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1.0 Introduction

1.1 PURPOSE

Capitol Region Watershed District (CRWD) received a grant in late 2009 from the MN Clean
Water Partnership Program, which is administered by MN Pollution Control Agency, for the
development of a management plan for Crosby Lake, one of four lakes located in CRWD.
Although Crosby Lake currently meets water quality standards, it has not been immune to the
effects of urbanization. Water quality has declined since 2005, which warrants the need for
developing a framework for the protection and improvement of Crosby Lake.

The goal of the plan is to protect the water quality and natural hydrologic regime of Crosby Lake
by applying science-based lake management implementation activities. The objectives of the
plan are:

to assess the current conditions of the lake;

to identify the issues of concern and the priority watershed areas for management;

to develop management goals and objectives; and

to determine the implementation opportunities and activities for protecting and improving
the water quality, ecological, aesthetic and recreational benefits of the lake.

1.2 THE STRATEGIC PLANNING PROCESS

CRWD’s first generation 10-Year Watershed Management Plan, adopted in 2000, identified the
need to prepare lake management plans for CRWD’s lakes. The purpose of these plans is to
address resource concerns and future management of each lake and ensure protection and
improvement of lake health. Management plans have been developed and are being
implemented for Como Lake in Saint Paul (CRWD, 2002), Loeb Lake in Saint Paul (CRWD,
2009) and Lake McCarrons in Roseville (CRWD, 2003).

Essential in developing a comprehensive lake management plan that defines all lake-related
issues and explores all opportunities for management is broad stakeholder participation and input
during the development process. Whereas CRWD is the lead or project sponsor for the Crosby
Lake Management Plan, the City of Saint Paul, which owns and maintains the park surrounding
Crosby Lake—Crosby Farm Regional Park—is a key partner. Additional support for the project
is being provided by other federal, state and local government agencies, non-profit organizations,
and the public. Two advisory groups, technical and citizen based, were convened to bring all
partners and stakeholders to the table in developing the management plan.
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1.2.1 Technical Advisory Group

The technical advisory group comprised staff from government agencies and non-profit groups
including the City of Saint Paul, National Park Service (NPS), Ramsey County, MN Pollution
Control Agency (MPCA), Minnesota Department of Natural Resources (MN DNR),
Metropolitan Council, MN Department of Transportation (MnDOT) and the Friends of the
Mississippi River (FMR). The technical advisory group assisted in determining and prioritizing
the issues of most concern in Crosby Lake and in developing lake management goals and actions
to address the issues. The technical advisory group met three times over the course of the
project.

In October 2010, CRWD kicked off the project by presenting background information about
CRWD and Croshy Lake and the goals, objectives, elements and timeline for developing the
management plan. A second meeting was held in December 2010 to discuss and receive
feedback on preliminary water quality goals and management projects and activities. A third
meeting was held in summer 2011 to present the draft management plan and receive comments.

1.2.2 Citizen Advisory Group

CRWD convened a second advisory group consisting of citizens interested in protecting and
improving Crosby Lake. This citizen advisory group included members of CRWD’s Citizen
Advisory Committee, CRWD residents, frequent visitors to the park and other interested citizens.
CRWD received assistance in engaging the citizen advisory group from Minnesota Waters, a
non-profit group dedicated to engaging and training citizens in protection of MN water
resources.

Similar to the technical advisory group, three meetings were held with the citizen advisory
group. In late September 2010, the first meeting focused on “getting to know CRWD” and the
management plan development process. Information on CRWD and Crosby Lake and the
process for developing the management plan was presented.

The purpose of the second meeting held in December 2010 was to obtain citizen input on their
priorities and concerns for Crosby Lake and the activities and projects to address these concerns
and priorities. Small group discussions were held to identify the top three concerns, challenges
or issues pertaining to Crosby Lake and the ideas for addressing them. The top public concerns
included protecting water quality, minimizing trash to the lake and river, maintaining Crosby
Farm Regional Park as a natural, passive park and increasing public awareness about the issues
facing the lake and river. All public input was reviewed and considered for inclusion into the
management plan by CRWD. See Appendix C for the second citizen advisory group meeting
minutes.

At the third meeting in summer 2011, CRWD presented the draft management plan to the

citizens and described how the public’s ideas were incorporated into it. The citizens also
provided comments on the draft management plan.
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2.0 Watershed and Lake Characterization

21  WATERSHED DESCRIPTION

CRWD is a 41-square mile watershed located in Saint Paul, Roseville, Maplewood, Falcon
Heights and Lauderdale that drains to the Mississippi River.

The Crosby Subwatershed, one of 15 major subwatersheds in CRWD, is located in the
southwestern portion of the watershed district (Figure 2-1). The watershed is fully developed
except for two parks, Crosby Farm Regional Park and Highland Park, which includes Highland
National Golf Course. It includes 35E Freeway running from north to south on its eastern side.
The watershed has two major flow patterns with 234 acres draining to Crosby Lake and the
remaining 1,291 acres draining directly to the Mississippi River (Figure 2-2). Subwatersheds
CRO1, CRO7, and CRO3 flow to CROS5 which then discharges directly to the Mississippi River
via a ditch along Interstate 35E (Figure 2-2). CRO2 also discharges to the Mississippi River
mostly as overland flow. Subwatersheds CRO4 and CROG6 flow to Little Crosby and Crosby
Lake.

2.1.1 Land Use
Land use is primarily single-family, residential in the northern portion of the Crosby
Subwatershed with commercial and industrial land uses in the southern and eastern portions

along Shepard Road and West Seventh Street (Table 2-1, Figure 2-3).

Table 2-1. Land Use in the Crosby Subwatershed

Subwatershed Total [Percent
Land Use CRO1 | CRO2 | cRO3 | CRo4 | CRos |[cRoe| croz | Area

Area (acres) (acres)
Commercial 6 12 3 -- 7 5 2 35 2%
Highway 1 23 1 -- 50 -- -- 75 5%
Industrial 23 14 -- 5 41 5 88 6%
Institutional 25 -- -- -- 0.5 -- 10 35.5 2%
Multi-Family
Residential 19 3 1 5 13 12 1 54 4%
Open Water 9 -- 8 71 88 6%
Parks and
Recreation 18 316 -- 21 10 66 239 670 44%
Single Family
Residential 253 0.4 0.5 4 26 1 110 394.9 26%
Undeveloped 2 68 3 11 1 85 6%
Total 324 455 23 37 123 197 366 1,525 100%
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2.1.2 Soils

Hydrologic soil groups in the Crosby Subwatershed are presented in Figure 2-4. It is important to
note that many areas in the watershed are not characterized and are likely dominated by fill
brought in during urbanization and development of Saint Paul. The majority of identified soils
demonstrate a moderate potential for infiltration. However, most of the areas where rain gardens
may be implemented are currently uncharacterized and need to be evaluated at the site level to
determine the effectiveness of a rain garden.

2.1.3 Watershed Water Quality

Stormwater quality monitoring is not currently conducted in the Crosby Subwatershed.
Stormwater quality was estimated by updating a previously developed P8 model for the Capitol
Region Watershed District. The Crosby Lake P8 model was updated with the new watershed
boundaries for the Crosby Subwatershed and executed for the 2000 through 2009 period using a
Minneapolis-Saint Paul Airport precipitation file. Average annual output from the model was
compiled for the model period (Table 2-2).

Table 2-2. Average Annual Flow, TSS and TP for the Crosby Subwatershed and Crosby
Lake Subwatershed from 2000 through 2009

Watershed Flow Total Suspended Solids Total Phosphorus
(acre-feet) | pounds/year | mg/L | pounds/year pg/L
Crosby CRO1 261 41,450 58 179 250
Subwatershed CRO2 201 17,124 31 82 159
(Direct River CRO3 29 2,980 37 19 233
Discharge) CRO5 141 27,098 70 104 269
CRO7 174 57,983 123 167 342
Total to River 806 146,635 67 551 251
Crosby Lake CRO4 14 5,275 134 15 361
Subwatershed CRO6 102 20,991 76 77 276
UeERITD) (G} 116 26,266 83 92 292
Lake

Because water quality in the Crosby Subwatershed has not been monitored, the P8 model output
represents the current best estimate of water quality discharging to the Mississippi River and
Crosby Lake. Output concentrations are generally consistent with monitored data in other
subwatersheds in the District. Estimated water quality of stormwater discharging from the
Crosby Subwatershed had an annual average concentration of 134 milligrams per Liter (mg/L) of
TSS and 361 micrograms per Liter (ug/L) of TP for Little Crosby Lake (CRO4) and 76
milligrams per Liter (mg/L) of TSS and 276 micrograms per Liter (ug/L) of TP for Crosby Lake
(CRO®).
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2.2 CROSBY LAKE

2.2.1 Crosby Farm Park

History
Minnesota is the homeland of the Dakota Oyate (Nation), Minnesota’s oldest indigenous people.

Crosby Farm Regional Park is located within Bdote, a culturally and historically significant site
of the Dakota Nation. Bdote is sacred land at the confluence of the Mississippi River (HaHa
Tanka), the Minnesota River (Mnisota Wakpa), and Minnehaha Creek, and includes Crosby Lake
and Crosby Farm Regional Park.

In 1805, the Dakota Nation and the US government signed a landmark treaty at Bdote on Wita
Tanka (Pike Island). In the treaty, the Dakota sold a portion of the Bdote, which included the
land for present-day Saint Paul and gave the US permission to establish a military post at Fort
Snelling. In return for the lands that created Fort Snelling and Saint Paul, the treaty guaranteed
the Dakota ongoing use of the land and waters in and around Bdote. This information as well as
additional details about the Dakota Nation History related to Crosby Farm Regional Park was
provided by residents of the Crosby Lake Subwatershed, citizen advisory group members and
members of the Dakota Nation. It can be found in Appendix A.

In 1858, Thomas Crosbhy purchased 160 acres for a farm in present-day Crosby Farm Regional
Park and farmed it until his death in 1886. Crosby’s farm was the largest and longest-running
farm in the West End/Highland Park area. Cattle, dairy cows, horses, pigs, and chickens were
raised on the farm, along with crops including potatoes and apples. The farm continued to be
farmed by a succession of other families until the early 1960s, when it was obtained by the Saint
Paul Port Authority who leases two-thirds of the property to the City of Saint Paul as a park
(NPS website, http://www.nps.gov/miss/planyourvisit/crosfarm.htm).

Present

The land surrounding Crosby Lake, collectively known as the Crosby Farm Regional Park, is a
City of Saint Paul park and a part of the National Park Service’s Mississippi National River and
Recreation Area. The Park provides opportunities for fishing, canoeing, walking, hiking, and
cross country skiing.

The 736-acre park consists of a large area of floodplain and valley side slopes (bluffs). The area
contains a complex system of diverse wetland and forest habitats that offer refuge for a broad
diversity of native wildlife species. The highlights of a 2004 vegetation survey by Great River
Greening include areas of intact sedge meadow, black ash seepage swamps, areas of diverse
spring ephemeral wildflowers, a colony of Kentucky coffee trees and large tracts of intact
floodplain forest. Over 300 plant species have been identified in the Park (Great River Greening,
2005).

Crosby Lake provides various recreational opportunities for the region including a respite from

the built, urban environment and essential environmental functions including floodplain for the
Mississippi River and aquatic and wildlife habitat.

2-7



2.2.2 Hydrogeology and Surrounding Land Use

Crosby Lake (Lake) sits on the floodplain between an 80-foot bluff and the main channel of the
Mississippi River (River). It is periodically inundated during floods and may temporarily
become part of the River channel during these periods. As such, lake topography may reflect the
effects of erosion and scouring during floods. The landscape between the Lake and River bears
evidence of recent flooding (recent sand deposits).

A small stream bed is visible exiting the south end of the lake, however, during a field inspection
in September 2010, there were areas of ponded water in the stream bed but no active flow. A
portion of the stream was blocked by a large sand bar deposited during a recent flood. Based on
this inspection and a review of the topographic information, the Lake does not flow directly to
the Mississippi during normal conditions. Culverts connect the lake to peripheral wetlands to the
east. Wetlands on the north end of the lake were lower than the lake during the inspection and
there was no flow in the culverts. It appears that during high water periods the wetlands fill and
flow into the Lake. Topography also suggests an ancestral stream channel entered the Lake
basin/flood plain from the north just south of the 1-35 E Bridge. The sediments in this channel
may also supply groundwater to the Lake.

The bluffs bounding the Lake to the northwest are outcrops of the St. Peter Sandstone. The St.
Peter is soft, friable sandstone that is easily eroded by the River. Above the St. Peter is the
Platteville limestone, which is visible along the river as a thinly bedded limestone forming
resistant cap over the St. Peter. Based on topography and geologic mapping of the area, it is
reasonable to conclude that the St. Peter is completely eroded under the floodplain and Crosby
Lake. The next deeper geologic formation is the Prairie du Chien limestone, which is
approximately 50 feet below the floodplain at an elevation of approximately 650 feet. There are
likely seeps or springs entering the Lake from the base of the bluff and from seeps out of the
Platteville. These seeps may not be visible due to soil covering the slopes of the bluff. Fractures
in the bedrock are also preferential flow paths to the floodplain areas.

Figure 2-5 is a conceptual cross section showing the likely hydrogeologic relationship of the
Lake to the aquifers and the River. The cross section is based on digital topography information
but is vertically exaggerated for illustration purposes, so angles and flow lines are distorted.
Figure 2-5 shows some typical groundwater flow lines that were inferred from topography,
regional geologic data, and visual observations. These represent a best-judgment estimate of the
flow system meant as guide to understanding the likely hydrogeologic setting and to provide
insight into the mechanisms affecting the water balance of the system.

The normal or ordinary water level (OWL) in Crosby Lake is about 694 feet. The normal pool
elevation for the River is about 687 feet. This normal 7-foot head difference indicates that
groundwater flow is from the Lake to the River under non-flood conditions. Under normal
conditions, the Lake level reflects equilibrium between surface and groundwater flow into the
Lake, evapotranspiration, and groundwater flow out of the Lake to the River. The major
groundwater input is from the St. Peter aquifer to the west. The Lake also interacts locally with
the wetlands in the floodplain but groundwater flow between the wetlands and the Lake is a
minor part of the budget.
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Groundwater flow from St. Peter is intercepted by Crosby Lake. It is also hypothesized that
some of the deeper flow passes beneath the Lake and enters the river directly. Groundwater also
flows out of the eastern side of the Lake and to the River. The base of the St. Peter has a lower
permeability mudstone that can act as a partial aquitard, which reduces infiltration to the Prairie

du Chien layer and helps direct flow to the River. Under the River, the St. Peter is absent
allowing good upward flow from the Prairie du Chien.

There is likely minor localized shallow groundwater flow from the intermediate river bank to
both the River and the Lake. This is shown as a minor groundwater divide on Figure 2-5. Since
the River is the lowest elevation it likely dominates the control of shallow groundwater flow,
especially during periods of little precipitation.

2.2.3 Geomorphometry

Situated in the floodplain of the Mississippi River in Saint Paul, Crosby Lake is divided into two
separate waterbodies by a bog trail, forming Crosby Lake and Little (or Upper) Crosby Lake
(Figure 2-6). Little Crosby Lake is a small, deep basin with a small direct watershed (Table 2-3).
Although the basin is quite deep, the majority of the area is littoral (<15 feet in depth) and
supports a robust submerged aquatic vegetation (SAV) community. Crosby Lake is quite
shallow with an average depth of 3 feet and a maximum depth of 17 feet. Both of these basins

are considered shallow lakes.

Table 2-3. Physical Characteristics of Crosby Lake

Parameter Crosby Lake Little Crosby Lake

Surface Area (ac) 45 8
Average Depth (ft) 3 7
Maximum Depth (ft) 17 34
Volume (ac-ft) 130 59
Residence Time (years) 2 2.8

Littoral Area (ac) 51 (100%) 7 (88%)
Watershed (ac) 152 29
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Figure 2-6. Location of Crosby Lake Relative to the Mississippi and Minnesota Rivers

2.2.4 Shallow Lake Ecology

General Description

Shallow lakes are ecologically different from deep lakes due to a greater interaction with lake
sediment and a greater influence by the biology of the lake. In shallow lakes, there is a greater
area of sediment-water interface allowing for potentially larger sediment contributions to nutrient
loads as well as sediment resuspension that can decrease water clarity. Biological organisms
also play a greater role in maintaining water quality. Rough fish, especially carp, can uproot
submerged aquatic vegetation and stir up sediment contributing to sediment nutrient loading and
sediment resuspension. Submerged aquatic vegetation stabilizes the sediment reducing the
amount that can be resuspended which protects water clarity. Submerged aquatic vegetation also
provides refugia for zooplankton, a group of small crustaceans that can reduce algae populations
through grazing.

All of these interactions result in the lake residing in two alternative stable states: a clear-water
state and a turbid water state. The clear water state is characterized by clear water, a robust and
diverse submerged aquatic vegetation community, balanced fish community and large daphnia (a
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zooplankton that is very effective at algal grazing). Alternatively, the turbid water state typically
lacks submerged aquatic vegetation, is dominated by rough fish, and is characterized by turbid
water from both sediment resuspension and algal productivity. Which state the lake persists in is
dependent upon the biological community as well as the nutrient conditions in the lake.
Therefore lake management must focus on the biological community as well as the water quality
of the lake.

A five step process has been developed for restoring shallow lakes in Europe which is also
applicable here in the United States. The steps established for restoring shallow lakes includes:

e Forward switch detection and removal
e External and internal nutrient control
e Biomanipulation (reverse switch)

e Plant establishment

e Stabilizing and managing restored system

The first step refers to identifying and eliminating those factors that are driving the lake into a
turbid water state (also known as switches). These can include high nutrient loads, invasive
species such as carp and Curly-leaf pondweed, altered hydrology, and direct physical impacts
such as plant removal. Once the switches have been eliminated, an acceptable nutrient load must
be established for the lake. After the first two steps, the lake is likely to remain in the turbid
water state even though conditions have improved. The lake must be forced back into the clear
lake state by manipulating the biology of the lake also known as biomanipulation.
Biomanipulation typically includes whole lake drawdown and fish removal. Once the
submerged aquatic vegetation has been established, management will focus on stabilizing the
lake in the clear lake state (steps 4 and 5).

Crosby Lake Shallow Lake Ecology

Crosby Lake is in a clear lake state; however the lake is showing signs of pressure from several
potential forward switches including sediment phosphorus release, filamentous algae and the
presence of Curly-leaf pondweed. This plan will focus on managing the potential forward
switches to protect Crosby Lake.

Water level management can be an important aspect of shallow lake management. While raising
or lowering the water level in Crosby Lake will not impact current water quality in the lake, long
term stabilization of lake water levels in shallow lakes can lead to stabilizing the turbid water
state. Shallow lakes typically go through wet and dry periods under natural conditions, providing
for sediment consolidation and nutrient (primarily nitrogen through denitrification) loss that
promotes a healthy native plant community. Loss of this process can lead to unconsolidated
nutrient rich sediments that promote more tolerant native species such as Coontail and can grow
to nuisance abundance levels. Consequently, long term water level stabilization can lead to a
turbid water state, which needs to be considered with lake management.
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2.2.5 Mississippi River Interaction

One of the unique features of Crosby Lake is that the lake resides in the floodplain of the
Mississippi River (Figure 2-6). Because Crosby Lake is in the floodplain of the Mississippi
River, the two water bodies will exchange water under high flow conditions potentially
exchanging nutrients and biological organisms. This interaction must be considered when
developing management actions for Crosby Lake.

A review of Mississippi River flow and stage data was conducted to develop an understanding of
the magnitude and frequency of flood water interaction with Crosby Lake (Appendix B). Using
2-foot contours provided by the City of St. Paul, it appears that the river and lake are
“connected” at approximately elevation 697. The connection occurs at the southeast corner of
the lake where there is a break in the 698 contour (Figure 2-7). There appears to be a flow path
from this point and southeast to the river.

Lake
Connection
to-River
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&

Figure 2-7. Crosby Lake Connection to the Mississippi River
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Based on this assessment, it was determined that a flow of 49,000 cubic feet per second (cfs)
would initiate exchange of water between the Mississippi River and Crosby Lake which is
approximately equal to the flow for a 3-year storm event (33% chance of occurrence each year).
A flow of 49,000 cfs or greater occurs approximately 2.5% of average daily flows going back to
1892. In other words, only 2.5% of all the recorded flows would be high enough for exchange
between the Mississippi River and Crosby Lake.

2.2.6 Croshy Lake Water Quality

Lake water quality is typically measured by assessing the amount of algal growth and water
clarity in a lake during the summer growing season. When too much algae grow in a lake, water
clarity is reduced and noxious smells can emit from the lake. This process is known as
eutrophication. When lakes become hyper-eutrophic, the entire food web is affected by changes
in the algal community and water quality including dissolved oxygen depletion and decreased
water clarity. A healthy lake has a balanced growth of algae providing support for the base of the
food chain without causing harm to water quality or biological organisms. Algal growth
(measured as total chlorophyll-a) is typically limited by the amount of phosphorus available for
uptake by algae in the water column. Therefore, total phosphorus is measured as the causative
factor for algal growth. Water clarity is limited by the amount of algae as well as suspended
particles in the water column.

Crosby Lake demonstrates reasonably good water quality with total phosphorus concentrations
below the state standard for shallow lakes (based on the North Central Hardwood Forest
Ecoregion Standard of <60 pg/L TP as a summer average) in six of the eight years monitored
between 1999 and 2009 (Figure 2-8). Little Crosby Lake has not been monitored to date. The
two years that exceeded the state standard for shallow lakes were only slightly higher.

Crosby Lake Summer Mean Total Phosphorus
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Figure 2-8. Surface Summer Average Total Phosphorus Concentrations for Crosby Lake
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Although surface water total phosphorus concentrations are typically below the state standard for
shallow lakes, there are signs of eutrophication in Crosby Lake. Bottom water samples collected
just above the sediments contained very high concentrations of total phosphorus reaching well
over 3,000 pg/L (3 mg/L) and typically reaching over 1,000 pg/L (Figure 2-9). These data
suggest that the sediments in Crosby Lake are high in total phosphorus and are releasing total
phosphorus into the water column. This process can increase algal growth in two ways. First,
because Crosby Lake is shallow and does not stratify, this phosphorus can be easily mixed up
into the water column and increase algal growth. Secondly, the release of phosphorus from the
sediments can lead to large filamentous algae blooms, which start their life cycle on the
sediments. The filamentous algae can then form large mats on the surface of the lake reducing
the aesthetic appeal of the water body as well as shading out submerged aquatic vegetation.

Lake response modeling (see Section 2.3) suggests that internal nutrient loading is not an
important source for pelagic (open water) algae. Pelagic algae have a life cycle that occurs
completely in open water and therefore uses open water nutrients as their primary source.
However, visual observation of Crosbhy Lake suggests that there may be a significant filamentous
algae issue that could possibly have long term impacts on the overall health of Crosby Lake.
Current sampling on Crosby Lake only quantifies open water (pelagic) algae and does not
account for filamentous algae. Because filamentous algae are benthic (bottom dwelling) early in
their life cycle, much of their nutrients are from the sediments which have shown high release.
To prevent filamentous algae blooms, the most effective strategy is to reduce internal loading
through chemical addition such as alum. It is important to note that filamentous algae growth
has not been quantified to data and should be assessed prior to any actions.

One of the likely sources of the high nutrient concentrations in sediment is likely the episodic
flooding from the Mississippi River. However, flooding would be very difficult if not impossible
to control. Rather, if filamentous algae are truly at nuisance levels, management will likely have
to focus on periodic applications of alum to reduce the impacts of the phosphorus rich sediment
influx. Long term controls will be accomplished through reductions in Mississippi and
Minnesota River nutrients and sediment.

2-15



Surface and Deepwater Total Phosphorus

4000

3500

3000 R
\ 1 !

2000 \

SIRTANNENNY

0 4 =1 i -,

TP (ug/L)

= T T = T = = =
1/1/1999 5/15/2000  9/27/2001 2/9/2003 6/23/2004  11/5/2005  3/20/2007 8/1/2008  12/14/2009

| == Deepwater TP === Surface TP |

Figure 2-9. Surface and Bottom Total Phosphorus Concentrations in Crosby Lake

Algal growth in Crosby Lake is typically below the state standard for shallow lakes (<20 ug/L
chlorophyll-a as a summer average) suggesting that the bottom water phosphorus is not currently
driving surface water algae blooms (Figure 2-10). Although Crosby Lake exceeds the state
standard for total phosphorus in two of the monitoring years, Crosby Lake does not demonstrate
the expected nuisance algae levels. This is fairly common in shallow lakes in the clear water
state because there are feedback mechanisms that offset the lakes response to nutrients including
zooplankton grazing. Consequently, Crosby Lake is demonstrating healthy, clear water even
with some signs of eutrophication.
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Figure 2-10. Surface Water Summer Average Chlorophyll-a Concentrations in Crosby
Lake

Water clarity is also very good in Crosby Lake with Secchi disk transparencies typically
exceeding the state standard for shallow lakes (>1 meter) and exceeding 2 meters in most years
(Figure 2-11). The good water clarity is a result of low algal productivity and a robust
submerged aquatic vegetation community that stabilizes the sediments preventing wind
resuspension.
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Figure 2-11. Summer Average Water Clarity as Measured by Secchi Depth in Crosby Lake
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2.2.7 Fisheries

Fisheries surveys have been periodically conducted in Crosby Lake by the MN DNR since 1968.
The data have been grouped into functional feeding groups to assess their potential impact on
water quality. Both the total biomass and number of individuals have been presented for each
functional group. The four groups include:

1. Top predators. This group includes those fish that are piscivorous (fish that eat other
fish) and include such species as walleye and northern pike.

2. Pan fish. This group includes the small pan fish population and includes such species as
blue gills and crappie. These fish tend to eat zooplankton early in their life cycle and
then macroinvertebrates later in their life cycle.

3. Forage species. This group includes species such as yellow perch. These fish tend to
forage for macroinvertebrates.

4. Rough fish. This group includes bottom foragers such as common carp, yellow and black
bullhead and buffalo. These fish tend to have a destructive feeding pattern, rooting
through sediment and submerged vegetation to find food. Note that carp have been
separated out due to their increased significance for water quality in shallow lakes.

Prior to 1983, the lake demonstrated a rough fish dominated fish community although the top
predators were present in decent numbers and size (Figure 2-12). Most notable during this period
was the presence of large carp although low in abundance. A hard winterkill occurred in 1978
after a MN DNR survey had been conducted. In response to the winterkill, the MN DNR
repeated the survey in the following year to assess the potential impact of a hard winterkill on the
fish community. After the winterkill, the carp population increases substantially. This is likely a
result of loss of predation on carp eggs following the reduction of pan fish which typically eat
carp eggs. It is important to note that pan fish population recovered very quickly, typically
within a year or two.

After 1983, the rough fish community has diminished in size and abundance. Crosby Lake now
demonstrates a much more balanced fishery with a healthy pan fish population and small
numbers of rough fish. It is not clear what has spurred this change in the fish community.
However, it does represent a healthy fish population.

2.2.8 Aquatic Vegetation

Vegetation data was compiled from MN DNR fish surveys and Ramsey County to develop a
general history of vegetative conditions in Crosby Lake (Figure 2-13). MN DNR surveys were
conducted as far back as 1968 and then in 1978, 1988, and 1999. The most recent survey was
conducted by Ramsey County in 2009. In general, submerged aquatic vegetation has been
dominated by coontail since 1968. Coontail is typically found in more eutrophic shallow lakes
and can develop nuisance abundances that choke out other native species. However, Coontail
does not appear to have reached these conditions in Crosby Lake. Other species such as
muskgrass, native milfoil, and Canada waterweed are also common in Crosby Lake. The 2009
survey, however did find a greater dominance by coontail suggesting that the lake is becoming
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more eutrophic. It is also important to note that the 2009 survey was a point intercept survey that
does a better job of describing the entire submerged vegetation community. Previous surveys
were conducted using a simple transect method.

Curly-leaf pondweed is one of the species lake managers are most interested in. Curly-leaf
pondweed has a unique life cycle that begins growing under ice cover in low light conditions
giving it a competitive advantage over other native species. Curly-leaf pondweed then senesces
(dies back) in the middle of the growing season releasing phosphorus back into the water column
and often spurring algal blooms.

Curly-leaf pondweed can have a large and lasting impact on shallow lakes. Its presence is
somewhat uncertain in Crosby Lake. It was identified in previous surveys conducted by the MN
DNR; however, it is not having a large impact in Crosby Lake because the most recent point
intercept survey by Ramsey County did not identify any Curly-leaf pondweed in the lake. Curly-
leaf pondweed does not do well in all shallow lakes; however, the reasons for it dominating some
shallow lakes and not others are unclear. If it is present in Crosby Lake, there may be other
factors limiting its growth including sediment chemistry and competition from other native
species such as coontail. Long term monitoring of Curly-leaf pondweed should be conducted to
ensure it’s not having an impact on Crosby Lake and determine the limiting factors of its growth.
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Figure 2-12. Fisheries Data for Crosby Lake Broken Down into Functional Feeding Groups
(The top graph shows total biomass per effort and the bottom graph shows total
individuals caught per effort.)
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Figure 2-13. Submerged Aquatic Vegetation in Crosby Lake

2.3 CROSBY LAKE RESPONSE MODEL

A BATHTUB lake response model was developed for Crosby Lake to assess the impacts of
various water quality improvement projects on in-lake water quality. The purpose of the model
was to develop a phosphorus budget for the lake, identify the major driving factors for current
and future water quality, and to provide an understanding of the level and magnitude of
improvement project implementation required to meet identified water quality goals. A publicly
available model, BATHTUB was developed by William W. Walker for the U.S. Army Corps of
Engineers (Walker 1999). BATHTUB has been used successfully in many lake studies in
Minnesota and throughout the United States. BATHTUB is a steady-state annual or seasonal
model that predicts a lake’s summer (June — September) mean surface water quality.
BATHTUB’s time-scales are appropriate because watershed P loads are determined on an annual
or seasonal basis, and the summer season is critical for lake use and ecological health.
BATHTUB has built-in statistical calculations that account for data variability and provide a
means for estimating confidence in model predictions. The heart of BATHTUB is a mass-
balance P model that accounts for water and P inputs from tributaries, watershed runoff, the
atmosphere, sources internal to the lake, and (if appropriate) groundwater; and outputs through
the lake outlet, groundwater (if appropriate), water loss via evaporation, and P sedimentation and
retention in the lake sediments. BATHTUB allows choice among several different mass-balance
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P models. For deep lakes in Minnesota, the option of the Canfield-Bachmann lake formulation
has proven to be appropriate in most cases. For shallow Minnesota lakes, other options have
often been more useful. BATHTUB’s in-lake water quality predictions include two response
variables, chlorophyll-a concentration and Secchi depth, in addition to total phosphorus
concentration. Empirical relationships between in-lake total phosphorus, chlorophyll-a, and
Secchi depth form the basis for predicting the two response variables.

