ClassifiCatioNs.......coo.irinnriennrinnsiisssisssissssssssssssssssssssssssssssssssssssssssssssssssssssssses 139
Figure 7.4 Round Lake Water Quality Growing Season Average (June-September), Min and Max
VAIUES .ottt it b 142
Figure 7.5 Round Lake Diatom-inferred TP reconstruction (Ramstack & Edlund, 2011)........................ 144
Figure 7.6 Round Lake Individual Samples Water Quality Parameter Regression Relationships........ 146
Figure 7.7 Round Lake TP load sources for 2015 Water YEar.......cireernrienssenssessssssssssssssessssssssssssnnss 150
Figure 7.8 Round Lake Subwatershed TP LOad tO LaKe. ... sisessssssssesessssesssssssssnses 152
Figure 7.9 Round Lake TP load relationship with lake water quality (TP, Chl-a and clarity)................ 154
Figure 7.10 All identified BMPs, Round Lake watershed..........ccocoovomrecnnrrnnrrnnrrennnnnnn. 159
Figure 7.11 Recommended BMPs, Round Lake Watershed............oo oo seens 162
Figure 8.1 Mitchell Lake Subwatersheds and Stormsewer AlIgNMENTS ..........ccoeceuneernecrnecerneerrneeereneceens 165
Figure 8.2 Mitchell Lake Land Use Classifications .............ocmceeneccrnennen. .167
Figure 8.3 Mitchell Lake SOils ClassifiCations........oow.orireeernrceenneeeeseeeeseeeeseeesssesesssesess st essssee s s ssssssssesns 168
Figure 8.4 Mitchell Lake Water Quality Growing Season Average (June-September), Min and Max
VAIUEBS ..ottt se s ssse bbb bbb 171
Figure 8.5 Mitchell Lake Diatom-inferred TP reconstruction (Ramstack & Edlund, 2011)..................... 172
Figure 8.6 Mitchell Lake Individual Samples Water Quality Parameter Regression Relationships....174
Figure 8.7 Mitchell Lake TP load sources for 2015 Water YEar ... ccernnecriecsiecsiecssaesesenesesens 178
Figure 8.8 Mitchell Lake Subwatershed TP Load t0 Lake. ...t seeiesecineces 180
Figure 8.9 Mitchell Lake TP load relationship with lake water quality (TP, Chl-a and clarity)............... 182
Figure 8.10 All identified BMPs, Mitchell Lake Watershed ..........creneeeneeeeseeeesseeeessseseseseesesessseseseenes 188
Figure 8.11 Recommended BMPs, Mitchell Lake watershed..........nnnnrinneseeeiesieseeseenes 191
Figure 9.1 Red Rock Lake Subwatersheds and Stormsewer AligNmMeNnts .........cccnnrenrenrenrensiensinennnns 194
Figure 9.2 Red Rock Lake Land Use Classifications.......c...ccoc.coervrnrinnirennrrenninnnn. 196
Figure 9.3 Red Rock Lake SOils ClassifiCations......cc...cowvierrinriinriennrisnsienssieseisssssessssssssssssssssssssssssssssssssssssnsssns 197
Figure 9.4 Red Rock Lake Water Quality Growing Season Average (June-September), Min and Max
VAIUES ..ottt bs bbbt 200
Figure 9.5 Red Rock Lake Individual Samples Water Quality Parameter Regression Relationships ..202
Figure 9.6 Red Rock Lake TP load sources for 2015 Water YEAT .......rvrerinnevnnsissisessessssessssesssssessesesses 206
Figure 9.7 Red Rock Lake Subwatershed TP LOad tO Lake......c.coovreereenrienrienrinninsinseississeessiesisessssseenes 209
Figure 9.8 Red Rock Lake TP load relationship with lake water quality (TP, Chl-a and clarity)............ 211
Figure 9.9 All identified BMPs, Red Rock Lake watershed ... 216
Figure 9.10 Recommended BMPs, Red Rock Lake Watershed ... 220
XXXIV

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



Figure 10.1
Figure 10.2
Figure 10.3
Figure 10.4
Figure 10.5
Figure 10.6
Figure 10.7
Figure 10.8
Figure 11.1
Figure 11.2
Figure 11.3
Figure 11.4
Figure 11.5

Figure 11.6
Figure 11.7
Figure 11.8
Figure 11.9
Figure 11.10
Figure 11.11
Figure 12.1

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E

Appendix F

Lake Idlewild Subwatersheds and Stormsewer Alignments

Lake Idlewild Land Use Classifications.........ccoe.oumeeeneeeenneeeenseseennenees .225
Lake Idlewild SOils ClasSifiCations ........ccoereeenreuineeeieeeieeessseeesssesessseesssssesssse st s ssssssesssssesens 226
Lake Idlewild TP load sources for 2015 Water YEaI......c..ireeerrernreiensesnssisssesssssssssssssssesnens 231
Lake Idlewild Subwatershed TP Load t0 Lake........ccovncineccnencnecnecneeeiseesisecsieciseees 233
Lake Idlewild TP load relationship with lake water quality (TP, Chl-a and clarity)............... 235
All identified BMPs, Lake Idlewild Watershed.........mccnecneeenecensecsisecsisesesiesesesees 239
Recommended BMPs, Lake Idlewild watershed ..........comcncennecennen. 241
Staring Lake Major Watersheds ... cceeceeceieciecssieeesesesesesesesssssessssecsssessssnessisneces 244
Staring Lake Subwatersheds and Stormsewer AlIGNMENTS...........occceerrnecenecernecesieeesennee 245
Staring Lake Land Use ClassifiCatioNs .........coovrerenerennreeneeieeisecesseesssesss e ssssssssssssssssessssssssesens 247
Staring Lake S0ils ClassifiCatioNs. ...t eesee e ssssesesssssesss st sssssssssssesssseees 248
Staring Lake Water Quality Growing Season Average (June-September), Min and Max

VAIUEBS oottt esse bbbt 251
Staring Lake Individual Samples Water Quality Parameter Regression Relationships.......253
Staring Lake TP load sources for 2015 Water YEar ... ccerecrneesinseesiecsiecsssesesenens 257
Staring Lake Subwatershed TP Load tO Lake. ........orennrenreeeeeseeseseseeeeeessssssssssessesessons 260
Staring Lake TP load relationship with lake water quality (TP, Chl-a and clarity)............... 262
All identified BMPs, Staring Lake watershed...........cccoooneennerennecennnnees 269
Recommended BMPs, Staring Lake watershed............nnnenneneesecnecseceoseeeseeenees 277
All ReECOMMENAEA BIMPS......ooecicieet ettt st ssssesse sttt st eees 283

List of Appendices
Annotated Bibliography of Past Studies
Structural, In-lake, and nonstructural BMPs
Water Quality Tables
Water Quality Modeling Methodology and Results
Water Quality Improvement Option Cost Estimates

Potential Stabilization Measures

XXXV

P:\Mpls\23 MN\27\2327053\WorkFiles\Task Orders\_TO_11_Purgatory Creek Watershed Assessment\Task 025 Report\2017 Review\Purgatory Creek Watershed Restoration
and Protection Study-March2017.docx



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.

12




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.

Data Collection and Monitoring
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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.
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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
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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

34



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, Resulti