The BATHTUB model was built for the average of the eight monitoring years available for
Crosby Lake (Appendix D). A second order decay model was selected for Crosby Lake as this
model fit was the best of all the available models. Watershed loading was estimated using the
results of the updated P8 model for the watershed. Internal loading was estimated using an
assumed release rate of 2 mg/m?/day and an average anoxic factor of 10 days. The model fit
observed monitored data reasonably well (Figure 2-14).
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Figure 2-14. Predicted and Observed Concentrations for Crosby Lake Using BATHTUB

A BATHTUB model of the average of all monitoring years was used to determine the current
total phosphorus budget for Crosby Lake and identify necessary reductions to meet goals
identified in Section 3.3. Phosphorus sources are dominated by watershed runoff (drainage
areas) accounting for 76% of the phosphorus entering Crosby Lake (Figure 2-15). Internal
loading was determined to be a small percentage (11%) of the phosphorus budget although high
concentrations of phosphorus were measured in the bottom waters. Because there is such a small
deep hole that goes anoxic, this source represents a relatively small proportion of the overall
budget. Consequently, watershed sources of phosphorus are the primary driving force for water
quality in Croshy Lake. High phosphorus release by sediments should not be ignored however
as this can lead to other problems such as filamentous algae blooms.
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Figure 2-15. Total Phosphorus Budget for Crosby Lake
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3.0 Identification of Issues and Goals

3.1 GOAL IDENTIFICATION

An important step in developing a management plan for Crosby Lake and the Crosby Lake
subwatershed is to identify appropriate goals or endpoints to guide management actions and the
magnitude of implementation activities. To that end, current standards for the Mississippi River,
Minnesota River, and Minnesota lakes were reviewed to provide regulatory context to potential
goals for runoff to the river and for Crosby Lake.

3.2 STAKEHOLDER PRIORITIES
3.2.1 Citizen Advisory Group Priority Issues

As a part of the Citizen Advisory Group process, participants were asked to identify their issues
for Crosby Lake. Following is a summary of the identified issues.

Water Quality

Understanding how water flows into Crosby Lake and the potential that runoff has for carrying
pollutants and sediment to the water body was an important common concern. Citizens largely
identified this as an issue of managing water quality. Some specific thoughts and ideas include:

- Need to identify all the inlets and potential sources for pollution;

- Both point and non-point source pollution have to be studied;

- Old printing plant outlet near Crosby Lake needs to be eliminated;

- Evaluate threat to lake from nearby marina — during flooding there is potential for
gasoline pollution;

- Drainage from Shepard Road to the lake is an issue;

- Evaluate negative impacts from bluff erosion; and

- Need to address the salt in runoff and its effect on the lake.

Other ideas included:

- Addressing water quality is fundamental to utilizing Crosby Lake as an example to the
nation for progressive conservation.
o It should be made a natural, clean lake with pre-industrial conditions.
o Growing wild rice, which is an indicator that high water quality standards are met.
- Maintain Crosby Lake as a lake; avoid the natural process of filling in from
sedimentation to form a marsh.
- Need to have long term protection of the lake
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Watershed Land Use Management

Flooding
- Need to establish a consistent flood management plan
- There is a need for improved outlet flow between lake and river

Litter/trash
- Trash comes down from the bluff top — Shepard Road
- Run-off from the 35E bridge dumps trash (plastic bottles) near the lake

Erosion

- Incorporate Highland Ravine study into management plan. It is part of the watershed and
has erosion issues.

Park Use and Management

Development
- This is a unique, national park in St. Paul and should be maintained in its natural state —
no more paved paths.
- Create a more stable and safe path between the two lakes (marsh boardwalk)

Erosion
- Trails and bluffs need to be managed to reduce sediment flow to lake.

Education and Outreach

- There is a lack of public awareness about issues involving Crosby Lake.

- Itis necessary to have an educated community in order to have positive change.

- Work with local Dakota tribe representatives who have an historical and cultural tie to the
area.

Plants, Fishery and Wildlife Management

While these were presented as three separate areas for action, there was common recognition that
they are interrelated and often are affected by and/or directly impact water quality.

- Need to eliminate and manage exotic plants, both aquatic and terrestrial (shoreline)

- Re-establish and promote native vegetation in and out of lake

- Algal growth has negative impact on aesthetics, both in lake and along outlet channels
- Healthy fish means a healthy lake

- Ensure safe nesting for birds and habitat for wildlife

- The wildlife value of the lake is important

- Deer hunting should not be allowed in the park
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3.3 POTENTIAL WATER QUALITY GOALS FOR CROSBY LAKE

Crosby Lake has met the state shallow lake standard of 60 pg/L for total phosphorus (as a
summer average) in six of the last eight years. However, during this period, Crosby Lake has
easily met the chlorophyll-a and Secchi depth standards in all of the years which is enough to
determine the lake is not impaired using State impairment assessment criteria.

Three primary approaches for developing water quality goals for Crosby Lake were considered:
1. Set a goal to maintain the current water quality conditions in the lake. Establishing current

water quality as the baseline will provide long term protection of current conditions. However,
this approach does not address some of the signs of eutrophication that are occurring in the lake.

2. Focus on phosphorus to meet state water quality standards in all years. A more aggressive
approach would be to target watershed phosphorus loading so that all years meet the total
phosphorus target. This approach may offset any long term inputs from the Mississippi River
that will be difficult to control. Lake Response modeling suggests this approach would require a
47% reduction in watershed loading to Crosby Lake.

3. Develop alternative goals for Crosby Lake. A third option for establishing goals for Crosby
Lake would be to develop more non-traditional goals such as floristic quality. Floristic quality is
a measure of the diversity and water quality sensitivity of aquatic species in the Lake. These
data can be used in an index to measure the quality of the vegetation community. Other goals
could include the use of lake based indices of biotic integrity, species richness, wildlife use, or
other non-traditional metrics. These goals would be aimed at maintaining a healthy submerged
aquatic vegetation community in Crosby Lake. It is important to note that application of many
of these techniques would require data collection to fill data gaps.

3.4 POTENTIAL WATER QUALITY GOALS FOR DIRECT RIVER DISCHARGE

For management and target selection purposes, it is useful to consider current and proposed
water quality goals. There are several water quality goals proposed for the Mississippi River
including proposed nutrient standards that are currently under review (Table 3-1). These
proposed goals can serve as a guide for selecting water quality goals for discharge directly to the
Mississippi River. Because both the phosphorus and TSS goals are concentration based
standards, it is likely that discharges will be held to the same standard assuming no attenuation in
the receiving water. However, large rivers will offer some nutrient attenuation similar to lakes,
meaning pollutant inputs can be higher than the standard and still meet water quality goals. A
relatively conservative approach would be to apply the standards directly to discharges. TSS
standards are typically applied to dischargers assuming no receiving water attenuation.
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Table 3-1. Minnesota Water Quality Targets for the Mississippi and Minnesota Rivers

Total Phosphorus’ Total Suspended Solids
Proposed Minnesota 100 pg/L (includes Pool 1 Miss NA
Stream and River Nutrient | R)
Standards
Proposed Lake Pepin 100 pg/L 40 mg/L Mississippi River'
Nutrient Standards 50% reduction in MN River 32 mg/L Lake Pepin*
150 pg/L @ Jordan for MN River
20% reduction in Miss. River
100 pg/L Pool 1 Miss. River
Lower Minnesota NA 100 mg/L
Turbidity TMDL Target
South Metro Mississippi NA 32 mg/L median
River Turbidity TMDL 44 mg/L 90" percentile

"Applied as a summer average

An aggressive approach for a total phosphorus goal would be to adopt the nutrient standard of
100 pg/L as a summer average. This could also be applied as the flow-weighted average of all of
the outfalls to allow flexibility in achieving the standard in one watershed where projects may be
more feasible to implement. This would be consistent with the proposed Minnesota stream and
river nutrient standards as well as the nutrient standards to protect Lake Pepin. This would
require approximately a 66% reduction in current phosphorus discharges from the Crosby
Subwatershed.

Establishing a TSS goal is less clear in light of the various targets identified for the Minnesota
and Mississippi Rivers. However, the South Metro Mississippi River proposed site specific
standard would likely apply and require TSS concentrations of 32 mg/L as a summer median.
This goal would also require an approximately 66% reduction in TSS loads from the Crosby
Subwatershed.

3.5 SELECTED WATER QUALITY GOALS

The following water quality goals were selected for management of Crosby Lake, the Crosby
Lake Subwatershed, and the Crosby Subwatershed.

Crosby Lake

1. Meet state water quality standards (TP < 60 ug/L as summer average) in all years for
total phosphorus. This target requires an approximately 47% reduction in watershed
phosphorus loading.

2. Develop long term targets for plant and fish diversity as surveys and data are collected.
Target an excellent rating for the submerged aquatic vegetation population using the
Floristic Quality Index (Nichols, 1999). Target a good Index of Biotic Integrity score
once the IBI has been completed by the Minnesota DNR.
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Direct Discharge to the Mississippi River

1. Achieve a median total suspended solids concentration of 32 mg/L annually (MPCA,
2010). This requires an approximately 66% reduction in TSS loading from the
watershed.

2. Achieve a mean summer total phosphorus concentration of 100 pg/L. This requires an
approximately 66% reduction in total phosphorus loading from the watershed.

3.6 ADAPTIVE MANAGEMENT

It is important to note that the goals established in this plan represent aggressive goals for
nutrient reductions and are highly dependent on the achievement of reductions in the watershed.
Consequently, implementation will be conducted using adaptive management principles (Figure
3-1). Adaptive management is essentially a phased approach where a strategy is identified and
implemented in the first cycle. After implementation of that phase has been completed, progress
toward meeting the goals is assessed. A new strategy is then formed to continue making
progress toward meeting the goals. These steps are continually repeated until the established
goals are met. This process allows for future technological advances that may alter the course of
actions detailed here. Continued monitoring and “course corrections” responding to monitoring
results are the most appropriate strategy for attaining the water quality goals established in this
management plan.

Adaptive management will be applied using the 10 year planning cycle for watersheds. The first
five years will be used to implement projects that are ready to go, develop feasibility studies and
designs for other projects, and continue monitoring and outreach activities. The second five
years will be used to continue implementing projects on the ground as well as monitoring to
assess effectiveness of the selected practices. At the end of the 10 year cycle, a determination of
progress and next steps can be developed along with “next generation” CRWD planning.
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Assess Design
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Figure 3-1. The Adaptive Management Cycle
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4.0 Implementation Plan

4.1 MANAGEMENT ACTIVITY SELECTION

The purpose of this plan is to identify water quality goals for management of Crosby Lake and
the Crosby Subwatershed and to identify projects necessary to reach those goals. To that end,
CRWD, the Technical Advisory Group, and the Citizens Advisory Group (CAG) identified a list
of projects to address water quality in the watershed and Crosby Lake. Almost 30 potential
projects were identified; however, some were eliminated due to poor site conditions. The
remaining projects have been evaluated and included in this plan (Figure 4-1). Following is a
discussion of the potential projects for the watershed.

42  CITIZEN INPUT ON SOLUTIONS

Following each participant’s identification of top concerns and ideas at the second CAG meeting,
small groups discussed possible solutions for the lake issues and challenges they identified.
While participants did not always explicitly state which action area their solution addressed, they
have been categorized appropriately below.

Some of the identified activities were outside the scope of this lake management plan. Those
activities are summarized in Appendix E and are not explicitly addressed in this plan. Following
is a summary of the activities identified by the CAG that are addressed in this plan.

The CAG identified the following actions to address water quality:

- ldentify all point and non-point source pollution and address each individually through
appropriate BMPs

- Track sources of pollution through monitoring data.

- Conduct an erosion study of bluff areas

These actions are addressed as a part of this study through the assessment of water quality and
identification of BMPs to address the sources. However, it is important to note that this plan
focuses on sediment and nutrients and no other non-traditional pollutants. After an initial review
of the data, other pollutants did not appear to be an issue. No monitoring data other than the lake
monitoring data was available; however monitoring stormwater runoff/discharges is part of the
recommended actions. An erosion study had already been completed for the bluff areas by
Ramsey County and those recommendations are included in this plan.

Another significant issue for the CAG is trash in Crosby Farm Regional Park including trash that

makes its way down the bluff from Shepard Road. Some of the recommendations included:
- Install fence at top of bluff to avoid litter coming down into lake area
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- Conduct trash clean-ups
- Establish park as a model for community clean-up efforts
- Revive an anti-litter campaign

Trash is not explicitly addressed in this lake management plan; however, several partners
including the Friends of the Mississippi River and the City of Saint Paul conduct clean ups to
remove trash in the park. Consequently, these were included in the plan.

The following plant and fishery goals were identified by the CAG:

- Restore native vegetation throughout park
- Ask fisherman what they have been catching
- Analyze fish for pollution/contaminants

These actions are included in the lake management plan through partner agencies (Minnesota
DNR; Ramsey County; St. Paul Parks and Recreation).

In early 2011, CRWD received recommended management plan language related to the Dakota
Nation that was submitted by members of the Dakota Nation, members of the CAG, and
residents of the Crosby Lake subwatershed. See Appendix A for the full text. The language
included historical text about the relationship of the Dakota Nation with Crosby Lake and
recommended implementation steps. Out of the eight implementation steps, only one was
pertinent to the lake management plan as it is similar to the defined purpose of the management
plan which is to guide protection and improvement of the water quality of Crosby Lake and the
Mississippi River. The remaining recommendations, which are primarily directed to the City of
Saint Paul’s Parks and Recreation Department and deal with park management, use and
activities, were not included in the Crosby Lake Management Plan.
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Figure 4-1. Location of Projects to Address Water Quality in Crosby Lake and Runoff to
the Mississippi River
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4.3 DIRECT RIVER DRAINAGE

Following is a list of potential projects identified to address stormwater runoff discharging
directly to the Mississippi River. See Figure 4-1 and Table 4-1 for the corresponding project
numbers and locations. Some projects may not appear on Figure 4-1 because they are broad in
scope. Potential studies and monitoring projects are listed in Table 4-2. In the tables, responsible
party is the agency or organization that is responsible for initiating and leading the project or
activity. This is determined by the group’s ownership or purview of the property where the
proposed project or activity will take place.

4.3.1 35E Regional Stormwater Pond

This site is adjacent to the 35E ditch that conveys approximately 836 acres of the Crosby Lake
Watershed to the Mississippi (Project #1). It is feasible to build a stormwater detention pond
with an approximate surface area of 1.75 acres and an average depth of 4 feet. Tree removal,
significant grading and construction of an access road for maintenance would be required. Due to
the location of the project, on the bluff and in St. Paul, both the State Archeologist’s Office and
the MN DNR Natural Heritage and Nongame Research would require a review. Any significant
findings or concerns could minimize the pond treatment area or eliminate the project entirely.

4.3.2 Infiltration Basin Expansion along 7" Street

Currently a small depression at this site collects a small amount of stormwater runoff from the
367-acre subwatershed before discharging to an existing storm sewer (Project #2). Expansion of
the basin, creating a 1 to 2 foot deep infiltration basin of approximate size 0.9 acres, would have
significant water quality benefits. Tree removal and grading would be required.

4.3.3 Highland Ravine Stabilization/Restoration Project

In fall 2010, CRWD, with assistance from the City of Saint Paul, commissioned a ravine
stabilization and restoration feasibility study in Highland Ravine in Saint Paul. Bounded on the
west and east by Edgcumbe Road and Lexington Parkway and on the north and south by
Highland Parkway and Montreal Avenue, Highland Ravine is composed of wooded, steep
ravines with two ravines highly eroded, which has contributed to downstream flooding,
sedimentation and poor water quality.

The purpose of the study was to better understand local hydrology and identify the locations and
causes of erosion, sedimentation and flooding in the Highland Ravine. In addition, planning level
solutions and their costs were proposed. The study recommends options for stabilizing and
restoring the ravines as well as best management practices, such as rain gardens and pervious
pavement, to reduce stormwater runoff and improve water quality from upstream areas. See
Appendix F for the Highland Ravine Stabilization/Restoration Feasibility Study.
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4.3.3.1 Highland Creek Bank Stabilization - Site 1

Highland Creek is a small stream that runs from the Highland Golf Course to the Mississippi
River. Stream bank restoration and the potential construction of eyebrow wetlands would reduce
the amount of sediment that high flows currently wash downstream, and increase infiltration
(Project #3). Bank restoration could include channel reshaping, live stakes, brush bundles,
boulders and rip rap. Eyebrow wetlands are shallow basins constructed above the bank full
height of the channel. When the banks overtop during high flows the eyebrow wetlands fill and
promote infiltration. The costs associated with this project are based on recent bids of similar
projects (see Section 4.8). The total length of stream bank restoration is estimated to be 300 feet.

4.3.3.2 Highland Creek Bank Stabilization - Site 2

As in Highland Creek Site 1, stream bank restoration would reduce the amount of sediment that
high flows currently wash downstream (Project #4A-K). Bank restoration could include channel
reshaping, live stakes, brush bundles, boulders and rip rap.

4.3.4 Stream Corridor Restoration Feasibility Study for Highland Creek

The 2010 CRWD Watershed Management Plan identifies the development of a stream
restoration feasibility study for Highland Creek from Highland Golf Course to the Mississippi
River. (See Table 4-2.) Completion of this study could identify further opportunities to provide
infiltration as well as filtration of stormwater.

4.3.5 Griggs/ Scheffer Residential Street Vitality Program

During street reconstruction, green infrastructure practices, such as rain gardens, stormwater
vaults, and infiltration practices, could be implemented to meet CRWD Rules for redevelopment
projects equal to or greater than one acre and protect the water quality of the river (Project #5).
Approximately 8.5 impervious acres could receive water quality treatment. A map produced by
the City of Saint Paul Department of Public Works is shown below (Figure 4-2). The
highlighted segments are proposed to be reconstructed in 2012.
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Figure 4-2. Griggs/Scheffer Residential Street Vitality Program

CRWD has established a cost cap for linear projects of $30,000 per acre of impervious surface.
It was assumed that this cap would be reached in determining the cost estimate of the project
(See Section 4.5).

4.3.6 Implement Rain Gardens throughout the Watershed

CRWD will promote the installation of rain gardens through the watershed where soils are
appropriate (Project #6 and #7). It was assumed that 5% of the impervious area in watershed
CROland CRO7 would be treated by a rain garden. However, rain gardens can be implemented
through the watershed. Figure 2-4 shows soils in the Crosby Subwatershed.

4.3.7 Saint Paul Parking Lot Reconstruction West of Crosby Lake
This project is currently being considered by the City of Saint Paul Parks and Recreation
Department and if constructed the project would likely have to meet CRWD Rules (Project #8).

If stormwater BMPs such as porous pavement and rain gardens were installed, 1.5 impervious
acres that are currently not treated would receive water quality treatment.
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4.3.8 Sump Manholes and Grit Chambers

Construction of water quality treatment options are limited in highly developed areas due to the
lack of open space. However, inline storm sewer practices can effectively reduce the amount of
solids delivered to surface waters. St. Anthony Falls Laboratory at the University of Minnesota
has developed baffled weirs to improve the performance of sump manholes. In addition, swirl
separators can improve solids removal from stormwater. The City of Saint Paul should consider
the used of sump manholes during redevelopment to improve solids removal from stormwater.
This project is not included on Figure 4-1 because it is broad in scope.

4.3.9 Street Sweeping

Recent studies by the Wisconsin DNR and the City of Madison have concluded that vacuum
street sweepers can remove approximately 1 pound of TP per lane mile per year if sweeping
occurs at least once per month during all available months, typically April through November.
The City of Saint Paul should consider the use of vacuum street sweepers on a monthly basis in
high priority areas. This project is not included on Figure 4-1 because it is broad in scope.

4.3.10 Golf Course Stormwater and Fertilizer Management

The City of Saint Paul Parks and Recreation Department manages the Highland Golf Course
located in the western part of the watershed. It is currently believed that the golf course rarely
discharges to the conveyance system due to pond storage and water reuse throughout the course.
Therefore, the area likely has little impact on nutrient loading downstream. Management will
continue to focus on minimizing fertilizer use and promoting water reuse to keep nutrients on the
golf course. CRWD and the City of Saint Paul will consider assessing the frequency and
magnitude of discharge from the golf course to ensure limited nutrient loading to downstream
waters . (See Table 4-2.)

4.3.11 Monitoring

Water quantity and quality data are not currently collected in the Crosby Subwatershed for either
stormwater discharged directly to the Mississippi River or to Little Crosby and Crosby Lake.
Water quality and quantity data should be collected in the Crosby Lake watershed to validate
models, assess the effectiveness of BMP implementation, and develop a long term baseline to
measure changes in water quality against. (See Table 4-2.)

44  CROSBY LAKE WATERSHED
Following is a list of projects identified to address stormwater runoff discharging to Crosby

Lake. See Figure 4-1 and Table 4-3 for the corresponding project numbers and locations. Some
projects may not appear on Figure 4-1 because they are broad in scope.
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4.4.1 Madison / Benson Residential Street Vitality Program

During street reconstruction green infrastructure practices could be implemented to meet the
District’s Rules (Project #9). Approximately 1.1 impervious acres that are currently not treated
could receive water quality treatment. A map produced by the City of Saint Paul Department of
Public Works is shown below (Figure 4-3). The highlighted segments are proposed to be
reconstructed in 2012.

Figure 4-3. Madison/Benson Residential Street Vitality Program

4.4.2 Stormwater Diversion along Shepard Road

As outlined in the Crosby Farm Park Bluff Stabilization /Restoration Feasibility Report
(Appendix G), this project includes regarding of the ditch along Youngman Ave to convey
overland flow to the deep storm sewer tunnel under Stewart Street and abandoning the storm
sewer outfalls to the bluff (Project #10A-C). If completed this project would divert a total of 68
highly developed acres to the Mississippi River and reduce bluff erosion from entering Crosby
Lake. The 68 acres is spread over three subwatersheds as defined in the report and is broken
down as follows: 9 acres from subwatershed CR02, 4 acres from CR04 and 55 acres from CRO06.
Although diversion of stormwater away from Crosby Lake protects lake water quality, it will
also increase loading to the Mississippi River. Therefore, green infrastructure practices were
identified to treat stormwater prior to diversion to the river (Project #11). Also, a groundwater
analysis should be completed prior to implementing the diversion to make sure Crosby Lake
water levels are not adversely affected. However, due to the position of Crosby Lake in the
floodplain, it is unlikely that water levels will be affected.
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The areas diverted by the stormwater diversion are shown below in Figures 4-4, 4-5, and 4-6
from the Crosby Farm Park Bluff Stabilization/Restoration Feasibility Report, followed by the

specific areas diverted from subwatersheds CR02, CR04 and CRO6.
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Figure 4-5. Subwatershed CR04 Stormwater Diversion
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Figure 4-6. Subwatershed CR06 Stormwater Diversion

To estimate the load reduction due to the stormwater diversion of each subwatershed the P8
model was run for the same time period used to predict the overall runoff of the Crosby Lake
watershed. Because all 68 acres is diverted from Crosby Lake the entire amount of TSS and TP
estimated by the P8 model is the reduction. However, this load was added to the Mississippi
River loading.

4.4.3 Saint Paul Parking Lot East of Crosby Lake

This project is currently being designed by the City of Saint Paul Parks and Recreation
Department (Project #12). The City is exploring stormwater management opportunities but there
is very little potential for additional water quality benefits for the Crosby Lake Subwatershed
because it would convert open space to a parking lot.

4.4.4 Management of Natural Areas

The City of Saint Paul Parks and Recreation Department is responsible for the management of
Crosby Farm Regional Park including the natural areas throughout the park. Management
actions will consider water quality by protecting mature forest areas, limiting impervious area,
and managing for a healthy, diverse floodplain forest.

One critical aspect to long term protection of water quality in Crosby Lake and the Mississippi
River is protection of the forested areas within Crosby Farm Regional Park (Project #13).

Natural forested areas protect water quality by reducing the amount of surface runoff and
associated pollutants. Old growth forest also decreases stormwater runoff by holding more water
in soils and on vegetation further reducing runoff.

4-10



445 Manage Trash along the Bluff and in Crosby Farm Regional Park

CRWD will partner with the City of Saint Paul and the Friends of the Mississippi River to reduce
trash along Shepard Road and in Crosby Farm Regional Park. Activities may include clean up
events, education and awareness, or addition of trash receptacles. This project is not included on
Figure 4-1 because it is broad in scope.

FMR will conduct 1-2 litter clean-up events in the watershed with organized student or volunteer
groups. The likely locations for these events are parks along the river or lakeshore. The events
will include an educational component about preventing stormwater pollution. FMR will
coordinate the events with the City.

4.4.6 Crosby Farm Park and Hidden Falls Park - Prairie and Woodland Restoration

Restoration work by FMR and the City of Saint Paul includes ongoing invasive species removal
to maintain the floodplain prairie, prepping sites for volunteer events and expanding habitat
improvement projects to adjacent floodplain forest and woodland areas of the parks. (This
ongoing project is not included among the numbered projects in Figure 4-1 or Table 4-3.)

4.4.7 Gorge Leadership Team

FMR's trained a group of 20 volunteers will participate in two team outings in Crosby Park and
Hidden Falls Park to provide ongoing care and management at high quality natural areas in the
parks. (This ongoing project is not included among the numbered projects in Figure 4-1 or Table
4-3)

4.4.8 BIluff Stabilization

Once the majority of stormwater is diverted away from the bluff, the remaining impacts to the
bluff will need to be addressed including bare soils and vegetation loss. Bluff areas, including
informal paths, are being used more frequently by cyclists, runners and general nature
enthusiasts who are impacting sensitive, unstable areas and causing erosion of the bluffs. The
Bluff Erosion study offers a plan to educate users and revegetate areas that may deter use of the
sensitive bluff areas. (This educational program is not included among the numbered projects in
Figure 4-1 or Table 4-3.)

45  ELIMINATED PROJECTS
Several projects were evaluated and determined to be infeasible based on physical conditions at

the site. Following is a brief description of the evaluated options. See Figure 4-1 for project
locations.
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4.5.1 Expansion of Depression west of 35E and South of Shepard Road

This area is a NWI category 7 (wooded swamp) wetland (Project E1). It is the watershed
district’s policy not to disturb a natural wetland. Excavation to form a water quality feature at
the site is not recommended. However, because of the existing stormwater issues in this
watershed, future regulatory pollutant load reduction requirements, and the lack of space
available for BMPs, this eliminated project could be reevaluated during plan implementation.

4.5.2 Infiltration Basin at the NE Corner of Elway and Shepard

This property is owned by the City of St. Paul and an investigation was completed to determine
the site’s feasibility for stormwater management (Project E2). Because the large, deep storm
sewer pipes do not allow for diverting stormwater to ground level and the shallow bedrock does
not allow for infiltration, this site is not feasible for an infiltration basin.

4.5.3 Storm Sewer Diversion to Underground Infiltration

Analysis of this site found that underground infiltration was not feasible due to deep storm sewer
and shallow bedrock (Project E3).

45.4 Shepard Road Green Infrastructure Practices East of Interstate 35E

During street reconstruction, green infrastructure practices could be implemented to meet the
District’s Rules (Project E4). However, green space currently is not available along the road or
bike trail for infiltration practices.

4.6 IN-LAKE MANAGEMENT

Following is a list of in-lake projects and management practices identified to address water
quality in Crosby Lake.

4.6.1 Assess and Manage Filamentous Algae

Based on anecdotal evidence, Crosby Lake likely demonstrates large filamentous algae blooms
that form mats on the lake surface throughout the summer. Filamentous algae start their life
cycle on the sediments and are typically driven by internal phosphorus release.

Filamentous algae blooms should be monitored and assessed for nuisance bloom levels. If
filamentous algae are determined to be a nuisance, control should focus first on internal
phosphorus release from the sediments of Crosby Lake.

If filamentous algae are determined problematic during the assessment, internal nutrient controls
should be evaluated. Internal nutrient control in Crosby Lake includes the evaluation and dosing
of alum (aluminum sulfate) to the sediments. Although the Mississippi River is a likely source

of nutrient rich sediment to Crosby Lake, controlling flooding of Crosby Lake would be difficult
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and expensive. Furthermore, the Mississippi River relies on the floodplain in which Crosby
Lake is situated and reducing the flood storage would create more flooding downstream.

4.6.2 Integrated Carp Management

There is a carp population in Crosby Lake that has historically reached nuisance levels and likely
negatively impacted lake water quality. However, current data suggests that the carp population
is fairly small and not likely impacting water quality. Carp movement in and out of Crosby Lake
will be difficult to control because of river flooding, however it doesn’t appear that significant
carp recruitment (new individuals born into the carp population) is occurring in Crosby Lake.

Because carp have been historically abundant in Crosby Lake, it is worthwhile to consider
developing an action plan to maintain small enough carp populations that do not negatively
affect water quality. One approach is the development of an integrated carp management plan to
ensure that carp are controlled to sustainable levels in Crosby Lake. An integrated carp
management plan would address:

Preventing recruitment by ensuring a robust panfish population (i.e. preventing fish kills);
Identifying potential inflow pathways;

Developing an action plan should recruitment occur; and

Periodic monitoring to assess carp population.

el A

4.6.3 Curly-leaf Pondweed Control

Curly-leaf pondweed can have negative impacts on lake water quality if the population reaches
nuisance levels. Curly-leaf pondweed was identified in 1978, 1988, and 1999 by the Minnesota
DNR during their fish surveys with the most recent survey characterizing curly-leaf pondweed as
common. CRWOD staff also recorded the presence of curly-leaf pondweed during recent
monitoring. However, a point intercept survey conducted by the Ramsey County on July 2",
2009 did not identify curly-leaf pondweed at any of the sample locations. Consequently, the
current extent and abundance of curly-leaf pondweed in Crosby Lake is not well characterized.

A Curly-leaf pondweed management plan would entail monitoring early season pondweed extent
and density, determination of problem areas if any occur, and designated control actions such as
chemical treatment, physical removal or sediment iron addition. The plan would first focus on
identifying the presence and abundance of curly-leaf pondweed. The second step would be to
determine if any actions are necessary or if just long term monitoring is required.

4.6.4 Shoreline Restoration

The 2010 CRWD Management Plan identifies the assessment of the Crosby Lake shoreline and
restoration planning as a critical activity. Because Crosby Lake sits entirely within the Crosby
Farm Regional Park, the shorelines are relatively undeveloped other than trails. An evaluation of
shoreline conditions will identify impacts from trail runoff, invasive vegetation, and other
impacts that may reduce habitat quality. Impacted areas will be restored using bioengineering
and native vegetation.
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4.6.5 Crosby (Upper) Lakeshore Restoration

The project will support new and continued restoration work at Crosby Park in coordination with
the City of Saint Paul Department of Parks and Recreation. In 2011, FMR and City staff will
continue with a shoreline restoration project around the small pond at Crosby (Upper Lake), in
order to improve habitat and water quality. Native shrubs and herbaceous plants will be installed
with volunteers where invasive species were removed in 2010.

4.6.6 Water Quality Monitoring

Since 2005, Ramsey County has monitored the water quality of Crosby Lake. Each growing
season, May through September, Ramsey County collects samples on monthly or bi-weekly basis
that are analyzed for nutrients, chlorophyll-a, and chloride. Water temperature, clarity, dissolved
oxygen, pH and conductivity are also measured in Crosby Lake by Ramsey County.

Future monitoring should consider monitoring both Crosby and Little Crosby Lakes to
characterize any water quality differences. TSS should be considered as an additional parameter
to evaluate the potential role of non-algal turbidity in the lake. Submerged aquatic vegetation
monitoring should also continue including a spring survey to evaluate curly-leaf pondweed.

4.6.7 Install Nesting Boxes

The Minnesota DNR should consider the addition of nesting boxes for Crosby Lake to promote
waterfowl habitat and production. The addition of nesting boxes will promote wildlife use at the
lake increasing the aesthetic value of the resource.

4.6.8 Fish Monitoring

MN DNR periodically monitors the fish community in Crosby Lake. Monitoring of the fish
community will continue to evaluate any changes that may need to be addressed.

4.6.9 Shallow Lake Habitat Assessment

MN DNR and US Fish and Wildlife Service will provide guidance on the assessment of
submerged aquatic vegetation as it pertains to waterfowl and wildlife habitat. Assessments may
include sensitive species analysis, identification of key food species, and other critical habitat
needs. The USFWS will provide input on a regional basis for waterfowl management and
protection.

4.6.10 Evaluate an Index of Biotic Integrity for Crosby Lake

MN DNR is currently developing an Index of Biotic Integrity (1BI) for Minnesota lakes. An IBI
is a measure of the health of a biological community through the use of an index. The index is
based on a comparison of certain metrics to reference conditions to evaluate biological condition.
CRWD will encourage the DNR to include Crosby Lake in their assessment and to supply metric
calculations once the IBI has been established.
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4.7 EDUCATION AND OUTREACH

CRWD’s Education and Outreach Program provides those living and recreating in CRWD with
knowledge and skills required to assure protection and improvement of local surface water and
ground water resources. The two crucial components of the education and outreach program are
to build the public’s awareness and to effect behavior change that will benefit local water
resources.

The Crosby Lake Citizen’s Advisory Group identified that there is a lack of public awareness
about the issues regarding Crosby Lake and the need for a well-informed community to affect
positive change on the lake. The CAG made a number of education and outreach
recommendations, which are listed below.

Education and outreach activities for Crosby Lake and its watershed should be developed and
implemented by CRWD and its partners, which include:

e Distribute Crosby Lake and other local water quality monitoring data via CRWD’s
website and other partner websites and directly to the stakeholder advisory groups;

e Install educational kiosk in Crosby Farm Regional Park that would include information
on CRWD, the lake’s health and public behaviors and activities to protect it;

e Utilize lake and park as an outdoor science classroom to provide hands-on learning about
lake water quality and ecology;

e Conduct community clean ups in the Crosby Lake subwatershed to prevent trash, leaf
litter and other debris from being carried to Crosby Lake and the Mississippi River; and

e Promote residential water quality improvement projects, such as rain gardens, rain
barrels, pervious pavement and small green roofs, and CRWD’s Stewardship Grant
Program that offers both technical and financial assistance for these projects.

FMR is developing a new educational program focused on the ecology of the plants and animals
in and around Crosby Lake and how they affect or are affected by water pollution. The program
will be family-friendly and include hands-on aquatic exploration of pond invertebrates, fish and
amphibians, learning about wetland plants and how they improve water quality, looking for signs
of beavers and other wildlife, and other experience-based learning activities.

48 IMPLEMENTATION PLAN COSTS
4.8.1 Watershed Projects

Table 4-1 summarizes the potential capital projects to reduce watershed TP and TSS loading to
the Mississippi River. Cost estimates are life cycle costs that include design, construction, and
operation and maintenance. Costs were annualized over 30 years using an assumed 3.5% interest
rate to determine the cost per pound removal of total suspended solids and total phosphorus. If
all of these projects were implemented, the total project costs would reach almost $2.6M. The
largest project is the regional 35E stormwater pond to treat a large portion of the watershed prior
to draining into the Mississippi River. Although this project has a relatively high cost per pound
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TP removal, it represents one of the few opportunities in the watershed to treat a relatively large
proportion of stormwater from the watershed. No reductions in TSS and TP were assumed for
the stream restoration projects because in-stream sources are not modeled in P8. However,
eliminating bank erosion and increasing infiltration will benefit water quality. Additional

information regarding the cost estimates for implementation projects and activities is presented
in Appendix H.
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Table 4-1. Potential Capital Improvement Projects in the Crosby Subwatershed (Drains to River)

#3)

Project BMP Type Estimated Estimated Estimated Annual Annual Responsible Party
o= Annual Annual Total Project | Life Cycle | Life Cycle
§ a Removal of | Removal of Cost® Cost per Cost per
Dﬁj § TSS (Ibs/yr) | TP (Ibs/yr) pound of pound of
< TSS TP
removal removal
1 Regional 35E Sedimentation 65,443 63 $405,410 $0.34 $351 City of Saint Paul; CRWD
Stormwater Pond Pond
2 Highland Infiltration / 33,950 64 $150,300 $0.24 $127 City of Saint Paul; CRWD
Infiltration Basin Sedimentation
3 Highland Creek Bank NA® NA’ $67,000 NA NA CRWD
Stabilization stabilization,
potential eyebrow
wetlands
4A Highland Creek Bank NA® NA’ $71,350 NA NA CRWD
Stabilization stabilization,
potential eyebrow
wetlands
4B Highland Ravilne Slope $35,000 $0.09 $2,250 City of Saint Paul; CRWD
(Catch Stabilization Stabilization 3,000 12
ment
#2)
4C Private Road Green $179,000 $0.04 $3,445 City of Saint Paul; CRWD
(Catch Porous ) Infrastrycture 12,000 47
ment Pavement Practices
#2)
4D Rain Gardens® Green $74,000 $1 $10,080 City of Saint Paul; CRWD
(Catch Infrastrl_Jcture 1,200 5
ment Practices
#2)
4E Storm sewer ) Sediment removal $116,600 $0.01 $705 City of Saint Paul; CRWD
(Catch | improvements 15.000 59
ment
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Table 4-1, cont. Potential Capital Improvement Projects in the Crosby Subwatershed (Drains to River)

Project BMP Type Estimated Annual Annual Responsible Party
o= Estimated Estimated | Total Project | Life Cycle | Life Cycle
ﬁ’_a Q Annual Annual Cost3 Cost per Cost per
QE_’ % Removal of | Removal of pound of pound of
z TSS (Ibslyr) | TP (Ibslyr) TSS TP
removal removal
4F Private Road Green $156,060 $0.17 $6,903 City of Saint Paul; CRWD
(Catch Porous Infrastructure
ment Pavement* Practices 5,000 20
#3)
4G Highland Ravilne Slope $37,400 $0.01 $372 City of Saint Paul; CRWD
(Catch Stabilization Stabilization 20,000 79
ment
#3)
4H Rain Gardens® Green $61,880 $0.30 $4,860 City of Saint Paul; CRWD
(Catch Infrastrl_Jcture 2,000 8
ment Practices
#3)
41 Highland Ravilne Slope $35,000 $0.09 $2,250 City of Saint Paul; CRWD
(Catch Stabilization Stabilization 3,000 12
ment
#2)
4] Private Road Green $179,000 $0.04 $3,445 City of Saint Paul; CRWD
(Catch Porous ) Infrastrycture 12,000 47
ment Pavement Practices
#2)
4K Rain Gardens® Green $74,000 $1 $10,080 City of Saint Paul; CRWD
(Catch I nfrastrycture 1.200 5
ment Practices
#2)
5 Griggs/Scheffer Green 1,787 7 $353,700 $11 $2,666 City of Saint Paul; CRWD
RSVP Infrastructure
Practices
6 Rain Gardens Green 2,073 9 $189,540 $5 $1,144 CRWD
Infrastructure

Practices
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Table 4-1, cont. Potential Capital Improvement Projects in the Crosby Subwatershed (Drains to River)

= Project BMP Type Estimated Annual Life | Annual Responsible Party
g Estimated Estimated Total Project | Cycle Cost Life
5 | Annual Cost3 per pound Cycle
=z Annua of TSS Cost per
= Removal of | Removal of removal ound of
2 TSS (Ibslyr) | TP (Ibslyr) P o
j .
a removal
7 Rain Gardens Green 2,073 9 $189,540 $5 $1,144 CRWD
Infrastructure
Practices
8 Croshy Farm Infiltration or 306 1 $177,400 $31 $7,815 City of Saint Paul
Regional Park Filtration
Parking Lot
Reconstruction
(West)
11* Diverted Bioinfiltration 4,516 23 $73,626 $1 $178 City of Saint Paul; CRWD
Stormwater Areas
Bioinfiltration
NA® Catch basin and Maintenance $6 /manhole -- -- City of Saint Paul
sump manhole
cleaning
NA® Street Sweeping Maintenance Street Maintenance Street City of Saint Paul
15,852 66 . .
Sweeping Sweeping
NA® Implement Green Staff Time -- -- CRWD
District Rules Infrastructure
Practices

"These projects were not included in the overall reduction estimates because these processes are not modeled in P8.

2 Reductions for these projects were taken directly from their associated reports and may over estimate removals.
*Total project costs are present value including design, construction, operation, and maintenance.

“This is part of the stormwater diversion project called out in section 4.4.2. Projects 9 and 10 are included in Table 4-3.
>This project is not included on Figure 4-1 because it is broad in scope.
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Several studies are also identified in the plan as outlined in Table 4-2.

Table 4-2. Potential Studies and Monitoring for the Crosby Subwatershed

Project Activities Cost Goal Responsible Party
Studies Highland Creek Restoration $50,000 | Identify restoration CRWD
Feasibility Study opportunities and costs
for Highland Creek
Highland Golf Course $10,000 | Determine if Highland City of Saint Paul
Stormwater and Fertilizer Golf Course discharges
Management Study and identify potential
management options
Monitoring | Water quantity and quality $20,000/ | Monitor water quality CRWD
monitoring annually | to validate models and
measure progress

Capital projects for the areas draining to Crosby Lake include stormwater diversion away from
the bluffs and to the Mississippi River as recommended in the Ramsey County Bluff study
(Table 4-3). There were three distinct areas that could be diverted, so each of these areas was
maintained as an individual project. These projects also include water quality treatment prior to
discharging to the river so as not to trade one water quality problem for another. Diverting the
stormwater away from Crosby Lake protects the bluffs and protects lake water quality relatively
inexpensively. It is also unlikely that lake water levels will be adversely impacted, however this
should be verified prior to implementation of the project.

Once the stormwater is diverted, the remaining impacts to the bluff will need to be addressed.
Wenck estimates a bluff stabilization cost of $10/SY (includes $3/SY compost blanket; $3/SY
seed in compost blanket; $4/SY turf reinforcement mat). Because the feasibility study did not
identify a total area that needs stabilization, a total project cost was not identified.

The total cost for implementing all of these projects is roughly $335,000.
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Table 4-3. Potential Capital Improvement Projects in the Crosby Lake Subwatershed (Drains to Lake)

Project BMP Type Estimated Estimate Estimated | Annual Life Annual Responsible Party
o= Removal of d Cost® Cycle Cost | Life Cycle
ﬁ’_a ! TSS (Ibs/yr) Removal per pound Cost per
QE_’ £ of TP of TSS pound of
< (Ibslyr) removal TP
removal
9 Madison/Benson RSVP Green 225 1 $68,600 $17 $4120 City of Saint Paul; CRWD
(2012) Infrastructure
Practices
10A Bluff Stormwater Stormwater 1,167 6 $104,800 $5 $913 CRWD; City of Saint Paul
Diversion Diversion
10B Bluff Stormwater Stormwater 3,250 18 $110,180 $2 $338 CRWD; City of Saint Paul
Diversion Diversion
10C Bluff Stormwater Stormwater 10,720 61 $51,980 $0.26 $46 CRWD; City of Saint Paul
Diversion Diversion
12* Crosby Farm Regional Infiltration or NA? NA Cost of NA NA St. Paul Parks and
Park Parking Lot Filtration Construction Recreation
Construction (East)
13 Open Space and Forest Protection NA NA NA NA NA St. Paul Parks and
Protection Recreation; Friends of the
Mississippi River
NA® Manage Trash -- -- -- In-kind -- -- Friends of the Mississippi
River;, CRWD
NA5 Street Sweeping Maintenance 2,627 11 $25 / curb $0.12 $50 to City of Saint Paul
mile $150
NA5 Catch basin and sump Maintenance $6/ -- -- City of Saint Paul
manhole cleaning manhole
NA5 | Implement District Rules Green Staff Time -- -- CRWD
Infrastructure
Practices

There are three separate stormwater diversion areas. Each was established as an individual project. Costs were updated to include O&M costs.

*Projects with an NA represent protection from additional loading rather reductions in current loading.

*Total project costs are present value including design, construction, operation, and maintenance.

*Project #11 is included in Table 4-1.
*This project is not included on Figure 4-1 because it is broad in scope.
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To evaluate the potential for reaching the established goals, estimated load reductions were
compared to current loading and target load reductions (Table 4-4). For total phosphorus
draining to the river, current projects can reduce 248 pounds draining to the river or almost 50%
of the established goal. Although these projects alone cannot reach the established goal, they
represent a good start toward the goal. As new projects arise and technology advances, further
progress can be made toward reaching the goals. For Crosby Lake, diversion of stormwater
away from the lake exceeds the total phosphorus target reductions for the Lake. Implementation
of these projects would shift the focus for Crosby Lake from watershed management to in-lake

management.

Table 4-4. Estimated Total Phosphorus Loading and Load Reductions from BMPs for
Each Subwatershed

Watershed | Total Estimated Load Estimated Load Total Load Target Load
Phosphorus Reduction from Reduction from Good after BMPs (pounds/year)
Load Capital Projects Housekeeping and (pounds/year)
(pounds/year) (pounds/year) Redevelopment*
(pounds/year)
Mississippi River
CR01-CRO03- 469 165 47 257 159
CR05-CRO7
CR02 82 1 8 73 28
Diverted 113 23 11 79 38
Stormwater
Total to 664 189 66 409 226
River
Crosby Lake
CRO4 15 6 3 6 8
CRO6 77 61 8 8 41
Total to 92 67 11 14 49
Lake

An estimated 10% load reduction was assumed for good housekeeping (increased street sweeping, sump manholes,
etc.) and redevelopment under CRWD rules.

For total suspended solids, implementation of the identified projects would exceed the target load

reduction for drainage to the river and exceed the target load reduction for the Crosby Lake
Subwatershed (Table 4-5).
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Table 4-5. Estimated Total Suspended Solids Loading and Load Reductions from BMPs for
Each Subwatershed

Watershed | Total Estimated Load Estimated Load Total Load Target Load
Suspended Reduction from Reduction from Good after BMPs (pounds/year)
Solids Load Capital Projects Housekeeping and (pounds/year)
(pounds/year) (pounds/year) Redevelopment®
(pounds/year)
Mississippi River
CR01-CRO03- 129,511 108,526 12,951 8,034 44,034
CR05-CRO7
CRO2 17,124 306 1,712 15,105 5,822
Diverted 11,888 4,516 1,189 6,186 4,042
Stormwater
Total to 158,523 113,348 15,852 29,322 53,898
River
Crosby Lake
CRO4 5,275 1,167 528 3,580 2,796
CRO6 20,991 10,720 2,099 8,172 11,125
Total to 26,266 11,888 2,627 11,752 13,921
Lake

An estimated 10% load reduction was assumed for good housekeeping (increased street sweeping, sump manholes,
etc.) and redevelopment under CRWD rules.

4.8.2

In-lake Management

Crosby Lake is currently in a clear-lake state with relatively good water quality. Consequently,

management should focus on stabilizing the lake in the clear-lake state and on increased

biological health including a healthy fish and submerged aquatic vegetation community. There
are four focus areas for in-lake management including shorelines, fisheries, aquatic vegetation,
and filamentous algae. Table 4-6 outlines the proposed activities along with estimated costs.
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Table 4-6. In-lake Management Actions, Costs and Goals for Crosby Lake

Project Activities Cost Goal Responsible Party
Shoreline Restoration | Assess Shoreline Condition $10,000 Identify impacted areas including CRWD; Ramsey County; St. Paul
invasive species Parks and Recreation
Shoreline Restoration $20/linear Improve natural shorelines CRWD; St. Paul Parks and
foot Recreation; Friends of the
Mississippi River
Filamentous Algae Assess Filamentous Algae $5,000 Determine the extent and severity of | Ramsey County
Control/Internal Blooms filamentous algae blooms
Nutrient Load Control | Reduce Internal Loading — Alum | $50,000 Reduce or eliminate nutrient source CRWD; St. Paul Parks and
Addition for filamentous algae if necessary Recreation
Fisheries Management | Monitor Fisheries In-kind Minnesota DNR monitors fish Minnesota DNR
community for health
Rough Fish Management Plan $5,000 Develop action plan if carp or rough | Minnesota DNR; CRWD
were to become over abundant
Fisheries Management Plan In-kind Work with Minnesota DNR to Minnesota DNR; CRWD
maintain balanced fish community
through stocking or aeration
Submerged Aquatic Monitor Submerged Aquatic $5,000 Maintain long term record of SAV Ramsey County
Vegetation Vegetation Community in biannually community
Management Spring and Late Summer
Control Curly-leaf pondweed if | $10,000 Minimize impacts of Curly-leaf Ramsey County; CRWD; St. Paul
necessary annually pondweed if present Parks and Recreation
Increase Plant Diversity In-kind Work with Minnesota DNR and CRWD; Minnesota DNR; USFWS;
USFWS to develop actions to St. Paul Parks and Recreation
improve SAV diversity
Water Quality Monitor water quality in Upper $5,000 Continue to track progress of water Ramsey County
Monitoring Crosby and Crosby Lake annually quality in the lake.
Wildlife Install nesting boxes In-kind Improve wildlife habitat Minnesota DNR; USFWS
Studies Shallow lake habitat assessment | In-kind Improve wildlife habitat Minnesota DNR; USFWS
Evaluate an Index of Biotic In-kind Improve fisheries Minnesota DNR; USFWS

Integrity for Croshy Lake
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4.9

IMPLEMENTATION SCHEDULE

An important aspect of any implementation plan is the sequence in which activities are
undertaken. Typically, watershed activities are the initial focus before any internal loading
projects are completed to protect the long term benefits on any internal load reduction practice.
Assuming that implementation of this management plan will require 15 years, Table 4-7 outlines
the appropriate sequence for protecting and restoring Crosby Lake and the Crosby Subwatershed.

Table 4-7. Management Plan Implementation Schedule

Cycle Ongoing Activities Capital Projects and Studies
0-5years | e Coordination and education e Highland Infiltration Basin
e Water quality monitoring e Griggs/Scheffer RSVP
e Monitor fisheries e Madison/Benson RSVP
e Monitor submerged aquatic vegetation | ¢ Crosby Farm Regional Parking Lot
e Catch basin and sump manhole cleaning (East)
e Street sweeping e Rain Gardens
e Implement CRWD rules ¢ Highland Creek Restoration
e Open Space and Forest Protection Feasibility Study
e Manage Trash ¢ Highland Golf Course Stormwater
and Fertilizer Management Study
e Assess and Restore Shoreline
e Assess Filamentous Algae Blooms
¢ Rough Fish Management Plan
e Fisheries Management Plan
e Shallow Lake Habitat Assessment
o Install Nesting Boxes
5-10 e Coordination and education e Regional 35E Stormwater Pond
years e Water quality monitoring e Highland Ravine Improvements
e Monitor fisheries e Rain Gardens
e Monitor submerged aquatic vegetation | e Bluff Stormwater Diversion
e Catch basin and sump manhole cleaning | ¢ Diverted Stormwater Bioinfiltration
e Street sweeping e Crosby Farm Regional Parking Lot
e Implement CRWD rules (West)
e Open Space and Forest Protection ¢ Internal Load Control
e Manage Trash e Curly-leaf Pondweed Control

IBI Development

Finally because many of the implementation projects involve monitoring, CRWD has presented
the monitoring activities and schedules in a separate table, Table 4-8.
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Table 4-8. Crosby Lake Management Plan Monitoring/Assessment Activities

Monitoring Activity Description ResFE);)rrl[;lble Schedule
. oo Collect water quality data from Crosby and Little .
Lake Water Quality Monitoring Crosby Lakes Ramsey County Ongoing
Collect stormwater water quality and quantity data
L from the Crosby Lake subwatershed and the Crosby
Stormwater Monitoring subwatershed that drains directly to the Mississippi CRWD 2013
River
. Monitor Crosby Lake for filamentous algae, which Ramse){ 2012 - Plan; 2013 -
Filamentous Algae Survey ) . . County;
can become invasive and a nuisance Implement
CRWD
Monitor Crosby Lake for curlyleaf pondweed in the Ramsey 2012 - Plan: 2013 -
Curly Leaf Pondweed Survey late winter/early spring, which can become invasive County; | '
. mplement
and a nuisance CRWD
CRWD;
. - . . Ramsey
Shoreline Survey Assess existing conditions of shoreline County; City of 2012
Saint Paul
Fisheries Assessment Monitor the fish community in Crosby Lake MN DNR 2014
Shallow Lake Habitat Assess submerged aquatic vegetation as it pertains to MN DNR/ TBD

Assessment

waterfowl and wildlife habitat

US FWS
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6.0 Glossary

Aeration Any active or passive process by which intimate contact between air and liquid is
assured, generally by spraying liquid in the air, bubbling air through water, or mechanical
agitation of the liquid to promote surface absorption of air.

Algae Microscopic organisms/aquatic plants that use sunlight as an energy source (e.g., diatoms,
kelp, seaweed). One- celled (phytoplankton) or multicellular plants either suspended in water
(Plankton) or attached to rocks and other substrates (periphyton). Their abundance, as measured
by the amount of chlorophyll-a (green pigment) in an open water sample, is commonly used to
classify the trophic status of a lake. Numerous species occur. Algae are an essential part of the
lake ecosystem and provide the food base for most lake organisms, including fish. Phytoplankton
populations vary widely from day to day, as life cycles are short.

Algal Bloom Population explosion of algae in surface waters due to an increase in plant
nutrients such as nitrates and phosphates.

Alkalinity The ability of water, or other substances, to absorb high concentrations of hydrogen
ions. Substances with a pH greater than 7.0 are considered alkaline. A measure of the amount of
carbonates, bicarbonates, and hydroxide present in water. Low alkalinity is the main indicator of
susceptibility to acid rain. Increasing alkalinity is often related to increased algae productivity.
Expressed as milligrams per liter (mg/1) of calcium carbonate (CaCQO3), or as microequivalents
per liter (ueg/1). 20 ueg/1 = 1 mg/l of CaCO3.

Alum Common name for commercial-grade Aluminum Sulfate. Its chemical formula is
generally denoted by Al(SO*); X 12H,0. Most often used in lakes as a way to

precipitate a floc that settles through the water column removing fine particles to the sediment
and building up a barrier layer to contain soluble phosphorus in the bottom sediments.

Anoxic Without oxygen.
Aquatic Organisms that live in or frequent water.

Aquatic Invertebrates Aquatic animals without an internal skeletal structure such as insects,
mollusks, and crayfish.

Aquifer A saturated permeable geologic unit that can transmit significant quantities of water.

Banks and Shorelines Those areas along streams, lakes, ponds, rivers, wetlands, and estuaries
where water meets land. The topography of banks and shorelines can range from very steep to
very gradual.

Benthic Zone The bottom zone of a lake.
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Biomass The total quantity of plants and animals in a lake. Measured as organisms or dry matter
per cubic meter, biomass indicates the degree of a lake system's eutrophication or productivity.

Chloride (CI") Chlorine in the chloride ion (CI") form has very different properties from
chlorine gas (Cl,), which is used for disinfecting. The chloride ion (CI) in lake water is
commonly considered an indicator of human activity. Agricultural chemicals, human and animal
wastes, and road salt are the major sources of chloride in lake water.

Chlorophyll-a Green pigment present in all plant life and necessary for photosynthesis. The
amount present in lake water depends on the amount of algae and is therefore used as a common
indicator of water quality.

Clarity The transparency of a water column. Measured with a Secchi disc.

Concentration Expresses the amount of a chemical dissolved in water. The most common units
are milligrams per liter (mg/1) and micrograms per liter (ug/1). One milligram per liter is equal
to one part per million (ppm). To convert micrograms per liter (ug/1) to milligrams per liter
(mg/1), divide by 1000 (e.g. 30 ug/l =0.03 mg/1). To convert milligrams per liter (mg/1) to
micrograms per liter (ug/1), multiply by 1000 (e.g. 0.5 mg/l = 500 ug/1). Microequivalents per
liter (ueg/1) is also sometimes used, especially for alkalinity; it is calculated by dividing the
weight of the compound by 1000 and then dividing that number into the milligrams per liter.

Conductivity (specific conductance) Measures water's ability to conduct an electric current.
Conductivity is reported in micromhos per centimeter (umhos/cm) and is directly related to the
total dissolved inorganic chemicals in the water. Values are commonly two times the water
hardness unless the water is receiving high concentrations of contaminants introduced by
humans.

Daphnia Small crustacean (zooplankton) found in lakes. Prey for many fish species.

Dissolved Oxygen (DO) The amount of free oxygen absorbed by the water and available to
aquatic organisms for respiration; amount of oxygen dissolved in a certain amount of water at a
particular temperature and pressure, often expressed as a concentration in parts of oxygen per
million parts of water.

Diversity Number of species in a particular community or habitat.

Ecosystem A system formed by the interaction of a community of organisms with each other
and with the chemical and physical factors making up their environment.

Erosion The wearing away and removal of materials of the earth's crust by natural means.

Eutrophic Pertaining to a lake or other body of water characterized by large nutrient
concentrations such as nitrogen and phosphorous and resulting high productivity. Such waters
are often shallow, with algal blooms and periods of oxygen deficiency. Slightly or moderately
eutrophic water can be healthful and support a complex web of plant and animal life. However,
such waters are generally undesirable for drinking water and other needs.
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Eutrophication The process by which lakes and streams are enriched by nutrients, and the
resulting increase in plant and algae growth. This process includes physical, chemical, and
biological changes that take place after a lake receives inputs for plant nutrients--mostly nitrates
and phosphates--from natural erosion and runoff from the surrounding land basin. The extent to
which this process has occurred is reflected in a lake's trophic classification: oligotrophic
(nutrient poor), mesotrophic (moderately productive), and eutrophic (very productive and
fertile), hypereutrophic (extremely productive and fertile). Cultural eutrophication is the
accelerated eutrophication that occurs as a result of human activities in the watershed that
increase nutrient loads in runoff water that drains into lakes

Exotic A non-native species of plant or animal that has been introduced.
Filamentous Algae Algae that forms filaments or mats attached to sediment, weeds, piers, etc.

Food Chain The transfer of food energy from plants through herbivores to carnivores. An
example: insect-fish-bear or the sequence of algae being eaten by small aquatic animals
(zooplankton) which in turn are eaten by small fish which are then eaten by larger fish and
eventually by people or predators.

Groundwater Water contained in or flowing through the ground. Amounts and flows of
groundwater depend on the permeability, size, and hydraulic gradient of the aquifer.
Groundwater discharge areas are areas where groundwater exits to the surface. Depending on
local topography, these may create continuously saturated areas on slopes or in shallow
depressions that support unusual plant communities, or may interact with surface water runoff to
create ponds and deep-water wetlands. Groundwater recharge areas are areas on the earth’s
surface where surface water can percolate down to the water table. A groundwater drainage
lakes, often referred to as a spring-fed lake, has a large amount of groundwater as its source, and
a surface outlet. Areas of high groundwater inflow may be visible as springs or sand boils.
Groundwater drainage lakes often have intermediate retention times with water quality
dependent on groundwater quality.

Habitat The place where an organism lives that provides an organism's needs for water, food,
and shelter. It includes all living and non-living components with which the organism interacts.

Hydrologic (water) Cycle The process by which the earth's water is recycled. Atmospheric
water vapor condenses into the liquid or solid form and falls as precipitation to the ground
surface. This water moves along or into the ground surface and finally returns to the atmosphere
through transpiration and evaporation.

Hydrologic Soil Groups The classification of soils by their reference to the intake rate of
infiltration of water, which is influenced by texture, organic matter content, stability of the soil
aggregates, and soil horizon development.

Hydrology The study of water, especially its natural occurrence, characteristics, control and
conservation.
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Impervious A term denoting the resistance to penetration by water or plant roots; incapable of
being penetrated by water; non-porous.

Limiting factor The nutrient or condition in shortest supply relative to plant growth
requirements. Plants will grow until stopped by this limitation; for example, phosphorus in
summer, temperature or light in fall or winter.

Littoral The near shore shallow water zone of a lake, where aquatic plants grow.

Nitrate (NO3-) An inorganic form of nitrogen important for plant growth. Nitrogen is in this
stable form when oxygen is present. Nitrate often contaminates groundwater when water
originates from manure pits, fertilized fields, lawns or septic systems. High levels of nitrate-
nitrogen (over 10 mg/1) are dangerous to infants and expectant mothers. A concentration of
nitrate-nitrogen (NO3-N) plus ammonium-nitrogen (NH4-N) of 0.3 mg/l in spring will support
summer algae blooms if enough phosphorus is present.

Non-Point Source A source of pollution that comes from no single identifiable point of
discharge. Example: topsoil erosion into a lake or stream.

Nutrients Elements or substances such as nitrogen and phosphorus that are necessary for plant
growth. Large amounts of these substances can become a nuisance by promoting excessive
aquatic plant growth.

Organic Matter Elements or material containing carbon, a basic component of all living matter.

Permeability The ability of a substance, such as rock or soil, to allow a liquid to pass or soak
through it.

pH The numerical value used to indicate how acid or alkaline a solution is. The number refers to
the number of hydrogen ions in the solution. The pH scale ranges from 1 to 14 with 7.0 being
neutral. Acid ranges from 0 to 6. Alkaline ranges from 8 to 14.

Phosphorus Key nutrient influencing plant growth in freshwater lakes. Soluble reactive
phosphorus is the amount of phosphorus in solution that is available to plants. Total phosphorus
includes the amount of phosphorus in solution (reactive) and in particulate form.

Photosynthesis The process by which green plants convert carbon dioxide (CO2) dissolved in
water to sugar and oxygen using sunlight for energy. Photosynthesis is essential in producing a
lake's food base, and is an important source of oxygen for many lakes.

Phytoplankton Microscopic floating plants, mainly algae, that live suspended in bodies of
water and that drift about because they cannot move by themselves or because they are too small
or too weak to swim effectively against a current.

Plankton Small plant organisms (phytoplankton and nanoplankton) and animal organisms
(zooplankton) that float or swim weakly though the water.

Pollution The contamination of water and other natural resources by the release of harmful
substances into the environment.
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Precipitation Rain, snow, hail, or sleet falling to the ground.
Predator An animal that hunts and kills other animals for food.
Prey An animal that is hunted or killed by another for food.

P8 Program for Predicting Polluting Particle Passage thru Pits, Puddles, & Ponds. A model for
predicting the generation and transport of stormwater runoff pollutants in urban watersheds.

Retention Time (turnover rate or flushing rate) The average length of time water resides in a
lake, ranging from several days in small impoundments to many years in large seepage lakes.
Retention time is important in determining the impact of nutrient inputs. Long retention times
result in recycling and greater nutrient retention in most lakes. Calculate retention time by
dividing the volume of water passing through the lake per year by the lake volume.

Runoff Water that flows over the surface of the land because the ground surface is impermeable
or unable to absorb the water.

Secchi Disc An 8-inch diameter plate with alternating quadrants painted black and white that is
used to measure water clarity (light penetration). The disc is lowered into water until it
disappears from view. It is then raised until just visible. An average of the two depths, taken
from the shaded side of the boat, is recorded as the Secchi disc reading. For best results, the
readings should be taken on sunny, calm days.

Sedimentation The removal, transport, and deposition of detached soil particles by flowing
water or wind. Accumulated organic and inorganic matter on the lake bottom. Sediment includes
decaying algae and weeds, marl, and soil and organic matter eroded from the lake's watershed.

Soluble Capable of being dissolved.
Species A group of animals or plants that share similar characteristics such as can reproduce.

Stormwater Runoff Water falling as rain during a storm and entering a surface water body like
a stream by flowing over the land. Stormwater runoff picks up heat and pollutants from
developed surfaces such as parking lots.

Submerged Aquatic Vegetation (SAV) See macrophytes

Subwatershed A smaller geographic section of a larger watershed unit with a drainage area of
between 2 and 15 square miles and whose boundaries include all the land area draining to a point
where two second order streams combine to form a third order stream.

Sulfate (SO*--) The most common form of sulfur in natural waters. The amounts relate
primarily to soil minerals in the watershed. Sulfate (SO4) can be reduced to sulfide (S--) and
hydrogen sulfide (H2S) under low or zero oxygen conditions. Hydrogen sulfide smells like rotten
eggs and harms fish. Sulfate (SO4--) input from acid rain is a major indicator of sulfur dioxide
(SO2) air pollution. Sulfate concentration is used as a chemical fingerprint to distinguish acid
lakes acidified by acid rain from those acidified by organic acids from bogs.
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Suspended Solids A measure of the particulate matter in a water sample, expressed in
milligrams per liter. When measured on inflowing streams, it can be used to estimate the
sedimentation rate of lakes or impoundments.

Trophic Status or Classification Eutrophication is the process by which lakes are enriched
with nutrients, increasing the production of rooted aquatic plants and algae. The extent to which
this process has occurred is reflected in a lake's trophic classification or state: oligotrophic
(nutrient poor), mesotrophic (moderately productive), and eutrophic (very productive and
fertile).

Turbidity Degree to which light is blocked because water is muddy or cloudy.

Turnover Fall cooling and spring warming of surface water increases density, and gradually
makes temperature and density uniform from top to bottom. This allows wind and wave action to
mix the entire lake. Mixing allows bottom waters to contact the atmosphere, raising the water's
oxygen content. However, warming may occur too rapidly in the spring for mixing to be
effective, especially in small sheltered kettle lakes.

Water Table The top or “surface” of groundwater. The water table level changes in response to
amounts of groundwater recharge flowing in, and amounts of water leaving the ground through
seeps, springs, and wells.

Watershed The geographic region within which water drains into a particular river, stream, or
body of water.

Wetland Habitats where the soil is saturated or covered with water for part of the year.

Zooplankton Microscopic or barely visible animals that eat algae. These suspended plankton
are an important component of the lake food chain and ecosystem. For many fish, they are the
primary source of food.
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APPENDIX A — Dakota Nation History Related to
Crosby Farm Regional Park



Draft Text for Crosby Lake Water Management Plan Background & Action Steps

drafted by residents of the Crosby Lake Watershed, Crosby Lake Citizen Committee members,
and members of the Dakota Nation

January 6, 2011

1. HISTORICAL SIGNIFICANCE: Dakota Nation and Crosby Lake

Minnesota is the homeland of the Dakota, Minnesota’s oldest indigenous people. Crosby Park
sits within Bdote, a culturally and historically significant site of the Dakota Oyate (Nation). A
plan to manage Crosby Lake provides an opportunity to acknowledge and honor this unique site.
The Dakota Nation, Minnesota’s first environmental advocates, is a strong partner for protecting
Crosby Lake and all natural resources in Crosby Park.

The confluence of the Mississippi River (HaHa Tanka), the Minnesota River (Mnisota
Wakpa), and Minnehaha Creek is named Bdote.' In the origin stories of the Bdewakantunwan
(Dwellers by the Mystic Lake) Dakota, Bdote is the area of the Dakota creation. This makes the
confluence of the waterways a Dakota sacred site. Bdote encompasses the area surrounding the
confluence including Pike Island (Wita Tanka) and St. Paul’s Crosby Park and its lake.

Bdote is also of historic significance to non-Native people who make their home in St.

Paul. Since the 1500s, the Dakota have greeted the explorers, fur traders, government officials,

! This definition of Bdote is compiled from interviews from Santee Dakota tribal members and
from the Bdote Memory website, an educational deep mapping tool developed by Dakota media
artist Mona Smith in partnership with the Minnesota Humanities Center and Dakota historians,
such as Dave Larsen, elder of the Lower Sioux Community and Dr. Chris Mato Nunpa, retired
professor and member of Upper Sioux Community. Additional testimony to the significance of
this area is available from the Mendota Dakota people who are charged with protecting Bdote
from their traditional home in Mendota, just across the river from Pike Island and Crosby Park.
1



soldiers, and settlers who arrived in Minnesota. In 1805, the Dakota (Siouxz) Nation and the
U.S. Government signed a landmark treaty at Bdote on Wita Tanka, (Pike Island). This was the
first treaty ever signed in Minnesota between an indigenous nation and the U.S. federal
government. Thus this treaty marks another beginning--the creation of our city and our state.

In the ground-breaking 1805 U.S.-Dakota treaty, the Dakota gave the United States
permission to establish military posts in the region of Bdote. The purchased land also included a
corridor running nine miles on both the east and west side of the Mississippi River. As a result,
the 1805 federal treaty formed the land base for Fort Snelling, which was later completed in
1825. With the fort in place, the City of Saint Paul grew up in the Bdote region. In fact, all of
Saint Paul was originally Dakota land sold to the U.S Government.

In return for the lands that created Fort Snelling and St. Paul, the 1805 U.S. Treaty
guaranteed the Dakota ongoing use of the land and waters in and around Bdote. The United
States promised on their part to “permit the Dakota to pass, repass, hunt or make other uses of
the said districts, as they have formerly done, without any other exception, but those specified in
the first article of the treaty where the Dakota Nation grants to the United States, the full
sovereignty and power over said districts forever, without any let or hindrance whatsoever.”
This government-to-government provision, enacted by the U.S. Congress, reveals that the

Dakota Nation has a unique relationship to the management and use of Crosby Lake and Park.

? Sioux is a derogatory term that no longer is in common usage among the Dakota people. It
means ‘snake’ in the Ojibwe/Anishinabe language. However, the 1805 U.S.-Sioux Treaty with
the Dakota Nation uses the term and thus it is included here.
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II. ACTION STEPS that could be included in the Management Actions section of the report.

While members of the Dakota Oyate now live throughout Minnesota, the Dakotas, Nebraska,
Montana, Canada, and right here in St. Paul, Bdote is still a sacred site for all Dakota people.
Given the cultural and historical significance of Bdote, as well as the federally guaranteed treaty

provisions, the Dakota Nation and its representatives make the following requests.

1) The Capital Region Watershed District protect and improve water quality and aquatic

life in Crosby Lake, and protect native plant species in order to enhance lake quality.

2) The Capital Region Watershed District and St. Paul Parks and Recreation Department
involve Dakota Nation representation in all future management and planning of Crosby

Park and Lake, as they are legitimate stakeholders, per the Treaty of 1805.

3) The St. Paul Parks and Recreation Department oppose or minimize additional
development in Crosby Park to maximize traditional green space that honors this

significant sacred site.

4) The St. Paul Parks and Recreation Department install Dakota history interpretive signs
along the river trails in Crosby Park where people can view and honor the cultural and

historic significance of Bdote.

5) The St. Paul Parks and Recreation Department include Dakota culture and history in

3



all other public information on Crosby Park and Lake, including the city’s website, as an

additional strategy to educate people about the unique significance of this region.

6) The St. Paul Parks and Recreation Department invite Dakota band members to

participate, for free, in the annual bow and arrow culling of deer in Crosby Park.

7) The St. Paul Parks and Recreation Department recognize Dakota Nation fishing rights

in Crosby Lake and the Mississippi River.

8) The St. Paul Parks and Recreation Department consider renaming Crosby Park to

reflect the significance of Dakota Nation land in establishing the City of Saint Paul.



APPENDIX B — Mississippi River Interaction with Crosby Lake



Wenck Associates, Inc.
f 1800 Pioneer Creek Ctr.
28\ enck
= Maple Plain, MN 55359-0249

Engineers « Scientists
(763) 479-4200

Fax (763) 479-4242
E-mail: wenckmp@wenck.com

MEMORANDUM
TO: Joe Bischoff
FROM: Todd Shoemaker, P.E., C.F.M.
DATE: September 23, 2010

SUBJECT: Crosby Lake hydraulic connection to the Mississippi River

CC:

This memorandum summarizes my review and analysis of Mississippi River data to
determine how frequently the river inundates Crosby Lake. Data reviewed included
stage and discharge information from the USGS gage in St. Paul between Wabasha and
Robert Streets and the 2003 Flow Frequency Study performed by the Corps of Engineers.

The USGS has recorded stage and discharge for the Mississippi River in downtown St.
Paul since 1892. Using this data, they have developed a rating curve for flood flows
above elevation 690 (Figure 1). (Establishing a rating curve below elevation 690 is
problematic because of backwater effects due to the dam at Hastings.)

St. Paul Gage Flood Flow Rating Curve
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700

695

Elevation (MSL, ft)

690

685 \ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000 200,000

Discharge (cfs)

Figure 1. Flood flow rating curve for USGS St. Paul gage (courtesy USGS).
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The USGS gage in downtown St. Paul is approximately 4 miles downstream of Crosby
Lake. Because of this distance, the rating curve in downtown St. Paul must be translated
upstream to correlate with the topography surrounding Crosby Lake.

The 2003 Flow Frequency Study calculated flood elevations for the Crosby Lake to St.
Paul reach of the Mississippi River for 5-, 10-, 50-, 100-, and 500-year recurrence
intervals. Using these five recurrence intervals, | calculated the difference in elevation
between the St. Paul gage and river mile 843.4 (approximate location of Crosby Lake). |
then plotted the elevation difference versus flow for the five recurrence intervals and fit
the data to a 2" order polynomial trendline to establish an equation for the difference
in river elevation based on flow (Figure 2).

Difference in Elevation Between St. Paul Staff Gage and Crosby Lake

5 —

,/;: 4E-115% + 5E-06x + 2.7174

R? = 0.9995

Elevation Difference (ft)
w

0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000 225,000

Flow (cfs)

Figure 2. Relationship between Mississippi River elevation between Crosby Lake and downtown St.
Paul.

The equation from Figure 2 was used to create a rating curve for the Mississippi River at
Crosby Lake (River Mile 843.4, Figure 3). Flows from the USGS rating curve were
substituted for “x” and the result was added to the elevation at the St. Paul gage.

The next step was to evaluate topography around Crosby Lake to determine at what
elevation the Mississippi River overtops its banks and inundates the lake. Using 2-foot
contours provided by the City of St. Paul, it appears that the river and lake are
“connected” at approximately elevation 697. The connection occurs at the southeast
corner of the lake where there is a break in the 698 contour. There appears to be a flow
path from this point and southeast to the river. During our field visit in August, we
noticed a swale or ditch that appeared to be man-made southwest of the lake. This
feature is shown on the 2-foot contours but has a low elevation of approximately 699.
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Crosby Flood Flow Rating Curve
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Figure 3. Mississippi River rating curve at River Mile 843.4 (Crosby Lake).

Based on an overflow elevation of 697, | used a portion of Figure 3 to determine what flow event would
cause the river to inundate Crosby Lake (Figure 4).

Crosby Flood Flow Rating Curve
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L 2
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Figure 4. Portion of Mississippi Rating curve at River Mile 843.4 (Crosby Lake).

A flow of 49,000 cfs is approximately equal to the flow for a 3-year storm event (33% chance of
occurrence each year). This was determined by plotting the flows for the 5-, 10-, 50-, 100-, and 500-year
recurrence intervals on a log scale (Figure 5).
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Figure 6. Mississippi River average daily flow duration curve for St. Paul.

impervious surface generating additional runoff. Figure 8 shows the same data but with a 10-year moving
average. The 10-year moving average shows an upward trend between 1940 and 2000, but there has

year moving average is generally trending upward. This is likely due to development and greater

The figures below show the average annual flow between 1892 and 2009. Figure 7 shows that the 30-
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been a sharp decrease in flow during the 2000’s. This may be due to several years of below-average
precipitation in the decade. Note that the 30-year moving average in Figure 6 levels off in the 2000’s —
again likely due to precipitation trends.
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APPENDIX C — Advisory Group Members and Meeting Minutes



Crosby Lake Management Plan
Technical Advisory Group Members

Name

Organization

Wes Saunders-Pearce

City of Saint Paul

Anne Weber

City of Saint Paul Public Works Department

Brian Tourtelotte

City of Saint Paul Parks and Recreation Department

Mike Kimble

Saint Paul Parks and Recreation Department

Terry Noonan

Ramsey County Public Works

Anne White-Eagle

Ramsey Conservation District

Jim Levitt

MN DNR Fisheries

Craig Wills

DNR Waters

Beth Neuendorf

MN Department of Transportation

Jack Frost

Metropolitan Council

Brooke Asleson

MN Pollution Control Agency

Lark Weller

Mississippi National River and Recreation Area (MNRRA)
National Park Service

Irene Jones

Friends of Mississippi River

Steve Hauser

The Friends of the Parks and Trails of St. Paul and Ramsey
County

Mark Doneux

Capitol Region Watershed District

Anna Eleria

Capitol Region Watershed District




Crosby Lake Management Plan
Citizen Advisory Group Members

Juliet Branca

Pat Lindgren

Jarett Lettner

Gregory Blees

Dennis Rosemark

Michael Kaluzniak

Shirley Reider

Bryan Mulligan

Andrew Hine

Pat Harris Afton Martens Kelly and Marty Hicks
Dave Thune Ed Johnson Peggy Lynch
Kathy Carruth Jim Hamilton Rev. Mr. Jim and Judy
Clasen

Steve Hauser

Steve Moravec

Charles Breer

Ed Heimel

Leslie Stewart and Carolyn
Sparks

Gerry Frisch

Bill Barton

Mei-Ling Anderson

Duane Radawke

Nicholas A. Peterson

Tim Boonstra

Julie Kiyono

Ginny and Richard Stockwell

Tonya Nicholie

Bob Leonetti

Jeff Marcolina and Jean
Murtaugh

Nick Peterson

Christine Campbell

Julian Sellers

Colbey Sullivan

Nora Murphy

Karen Sutherland

Christine Treanor

Steve Gorg

Katie Sterns

Betty Moran

Jane McClure

Ben Shardlow

Steve Murray

Roxanne Jorgenson/Ted
Hanson

Nicholas Mancini

Kent Patterson

Patrick Bettenburg

Jeff Evans

Jim Brewer

Michael Hallman




Crosby Lake Management Plan
Citizens Advisory Group, Meeting #1
September 29, 2009

Meeting Attendees
See meeting sign in sheet.

Anna’s Introduction

Is the management plan looking two years out? Ten years?
- It will be adaptive, planning for 10 years.

Is the plan for the upper and lower lakes?
- Yes, plus the drainage to the Mississippi River that bypasses the lake
watershed.

How expensive will the plan be? Will it include developing the park more?
- The plan is for the lake only.

Will zoning for the Mississippi River (as a critical area) affect the plan? Does the
National Park Service have a role in this?
- The NPS will have one member on our advisory board. Ideally, our
management plan will align with the critical area needs.

Brian with city of St. Paul

Where does the water in the lake come from?
- Groundwater and storm sewers mostly. It is also part of the Mississippi River
floodplain.

The Sam Morgan’s Paths have blocked and entrance to the park from Alton Road. There
was no community input before the construction of the paths.
- True, because it was a stimulus project. The construction has incorporated
stormwater BMPs to prevent stormwater overflow from Sheppard Road.

Why don’t they put the new parking lot further down the road and make it bigger (rather
than the small proposed parking lot midway up on a steep slope)?
- The lower area is a less disturbed, more natural area that we want to remain in
tact. Also there was a safety issue with the cars being so far away from the
main road.

Joe Bishoff’s Shallow Lakes

Other than flooding, does the water level fluctuate?



- Probably not, because the groundwater levels keep it stable. There are a few
outlets to relieve high water levels. Plus the lake has a relatively small
watershed.

How does the Minnesota River interact with the lake?
- During a flood event, there is a big mixing zone that allows sediment from the
Minnesota River to overflow into Crosby Lake.

Will you comment on how climate change may affect shallow lakes?
- Changing precipitation (both more and less) will have a big effect. However,
city lakes are highly managed, so they will adjust for the changes.

Lilydale Lake has been cleaned up recently — does this have a connection to Crosby Lake.
- Not sure, it is not within the scope of this project.

How is the water quality in Crosby Lake? Is there a mercury issue in the fish?
- There is a fish advisory for mercury consumption. The lake is connected to
the Mississippi River that carries a lot of pollutants. Overall, the water quality
is good for a shallow lake.

Will you comment on particulate in the water — what is the distribution of them, and how
do they interact?
- Fine organic particles settle. Silica particles are the first to grow in a lake.
When they die, the settle and fossilize. They are not active with other
nutrients.

What happens when the lake goes away (dries up).
- The flood plain still exists. Sediment flows downstream.

Is water from Sheppard Road piped to the Marina?
- Yes, fortunately the drainage is outside of the lake watershed.

This used to be a farming area. Could there be heavy metals in the soil? Do you test just
the water or do you test the sediments and soils too?
- We only test the water. Sediments will drop, and heavy metals are not
expected to be a big problem.

Has the Department of Natural Resources been stocking the lake with fish?
- Not sure.

How much of an impact does Sheppard Road have on the lake?
- Lead and other car debris exist and are washed away with storm water. If

there is a flooding event, the water can overflow down the cliff and into the
lake.



I often see muskrats and beavers, even eagles by the lake. What can we imply from the
mammals living near the lake? Does that mean the water is of good quality?
- Yes, that means there is a good food base and good water quality. If no animals
wanted to live near the lake, that would indicate the water quality is poor.

Is the short end of the lake spring fed? It doesn’t seem to freeze in the winter?
- Yes there is lots of groundwater flow as well. There are some springs. Lakes
are formed in many different ways: river changes, glaciers, springs, etc.



Crosby Lake Management Plan
Citizens Advisory Group, Meeting #2
December 7, 2010

Meeting Attendees

See meeting sign-in sheet

Meeting Goal and Structure

Following the first informational meeting held in September on the Lake Management
Plan process for Crosby Lake, Minnesota Waters planned and facilitated the second
meeting to gain input from community members on their priorities and concerns for the
future of Crosby Lake. The 20 participants were broken down into three small groups and
asked to write their three top concerns, challenges or issues pertaining to the management
and future of Crosby Lake on separate post-it notes. They were then asked to place each
of these ideas under one of eight action areas identified by CRWD as relevant to the
scope of a lake management plan, and give a short explanation of their idea to provide
more detail. The small groups then discussed and identified their highest priorities and
reported back to the large group. Notes were taken by several facilitators throughout the
meeting and the following report was compiled by Alex Gehrig of Minnesota Waters.

Priority Issues within Action Areas

Water Quality

Inputs

Understanding how water flows into Crosby Lake and the potential that runoff has for
carrying pollutants and sediment to the water body was an important common concern.
Citizens largely identified this as an issue of managing water quality. Some specific
thoughts and ideas include:

- Need to identify all the inlets and potential sources for pollution

- Both point and non-point source pollution have to be studied

- Old printing plant outlet near Crosby Lake needs to be eliminated

- Evaluate threat to lake from nearby marina — during flooding there is potential for
gasoline pollution

- Drainage from Shepard road to the lake is an issue

- Evaluate negative impacts from bluff erosion

- Need to address the salt in runoff and its affect on the lake

Other ideas raised
- Addressing water quality is fundamental to utilizing Crosby Lake as an example
to the nation for progressive conservation.



o It should be made a natural clean lake with pre-industrial conditions
o Growing wild rice as an indicator that high water quality standards are met
- Maintain Crosby Lake as a lake; avoid the natural process of filling in from
sedimentation to form a marsh.
- Need to have long term protection of the lake

Watershed Land Use Management

Flooding
- Need to establish a consistent flood plan
- There is a need for improved outlet flow between lake and river

Litter/trash
- Trash comes down from the bluff top — Shepard road
- Run-off from the 35E bridge dumps trash (plastic bottles) near the lake

Erosion
- Incorporate Highland Ravine study into management plan. It is part of the

watershed and has erosion issues.

Park Use and Management

Development
- This is a unique, national park in St. Paul and should be maintained in its natural
state — no more paved paths
- Create a more stable and safe path between the two lakes (marsh boardwalk)

Erosion
- Trails and bluffs need to be managed to reduce sediment flow to lake

Education and Outreach

- There is a lack of public awareness about issues involving Crosby Lake

- Itis necessary to have an educated community in order to have positive change

- Work with local Dakota tribe representatives who have an historical and cultural
tie to the area.

Plant Fishery and Wildlife Management

While these were presented as three separate areas for action, there was common
recognition that they are interrelated and often are affected by and/or directly impact
water quality.

- Need to eliminate and manage exotic plants, both aquatic and terrestrial
(shoreline)
- Re-establish and promote native vegetation in and out of lake



- Algal growth has negative impact on aesthetics, both in lake and along outlet
channels

- Healthy fish means a healthy lake

- Ensure safe nesting for birds and habitat for wildlife

- The wildlife value of the lake is important

- Deer hunting should not be allowed in the park

Solutions

Following each participant’s identification of top concerns and ideas, small groups
discussed possible solutions for the challenges they identified. While participants did not
always explicitly state which action area their solution addressed, they have been
categorized appropriately below.

Water Quality

» Identify all point and non-point source pollution and address each individually
through appropriate BMPs

» Track sources of pollution through monitoring data.

» Conduct an erosion study of bluff areas

Watershed and Park Land Use Management
> Install fence at top of bluff to avoid litter coming down into lake area
» Conduct trash clean-ups
» Determine what chemicals are used at golf course, apartments upstream and look
for them in Crosby Lake

Education and Outreach

Share monitoring data with public through website

Install educational kiosk near lake to highlight lake’s health and promote lake
friendly behavior

Use park as an outdoor classroom

Establish park as a model for community clean up efforts

Revive an anti-litter campaign

VVV VY

Plant Fishery and Wildlife Management
> Restore native vegetation throughout park
» Ask fisherman what they have been catching
» Analyze fish for pollution/contaminants

Questions

As participants brought up and talked about their ideas and concerns for Crosby Lake,
they frequently asked questions that went along with their input. With the exception of
the last question*®, they were not specifically addressed at the second meeting.



What are all the inlets and sources of pollution that affect Crosby Lake?

Is there a flood plan?

Is there a better outlet solution for flooding? What are the consequences for the
river/lake?

Does flooding from river improve the water quality of the lake?

Is the connecting waterway between the lake and river healthy?

How do water levels fluctuate? Can we achieve better management by changing water
levels?

Is there value in deepening the lake?

Is algal growth an indicator of poor water quality?

What is already in the lake in terms of pollution and nutrient loading?

Is bluff erosion worse in particular areas? It seems worse on the west side.

Are there management plans for each of the inlets identified (35E outlets, storm sewers,
river floods)?

How can we restore a wild rice population?

Is submerged aquatic vegetation a concern?

How will Highland Ravine study be incorporated into this plan?

*What is the goal for Crosby Lake — restore to pristine conditions, or just improve?
- Anna Eleria responded that the goal was to improve, not attempt to restore the lake
to pristine conditions.

Next Steps

Upon review of the Citizen Input Summary, CRWD staff will incorporate concerns and
ideas from participants into the lake management plan that fit within the framework of
the District’s rules and priorities. It was explained at the beginning of the meeting that
CRWD highly values the input of citizens and considers it important to incorporate it into
plans for Crosby Lake, but that not all input could be feasibly addressed through the
District’s planning process.

The incorporated input will be presented along with the rest of the lake management plan
document at the third and final meeting for the Crosby Lake Citizen Advisory Group in
early spring of 2011. Citizens will have an opportunity to ask questions and make
comments on the plan at that time.



Crosby Lake Management Plan
Citizens Advisory Group, Meeting #3
August 8, 2011

Meeting Attendees

See meeting sign-in sheet

Question and Answers

Could Sphagnum moss be used as a filter — specifically in the proposed 35E
improvement?

Joe — that particular site has a large amount of flow and would require an
expensive and large structure and a lot of maintenance, the moss is more effective in
smaller flow situations.

Anna — CRWD is looking into the possibility of its use on Como Golf course as a
demonstration.

Greg Blees — River Flooding

e Starting with the concept that a watershed cleans water and controls flooding,
Parks and Rec controls development of Crosby Park — the watershed district
should make suggestions concerning development. Specifically:

e Many (or most) parks have a passive use; people come and go during
operational hours

e There are only two parks in the area (along the river) that are passive use but
are also nature reserves — Crosby and Pig’s Eye

e Given the trend that there is less land available for flood relief overall — the
watershed district should make recommendations that development be
minimized within the park. This would be similar to the Willow
recommendations made on the Loeb Lake plan

e The Great River Project calls for more campsites and restaurant development;
this should be prevented in parks like Crosby.

Parks rep (Brian Tourtelotte?) — How will the outcome of the plan be affected by the
monitoring that is planned or will be planned in the district?

Anna — the process of implementation is to prioritize as new information is found
— it may turn out that parts of the plan are unnecessary or impractical as we find out
more. Monitoring is being planned right now for the 2012 budget

Joe — implementation utilizes adaptive management

Gentleman standing in the back of the room (most likely Mark Baldwin — the last to sign
in)

Concerning the 35E pond project — most folks would be okay with it — is it necessary to
cut and remove trees? Is it possible to direct flow somewhere else upstream to reduce
flow at the outlet?




Anna — It’s necessary to remove trees to create a basin.
Difficult and probably not feasible to re-direct flow upstream given where
it comes from.
Mark - How long would the projects take — 35E project?
Anna — looking at a span of 10 years, there are a lot of partners that need to be a
included in the process

Greg — at the last board meeting there was a suggestion to put forward a double digit tax
increase?

Board rep — No. that is not the case
Greg — We support a tax increase. If the district believes that the public should comment
at board meetings they should inform us.

Brian — Did you consider the effects of salt in this plan?

Joe — was not a part of the study (or was not a major part of the study). There
could be impacts; the stormwater diversion project will help. It would also be easy to add
conductivity profiles to the monitoring program.

Brian — What are the implications for the lake’s health with lake level management? Are
there benefits with allowing levels to rise through control measures?

Joe — given the level differentiation that you could consider with Crosby, the
impacts on lake health would be negligible.



APPENDIX D — Crosby Lake Response Models



10 yr Avg. Loading Summary for Crosby Lake

Water Budgets

Phosphorus Loading

Inflow from Drainage Areas

Loading
Phosphorus Calibration
Drainage Area Runoff Depth  Discharge | Concentration Factor (CF)’ Load
Name [acre] [in/yr] [ac-ft/yr] [ug/L] [--] [Ib/yr]
1 CRO4 37.00 3.6 11 268 1.0 8
2 CRO6 197.00 5.4 88 230.2 1.0 55
3
4
5
Summation 234 9 [ 99 249.1 | 63.0
Failing Septic Systems
Name Area [ac] # of Systems Failure [%)] | Load / System [Ib/ac] [Ib/yr]
1 CRO4 37 #N/A #N/A #N/A #N/A #N/A
2 CRO6 197 #N/A #N/A #N/A #N/A
3
4
5
Summation 234 #N/A [ #N/A #NA | ANA
Inflow from Upstream Lakes
Estimated P Calibration
Discharge | Concentration Factor Load
Name [ac-ft/yr] [ug/L] [--] [Ib/yr]
1 - 1.0
2 - 1.0
3 - 1.0
Summation [ 0 | 0
Atmosphere
Aerial Loading Calibration
Lake Area Precipitation  Evaporation  Net Inflow Rate Factor Load
[acre] [in/yr] [in/yr] [ac-ft/yr] [Ib/ac-yr] [--] [Ib/yr]
45 22.0 22.0 [ 0.00 0.22 | 1.0 [ 10.0
Dry-year total P deposition = 0.222
Average-year total P deposition = 0.239
Wet-year total P deposition = 0.259
(Barr Engineering 2004)
Groundwater
Groundwater Phosphorus  Calibration
Lake Area Flux Net Inflow | Concentration Factor Load
[acre] [m/yr] [ac-ft/yr] [ug/L] [--] [Ib/yr]
45 0.0 [ 0.00 0 1.0 | 0
Internal
Calibration
Lake Area Anoxic Factor Release Rate Factor Load
[acre] [days] [mg/m?-day] [-] [Ib/yr]
10.0 0.0 1.0 0
45 0.0 0.00 1.0 0
Net Discharge [ac-ft/yr] =| 99 Net Load [Ib/yr] = 73
NOTES

1 Loading calibration factor used to account for special circumstances such as wetland systems, fertilizer use, or animal waste,
among others, that might apply to specific loading sources.




10 yr Avg. Lake Response Modeling for Crosby Lake

Modeled Parameter Equation Parameters
TOTAL IN-LAKE PHOSPHORUS CONCENTRATION

Value [Units]

as f(W,Q,V) from Canfield & Bachmann (1981)

P=|-1+(1+4KAIPT)” / Ce = 1.00 [-]
[ ( 7) ] (2KAIT) Cos = 0.162 [-]
b= 0.458 [--
Al1=0.056 Fot 1QS/QS + 13_3) W (total P load = inflow + atm.) = 73 Elb]/yr]
Q (lake outflow) = 99 [ac-ft/yr]
V (modeled lake volume) = 189 [ac-fi]
Os = Max(Z T 4) ( For 097 1
Qs= 5.5 [m/yr]
T=V/Q-= 1.91 [yr]
P,=W/Q = 272 [ug/l]
Model Predicted In-Lake [TP] 51.0 [ug/l]
Observed In-Lake [TP] 51.0 [ug/l]
CHLOROPHYLL-A CONCENTRATION )
|[Ch1a] — CBXO.ZSX[TP]| as f(TP), Walker 1999, Model 4
CB (Calibration factor) = 1.00 [--]
Model Predicted In-Lake [Chi-a] 19.0 [ug/l]

CBxB as f(TP, N, Flushing), Walker 1999, Model 1
[Chla] = =
[(1+0.025x B, xG)1+Gx a)] CB (Calibration factor) = 0.30
x 1 P (Total Phosphorus) = 80 [ug/l]
B —_m N (Total Nitrogen) = 1670 [ug/l]
* 431 B, (Nutrient-Potential Chl-a conc.) = 43.1 [ug/l]
L, (N=150)" w03 Xon (Composite nutrient conc.)= 50.8 [ug/I]
X, =P +(Tj G (Kinematic factor) = 0.71 [--]
F, (Flushing Rate) = 0.52 [year]
G=2, (0.14+0.0039F,) Z.nx (Mixing Depth) = 16.40 [ft]
0 1 C, (non-algal turbity coefficient) = 0.015 []
F, = vie=sy C, xX[Chla] a (Non algal turbidity) = 0.29 [m™]
SD S (Secchi Depth) = 8.27 [ft]
Maximum lake depth = 34.54 [ft]
Model Predicted In-Lake [Chi-a] 7.3 [ug/l]
Observed In-Lake [Chl-a] 7.1 [ug/l]
SECCHI DEPTH
SD = CS as f(Chla), Walker (1999)
C(a+ C,x[Chla]) CS (Calibration factor) = 1.00 [-]
a (Non algal turbidity) = 0.29 [m™]
Model Predicted In-Lake SD 2.50 [m]
Observed In-Lake SD 2.52 [m]
PHOSPHORUS SEDIMENTATION RATE
W b
P, =C,XC x(%) X[TP]xV
Ps.q (Phosphorus sedimentation) = 55 [Ib/yr]
PHOSPHORUS OUTFLOW LOAD
W-Poq = 18 [Ib/yr]




1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009Average

1999 2000 2001

Crosby Lake source|  1999]  2000]  2001|  2002]  2003] 2004  2005]  2006|  2007|  2008]  2009| Average
Precipitation Depth [in] 30.02 | 3268 | 29.42 32.4 3922 | 2452 | 3012 | 34.44 | 27.31 22.02 | 22.02 29.5]
Residence Time [yr] 1.8 1.4] 1.4] 2.1 25 25 2.0
Drainage Areas 107.0 137.0 136.0 90.0 77.0 75.0 103
Inflow Volume Upstream Lakes 0.0 0.0 0.0 0.0 0.0 0.0 0
[ac-ft/ yr] Atmosphere 0.0 0.0 0.0 0.0 0.0 0.0 o)
TOTAL = 107.0 137.0 136.0 90.0 77.0 75.0 103
Drainage Areas 65 98 89 61 52 52 70
Septic Systems| 0 0 0 0 0 0 0
Upstream Lakes 0 0 0 0 0 0 0
Total Phosphorus Load [Ibs/ yr] Atmosphere A A A A A A 12
Internal Load’ 3 6 5 14 9 9 9
TOTAL = 80 116) 106] 87 72| 73 91
Model Predicted TP [ug/L] 48 52 50 37] 47] 60 51
Model Results Observed TP [ug/L] 69 51 51 39 34| 80 51
Precipitation Ann Lake
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Citizen Input Summary
Citizens Advisory Group, Meeting #2
December 7,2010

Meeting Attendees

See meeting sign-in sheet

Meeting Goal and Structure

Following the first informational meeting held in September on the Lake Management
Plan process for Crosby Lake, Minnesota Waters planned and facilitated the second
meeting to gain input from community members on their priorities and concerns for the
future of Crosby Lake. The 20 participants were broken down into three small groups and
asked to write their three top concerns, challenges or issues pertaining to the management
and future of Crosby Lake on separate post-it notes. They were then asked to place each
of these ideas under one of eight action areas identified by CRWD as relevant to the
scope of a lake management plan, and give a short explanation of their idea to provide
more detail. The small groups then discussed and identified their highest priorities and
reported back to the large group. Notes were taken by several facilitators throughout the
meeting and the following report was compiled by Alex Gehrig of Minnesota Waters.

Priority Issues within Action Areas

Water Quality

Inputs

Understanding how water flows into Crosby Lake and the potential that runoff has for
carrying pollutants and sediment to the water body was an important common concern.
Citizens largely identified this as an issue of managing water quality. Some specific
thoughts and ideas include:

- Need to identify all the inlets and potential sources for pollution

- Both point and non-point source pollution have to be studied

- Old printing plant outlet near Crosby Lake needs to be eliminated

- Evaluate threat to lake from nearby marina — during flooding there is potential for
gasoline pollution

- Drainage from Shepard road to the lake is an issue



- Evaluate negative impacts from bluff erosion
- Need to address the salt in runoff and its affect on the lake

Other ideas raised

- Addressing water quality is fundamental to utilizing Crosby Lake as an example
to the nation for progressive conservation.
o It should be made a natural clean lake with pre-industrial conditions
o Growing wild rice as an indicator that high water quality standards are met
- Maintain Crosby Lake as a lake; avoid the natural process of filling in from
sedimentation to form a marsh.
- Need to have long term protection of the lake

Watershed Land Use Management

Flooding
- Need to establish a consistent flood plan
- There is a need for improved outlet flow between lake and river

Litter/trash
- Trash comes down from the bluff top — Shepard road
- Run-off from the 35E bridge dumps trash (plastic bottles) near the lake

Erosion

- Incorporate Highland Ravine study into management plan. It is part of the
watershed and has erosion issues.

Park Use and Management

Development
- This is a unique, national park in St. Paul and should be maintained in its natural
state — no more paved paths
- Create a more stable and safe path between the two lakes (marsh boardwalk)

Erosion
- Trails and bluffs need to be managed to reduce sediment flow to lake

Education and Outreach

- There is a lack of public awareness about issues involving Crosby Lake
- Itis necessary to have an educated community in order to have positive change



- Work with local Dakota tribe representatives who have an historical and cultural
tie to the area.

Plant Fishery and Wildlife Management

While these were presented as three separate areas for action, there was common
recognition that they are interrelated and often are affected by and/or directly impact
water quality.

- Need to eliminate and manage exotic plants, both aquatic and terrestrial
(shoreline)

- Re-establish and promote native vegetation in and out of lake

- Algal growth has negative impact on aesthetics, both in lake and along outlet
channels

- Healthy fish means a healthy lake

- Ensure safe nesting for birds and habitat for wildlife

- The wildlife value of the lake is important

- Deer hunting should not be allowed in the park

Solutions

Following each participant’s identification of top concerns and ideas, small groups
discussed possible solutions for the challenges they identified. While participants did not
always explicitly state which action area their solution addressed, they have been
categorized appropriately below.

Water Quality
» Identify all point and non-point source pollution and address each individually
through appropriate BMPs
» Track sources of pollution through monitoring data.
» Conduct an erosion study of bluff areas

Watershed and Park Land Use Management
> Install fence at top of bluff to avoid litter coming down into lake area
» Conduct trash clean-ups
» Determine what chemicals are used at golf course, apartments upstream and look
for them in Crosby Lake

Education and Outreach
» Share monitoring data with public through website
» Install educational kiosk near lake to highlight lake’s health and promote lake
friendly behavior




» Use park as an outdoor classroom
» Establish park as a model for community clean up efforts
» Revive an anti-litter campaign

Plant Fishery and Wildlife Management
» Restore native vegetation throughout park
» Ask fisherman what they have been catching
» Analyze fish for pollution/contaminants

Questions

As participants brought up and talked about their ideas and concerns for Crosby Lake,
they frequently asked questions that went along with their input. With the exception of
the last question*®, they were not specifically addressed at the second meeting.

What are all the inlets and sources of pollution that affect Crosby Lake?

Is there a flood plan?

Is there a better outlet solution for flooding? What are the consequences for the
river/lake?

Does flooding from river improve the water quality of the lake?

Is the connecting waterway between the lake and river healthy?

How do water levels fluctuate? Can we achieve better management by changing water
levels?

Is there value in deepening the lake?

Is algal growth an indicator of poor water quality?

What is already in the lake in terms of pollution and nutrient loading?

Is bluff erosion worse in particular areas? It seems worse on the west side.

Are there management plans for each of the inlets identified (35E outlets, storm sewers,
river floods)?

How can we restore a wild rice population?

Is submerged aquatic vegetation a concern?

How will Highland Ravine study be incorporated into this plan?

*What is the goal for Crosby Lake — restore to pristine conditions, or just improve?
- Anna Eleria responded that the goal was to improve, not attempt to restore the lake
to pristine conditions.

Next Steps

Upon review of the Citizen Input Summary, CRWD staff will incorporate concerns and
ideas from participants into the lake management plan that fit within the framework of
the District’s rules and priorities. It was explained at the beginning of the meeting that
CRWD highly values the input of citizens and considers it important to incorporate it into



plans for Crosby Lake, but that not all input could be feasibly addressed through the
District’s planning process.

The incorporated input will be presented along with the rest of the lake management plan
document at the third and final meeting for the Crosby Lake Citizen Advisory Group in

early spring of 2011. Citizens will have an opportunity to ask questions and make
comments on the plan at that time.
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Highland Ravine Stabilization/Restoration Feasibility Study
. INTRODUCTION

Background

The Highland Ravine Stabilization/Restoration Feasibility Study was commissioned by Capitol
Region Watershed District (CRWD) with support from the City of Saint Paul in response to
claims of flooding and erosion by a number of local residents over the past four years.

In 2007, the Saint Paul Parks and Recreation Department completed a flood mitigation and ravine
stabilization project in the southern portion of the study area (Catchment #1) to alleviate flooding
onto private property and minimize erosion in the ravine. Further information about this issue
and the City’s work to resolve it can be found in Section II.

The area referred to as Highland Ravine is roughly bound by Edgcumbe Road and Lexington
Parkway on the west and east boundaries with Highland Parkway as the northern boundary and
Montreal Avenue as the southern boundary. This roughly fifty acre project area is illustrated in
Figure-1 below.

Project Goals

The goals of the study were to identify and quantify flooding, erosion and water quality concerns;
determine causes of the problem(s) identified; recommend solutions for addressing the
problem(s); and provide a cost/benefit analysis of the proposed solutions.

T

| ‘ﬁmrkve +
= Hig and Pkwy., o >

.

Walsh Park

Figure-1 General Limits of Project Investigation
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Il. EXISTING CONDITIONS

Project Area

The project area is composed of steep, wooded ravines with several springs found at discrete
elevations. Several of these groundwater discharge location are routed to storm drains or only
found during wet years. Landuse is primarily single-family residential properties, which are
located at the top and at the base of the ravine. Impervious areas (roofs, driveways, roads) are
relatively low to average (8-39%) as compared to other areas in the watershed district.

Utilizing existing infrastructure and topographic data, the project area was delineated into
separate catchments (depicted in Figure 2). This delineation was verified and corrected via onsite
reconnaissance. The project area was divided into six primary drainage or catchment areas as
shown in Figure-2. Of these six catchment areas, four of the catchments, (2, 4, 5, and 6) were
determined by EOR and CRWD staff to not have significant issues of concern either observed
during the site visit or expressed by local residents. To provide a more detailed assessment of the
areas of concern, Catchments #1 and #3 were further evaluated during a detailed survey
completed by EOR staff on December 3, 2010.

Emmons & Olivier Resources, Inc.
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Catchment #1

Setting & History

Catchment #1 conveys drainage from a subwatershed of 13.1 acres with low imperviousness
(roughly 8%). This area drains to a 10-foot wide ravine approximately 1,110-feet in length with a
slope averaging near 10% (from EOR topographic survey) (Figure-3). The ravine runs west to
east and towards its end flows just south of residential properties. Runoff then flows over the
boulevard sidewalk, and onto Lexington Parkway where it flows north along the curb line to a
nearby catch basin.

The house located immediately adjacent to the base of the ravine on the north (909 Lexington
Parkway S) has experienced flooding during large rainfall events. To alleviate flooding onto this
property, the Saint Paul Parks and Recreation Department in 2007 redefined and stabilized the
ravine channel by removing sediment and creating a berm on the north edge of the channel. The
City also removed the mounded soil on the boulevard to allow runoff from the ravine to enter the
City’s storm sewer system on Lexington Parkway. According to verbal reports from neighbors,
gathered during onsite surveying and reconnaissance by EOR staff in late 2010, the City’s efforts
reduced flooding, but it still occurs during larger precipitation events.

There has been no significant increase in drainage area or impervious area since this work was
completed in 2007.

The ravine is heavily shaded, primary by a mature canopy with some understory native and
invasive woody species. Due in part to the limited about of sunlight, the groundcover layer is
sparse.

Figure-3 Catchment Area #1

Emmons & Olivier Resources, Inc.
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Highland Ravine Stabilization/Restoration Feasibility Study

Modeling
In order to assess the volume and rate of runoff, a HydroCAD model was constructed to quantify

ravine flows for both small and large rainfall events. Flows were estimated for the 1-inch, 2-inch,
10-year, 24 hour (4.2 inches) and 100-year, 24 hour (5.9 inches) storms. Flows in excess of 40
cubic feet per second (cfs) for the 100-year rain event were estimated. Runoff volume for the
same event exceeded 2.1 acre-feet or 720,000 gallons. See Table-1 for specific results. Sizing
and capacity assessment of the storm sewer beneath Lexington Parkway was not performed as
part of this analysis.

Problems

The primary concerns of Catchment #1 are localized flooding and water quality impacts.
Although flooding onto private property has been reduced by the ravine work completed by the
Parks and Recreation Department in 2007, flooding is still being reported and untreated runoff
laden with sediment and nutrients flows through the ravine and discharges into the Lexington
Parkway storm sewer that eventually discharges to the Mississippi River.

Causes

Visual observations and limited surveying indicate that ravine storm flows could bypass and/or
over-top the berm created to alleviate flooding. There is also some evidence to suggest that the
channel has aggraded (increase in land elevation due to the deposition of sediment) in this lower
reach, resulting in reduced separation between the residence of concern and the ravine. To
further determine the cause(s) of continued localized flooding, a detailed hydraulic model of this
ravine would need to be completed.

Also of note, landscaping activities and practices upstream of the ravine are exacerbating the
flooding and ravine stability issues. Roof leaders and other stormwater conveyances directly
discharge into the ravine and in some instances, at unstable locations. Additionally, EOR and
CRWD staff observed disposal of yard trimmings in the ravine. This practice adds nutrients to
the ravine runoff and impedes vegetation growth that is critical to for stabilizing the bluff and
preventing erosion.

Emmons & Olivier Resources, Inc.
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Catchment #3

Setting & History

As seen in Figure-4, Catchment #3A collects surface runoff from Edgcumbe Place and
surrounding properties, as well as a large estate off of Edgcumbe Road. Runoff collects in a
steep, confined ravine and flows to Catchment #3B, which includes the 12-unit Deer Park
Condominiums, where it is intended to be captured and conveyed via an existing 18-inch
diameter HDPE (plastic) pipe. This pipe also collects additional flow from the condominiums
and connects to twin 36-inch HDPE storage pipes located underneath the front yards of the Deer
Park Condominiums on Lexington Parkway. These pipes, which are intended to provide rate
control for the Deer Park Condominiums, outlet to the main storm sewer underneath Lexington
Parkway via a 12-inch ductile iron pipe (DIP).

The Deer Park Condominiums were constructed in 2002. Prior to this, runoff was conveyed
overland along a single family lot line to Lexington Parkway.

The ravine is heavily shaded, primary by a mature canopy with some understory native and
invasive woody species. Due in part to the limited about of sunlight, the groundcover layer is
sparse.

Area 34
7.2 acres

Figure-4 Catchment Area #3A & #3B
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Highland Ravine Stabilization/Restoration Feasibility Study

Modeling

In order to assess the volume and rate of water runoff flowing through the ravine, a HydroCAD
model was constructed to quantify the runoff. Modeling results show that localized flooding
occurs between the 2-inch and 10-year storm events. See Table-3 for specific results.

Problems

Significant erosion is occurring in the
ravine creating gullies and deposition of
coarse and fine grained sediment within
the ravine. In addition, Deer Park
Condominiums located down gradient of
the ravine experiences flooding and
sedimentation during large storm events.
Figure 5 is an aerial photo of the
condominium property taken in 2006 that
shows flooding and sedimentation. Both
temporary (silt fences) and permanent
(berm) structures have been installed to
direct  runoff away  from  the
condominiums and prevent flooding and
sedimentation onto their properties,
however, according to condominium
residents these have been ineffective.

Figure-5 Flooding and Sedimentation of Deer Park
Development — Spring of 2006

Causes

The problems in this catchment are the result of compounding causes that can be deduced to some
level of certainty; however there are a number of other minor changes that have impacted the
stability of the ravine and the functionality of the storm sewer system over time. The following
are the three main causes for ravine erosion and sedimentation and the subsequent flooding,
sedimentation and poor stormwater quality downstream.

Deer Park Development — The 2002 design and construction of the 12-unit Deer Park
Condominium development concentrated ravine flows and attempts to collect the flows
into an 18-inch HDPE flared end inlet section (Figure 6). A rip-rap emergency overflow
(EOF) is located immediately south of the 18-inch HDPE inlet. However, the EOF was
improperly constructed. The EOF elevation, as surveyed in December 2010, was 8”
below the top of the flared end section (FES) inlet pipe, which allows bypass before inlet
capacity is exceeded. Additional conveyance exists between the rip rap voids, allowing
water to bypass the flared end inlet section at elevations similar to the FES invert.
Assuming that water is not able to pass beneath the top of rip rap, flows still bypass the
system regularly. The model estimates that bypass occurs between the 2-inch and 4.2-
inch (10-year, 24 hour) events. See Table-3 for a summary of bypass frequency.

Deer Park Development Rate Control -- In addition to the issues with the flared end inlet
section, the lower portion of this private storm sewer is not functioning properly. The
problematic lower section consists of 18-inch HDPE pipe draining into flat, twin 36-inch
HDPE pipes which were installed for rate control. The 36-inch pipes run north-south
from the catch basins near the condominium driveway entrance and through the front
yards of the condominiums facing Lexington Parkway, then connect to the main storm
sewer beneath Lexington (Figure 6). See Appendix for detail of this configuration.
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The final outlet (12” DIP) invert is the same invert as the 36 rate control pipes. This
system would ideally have been constructed with the final invert above that of the 36”
pipe, so sedimentation can occur within the 36” pipes when velocities slow down (as they
do in larger, flatter pipes) and sediment would not block the outlet pipe. Additionally, the
flat 36” pipes need to be maintained (cleaned out) at a minimum on an annual basis or
more frequently if it is determined the volume of sediment generated by the ravine and
condominium development warrants it. Cleanout manholes are indicated on construction
plans, but could not be located during the December 2010 survey. The cleanout
manholes may have been covered by final grading or more recent landscaping activities.
No records of maintenance have been located.

Edgcumbe Place — There has been no significant increase in drainage area, but there has
been an increase in impervious area (0.2+ acre) since the condominium redevelopment.
An additional home was constructed on Edgcumbe Place in 2007. As evident by the
2006 date of the aerial photograph in Figure-5, by-pass of the Condominium inlet was
occurring prior to this construction. Exacerbating the problem is that a number of roof
drains are routed directly to the ravine via rain leaders and piping.

Also of note, landscaping activities and practices upstream of the ravine are exacerbating
the flooding and ravine stability issues. Roof leaders and other stormwater conveyances
directly discharge into the ravine and in some instances, at unstable locations.
Additionally, EOR and CRWD staff observed disposal of yard trimmings in the ravine.
This practice adds nutrients to the ravine runoff and impedes vegetation growth that is
critical to for stabilizing the bluff and preventing erosion.

. SRR e -

12" DIP outlet with same invert as
* twin 36” rate control pipes

Rate control device (36” twin pipes)

- Area of significant sediment buildup

PR . % ¢ A . ]/
18" HDPE inlet reqularly by-passed .'t’ ;

Figure-6 Deer Park Development Stormwater (blue) and Sanitary Sewers (red)

Emmons & Olivier Resources, Inc.

water | ecology | community

8



Highland Ravine Stabilization/Restoration Feasibility Study
lll. IDENTIFICATION OF SOLUTIONS FOR CATCHMENTS #1 AND #3

Identification of Solutions for Catchment #1

Base - Flood Reduction Solution

Runoff in Catchment #1 posed a major flood risk to private property as well as contributed
pollutants including sediment to the storm sewer system on Lexington Parkway that eventually
discharges to the Mississippi River. The City in 2007 created a deeper and more confined, stable
channel with a northern berm to keep runoff away from private property and to limit sediment
conveyance to the downstream storm sewer. As mentioned previously, flooding remains an issue
on the adjacent private property during very large storm events and spring snowmelt because the
capacity of the channel to convey flows has likely reduced since the work in 2007.

Further work to enhance the capacity and stabilize the ravine should be conducted to alleviate
future flooding on private property and minimize pollution to the Mississippi River. While this
solution provides an improved flow setting for protecting private property, it does not
substantively reduce flows and volumes or improve water quality.

Since the lot line between Highland Park and private residences following the ravine centerline
this solution would likely be constructed on public and private property.

Additional Water Quality and Quantity Options

Stormwater best management practices (BMPs) including raingardens and porous pavement were
considered and analyzed for their effectiveness in reducing stormwater runoftf and improving
water quality. Raingardens (specific locations were not identified, but a total area of 3,500 sf and
volume of 2,919 cf was assumed to be feasible) and porous pavement for the private road were
selected to limit the impact of the upstream impervious surfaces on the ravine (see Figure 7). Due
to the slope of the watershed, only 6” of storage depth was assumed in the porous pavement.
Each of these features can fully capture a storm of ~1.5”.

Since the associated drive is privately owned these options would be constructed on private
property.

Areas considered for infiltration and/or filtration have well-drained soils (Urban land-Waukegan
Complex), with greater than 5 feet of separation from the seasonally high water table.

Augmentation of groundwater seepage by infiltrated stormwater may pose some problems (i.e.
ravine instability due to soil cohesion) and should be further considered, but ravine stability gains

from stormwater rate and volume reductions likely out weigh any hazards.

Table-1 summarizes the hydrologic improvements (flow and volume reductions) for each of the
proposed options.

Emmons & Olivier Resources, Inc.
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Figure-7 Catchment #1 Schematic Design

Option: Base Additional Water Quality & Quantity Options
(1) Porous (2) Rain (3) Base +
Storm | Hydraulic | Existing Ravine Pavement Gardens Options 1&2
Event | Parameter | Conditions | Stabilization
Flow/ | Reduction | Flow/ | Reduction | Flow/ | Reduction
Volume (%) Volume (%) Volume (%)
1 E%‘i" 1.3 insig. 0.4 72% 0.4 72% 04 72%
inch
Eﬂ‘]‘me 0.07 none 002 | 68% | 002 | 68% | 002 | 68%
) E:'%‘?’ 2.7 none 0.8 69% 0.8 69% 0.8 69%
inch
EX’F"]‘me 0.21 none 010 | 50% | 011 | 49% | 010 | 50%
Efs‘iv 19.0 none 166 | 12% | 185 2% 16.0 | 16%
10-yr
Eﬂ‘fme 114 none 097 | 14% | 103 | 10% | 091 | 20%
100 Efs‘iv 401 none 375 7% 39.0 3% 358 | 1%
yr Volume
[AF] 2.21 none 2.03 8% 2.10 5% 1.94 12%

Table-1 Catchment #1 Hydrologic Model Results Summary
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Highland Ravine Stabilization/Restoration Feasibility Study

Water Quality Benefits

Many different approaches can be used to quantify erosion and/or stormwater pollutant loading.
Although study areas #1 and #3 occur within a major metropolitan area, this site is not a typical
urban setting. The steep slopes, observed highly eroding soils and low impervious cover make
the study area more representative of a rural/agricultural setting. Additionally, sedimentation
rates in downstream infrastructure indicate that upstream erosion is occurring orders of magnitude
greater than those typically assumed for urban areas.

Keeping this unique urban setting in mind, a simple analysis utilizing the Revised Universal Soil
Loss Equation (RUSLE) was completed to determine the water quality benefits of the base option
and additional options for each catchment. See Appendix C for results. For Catchment #1, the
highly erodible area was estimated at 5.3 acres using aerial photography and topographic survey
to delineate the ravine. This erodible area was multiplied by the annual sediment loading results
of the RUSLE analysis to calculate the total soil loss for the site under existing and proposed
conditions. RUSLE parameters were defined based on literature values with the site conditions
assumed to be similar to a disturbed woodlot. (USDA 2008, Haan et al 1994)

Given the high rates of observed erosion, it was assumed that contributions of sediment-bound
phosphorus from eroding soils is the predominant source of total phosphorus loading in the
watershed. To calculate the annual export of phosphorus under existing and proposed scenarios,
the phosphorus content (7.9 Ibs TP/ton sediment) of typically eroded urban soils within Capital
Region Watershed District (Barr 2000) was multiplied by the calculated erosion. As shown in the
table below, the existing conditions are compared and contrasted to the potential conditions for
each option considered.

Options: Base Additional Water Quality & Quantity Options

Existing Ravine (1) Porous - (3) Base +
FERIIEET Conditions | Stabilization Pavement ) bl e Options 1 & 2
P. Load [Ib/yr] 237 225 190 232 164
sed. Load 30.0 28.5 24.0 29.4 20.7
[ton/yr]
Pollutant Load ) o o o o
Reduction [%] 5% 20% 2% 31%

Table-2 Catchment #1 Water Quality Estimates

Minor Maintenance and Landscape Improvements

Certain landscaping and land use activities practiced in this catchment are exacerbating the
flooding and ravine stability problems. Roof leaders and other stormwater conveyances are
directly discharging to the ravine and in some instances, at unstable locations. Additionally it is
common practice in this catchment to dispose of yard trimmings in the ravine. This practice is
adding nutrients to the ravine and eliminating any vegetation growth, which is critical for ravine
stability. Direct stormwater connection to the ravine should be disconnected and treated (i.e.
raingarden) if possible.

Emmons & Olivier Resources, Inc.
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Identification of Solutions for Catchment #3:

Base - Flood Reduction Solution

In order to alleviate the recurring Deer Park Condominium flooding, the flared end storm sewer
inlet at the base of the ravine needs to be modified. A drop structure inlet should replace the
flared end inlet in conjunction with creation of a depressional basin via excavation and raising the
existing berm. This solution will provide a storage area for water to temporarily pond and outlet
through the existing system. A drop outlet structure will provide higher capacity stormwater
conveyance. The berm elevation will be significantly increased and the area upstream of the
berm will be excavated to provide additional treatment and stormwater storage. Note that this
solution may not fit entirely on the Condominium property and may require an easement from the
landowner(s) to the west. The project would primarily be constructed on private property with
some use of the public utility easement.

Due to the steep nature of the area downstream of the storm sewer inlet and the high number of
utilities, it would be very costly to construct a controlled emergency overflow. Instead, a
secondary, high capacity inlet is proposed to provide another connection to the storm sewer
system in case the primary inlet becomes clogged, requires maintenance, or does not have
sufficient capacity.

The flat 36 pipes located in the downstream north-south storm sewer section should be cleaned
out as part of the storm sewer improvements to reduce flooding. The observable pipes and catch
basins were almost completely full of sediment. Model results indicate that a high portion of the
flow that was intended to flow through this section is actually bubbling out the catch basin
manholes and entering Lexington Parkway due to the pipe constriction.

Table 3 summarizes the benefits of the flood reduction solution (primarily storm sewer
improvements) on flows bypassing the designed inlet pipe. The Base improvements would safely
convey the 100-year. Note that the flood reduction results of the other water quality and quantity
options, which are described below, are also presented in the table. For comparative purposes
Options 1-3 assume that the flood reduction solution (Base option) is not made. Any of these
options alone would not eliminate flows from bypassing the storm sewer system during the 10-
year and 100-year, 24 hour storms.

Option: Base Additional Water Quality & Quantity Options
Stormsewer (1) Porous (2) Ravine (3) Rain (4) Base +
Existing Infrastructure Pavement Stabilization Gardens Options 1-4
Event o
Condition
Flow | Reduc- | Flow | Reduc- | Flow | Reduc- | Flow | Reduc- | Flow | Reduc-
(cfs) | tion (%) | (cfs) | tion (%) | (cfs) | tion (%) | (cfs) | tion(%) | (cfs) | tion (%)
in1(‘:h 0.0 0.0 0% 0.0 0% insig 0% 0.0 0% 0.0 0%
inz(;h 0.0 0.0 0% 0.0 0% none 0% 0.0 0% 0.0 0%
1y0r- 3.7 0.0 100% | 2.6 31% | none 0% 3.7 1% 0.0 100%
18? 14.1 0.0 100% | 125 | 11% | none 0% 14.1 0% 0.0 100%

Table-3 Catchment #3 Deer Park Development Bypass Flow (cfs) Model Results

Emmons & Olivier Resources, Inc.

water | ecology | community

12



Highland Ravine Stabilization/Restoration Feasibility Study

Figure-8 Catchment #3 Schematic Design

Additional Water Quality and Quantity Options

The proposed storm sewer improvements provide additional flooding protection for the Deer Park
Condominium residents. However, it does little to improve water quality. If left unchanged,
conditions in the ravine will continue to contribute and transport sediment to the condominiums
and the City’s storm sewer system. This ravine should be stabilized and BMPs, such as
raingardens and porous pavement, should be considered in the upper catchment area to improve
water quality as well as runoff volume. Raingardens (specific locations were not identified, but a
total area of 2,700 sf and 2,221 cf of volume was assumed to be feasible) and porous pavement
for Edgcumbe Place were selected to limit the impact of the upstream impervious surfaces on the
ravine (Figure 8). Due to the slope of the watershed, only 6” of storage depth was assumed in the
porous pavement. Each of these features can fully capture a storm of ~1.5”. These
improvements would also help lengthen the maintenance cycle for the storm sewer infrastructure.
The hydrologic modeling results for these additional options and the base option can be seen in
Table 4. These facilities would be constructed with the public right-of-way

Areas considered for infiltration and/or filtration have well-drained soils (Urban land-Waukegan
Complex), with greater than 5 feet of separation from the seasonally high water table.

Augmentation of groundwater seepage by infiltrated stormwater may pose some problems (i.e.

ravine instability due to soil cohesion) and should be further considered, but ravine stability gains
from stormwater rate and volume reductions likely out weigh any hazards.

Emmons & Olivier Resources, Inc.
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Water Quality Benefits

The same RUSLE analysis used for Catchment #1 was employed for Catchment #3. An
estimated erosion yield from the observed volume of sediment captured within the private
stormsewer (including rate control storage) over the life of the system was comparable to the
RUSLE analysis. See Appendix C for results. Reports of silt fence filling within 1 month of
installation and sediment flows as see in Figure-5 further substantiate this rate. This rate of
erosion is not considered typical, but currently accelerated. As shown in Table 5, the existing
conditions are compared and contrasted to the potential conditions for each option considered.

Minor Maintenance and Landscape Improvements

Certain landscaping and land use activities practiced in this catchment are exacerbating the
flooding and ravine stability problems. Roof leaders and other stormwater conveyances are
directly discharging to the ravine and in some cases, at unstable locations. Additionally, it is
common practice in this catchment to dispose of yard trimmings in the ravine. This practice is
adding nutrients to the ravine and eliminating vegetation growth, which is critical for ravine
stability. Direct stormwater connection to the ravine should be disconnected and treated (i.e.
raingarden) if possible.

Emmons & Olivier Resources, Inc.
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[%]

Option: Base Additional Water Quality & Quantity Options
. A . (4) Base +
Storm Sewer (1) Porous Pavement (2) Ravine Stabilization (3) Rain Gardens Obtions 1-3
Storm Hydraulic Existing (AT 1
S Parameter | Condition | g0/ | Reduction | Flow/ | Reduction | Flow/ | Reduction | Flow/ | Reduction | Flow/ | Reduction
Volume (%) Volume (%) Volume (%) Volume (%) Volume (%)
Flow [cfs] 1.4 0.0 100% 0.8 45% insig. 0% 0.8 45% 0.0 100%
1-inch
Volume [AF] 0.08 0.00 100% 0.04 45% none 0% 0.04 45% 0.00 100%
Flow [cfs] 3.1 0.4 87% 1.7 45% none 0% 1.7 45% 0.0 100%
2-inch
Volume [AF] 0.20 0.07 65% 0.13 38% none 0% 0.13 38% 0.00 99%
Flow [cfs] 13.0 8.1 38% 11.4 13% none 0% 12.9 1% 6.1 53%
10-yr
Volume [AF] 0.79 0.64 19% 0.66 16% none 0% 0.70 11% 0.48 40%
Flow [cfs] 25.1 12.7 49% 23.3 7% none 0% 24.7 1% 11.4 55%
100-yr
Volume [AF] 1.41 1.26 11% 1.27 10% none 0% 1.33 6% 1.06 25%
Table-4 Catchment #3 Hydrologic Model Results Summary
Option: Base Ad(ditional Water Quality & Quantity Options
Parameter Existing Storm Sewer (1) Porous Pavement (2) Ravine Stabilization (3) Rain Gardens é:)ti?)z:ij.s
P. Load [Ib/yr] 395 336 375 316 387 213
Sed. Load [ton/yr] 50.0 42,5 47.5 40.0 49.0 27.0
Pollutant Load Reduction ) 15% 5% 20% 20, 46%

Table-5 Catchment #3 Water Quality Estimates
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IV. ESTIMATED COST

Implementation (engineering and construction) as well as maintenance costs were estimated for
the solutions considered. Since maintenance is essential to the function of all solution options, a
30-year projection of cost (in 2011 dollars) is included because the life spans of storm sewer
infrastructure and BMPs are estimated at 30 years.

The estimates below reflect single, independent projects. A 5%-15% reduction in cost would be
expected if multiple options were designed and constructed concurrently.

Comparative projects were utilized for estimating the cost of the ravine stabilization and
stormsewer infrastructure options. An average cost of $13 per square foot was utilized for the
raingardens. This is a median installation cost for a moderately complex raingarden, including
engineered soils, under-drains and pretreatment [source Metro Conservation Districts Average
BMP Cost Estimates, among others]. An average cost of $9.00 per square foot estimate was used
for porous pavement. This is a median installation cost for porous asphalt drives with a granite
storage base [source Metro Conservation Districts Average BMP Cost Estimates, among others].

The following typical maintenance activities are reflected in the estimated 30-Year Maintenance
cost:

Porous Pavement
e 38 vacuum sweepings over 30 year period
e 2 high pressure spray cleanings over 30 year period
e  Minor patch/replacement

Ravine Stabilization (Catchment #1 Base and Option for Catchment #3)
e Repair of minor erosion instabilities — annually or as needed
e Weeding — annually first 5 years
e Vegetation maintenance — every 5 years for remaining 25 years

Rain Gardens
e  Weeding, minor sediment removal, garbage remove and mulch dressing — twice annually
first 5 years; annually next 25 years.

Storm Sewer (Catchment #3 Base)
e Sediment removal from dry basin — annually
e Sediment removal from stormsewer — every 2-3 years
e Removal debris from outlet — as needed

Emmons & Olivier Resources, Inc.
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Highland Ravine Stabilization/Restoration Feasibility Study
Catchment #1

The implementation cost for the Base option (flood reduction solution) is $27,000 and the
projected maintenance costs for this option over 30 years is $8,000. The associated costs for the
additional water quality and quantity options are in addition to the Base option costs.

. Additional Water Quality &
Option: Base Quantity Options
: (1) (2)
Location Item Rg\_nne_ Porous Rain
Stabilization "
Pavement Gardens
Engineering & Admin $7,000 $24,699 $8,400
Construction $20,000 $137,214 $42,000
Catchment Implementation Cost: $27,000 $161,913 $50,400
#1
30-Year Maintenance $8,000 $18,000 $23,800
Total 30-Year Cost: $35,000 $179,913 $74,200
Table-6 Catchment #1 Cost Estimates
*Note — recommendation for private road
o Additional Water Quality &
Option: Base Quantity Options
: (1) (2)
Catchment #1 - Parameters R:«_l\_nne_ Porous Rain
Stabilization
Pavement Gardens
Implementation Cost [$] $27,000 $161,913 $50,400
P load removal [Ib/yr] 12 47 5
P load removal [$/Ib] $2,250 $3,445 $10,080
Sed Load removal [ton/yr] 1.5 6 0.6
Sed Load removal [$/ton] $188 $73 $2,016

Table-7 Catchment #1 Cost:Benefit Analysis Summary

Emmons & Olivier Resources, Inc.
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Catchment #3

The implementation cost for base option (storm sewer improvements) is $41,600. The projected
maintenance costs for this option over 30 years is $75,000. The associated costs for the
additional water quality and quantity options are in addition to the Base option costs.

o Additional Water Quality &
Option: Base Quantity Options
(1) (2) 3)
Location Item gx:: Porous Ravine Rain
Pavement Stabiliz. Gardens
Engineering & Admin $9,600 $21,060 $8,400 $6,480
Construction $32,000 $117,000 $21,000 $32,400
Catchment Implementation Cost: $41,600 $138,060 $29,400 $38,880
#3
30-Year Maintenance $75,000 $18,000 $8,000 $23,000
Total 30-Year Cost: $116,600 $156,060 $37,400 $61,880
Table-8 Catchment #3 Cost Estimates
o Additional Water Quality &
Option: Base Quantity Options
(1) (2) 3)
Catchment #3 - Parameters gx:; Porous Ravine Rain
Pavement Stabiliz. Gardens

Implementation Cost [$] $41,600 $138,060 $29,400 $38,880
P load removal [Ib/yr] 59 20 79 8
P load removal [$/Ib] $705 $6,903 $372 $4,860
Sed Load removal [ton/yr] 7.5 2.5 10 1
Sed Load removal [$/ton] $12 $345 $5 $608

Table-9 Catchment #3 Cost:Benefit Analysis Summary

Emmons & Olivier Resources, Inc.

water | ecology | community

18




Highland Ravine Stabilization/Restoration Feasibility Study
IV. OTHER FINDINGS OF NOTE

Ghost Parks

The project area contains
two isolated public parcels
referred to as Ghost Parks
and a network of utility
corridors  traversing the
bluff (Figure 9). “The
association between ghost
parks and springs is hardly
accidental, because these
frequently rugged little lots
were donated to the city by
individuals who found them
useless for building
purposes and the city
probably did not formally
develop them for the same
reason. But that happens to
be exactly the sort of
hillside situation in which
the drift-Decorah spring is

lurking.”  (excerpt from
Brick, G., 2007¢. St. Paul’s
Diamond Necklace.

Minnesota Ground Water
Association Newsletter 26
(September): 15-17)

Groundwater Drainage

Catchment #2A contains a
groundwater fed wetland
approximately a third of an
acre in size, located on the
Western Edge of Walsh
Park (Figure 9). This
wetland is being actively
drained by a french-drain
type pipe, which is tied to
the City storm sewer. The
formal drainage is
presumably intended to
minimize basement flooding
and dampness for homes
along Lexington Parkway.

|

|
&
|

L[

Figure-9 Public Property within Study Area.
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V. CONCLUSIONS & RECOMMENDATIONS

Catchment #1

Conclusion

Due to the aggradation (increase in land elevation due to the deposition of sediment) of the lower
end of the ravine and possible inadequate berm height and extent meant to protect private
property, reports of some flooding are still being made.

Recommendations

The Base option for flood reduction, as outlined in Section III, should be implemented as soon as
possible. This improvement will significantly reduce the risk of flooding and will provide some
water quality benefits.

As funding becomes available and/or infrastructure needs replacing, the additional water quality
and quantity options, (as discussed in Section III) should be considered. These improvements
will reduce runoff rates and volumes and provide water quality benefits. For example, it may be
cost prohibitive to convert the private road to porous pavement at this time, but it is a viable
option when the road bed requires replacement.

Landowner education on the sensitivity of ravine landscapes and land stewardship opportunities
(i.e., downspout redirection, raingardens, and rain barrels) is strongly recommended.

Catchment #3

Conclusions

The primary cause of the Deer Park Condominium flooding is due to inadequacies of the
Condominium’s private storm sewer system and the lack of maintenance that has been completed
on this system. The flared-end inlet pipe does not adequately capture flow from the ravine, and
due to the absence of an adequate emergency overflow, bypass water is not safely conveyed and
instead flows towards private property. This problem is compounded by the significant amount
of sediment constraining the capacity constrictions of the flat, 36” pipes and other infrastructure
pieces.

The land use practices and landscaping activities in the upper watershed play a role in the stability
of the ravine and the resulting amount of sediment transported as well as the volume and timing
of stormwater runoff. However, it is secondary relative to the Condominium’s storm sewer
deficiencies for addressing the flooding issues on their property.

Recommendations

The Base option for flood reduction, as outlined in Section III, should be implemented as soon as
possible. This improvement will significantly reduce the risk of flooding and will provide some
water quality benefits. Given it’s high water quality return and impact on future stormwater
maintenance cost, Additional Water Quality and Quantity Option #2 (Ravine Stabilization),
should also be completed in conjunction with the Base option.

As funding becomes available and/or infrastructure needs replacing, additional water quality and
quantity options #1 and #3, (as discussed in Section III) should be considered.  These
improvements will reduce runoff rates and volumes and provide water quality benefits. For
example it may be cost prohibitive to convert Edgcumbe Place to porous pavement at this time,
but it is a viable option when the road bed requires replacement.

Landowner education on the sensitivity of ravine landscapes and land stewardship opportunities
(i.e., downspout redirection, raingardens, and rain barrels) is strongly recommended.
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March 29, 2002

Randy Hudlund

Hud!and Engineering
2003 Pin Oak Drive
Eagan, Minnesota 55122

RE: Deer Park Development
Dear Randy:
Per our phone conversation of March 28, 2002 the comments are:

1. The Sewer Maintenance Crew had performed the video inspection of the existing 10 sanitary sewer that
passes through the above site. The report (copy attached) indicates that this sewer is in good condition
except there are some tree roots problems. The condition of the sewer does not warrant a replacement of the
sewer uf this time. However we intend to line this sewer. We have determined to include this sewer on the
roots ¢leaning list untii it gets lined.

2. Recently, our staff people brought to my attention that there is a ground water problem in the areas
located north and South of the proposed development. Drain tiles systems were installed to correct it. We
sugpest that you investigate this potential ground water problem at this site and plan to take care of it.

3.1 visited this site on March 27,2002. Substantial water (snowmelt) from the west of the site wus passing
through the site. We have concerned that surface water may create problems for the future homeowners.

. We would tike to see an analysis and determination of what runoff will be moving through this site in 100
year storm event and to demonstrate us that it will pass safely through the proposed development.

fS incerely,

j]“\ ey e
11a Shah
Sewer Utility
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Jonn Aralz, Bbuider
1424 Edgrumbe Road, 5t Paul, MN 55116

TPhone/ Fax: 651-640-ba6U
MN License # 20030288

Apri 15, 2002

ke HoXheh
Sewer Utility
City of 81 Paul
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RE:  Deer Park Deveiopment
Dear Ms. Shah:

This will confirm my representations to you, made as owner/developer of the
referenced 17.1mit townhome development, regarding your concerns about
potential ground water and surface water issues on the site.

Because the acighhors advised me of possible ground water problems even before
§ purcliased the proponty last summer, | have been looking for evidence of it ever
since and have found none. During the demolition of the “existing” houses on the
site, both basememt excavaiions were open for more than a week last Movember
and no water seeped into either hole. Additionally, we dug two test holes at the
approximate location and footing depth of the proposed rear bu iidings and

encountered only damp soils (sandy clay/clayey sand) and no seeping water.

L= R

The townhomes to be butlt will each have an interior drain tile/sump basket
system as a standard feature. But if any ground water sources are encountered, or
even suspected, during the construction process. please rest assured that we will
take whatever steps are necessary 10 insure that the future owners will have dry
and trouble-free basements. These steps might inchide upgraded water-proofing,
additional exterior drain tile, rock-based drainage systems, snd subsurface piping
to the onsite storm sewer system if determined to be necessary,

Surface water drainage can be casily accommodated. The tops of building
foundations are well above the drives and a deep rear yard offers plenty of room
to grade a swale with positive drainage away from the buildings. Lven the
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Ms. [la Shab
Apil 15, 2002
Page Two

basement floors of the lower (eastern) buildings are at least three feet above the
curb/spill Iine of Lexington Parkway out from. A very small amount oi grading
will direct the storm runoff from the property to the west onto the proposed paved
drainage swale and private street, and into the proposed detention structures, thus
passing safely through the proposed development. Even without the proposed
improvements, I don't believe storm water runof¥ seriously threatened the
previous houses on the site. Although poor maintenance did allow the runeffto
leave the Albion right-of-way, run through the rear yard of the house to the south,
and with some regularly cause a washout of mud and smali rocks onte Lexington
at Albion. These problems will be eliminated by our proposed improvements.

Sincerely,

e A

John Kratz

¢c: Tom Deach



John Kraty, Builder

1424 Edgcumbe Road, St. Paul, MN 55116

Phone/Fax; 651-690-5360
MN License # 20035288

May 1, 2002

Ms. Ila Shah

Sewer Utility

City of St. Paul

700 City Hall Annex
St. Paul, MN 55102

RE:  Deer Park Development — Storm Sewer
Dear Ms. Shah:

It is my understanding that the City is recommending the extension of a storm
sewer line through the Deer Park development, in order to handle the run-off from
the properties to the west. I acknowledge that it will be my responsibility to
construct and maintain this storm sewer system as a private facility.

This maintenance obligation shall “run with the land” and shall be an obligation
of any successors in interest (i.e., the future homeowners), to be carried out under
the auspices of the homeowners’ association to be formed for the benefit of the 12
townhome owners.

Sincerely, %

John Kraiz
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Deer Park Development
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Highly Erodible

Additional Water Quality

Soil Area (ac) 2 el UELEs Gl SRR & Quantity Options
Notes and
Twin . .. . . (3) Base + Assumptions
Parameter Units Description Low Cities High EX|s_t|_ng Rz_z\_nne_ s ) el Options
. Conditions | Stabilization | Pavement | Gardens
Estimate 1&2
R rainfall/runoff factor 60 100 150 100 100 100 100 100 | Sandard Regional
K Soil erodibility factor 0.17 0.24 0.49 0.43 0.43 0.43 0.43 0.43 | Outwash Sandy Loam
L Slope length factor 0.1 1 1 1 1 1 1 1 Standard Regional
Value
s slope steepness 0.1 1 1 1 1 1 1 1 Standard Regional
factor Value
c cover and 0.02 0.65 1 0.36 0.36 0.36 0.36 0.36 | Disturbed Woodlot
management factor
supporting Estimated based on
P conservation practice 0.02 0.5 1.5 0.37 0.35 0.29 0.36 0.25 | observed erosion
factor compared to farm field
A ag;;:; . | Soil Loss 0.0000408 7.8 110.3 30.0 28.5 24.0 29.4 20.7 | Calculated

Table-10 RUSLE Analysis Catchment #1

Emmons & Olivier Resources, Inc.




Highland Ravine Stabilization/Restoration Feasibility Study

Highly Erodible

Soil Area (ac) 2.7 Sample Values Options Base Additional Water Quality & Quantity Options
Twin (4) Base Ag:l:f:‘ Et‘i':)is
. ] e : Existing Storm | (1) Porous | (2) Ravine (3) Rain & P
Parameter | Units Description Low Cities High o A .
; Conditions | Sewer | Pavement | Stabilization | Gardens | Options
Estimate 1-3
R rainfall/runoff 60 100 150 100 100 100 100 100 100 Standard Regional
factor Value
K fsa‘(’;t'o‘arFOd'b"'ty 0.17 024 049 043| 043 0.43 0.43 0.43 0.43 | Outwash Sandy Loam
L Slope length 0.1 1 1 1 y y y 1 y Standard Regional
factor Value
slope .
S steepness 0.1 1 1 1 1 1 1 1 1 | Standard Regional
Value
factor
cover and
C management 0.02 0.65 1 0.36 0.36 0.36 0.36 0.36 0.36 | Disturbed Woodlot
factor
supporting Estimated based on
P conservation 0.02 0.5 1.5 1.20 1.00 1.14 0.95 1.18 0.65 | observed erosion
practice factor compared to farm field
A afs;‘:; . | Soil Loss 0.0000408 7.8| 1103 50.2| 418 47.6 39.7 49.3 27.2 | Calculated

Table-11 RUSLE Analysis Catchment #3

Emmons & Olivier Resources, Inc.
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I. Introduction

The portion of the Crosby Farm Park bluff on the south side of Shepard R., between the west end of Youngman
Ave and Homer Street is a known unstable and actively degrading system. An inventory conducted by the
Ramsey Conservation District identified 39 actively eroding points of interest. The majority of the head-cuts
found along this bluff are a significant threat to infrastructure and natural resources. The erosion of this bluff
has been rapidly accelerated by human influence. At some points, stormwater outfalls, discharging a top the
bluff, have carved dramatic gorges through this bluff. Ten of the worst head-cuts have reached or are rapidly
approaching the right-of-way of Shepard Road. Many of these ravines have consumed segments of stormsewer
with head cuts coming within feet of Shepard Road, potentially leading to structural failure of the RH east
bound lane. Down slope, this severe erosion is a serious threat to the water quality of Crosby Lake and the
adjacent trail system of the Park.

Applying an appropriate solution to this complex problem will require the input of many effected stakeholders.
In addition to Ramsey Conservation District, the St. Paul Parks and Recreation Department (property owner),
the State of MN as road authorities for Shepard Rd (MSA road) and the Capital Region Watershed District will
have considerable at stake in this project. Additional groups, such as M1s51551pp1 National River and Recreation
Area, Friends of the Mississippi River and Great River . . . :

Greening will also be interested stake holders in the
project.

The objectives and goals of this study were to
determine the best method of controlling or
eliminating the bluff degradation in Crosby Farm
Park that has been accelerated by man’s activities
primarily ever since Shepard Rd. was constructed.
There were undoubtedly natural drainage paths prior
to the development of this area. Evidence still exists
where the fragile bedrock had formed ravines and
drainage ways for passage of normal runoff down
to the Mississippi River floodplain level at Crosby
Lake. Subsequent changes in the land use, drainage
mechanisms and vehicular and pedestrian traffic have
drastically upset the previously established natural
drainage patterns and destabilized the slopes along
Crosby Farm Park. When reviewing the data points
located by the Ramsey Conservation District’s 2004
survey, we found three categories of causes to the
eroded locations:

1. Stormwater piping discharge points,

Surface water runoff discharge points,

3. Pedestrian and recreational activities along |
the bluff.

The primary culprit causing the most acute damage to the bluff area is the stormsewer outfalls that were terminated
at the extreme top of the bluff with no forethought as to the damage the concentrated flows would cause to the
fragile bluff ecosystem. This, then, became the primary focus of our analysis and recommendations.

Emmons & Olivier Resources, Inc.

A collaboration of professionals enhancing the value of our natural and cultural resources through science and design

Crosby Farm Park: Bluff stabilization / restoration



uoneJolsal / uonezijigels un|g ed wied Agsos

Il. Modeling Methodology

General

Modeling for the Crosby Bluff was performed using XP-SWMM version 10. The XP-SWMM model
represents state-of-the-art in stormwater modeling. It accurately models backwater conditions, can represent
multiple scenarios simultaneously, simulates infiltration, can run real rainfall data, and has the power to run
continuous simulations. The model flexibility and sophisticated features allow for the most accurate and
realistic representation of real flow conditions and different flow regimes.

Rainfall

Arange of synthetic design events following the SCS Type Il distribution were simulated to evaluate the systems
response to both small and large rainfall events. The magnitude and duration of all events modeled was selected
from the Minnesota Hydrology Guide'.

Rainfall events simulated included:

1.5-year 24-hour (2.5 inches)
2-year 24-hour (2.8 inches)
S-year 24-hour (3.6 inches)
10-year 24-hour (4.2 inches)
25-year 24-hour (4.8 inches)
50-year 24-hour (5.4 inches)
100-year 24-hour (6.0 inches)

Although the entire range of storm events were simulated during the analysis, only the 2, 50, and 100-year
results are presented for a more concise summary of the model output and system response.

Subwatersheds

The project area contributing to the targeted bluff erosion was delineated into a total of 9 major subwatersheds
ranging in size from 0.1 to 44 acres (Figure 1). The average subwatershed size (excluding subwatershed 9) was
approximately 1.5 acres.

Figure 1: Subwatersheds

Emmons & Olivier Resources, Inc.

A collaboration of professionals enhancing the value of our natural and cultural resources through science and design



Runoff

Model runoff parameters defining subwatershed hydrology were estimated using the SCS methodology. Input
parameters appropriate for the land use, and time of concentration were computed following the methodology
and guidance outlined in the Minnesota Hydrology Guide. Model input parameters are summarized below in
Table 1.

Table 1: Hydrology Model Input Data

Final %
Subwatershed Total Impervious Weighted
Names Acres (Black) Tc (hrs) Area CN
1 1.14 74.6 6.5 95
2 0.15 80.0 5.0 96
3a 1.42 81.0 6.8 96
3b 0.44 68.2 5.0 95
4 2.43 68.7 12.9 95
5a 1.94 64.4 15.0 94
5b 2.51 66.5 18.0 95
6 3.09 53.7 24.9 93
7a 4.47 52.6 15.0 93
7b 2.74 64.6 10.0 94
8a 2.87 68.3 10.5 95
8b 1.45 71.0 10.0 95
9 43.62 75.7 30.9 96
10 1.71 94.2 5.0 97
11 0.21 71.4 5.0 95
12 0.20 65.0 5.0 95
13 0.54 77.8 5.0 96
14 0.13 92.3 5.0 97
15 1.12 741 5.0 95
16 0.14 50.0 5.0 93

*  Note that the Curve Number (CN) in Table 1 is a weighted average.
The applied pervious area CN was 88 and impervious area CN was 98.

Hydraulics

Channel characteristics and flow patters were determined using 1 foot topography and field investigation and
verification. Pipe location, size and inverts within the project area were surveyed during the summer of 2006
and entered into the XP-SWMM model to define the project hydraulics.

lll. Modeling Results
Existing Conditions

The existing conditions model identifies a rapidly drained, “flashy”, storm response which is typical of this type
and age of intense development. The lack of BMP’s for either water quantity or quality result in minimal flow
retention or treatment.

Currently, the system north of Sheppard Road generally handles flows up to the 5-year 24-hour event assuming
clean (not clogged) inlet conditions. Events exceeding the 5-year frequency result in surface/ditch flooding.

The small subwatersheds on the south side of Sheppard Road (top of the bluff) drain by surface flow and
concentrate at multiple points before dropping over the bluff.

Existing condition hydrology results (defining surface runoff) are summarized for the 2, 50, and 100-year 24-
hour rainfall events in Table 2. The existing condition hydraulics (pipe flows and velocities) are summarized
and repeated in Tables 3, 4, & 5.

Emmons & Olivier Resources, Inc.
A collaboration of professionals enhancing the value of our natural and cultural resources through science and design
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Table 2: Crosby Bluff Hydrology

Rainfall Event
o) 2-yr 24-hr (2.8 inches) 50-yr 24-hr (5.4 inches) 100-yr 24-hr (6.0 inches)
=
5
o Total Total Total Total Total Total Total Total Total
g Runoff Max Runoff Runoff Runoff Max Runoff Runoff Runoff Max Runoff Runoff
] Area Depth Flow Volume Volume Depth Flow Volume Volume Depth Flow Volume Volume
(7} (ac) (in) (cfs) (ac-ft) (cu-ft) (in) (cfs) (ac-ft) (cu-ft) (in) (cfs) (ac-ft) (cu-ft)
1 1.4 2.3 4.5 0.3 11623.7 4.8 9.2 0.6 24598.5 5.4 10.3 0.6 27608.1
2 0.2 24 0.5 0.0 1287.2 4.9 1.0 0.1 2694.7 5.5 1.2 0.1 3020.9
3a 1.4 24 4.7 0.3 12185.5 4.9 9.3 0.6 25453.4 5.5 10.4 0.7 28530.7
4 24 2.2 6.6 0.5 19767.6 4.8 13.6 1.0 42340.3 5.4 15.2 1.1 47588.8
5a 1.9 2.2 34 0.4 15549.2 4.8 7.0 0.8 33598.3 5.4 7.8 0.9 37795.5
6 3.1 2.1 6.1 0.5 23768.2 4.7 13.0 1.2 52494.2 5.3 14.5 1.4 59213.0
7a 4.5 2.1 11.0 0.8 34058.6 4.6 23.4 1.7 75402.7 5.2 26.2 2.0 85057.2
8a 2.9 2.2 8.3 0.5 23430.3 4.8 17.0 1.2 50236.1 5.4 19.0 1.3 56466.1
9 43.6 23 81.4 8.4 367033.5 4.9 165.8 17.8 775235.6 5.5 185.0 20.0 869923.3
7b 27 2.2 8.3 0.5 21931.4 4.8 17.2 1.1 47373.8 5.4 19.2 1.2 53291.7
3b 0.4 2.2 1.5 0.1 3585.7 4.8 3.0 0.2 7688.9 5.4 34 0.2 8642.4
5b 25 2.2 7.3 0.5 20372.9 4.8 15.1 1.0 43834.5 5.4 16.8 1.1 49292.1
8b 1.5 2.3 4.6 0.3 11858.7 4.8 9.3 0.6 25285.9 5.4 10.4 0.7 28401.8
1 0.2 2.3 0.7 0.0 1720.5 4.8 1.4 0.1 3665.1 5.4 1.5 0.1 4117.2
12 0.2 2.2 0.6 0.0 1592.8 4.7 1.3 0.1 3438.3 5.3 1.4 0.1 3868.1
13 0.5 2.3 1.7 0.1 4549.6 4.9 3.5 0.2 9567.7 5.5 3.9 0.2 10732.1
14 0.1 25 0.4 0.0 1167.0 5.0 0.9 0.1 2382.2 5.6 1.0 0.1 2662.9
15 1.1 2.3 3.3 0.2 9399.7 4.9 6.8 0.5 19913.3 5.5 7.6 0.5 22352.7
16 0.1 27 0.5 0.0 1356.4 5.3 0.9 0.1 2670.6 5.9 1.0 0.1 2973.5

IV. Bluff Inventory and Evaluation

Map 1 in Appendix V is the compilation of data inventories conducted by Ramsey Conservation District and
those gathered as part of this report. The matrix below is organized by subwatersheds in the study area. It is
the result of extensive field research and the synthesis and analysis of all available data sets for the Crosby Bluff
area.

Table 3: Site Assessment Matrix

SUBWATERSHED # 1a 1b 2 3a 3b 4 5a 5b 6 7a 7b 8a 8b
DRAINAGE AREA 0.79 0.63 0.15 1.42 0.44 243 1.94 251 3.09 4.47 247 2.87 1.45
IMPERVIOUS AREA 0.29 0.46 0.12 1.15 0.30 1.67 1.25 1.67 1.66 235 1.77 1.96 1.03
DISCHARGE OVER BLUFF Pipe Pipe Pipe Overland Pipe Pipe Pipe Pipe Pipe
ASSOCIATED EROSION PIONT* #1 #0 # # #13 #26 #32 #36
Sept 2004 Ramsey Conservation District Erosion Inventory

w ACTIVE EROSION SEVERITY High Medium High High High High Very High Extreme

E % R%;ig?ébgr%:g ILEL(;RMSEWER Low Low Medium Low Medium Medium Low Medium

g‘ g POTENTIAL PARK INFRASTRUCTURE LOSS Low Low Low Low Low Low High Medium

c POTENTIAL SAFETY LIABILITY Low Low High Low Low Low High High
PRIORITY (1-Low to 4-High) 1 1 1 1
SUBWATERSHED # 9a 9b 9c 9d 9e of 10 11 12 13 14 15 16
DRAINAGE AREA 2.80 4.30 4.53 3.69 6.65 21.66 1.7 0.21 0.20 0.54 0.13 112 0.14
IMPERVIOUS AREA 2.2 3.04 2.86 1.1 5.06 20.26 1.61 0.15 0.13 0.42 0.12 0.83 0.07
DISCHARGE OVER BLUFF Pipe Overland | Overland | Overland | Overland Pipe Overland | Overland

ASSOCIATED EROSION PIONT*
As Identified by Ramsey Conservation District (Sept 2004)

#39

w ACTIVE EROSION SEVERITY Extreme Medium | Medium Low Medium | Medium | Medium Low

20

- POTENTIAL R.O.W./ STORMSEWER "

- Z

ﬁ S |INFRASTRUCTURE LOSS High Low Low Low Low Low Low Low

=2

El g POTENTIAL PARK INFRASTRUCTURE LOSS Medium Low Low Low Medium Low Low Low

2

o POTENTIAL SAFETY LIABILITY Extreme Low Low Low Low Low Low Low
PRIORITY (1-Low to 4-High) a | 4 | a a I a | a 1 1 1 1 1 1 1

* Note: erosion inventor points not directly associated with subwater point discharge
Feasibility Study Recommends Stormwater Improvement Projects:
|:| West Improvements (Youngman Ave W.) |:|Central Improvements (Youngman Ave W.) II| North Improvements (Homer Street)

Emmons & Olivier Resources, Inc.
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V. Stormwater Remediation Options

By utilizing the existing conditions model, given that we now know the outfall rates, velocities and volumes
that are being generated under current conditions, modifications of the model were made to represent proposed
conditions or modifications that could be made to the stormwater system to reduce the erosive effects of the
runoff. Multiple scenarios were investigated to determine to what extent and we could reduce the outflows
by retrofitting various stormwater management techniques into the system. During this process we started
with simpler, less costly, system modifications, changed the model to represent the new conditions, derived
the impacts to the runoff rates, velocities and volumes as a result of the stormwater system improvements and
moved on to investigate the next logical modification based on the effectiveness of the previous step. In this
way, we sought out the most economical solution that would meet the goals of the study.

South-West & Central Section Analysis

Because the composition and logistical positioning of subwatersheds 1 through 8 (excluding the small watersheds
that drain directly to the bluff on the south side of Shepard Rd,) was similar and hydrologically related by the
linear ditch/boulevard area that is located between Shepard Rd. and Youngman Ave. (refer to Figure 1), it was
logical to utilize the 3000 feet of ditch in some fashion to mitigate the peak rates, velocities and volumes leaving
this system.

Emmons & Olivier Resources, Inc.
A collaboration of professionals enhancing the value of our natural and cultural resources through science and design
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Option 1 — (Figure 2)

Existing ditch section along Youngman Ave. would be maintained and the outlets would all be fitted with
two-stage or perforated standpipe (height approx. 1.5 feet) control structures. This scenario would utilize the
existing pipes to continue discharging over the bluff.

» Benefits: Good “small storm” water quality treatment.
» Drawbacks: Ditch lacks retention volume to properly meter out “large storms”. Peak rates
and velocities are not reduced.

Table 4: South-West & Central Section Option 1 Model Results

Existing Conditions Option 1 *
Max Max Max
Pipe Max Flow | Velocity Flow Velocity

Rain Event Subwatershed Name cfs ft/s cfs ft/s

1 L1.3 2.8 4.6 1.6 4.0

3 L3.1 5.1 4.9 2.9 4.0

4 L4 5.0 5.9 24 5.1

2-Year 24-Hour 5 L5.2 7.7 71 2.7 5.9
6 L6 2.8 25 1.2 1.9

7 L7.2 9.6 5.5 2.3 3.1
8 L8.6 8.9 11.0 6.4 10.6

1 L1.3 5.2 5.2 55 5.2

3 L3.1 9.5 5.7 5.4 4.8

4 L4 7.9 6.3 2.9 5.3

50-Year 24-Hour 5 L5.2 11.4 9.2 9.8 8.0
6 L6 4.3 3.6 2.2 2.3

7 L7.2 10.6 6.1 3.0 3.4
8 |L.8.6 18.1 14.9 18.9 11.8

1 L1.3 5.5 52 5.7 5.2

3 L3.1 10.1 5.8 5.9 5.0

4 L4 7.9 6.4 31 54

100-Year 24-Hour 5 L5.2 11.6 9.3 11.3 9.1
6 L6 4.6 3.8 2.9 2.6

7 L7.2 10.8 6.1 3.1 34
8 |L.8.6 18.7 11.8 19.1 11.8

Figure 2: South-West & etral Sectio Option 1

e ' .

‘"% Primary Outlet:
= nhew down-pipe outlet to
=¥ Crosby Lake

I Secondary Outlet:
! modify existing structures

¥ Vegetated Swales:
# filter runoff and attenuate
flows

Emmons & Olivier Resources, Inc.
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Section Option 2 - (Figure 3)

Ditch section along Youngman Ave. is slightly re-graded to bypass the existing outlets and utilize only two of
the outlets as illustrated in Figure 2. Existing outlets would be fitted with 2-stage control structures (approx.
height 1.5 feet). Secondary flows discharge via existing pipes to bluff.

» Benefits: Good “small storm” water quality treatment.
» Drawbacks: Reconfigured/combined ditch section also lacks retention volume to properly meter
out “large storms”. Peak rates and velocities are not reduced.

Table 5: South-West & Central Section Option 2 Model Results

Existing Conditions Option 2
Max Max Max
Pipe Max Flow | Velocity Flow Velocity

Rain Event Subwatershed Name cfs ft/s cfs ft/s

1 L1.3 2.8 4.6 0.0 0.0

3 L3.1 5.1 4.9 1.5 3.3

4 L4 5.0 5.9 0.0 0.0

2-Year 24-Hour 5 L5.2 7.7 7.1 0.0 0.0
6 L6 2.8 2.5 0.0 0.0

7 L7.2 9.6 5.5 0.0 0.0

8 L8.6 8.9 11.0 14.0 11.5

1 L1.3 5.2 5.2 0.0 0.0

3 L3.1 9.5 5.7 5.2 4.8

4 L4 7.9 6.3 1.2 4.3

50-Year 24-Hour 5 L5.2 11.4 9.2 0.0 1.2
6 L6 4.3 3.6 0.0 0.0

7 L7.2 10.6 6.1 0.1 1.3
8 L8.6 18.1 14.9 36.4 12.5

1 L1.3 5.5 5.2 0.0 0.0

3 L3.1 10.1 5.8 6.6 5.1

4 L4 7.9 6.4 1.8 4.8

100-Year 24-Hour 5 L5.2 11.6 9.3 0.6 4.0
6 L6 4.6 3.8 0.1 0.7

7 L7.2 10.8 6.1 0.9 2.5
8 L8.6 18.7 11.8 39.9 12.8

Figure 3: South-West & Central Section Option 2
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Section Option 3 - (Figure 4)

Ditch section along Youngman Ave. is slightly re-graded to drain as in scenario 2 above. All existing outlet are
abandoned and new outlets are installed to redirect overflows to the deep storm sewer tunnel under Stewart St.

» Benefits:

» Drawbacks:

Table 6: South-West & Central Section Option 3 Model Results

Good “small storm” water quality treatment. No flows allowed to discharge over the
bluff or to Crosby Lake.
Costly infrastructure improvements required.

Existing Conditions Option 3 *
Max Max Max
Pipe Max Flow | Velocity Flow Velocity

Rain Event Subwatersheds Name cfs ft/s cfs ft/s
L1.3 2.8 4.6
L3.1 5.1 49

1,3,4,5& 6 L4 50 59 22.2 7.7
2-Year 24-Hour L5.2 7.7 7.1
L6 2.8 2.5
L7.2 9.6 5.5

7&8 86 39 110 8.9 6.4
L1.3 52 5.2
L3.1 9.5 5.7

1,3,4,5,& 6 L4 7.9 6.3 42.6 9.2
50-Year 24-Hour L5.2 11.4 9.2
L6 4.3 3.6
L7.2 10.6 6.1

7&8 86 181 149 19.2 7.5
L1.3 55 5.2
L3.1 101 5.8

1,3,4,5& 6 L4 7.9 6.4 45.8 9.4
100-Year 24-Hour L5.2 11.6 93
L6 4.6 3.8
L7.2 10.8 6.1

7&8 86 187 118 20.8 7.5

Figure 4: South-West & Central Section Option 3

connection to deep storm
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North-East Section Analysis

The approach to Subwatershed 9 was slightly different. In this subwatershed, there is no predominant surface
drainage feature that could be modified for stormwater mitigation purposes. Within Subwatershed 9, however,
are several open green spaces in located within the topography where they could collect runoff if converted
into drainage features for stormwater retention and infiltration. In concert with the water quality improvements
suggested above, the existing stormsewer system could also be diverted to the deep storm sewer tunnel under
Stewart St.

Surface Drainage Areas to Bluff Analysis

Of the several subwatersheds that consist of sections of the eastbound lanes of Shepard Rd. and the boulevard
that exists along the south side adjacent to the bluff, only one has any size and consequential runoff, namely
7b. This subwatershed does have enough properly located green area that could be utilized to mitigate runoff
by being converted into drainage features for stormwater retention and infiltration. As for the outlet itself, one
of two approaches would resolve the point source erosion at the pipe outlet: 1) Modifying or replacing the
existing stormsewer piping to drain back to the north side of Shepard Rd. into subwatershed 7a. or 2) Adding
an extension on to the outlet piping to the east to provide a safe discharge point lower in the profile of the bluff
where erosive velocities could be dissipated in a small basin or stilling pond.

VI. Recommendations
Summary

By referring to Map1 and reviewing the data points located by the Ramsey Conservation District’s 2004 survey,
we found three categories of causes to the eroded locations:

1. Stormwater piping discharge points,
2. Surface water runoff discharge,
3. Pedestrian and recreational activities along the bluff.

The sections that follow contain our recommendations for resolving these three distinct causes of erosion on
the bluff.

Emmons & Olivier Resources, Inc.
A collaboration of professionals enhancing the value of our natural and cultural resources through science and design
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Stormwater Piping Discharge Points
South-West Area

Re-grade the ditch section along Youngman Ave. to drain to Alton Ave. Restoration of the new ditch will
consist of minor soils amendments and native seeding and plantings. All existing outlets are abandoned and
new stormsewer is installed to redirect overflows to the deep storm sewer tunnel under Stewart St. (Figure 6
Below)

Table 7: South-West Cost Estimate

Item Unit | Quantity Cost Extension
1 | Ditch/Swale Improvements (Re-vegetation) [ AC 1.030 $15,000.00 $15,450
2 | Existing Outlet Standpipe Modifications* EA 7 $250.00 $1,750
3 | Install Deep Sewer Outlet Piping 30" RCP LF 340 $75.00 $25,500
4 | Upgrade Alton Crossing 24" RCP LF 65 $40.00 $2,600
5 | 24” Apron & Trash Rack EA 2 $1,200.00 $2,400
6 [ Manhole EA 1 $2,500.00 $2,500
7 | Saw cut Pavement LF 827 $2.50 $2,068
8 [ Removals CY 75 $8.00 $600
9 | Replace Paving & Base SY 440 $12.60 $5,544

* Indicates Optional or Interim Item $58,412

South-West Area Description

Utlize island/ditches between west cul-de-sac on Youngman and Alton for storage/bio-infiltration area, install
outlet piping in Alton to deep storm sewer at Stewart.

Figure 6: South-West Area Plan
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Central Area

Same approach as the South-West area. Re-grade the ditch section along Youngman Ave. to drain to Rankin
Ave. Restoration of the new ditch will consist of minor soils amendments and native seeding and plantings.
All existing outlet are abandoned and new stormsewer is installed to redirect overflows to the deep storm sewer
tunnel under Stewart St. (Figure 7 Below)

Table 8: Central Area Cost Estimate

Crosby Farm Park: Bluff stabilization / restoration

Item Unit |Quantity Cost Extension
1 | Ditch/Swale Improvements (Re-vegetation) | AC 1.790 $15,000.00 $26,850
2 | Existing Outlet Standpipe Modifications* EA 7 $250.00 $1,750
3 | Install Deep Sewer Outlet Piping 24” RCP LF 360 $40.00 $14,400
4 | Manhole EA 1 $2,500.00 $2,500
5 | 24” Apron & Trash Rack EA 1 $1,200.00 $1,200
6 | Saw cut Pavement LF 754 $2.50 $1,885
7 | Removals CY 70 $8.00 $560
8 | Replace Paving & Base SY 410 $12.60 $5,166

* Indicates Optional or Interim Item $54,311

Central Area Descritpion

Utlize island/ditches between Alton and Rankin for storage/bio-infiltration area, install outlet piping north in
Rankin to deep sewer at Stewart.

Figure 7: Central Area Plan
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North-East Area

Within subwatershed 9, several open green spaces that are located within the topography where they could be
used to capture stormwater would be converted into drainage features for stormwater retention and infiltration.
New stormwater features are enhanced to provide water quality benefits through minor soil amendments and
native seeding and plantings. In concert with the water quality improvements suggested above, the existing
stormsewer system could be diverted at Stewart St. to the deep storm sewer tunnel at Stewart St. and Rankin
St. (Figure 8 Below)

Table 9: North-East Area Cost Estimate

Item Unit No. Cost Extension

1 | Ditch/Swale Improvements (Re-vegetation) [ AC 1.315 $15,000.00 $19,725
2 | Existing Outlet Standpipe Modifications EA 1 $250.00 $250
Bio-Infiltration Areas SY 682.9 $45.00 $30,732
$50,707

North-East Area Description

Utlize street islands, ditches, available green spaces and retrofitted parking areas for storage/bio-in-filtration
areas.

Figure 8: North-East Area Plan
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Surface water runoff discharge points:

Referring to Table 3 & Map 1, Subwatersheds (16, 2, 16, 36, 15, 14, 13, 12, 11, 10) have minor influences on
the active erosion occurring on the face of the bluff. These areas will be treated as part of the General bluff
restoration and re-vegetation efforts (see below).

Table 10: Subwatershed 7b Cost Estimate

Item Unit No. Cost Extension

1 | Ditch/Swale Improvements (Re-vegetation) | AC 1.315 $15,000.00 $19,725
2 | Existing Outlet Standpipe Modifications EA 1 $250.00 $250
3 | Bio-Infiltration Areas SY 682.9 $45.00 $30,732
$50,707

Subwatershed 7b Description

Utlilize existing green spaces for storage/bio-infiltration areas. Link to west cul-de-sac on Youngman ditch.

Figure 9: Subwatershed 7b Plan

Emmons & Olivier Resources, Inc.
A collaboration of professionals enhancing the value of our natural and cultural resources through science and design
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Surface Water Runoff Discharge Points

General Surface Drainage Problems

Referring to Table 3 & Map 1, Subwatersheds 3b, 10, 11, 12, 13, 15 & 16 have erosion associated with
concentration of overland flow. Most of these cases would need to be individually approached with a unique
erosion control plan. Through the proper placement and maintenance of bio-rolls, heavy erosion control blanket
and plantings of grasses and possibly shrubs these problems could be resolved. In conjunction with treating
these “upper” areas, restoration of the bluff zones would ideally coincide to take a holistic approach (see General
bluff restoration and re-vegetation section below).

Subwatershed 7b

Referring to Figure 7 and Map 1, Subwatershed 7b has a unique opportunity to utilize the existing topography
and infrastructure to retrofit a water quality treatment or rain garden feature. Through the modification of the
existing surface drain and minor soils amendments and seeding/plantings to the proposed rain garden area the
existing mowed sod will provide more pleasing sights and

Pedestrian and recreational activities along the bluff:

The Crosby Farm Park bluff areas are becoming used more and more by cyclists, runners and general nature
enthusiasts. Traffic on the aging trail system is taking its toll. Many of the timber shoring and cribbing walls,
as well as multiple bridges, are decayed and disintegrating in many locations. The reconstruction of these
structures will improve the erosion associated with the trial itself, however, there is innumerable evidence of
cliff climbing, and slope scrambling off of the trails that continually degrades the vegetation that meagerly
tries to establish itself. A comprehensive approach outlined in the section below may begin to deter off trail
activities. In addition, signing along the paths to inform and encourage park users to take and active roll in the
restoration during the revegetation process may peak peoples interest in helping preserve the new growth and
have long term affects for those who experienced the process (signing example: Please Stay on Trails - Native
Plant Restoration in Progress).

General Bluff Restoration and Re-vegetation:

Referring to the Ramsey Conservation Districts erosion points survey, points 1,2, 3,5,6,7,9, 12, 14,15, 16, 17,
18,19, 20, 21, 22, 23, 24, 25,27, 28, 29, 30, 31, 33, 34, & 35 are primarily associated with pedestrian traffic on
the trails and bluff areas. The combined efforts of trial improvements and overall bluff restoration will address
these erosion problems.

For the bluff itself and any associated upland areas, a recommended approach might be as follows:

1. Cut buckthorn, Siberian pea shrub, black locust and Siberian elm trees and shrubs. Within 24 hours
of cutting, apply basal application of garlon- herbicide to cut stumps. Pile and burn all cuttings — any
cuttings not burned, place in compact pile outside bluff restoration zone. Native trees and shrubs
should be retained, except where the canopy exceeds approximately 40% canopy coverage. Larger
trees, rather than being cut and removed, should be girdled and treated with a basal application of
Garlon-4.

2. Hand rake and harrow slopes to remove woody debris and trash and to loosen soil surface. All trash
should be bagged and properly disposed of. Woody debris may be burned along with invasive shrub
removals.

3. Spot spray broadleaf and woody invasive species, not cut under task 3.1 with Garlon, taking care not
to kill woodland woody and herbaceous species.

4. Place 1400 LF of 8-inch diameter compost sock as directed by Project Manager. A portion of cover
crop seed shall be incorporated into compost in sock. Compost socks shall be placed to take advantage
of stumps, rocks and topographic features that will help to provide a firm anchor. Compost socks shall
be staked 2-feet on center.

5. Place of compost within gullies and highly erodible areas as directed by the Project Manager

Emmons & Olivier Resources, Inc.
A collaboration of professionals enhancing the value of our natural and cultural resources through science and design




Hydroseed grass/cover crop mix as a dormant seeding if work completed in fall season or as soon as
conditions permit in the spring season. Seed should be installed evenly over all areas where active
rill erosion is occurring, where establishment of native grasses and forbs has failed, or where stocking
densities of seedlings are low. Since soil is generally loose on the slope, no further site preparation is
required. Seed should be applied with a fan-type nozzle in mixture of 75 pounds of hydromulch per
500 gallons of water for each acre of slope seeded.

Emmons & Olivier Resources, Inc.

A collaboration of professionals enhancing the value of our natural and cultural resources through science and design
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Hydroseeding — Following seeding, all slopes shall be hydromulched with a bonded fiber matrix (BFM)
product such as Soil Guard. The BFM shall be installed by a contractor certified by the manufacturer
to be trained in the proper procedures for mixing and application of the product. The BFM shall be
mixed according to manufacturer’s recommendations and contractor shall demonstrate ‘free liquid”
test to inspector upon request. Bonded Fiber Matrix shall be spray-applied at a rate of 3,000-4,000
LB/acre, utilizing standard hydraulically seeding equipment in successive layers as to achieve 100%
coverage of all exposed soil. The BFM shall not be applied immediately before, during or after rainfall,
such that the matrix will have opportunity to dry for up to 24 hours after installation.

8. (Optional) Place heavy duty chain link fence (as approved by St. Paul Parks and Recreation Department)

along edge of steep slope as marked by Project Manager to restrict foot travel over steep slopes. Place
semi-permanent/permanent informational signs explaining need for restricted use of area on fence
posts at approximate intervals of 50 feet and/or where past trails are located.

Emmons & Olivier Resources, Inc.

A collaboration of professionals enhancing the value of our natural and cultural resources through science and design



List of Appendices
. City Storm Sewer Plates

Il. Excerpt - Crosby Farm Regional Park Ecological Inventory and Restoration
Management Plan

lll. Excerpt Crosby Trail Study - by Great River Greening

IV. Figure 1 - Subwatershed Map

Emmons & Olivier Resources, Inc.

A collaboration of professionals enhancing the value of our natural and cultural resources through science and design



MACALESTER WaLK

ke

DSy g™

e 2L

1" % 500"

&2 SEWER MAP
‘= CITY OF ST, PAUL
DEPARTMENT GF PUBLIC WORKS




MHSH -1 o Pl
Mssttorier \ & NGB
E584.T36.254 \ A N133.070 . 586
EXISTING SHAFT. 554,796,254
Mo v 8 - gLk SIS 10: L M
\ . TRUCT " - E |s .00, 20
Y & HIVGIEE N S 00T 5 R R
ol ¢ ¥ N140,104.659 = | 556,684, 968
MHSH-23 .| B out & E556,626.503 B o
ME L R g | B e & END DE-AERATION CHAMBER 2 1A SEE SHERT TFOR
R aal CL o4 0.ax ¥ STA 21+50.40 WY o JNTRRSECTION CRTAILS
s s EXISTING SaNiTaRY a4 N1dD. 085, 057
s HAFT. NO CONMECTION o ES56.566.375 “
! ESEEAGEr R m STOAM TUNNEL: TD g TINSIDE WAL}
EMAIN AS 15. & () 3 i D]
[ X
oy o=, 6 o ‘o g/ s g mi.a0 owe @ 3 Bl Pac L 6 &6 6 o a «
1] AT = g c._'. Y w2 om " G g W W Ce— - -
1 - o 1 # @ a mo o a
AP @\ ® +
\ (¥ ?}%ﬁﬁuuY
\ W E’*“S('\-a‘}-“!"‘ P LINE TO SANITARY
o = SETN T TSTA et B ... [ e T
TREET TUMN Ni39.434.751 %5*3”-35‘ s G5 D K¥ CANITREY EPRMGLN ELEY.
E555,603.900 =
EXISTING SHAFT. i STA Tbed “,[,E'ig‘" SHAFT ¢ a6
INE TO STORM TIJNNCL N139,786. SANITARY TUNMEL MECORD (AWPG OF COMPLITID PROEST
TORM TUNNEL DouEtr) 27 8ce IV E-.ssa‘;:apﬁs .
Ri3acoea: szl oA BouE s et == o e
554, 736, 30 STORLTILIEL, s i s e
EXISTING A B srsa— ES 45 8 o—— SCALE
TREE L I % ot S s o v
STEWART AVENLUE A0 PO D T Y P A i
- T T = = oL P 00
| ! | T‘g%ﬂ- SCALE! | year,,pe
| I | _m I Lt | e AL Ished STRUCT, M0, |2 | steuct. o, 3
110 | w24 * | | TemRtfiens | +Co =Foi9-fof.Lb F35) TEgmen || T-Co8e 3034 00) 110
1 1 i 1 1 { i | wiskazaa | magH-24 R — \ | ABEH-25
— —‘—}F e —— o e '.‘gg';.‘,.w; e 11~ €0 Y STRUCT ho. 21 | |/l TE. -'-BH“ STOND)
IR | - o e = — — - =d 3.0°RT T.C. = a
100, = = ! e l — LAMEEL - o AP0 1_,;.-9_9.-5 MEIEAD 100
= T 487 PRECAST MANHOLE i TYPE VW11 MAMHOLE -
= UDED IM BID PRICE INCLUDED IN BID i
& | B L
S0 L 1 T 45 . (o 90
o | 4 25~ precast waioLE
!E ] E_chmncsa 5" elg‘:ﬂlﬁ
4 EXISTING SHAFT -
BO g TO REMAIN AS 15 ELEN 9428 SEE-DETAIL END_ D" RCP 80
= ot STUBOUT
24 o INV EL F9-24 77.33 (F¥-)
T &
70 &x k4 5 h ~INV EL #9858 7679(FG) 70
Et' 5 4 KEW SHAFT — v :Lz-zmt il e i
; TZ.41 FXA
-
&0 gl 60
L EXISTING 6°X 2.5° NOMINAL
§| 4 | STDAM SEWER TUNNEL .
g 1 - }
50 g [ Emooseq 1.st o1a v EL a3 50
b / 0 NEW SHAFT ABANGON SHAF T ™ SHAFT BELOW SAW
L / SEWR TONEL—, BELOW SANITARY SEWER TUNKEL 10
|, SEWER TUNNEL REMAIN AS OVERFLOW 40
40 _ 5 ; Davern Cunel, Fhase 8
/ e | W 6OF 50
" / =Ts EOUTY. TUN 4756
: EL ) 2
30 — W‘."L.m‘”""né.a | L esctiodne 7 ; 30
H 5 BSE -;;'n‘i'lvrf) INV EL 338 %3;’5:'1‘"?5&2%3”"
280 NV E |
3 1R pot e | =Ll 22 T30 | R < 1SV I B ’L!I(’X-/J 33 Ll FIED
- |20 I 1nY |EL 25703, (o i DEAERATION CHAMBER 20
£ PP TR ) = ZT.00d %) T 137 DA EQUIV. 1
& \ 4| | 0. 4037
NV EL 34.29
0+00 — 4+00 16400 20+00 | 24400
DAVERM DUTLET PHASE 8 =Rk CITY OF SAINT PAUL, MINNESOTA - DEPARTMENT OF PUBLIC WORKS 6o 48
-z TUNNEL PLAN & PROFILE e e |
I T e BT e e STEWART AVE. STA. 0+00 TO 24400 e oz Tuo01




. iy et
T 43 ALTON ST, [~ PROPOSED 60° @ AcP GHED LD LEAD ' FEMOVE C.B. AND ABANDON
RN r{ﬂ ANO PROFILE / @ ;8. LeAbs: REPLACE Wi
s 5 A
" A v / EXISTING SANTTAR
, B-52 SEE SHEET 13 FOR PROFILE — TTARY REMOVE EXISTING C.B. AND
' 7 / [ SEWER TUMNEL Ll S B
/ . | f REPLACE NITH NEW C.8,
2338
/ — EXISTING STORM ABANDON €. 8. REPLACE
0 Ilr lI|I SEWER TUNNMEL @ WITH N.E':LE‘“LM b “
0 | : PROPDSED 54" @ RCP
SCALE | - 4’_
: STA, 23416.26 »
0 / e
1 [ g o 1 ¢
AL [ Itg : H 3 e GENERAL NOTESt )
o 3 - "'g EXISTING UTILITIES ARE
4 % wE SHOWN [N APPROXIMATE
% = LOCAT ION
— -4 THE CONTRACTOR SHALL
DAVS-T \ 4 " Locnr_ ALL UTILTIES
. ./r ifiN = AND SERVICES PRICR
T M | 2 0 COMENC ING WORK.
- AR ‘;i ‘r! ¥ B THE CONTRACTOR. 15
S§TA. 23+40.00, 10'RT .|y ! \ CORDINATING AL
DAY o= —ED Vo / @@ RELOCATION OR
+2 158 ResvED &) || @& e @-E" e SUPPORT OF UTILITIES.
. g e\ \ NG e A e B - THE CONTRACTOR SHALL
5 FQiEm 238y ook \ e ol Ll - 2326 23 MAINTAIN SENER siﬂvu:!s
z »ul&m N i B \ HHHSENER CoNSTUEEION. e e
L
2 :E o STh Banagt AvE- FBEINSTALL SPRINKLE WART AVE. [SEE SHEET 27 Fom PavING FLAN THE CONTRACTOR SHALL
N T [omRm e R i LR RS,
AVE ALL TREES. 0
@ ~un EXCEPT THOSE MARKED FOR REMOVAL E=TRRES ] STEWART AVENUE ALL DRIVEWAYS.
I STE%7 : EXISTING CENTERLINE PROFILE — T a-?;?,:“"_:_" | TADEsIGN TPE ves STALES ,nm;; H :..m' |
100 l > | I \ . Ls'! IpoEsiGy TreE v-s o\ | Tl i % ¢ (e |
20, i I RN Y P \ : .. _i100
I ' I i
|DAVS-T ! f T -WEATHERED LIMESTONE | f
90 [vor gL 100.0— = R | Y EL B8.B | |
1 Sl IMESTONE EL 95.4 N R R =
e ' %
—_— - i ! ! W80 | n MBE KT & 3LTF)
B, 80 .“..’.‘.‘.‘. =i e GRSY ST S e BN E = i | S c TP L.t o
mlm EI. 371'—-— T b | b'liffﬂ N g T EESEESS == S
| =l ! ! i }m Et i '_{ﬂ Et M:I;:O:E{!W) &
70 NV EL 2R ) g W e | INV EL Borbei N ?n"ll‘- £
T (P PP sl %] S (. 5 !
! i XsTiNG &K 2,57 NouinL ) ) ST LD T o S - 60 RGP CL. 5 @ Grdek M [ 2
| | b4 ANITARY SENER TUNEL. “2, (P4 S B SO 0. TTR> =
160 | | Bl — = < |
| e _—
1 e} | ! . k P N I
3 I T PLOGE WiTH BALT Dewud o '
| 50 | B — _BuiLT Fuoom wiri n;-:_auutjl(/? | | COMER AT SAMITALY SPRINGLINE " |
i i e ABAMDEM-CHAET i EXISTING 6°X 2.5° NOMINA 1 ’ i - B i
| 53 B STORM SEWER TURReL 5 I = .
! b el ! i g
| 40 | I (o | _ : - - it
L =ro— —_—— _ 3 RS Nea [T = | 40}
. & |2 | Y — & |
.= ;- -grl = f TR — Al Daver Oussl, Frase G =
30 | 1 avwve e | i > r_:““—l-—mnu:m EXISTING | ¥ o 11 OF 40 =
| THEY BuluEaD | B ] T r- z L El - o
| e~ R | < msrmu s W SEwER 5 4811 =3
§ z S0lw | ?‘n ;ug | ABANDONED(«? =
3 i ] i | SEavicel s g =
g 20 - l | BIE CONTRACT, (o) 9
3B | e | B B P =
- | f 1 i ot
% o~
gg S P—— 30400 32400 | ____;4100 L e Doty
- DAVERN OUTLET PHASE © CITY OF SANT PAUL, MINNESOTA - DEPARTMENT OF PUBLIC WORKS
Zq 5955—_%—300575';: DAVERN OUTLET PHASE C
%E PR, a8 i e m—— . SEWER PLAN AND PROFILE
STEWART AVENUE STA. 23452 TO STA. 34400

5 1
o R b2 4 5 A A sl i L - = R L PR e i




SCALE

' @ﬂiu

T AVE: — EXISTING 36* B RCP
STA. 3T+72 1 {

REBUILT ?.
o) f = WHSH - 2TA TYPE
REINSTALL SPRINKLE { MATCH EXISTINGE" /
SYSTEMS BuILT HEW MU | / / rribe] CP / f
/ / STEWART A
{ sn 3?«36‘ 1)1 LT
PROPOSED 547 8 RCP — I.‘l i m we u )

N\
N\

34+00

I j— PROPOSED 48° @ RCP

EXIST IN‘G sm TARY
SEWER T

SEWER T

-—EX'SHNC STDHM
|

KEY NDTES:

0]

EX. MHSH-284 —
1

@
y
J
&,ma

REMOVE C.B. AND ABANDON
€. LEADS. ﬁiPLlCE WITH
NEW c B. AND C LEADS

MOVE EXISTING C.8. AND
mim EXISTING DROP PIPEM
REPLACE WITH MEW C.B.

C.8. LEAD AND REPLACE

ABANDON
WITH NEW LEAD

~EDERO
s D elorg

GENERAL NOTES:

EXISTING UTILITIES ARE
APPROXIMATE

SR S

et — LOCATION
z o e REAED ¢ THE CONTRACTDR SHALL
ml.ll T ™ LOCATE ALL UTILTIES
£ ) : AND SERVICES P
w i TO COMMENCING WOR
= '|| v THE CONTRACTOR 1S
- | \ v woas + AEseONS [oLE Fm
el A NART AY. — TEMPORARY OR E
(= WERED § EERS o ‘ STA. 4444B. ..(D@anw:njm oR Tlmmmr
5 / oF 8" DIF UNDER STURM" gl 1T v T OF UTILITIES.
{ @ \ | | | 4158 E CONTRACTOR SHALL
CESIS., Bl ; i P\ TR BT B
STA. 37450, 16°AT Pl STA. “‘“ 147RT = \ STOAM) AT ALL TIMES.
S e =
; [ BEEY o
SEE SHEET E ® AN 3 CONTRACTOR TD PROTECT AND SAVE ILI. TREES., =R . AN
[ 29 FOR PAVING PL | @ STEWART AVENUE EXCEPT THOSE MARKED FOR REMOVAL — p-65 mtr;éfvsa'ncc:ss 10
564 ToF— X, Wisi-zE WORIZ.1 1= 50
EL 35,3 o L PR ToC- 1 5“":’ VERT. 1 1°= 8°
| \ -85 i A
100 H»\“” T\rp: Y- s'f 7 EXISTING CEWTERLINE PROFILE TOP EL 93.0— ! S\'_NQT!%E;' |ﬁ1‘
| - I RN W4 WD, 415 TYPE Vi : ‘?}"w@ N0, 530 =
! E ST, aedey AT gl Ea R
| i Tolo 2. 1 T ~ ] Tt 'm"'rwb3
FALL SILTY St ——— i ——— LEAN CLAY. LIMESTONE i
30 . - 40 _CRAVEL EL 92.3 = MEATUERED. L INESTONE
: 2 - e
- — 4B E58-LF - 48" RACP Cl. 30%, " T— This ] ¥
e 2340 LF ~ 54° RCP CL. 4 B - yis ) — T 3 —nu ‘rt:u OF BORING
80 - e 2 v S 23 = . S EE ;Dﬂzﬂf BORING v £L B5rEat N —— / LR TR
L - il - -+ AE B0 FH P NV EL 1E y Y =IMV EL Wijuu
i iy el Bde N H NV EL M"'ingﬂﬂ ﬁ,,fsf‘%’[.’_" = A NN EC sersaiiina s -
w NV ELiSaeaiedy ol i L SAND 4NO GRAVEL | Y L e aee L. 5 @ SR onemin
& A6 LA LE = B4% - EL 91.7 INV EL 8603 wia4
10 ,pmmnw o :mm 1= T hnl Tane Saen sma—g 48" RCP € / P e ﬂ”;m “E‘ﬂw
w ARY - 48" L. 38 — iV gL (3
o] TUNNEL () I il i T =
v ! = e =S T T— T~
60 ! = e —_— = TS SHAET 7O BE LINED
s -~ T EXISTING 6% 2.5 NOMINAL TD SANITARY SEWER
3 oy Fuoee wins pacr oo ]| INV EL 59.3% SANTTARY o g S e L INVEL 62.2¢  TUNNEL )
ovEE AT SaNTARY SPRGLCE | EXISTING 6°X 2.5° NOMINAL I T apanoow suaFT BELOWG
50 | - et i @ STOAM SEWER TUNMEL T SANITARY SEWER TUNNEL
N |
3 W a P G— I
e —— — |
40| z I_ ittt . == E— 40]
- i TUe DNV EL 40,31 4 —INY EL 43,65
| x ] “— EXISTING STORM SEWER o
30 Lt £ ' TUNNEL +a-8E 13
I - < w FILLED FRoM ENST by
= a oF Bami-z7 () >
§ i i
g 20| | £
x | E -
] | gi
LR 4
3 o Y s
;ﬁ | 34400 36+00 38400 42+00 44400 461—00 e ey
= | DAVERN DUTLET Pase ¢ | L ] 2-14- CITY OF SANT PAUL, MNNESOTA - DEPARTMENT OF PUBLIC WORKS
g 9558085 - HNTEB DAVERN OUTLET PHASE C
‘5; SEWCH DR, g-?-:-s:: WO S35T HOWARD MULOLLS TAMMEN & BERGENDOFF SEwER PL#N AND FRDFILE
=g i =t o STEWART AVENUE STA. 34+00 TO STA. 45+08
PR i it 1




I— S— I !
- | |
105 s S 4 } EERAS = s | — | 105
STRUCTURE NO. 1 I 13 DESION TYPE VI [ — STRUCTURE WD. 1 — M4 20 DESICN TYPE Vi
| { 1# . ‘%wwj: | 23N
1% P SEEEPSID - —_— | 100
32096 ' l |
a5 56~ nee L’ 9%
P —r—————— 153 oo e =Tl T | = 1
END S*UBDU! 1 |
[ [
I
w144’ ~66" RCP |
E—Q— — ""'CE-"!"W - — ———— — —f——— T 30
END DE-AERATION °.:% | | |
cHmmER . : ! NV EL a‘:‘nn(/J =TT
| | 8s W I S— |/ a.zessn | 85
|- | =WV £ g-FrH- 17 %
0! | | — INV EL e LﬂM | I l
: | , sTetme) i Mt |
| | | | g N ! 1 « %‘%P | AT EAPOT 80
! | BY B || — eSS s ; AP L v e L =t I
30" AIR | | | | 0.A5 R
VENT —_ | il - DE-AERATION | | - 1
- - = INV EL FFvdd
i ‘ |l 75 R | i N 1 W e 75
L =
{ N EL 44-.%@- R By |
| ! | | ) |
P.[’ H S == - S ~
| BN | PROFILE 66" STUBOUT ON PROFILE 60" STUBOUT ON
i | ALTON STREET STEWART AVENUE
| i .
f
b L ¢ DROPSHAFT (STRUCTURE 21
| A.22422.50, 3.00'RT
| | 5
1 : .
IBMGITION STRUCTURE | <
{STRUCTURE - e APPROACH CHANNEL
STh, 2248300, 2.25RT e || - STRUCTURE NO. 1
=
™ i )
T - & 30°_MITERED
Pl STA.23+02.00, 2.25 AT - & g :}4?:5?233 SR ET 6
H140.149.013 ) £556,680.018 gf‘?‘a&t‘,’“ R UR]
556,692,484 - % . +48. 3.
—-—-—f : !.2 - £ N140.191.510 Davern Dutol. Prnss B
L~ £556.677.667 7OF 50
4757
SEWER  NOTES! NOTES:
(vrbar wiTeRE \ Y ALTON STREET (1) REMOVE EXISTING MH/CB AND ABANDON EXISTING UTILITIES SHOW ARE
o 2+ T 251 - i EXISTING CB LEAD. APPROX IMATE
£556, 708,439 e “-"9 66" RCP STUBOUT @ REMOVE EXISTING CH AND ABANDON EXISTING THE CONTRACTOR SHALL LOCATE
: STA.10469, 40LRE o 8 DROP PIPE. ALL UTILITIES AND SERVICES
(3) REMOVE EXISTING M ABANDON EXISTING OROP ERUON. O COMBNCI M, NORk
&5 PIPE AND REPLACE WITH MW/CB. THE CONTRACTOR 15 NESPMS[ELE
(4) REMOVE EXISTING CB AND CB LEAD. gl
i L@ i — 30" MLIERED j.g;ﬁ_‘:_:;éq T (5) EXISTING WMANSHAFT TO BE LINED. e TS,
WHEH-25 i T o -86 PN THE CONTRACTOR SHALL MAINTAIN
WE ST ZTE e \ Mi4gi218-255 e () EXTEND AND RECONNECT EXISTING 10° STORM SEWER SERVICE (BOTH SANITARY
ALTON ST. STA.10400.00 | i ks VO£V AND-STORM) AT ALL TIMES:
M140.159.590 o~ 3
E556,703. 380 I ¥ S A CONTRACTOR TO PREFORM TEST EXCAVATION
4 pi MANHOLE 20577 TO DETERMINE DEPTH OF WATER MAIN OSSN it ¥ COLIIS. Moct
2 A b ST, 23440.00. 10°RT ’ 4
* (vEND 60" Rce sTusouT— | | 4 T b
STA,23452.00. 10°RT A 1118 s i
ALTON ST./STEWART ST. i S e o . o
o P s e . 1
INTERSECTION SEWER PLAN IR SRS Y e TR e
DAVERN OUTLET PHASE B : : CITY OF SAINT PAUL, MINNESOTA - DEPARTMENT OF PUBLIC WORKS
s [ HNTB] Sa ouTiET e § Smat
3 ALTON/STEWART INTERSECTION
SEWER DR. MO. "7 DEWC. MD 5355 - HOWARD MEITLES TAMMEN & BERCENCOFF s K5 180
at= DETAILS e D721P005




L]
Skeworl Sue z
*
e H H 00
»
w
.‘l (: ﬂi'l.'!-d“”'“ﬁ'.m
2ET= GO BANITARY INTERCEPTOR SEWER oRG. 5S4 -
: L ®
- = T z
| I . - ks | o : 1 il
]l'! I s . I i ol o s r-m'x'-ﬂ'-; &
PEOEBGL g -i-m-l Vit tandpute Lining
3 L i »
H i »
83 i ""bw, 0
Mu‘u';-nuuu‘:. -plll#‘-lul_-li.lﬂ:
This swwar was buslf in Tra Bani Inbarcaptor Bawer was il 037
BRSBTS _ " A %
| A D i ‘:‘L = e o*? i o o 143#‘9'
| | . g:ﬂd’rﬂ'ﬂulu ﬁ':é:a'nlaa = LARSENE RS nlo|w|slBs|o|u|n|es
L5 1 3 s 3 i & 2 ] |3 .
| AEHRCIE R W | (R | LR IR
s 3 |& by H z { ® “ !
S EVENN W4 § N ER RN R AL REN N R W RV Rlo hla w3 la lelalalylelnfyly
i A ¢ TR0’ INTERCEPTOR BEWER rzEm’
'ﬁg‘gﬂ{- i i sTomM b T BEwER TUNME L v = -
agla JNNANEEE N EL% RAINNUANL 3.'!;%% Nk
D el B g | iy | | Wl
R i; |‘¢.-. % = ;? 1 3 |§§ < 3 «¥ o3|
w e * ffo n|||n:1]1_:|lo:|1 i s lw|w Inul-s 1 s ,:,|,
N ER L A M M s ¢
& 1 91.”. w123 farngeand L L



GREENING

oy
n
=
o]
07
(5]
=
+
=
(o]
&
(]
O
=)
(o]
his}
i
n
N
[
<
=
=

Prepared for the City of St. Paul

Conservation District

Division of Parks and Recreation
by Great River Greening

January 2005




Crosby Farm Regional Park
Ecological Inventory and Restoration Management Plan

Compiled by
Fred Harris
Great River Greening

With assistance from
Tom Petersen, Dave Bauer, Matt Swanson
Ramsey Conservation District

January 2005

Great River Greening (GRG) is a nonprofit organization that restores valuable and
endangered natural areas in the greater Twin Cities by engaging individuals and
communities in stewardship of the Mississippi, Minnesota and St. Croix river valleys and
their watersheds. Greening involves local citizens in hands-on volunteer and training
programs on a larger scale than any other Twin Cities organization— 14,000 since
inception in 1995. (See Appendix D for more information).

Ramsey Conservation District (RCD) is a special purpose local government agency
responsible for promoting the conservation of Ramsey County's natural resources. The
district, through its publicly elected board of supervisors and staff, assists private citizens,
businesses, and other governmental agencies implement natural resource conservation
practices.

Fred Harris, Ph.D. is the Lead Ecologist for Great River Greening. He conducts
ecological inventories and writes restoration plans. Previously, he worked for many
years with the Minnesota Department of Natural Resources as a plant ecologist with the
Minnesota County Biological Survey and as an ecologist for the Minnesota Chapter of
The Nature Conservancy.

Tom Petersen, Ramsey Conservation District Manager, is responsible for the
administration and management of all district programs. He has 25 years of experience
in urban land use conservation programs and has specialized in soil erosion control and
landscape restoration technologies and wetland ecology.

Dave Bauer, District Conservation Technology Specialist and Mn Licensed Professional
Soil Scientist, is responsible for District GIS technologies and services, applied soil
science programs, and soil erosion and sediment control programs. He has nine years of
experience in this area.

Matt Swanson, District Groundwater Specialist and Mn Licensed Professional
Geologist, is responsible for developing and implementing the District's groundwater
quality protection programs and geologic and hydro-geologic science programs. He has
15 years of experience, including consulting and government work.



Executive Summary

Crosby Farm Regional Park is the largest natural park within the City of St. Paul. It is
also a significant natural area within the State of Minnesota Mississippi River Critical
Area Corridor and the Mississippi National River and Recreation Area (MNRRA). The
park consists of a large area of floodplain and valley side slopes, the “bluffs,” along the
Mississippi River near its confluence with the Minnesota River. The park’s forests,
wetlands and lakes are important refuges for a broad diversity of native wildlife species.
As a natural oasis of oak woods, marshes, lakes, floodplain forests and Mississippi River
shoreline in a major metropolitan area, the park attracts tens of thousands of local
residents throughout the year.

A detailed vegetation inventory, analysis of management problems, and assessment of
bluff trails was conducted in 2004. The bluff trails analysis completed in June focuses on
recommendations for ameliorating erosion problems and improving trail design. It was
published separately in a companion report entitled Crosby Park Bluff Trail Project:
Design Strategies for an Ecologically Sustainable Bluff Trail (Shaw et al. 2004) also
compiled by Great River Greening.

This report on Crosby Farm Regional Park focuses on the following main objectives: A.)
preliminary documentation and assessment of bluff erosion problems; B.) detailed
inventory and mapping of terrestrial and wetland native plant communities in the park;
C.) identification and analysis of problem areas needing management and restoration
work; and D.) identification of strategies for managing and reconstructing native plant
communities in the park.

Appendices to this inventory and management plan provide technical information to
supplement the recommendations, including a checklist of plants seen in the park in
2004, detailed plant species lists of target native plant communities, and information
about controlling exotic species.

Preliminary examinations of the bluffs along the north side of Crosby Park reveal
numerous examples of erosion from excess storm water runoff and off-trail traffic,
ranging from low levels of sandstone weathering to deep canyons incised into the bluff.
This erosion is compromising the integrity of the native vegetation of the bluffs, washing
out portions of the park’s trail system, and depositing silt and sand into the park’s lakes.

Crosby Park has a broad range of terrestrial and wetland native plant communities
containing over 300 plant species. Vegetation survey highlights include areas of intact
sedge meadow, black ash seepage swamps, areas of diverse spring ephemeral
wildflowers, a colony of Kentucky coffee trees, and large tracts of intact floodplain
forest.

This project was not intended to inventory the wildlife species, aquatic environments or
recreation/environmental education values of the park — subjects that should be addressed
in future inventory and management plans.
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Introduction

Purpose

This plan provides recommendations for improv-
ing the Bluff Trail at Crosby Park in St. Paul, Min-
nesota. The plan includes a study of current trail
conditions and provides a detailed trail plan and
constructions details. The plan will help the City of
St. Paul manage the site in a way that meets the
various needs of local residents and visitors while
also being cost-effective and ecologically sustain-
able. The plan will also act as a model for similar
projects in the Twin Cities area. This trail plan is a
companion document to a natural resources inven-
tory and ecological restoration plan that is also be-
ing developed by Great River Greening and will be
completed in the fall of 2004.

Funding for this project came from the Legisla-
tive Commission on Minnesota Resources and project
partners included the City of Saint Paul, Great River
Greening, and the Ramsey Soil and Water Conser-
vation District.

Crosby Park

Crosby Park is the largest natural park in St.
Paul, Minnesota. The park is located on the east
side of the Mississippi River as it flows along the
western edge of St. Paul. It is very popular region-
ally, due to its access to the Mississippi River, di-
versity of plant communities, rock outcroppings,
abundant wildlife and extensive trail network. The
park is owned by the City of St. Paul, but it is also
part of the National Park Service’s Mississippi Na-
tional River and Recreation Area and is an impor-
tant corridor for migratory birds.

The Trail Network

Trails play an important role within Crosby Park.
They provide access to natural features such as the
river, bluffs, and wetlands and provide many oppor-
tunities for the exploration of nature. The trails
are heavily used by a combination of walkers, run-
ners, and bicyclists. The trails in Crosby Park con-
nect with other trails that follow a network of parks
that parallel the Mississippi as it flows through the
Twin Cities.

Crosby Park: Bluff Trail Project
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The Bluff Trail

This plan focuses on the re-construction and
restoration of the bluff trail, one of the most unique
trails in the park. The bluff trail follows the con-
tours of the bluffs that parallel the Mississippi River.
A large section of the trail is situated half way up
the bluff in a mesic oak forest, where it meanders
in and out of moist ravines. This trail is unique in
that it provides hikers with opportunities to observe
a variety of natural habitats and the plants and ani-
mals that they support. In addition to ravines, hik-
ers also experience dry ridges with mature oak trees,
and as the trail drops in elevation it traverses flood-
plain forest, lowland hardwood forest, and black ash
seepage swamps.

Although the bluff trail existed as an undevel-
oped trail for many years, it was formally designed
by Les Blacklock in the early 1970s. The original
building materials are still at the site and consist of
recycled telephone poles, rail road ties and wooden
fence posts. The trail was well constructed, but
over the last 30 years it has received a significant
amount of use and has degraded due to soil erosion
and the decomposition of building materials.

Erosion has resulted from routine use but also
from storm sewer outlets at the top of the bluff, the
tires of mountain bikes, and runoff from slopes that
are bare due to trampling by animals and people
and the presence of invasive plant species. As a
result of the erosion there is very little organic ma-
terial on the slopes to help sustain plant growth.
Organic matter plays an important role in control-
ling erosion on the bluffs by slowing the flow of wa-
ter, absorbing moisture, and providing nutrients for
ground-layer woodland plant species. The organic
layer also provides a good insulating layer for plants
during the winter.

A Introduction

The Trail Plan

The trail plan focuses on the development of sus-
tainable and ecologically sound construction techniques
that will retain the character and natural experience
of the site while solving erosion issues and structural
problems. The plan also investigates areas for inter-
pretation or wildlife viewing. The plan is organized
with an analysis of current conditions at the begin-
ning, followed by the plan with proposed trail improve-
ments. The plan references construction details for
specific areas along the trail and these details are in-
cluded at the end of the document. The severity of
problems along the trail are defined in the plan to aid
in the determination of where construction work should
begin.

Trail Use

The soils on the bluff are highly erodable and as a
result, trail use other than hiking should be discour-
aged. Mountain biking should be restricted to trails
that are less prone to erosion and people and animals
should be persuaded to stay on the trail. The trail plan
recommends the removal of some unnecessary trails
in the park to prevent further erosion problems.

Trail Monitoring

Periodic monitoring of the Bluff Trail will help pre-
vent small problems from becoming more serious.
Neighborhood residents can play an important role in
monitoring for problems as part of the City of St. Paul’s
Eco Stewards program. Through this program, volun-
teers adopt project sites and conduct activities such as
monitoring and invasive species control.




USGS Quadrangle

The USGS map shows
constructed elements
around Crosby Park such
as local roads, county
roads, highways, building
footprints, political bound-
aries and parking lots.
The park is framed by
Shephard Road on the
northwest, and by the Mis-
sissippi River on the other
sides. The area directly
north of Shephard Road
features a number of light
industrial and commercial
structures with large
parking lots, and is char-
acterized by a large
amount of impervious sur-
face. Further north are
the residential blocks of
the Highland Park neigh-
borhood, as well as the
Highland Park Golf
Course.
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CROSBY BLUFF TRAIL
LAND-COVER

MNRRA MLCCS
[ EBoxelder - green ash disturbed native forest
[0 Buildings and pavement with 76-80% impervious cover
[0 Buildings and pavement with 91-100% impervious caver
I Buldings with 91-100% impervious cover
I Floodplam forest
I Floodplam forest silver maple subtype
B Grassland with sparse deciduous trees - non-pative dominated veg. |
Lowland hardwood forest
[ Medium-tall grass non-native dominated grassland
I Mixed emergent marsh
B Mixed emergent marsh - seascnally flocded
Mixed hardwood swamp
I Mixed hardwood swamp - seasonally flooded
[ Mixed hardwood swamp seepage subtype
[ Oak forest mesic subtype
Bl Favement with 76-80% impervious cover
Il Favement with 91-100% im parvious cover
I Short grasses with 11-25% impervious cover
I Upiand soils with planted or maintained grasses
I Upiand soils with planted, maintained. or cultivated coniferous trees
B Willow swamp
[ | Mississippi River

LEGEMD

All trails

Bluff trail
N Interstate highways
/\/ County roadway
M/ Dot Roads

Crosby Lake

1000

Land-Cover

The land-cover map
identifies the current bio-
logical layers contained
within the Crosby Park
area. The park is domi-
nated by the Floodplain
Forest land-cover type. but
the bluff trail moves
through mostly Oak For-
est Mesic Subtype vegeta-
tion, with a portion of
Boxelder-Green Ash Dis-
turbed Native Forest at
the eastern end. The
land-cover map was con-
structed using MLCCS
data from the Minnesota
DNR Data Deli.
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CROSBY BLUFF TRAIL

Landform

The landform map il-
lustrates the physical
form of the Crosby Park
area in order to 1) iden-
tify how water moves
through the site, 2) using
a 3-dimensional model, lo-
cate where steep slopes
exist and where shallow
slopes exist, 3) identify
which direction the slopes
face (aspect) and their
corresponding access to
solar radiation, and 4) give
a sense of how physical
form can play a role in how
one might experience or
interpret the bluff trail.
The bluff trail is located
on or at the base of a steep
southeast-facing slope.

LANDFO

RM

SN/ Altralts

~ Bluffiral
J Inderstate highways

County reads

¥ Dot roads
- Missssippl Rlver

[ Crosty Lake
Elevation
T G
[ )
Wl 7ie- 719
B 764774
[ 819-829
[ &74-884
= 90-939
[ 984 - 984
[ 1038- 1048
[ 1084~ 1104
[ Ma Cats
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Slope

The Slope Analysis
overlay on the USGS
1:12000 map identifies the
steepness of slopes in and
around the site. A mea-
surement of slope steep-
ness is useful in under-
standing the process of
erosion, and the relation-
ship between slope, soil
stability, stormwater
movement, and vegeta-
tion. Vegetation often has
difficulty taking hold in
steep areas, yet at the
same time is essential for
the stabilization of soils on
the slope. The slope
analysis helps to pinpoint
areas where the risk of
erosion is high and to
guide the placement of
erosion control elements
along the trail. The entire
bluff trail runs along ar-
eas of steep slopes.




Soils

The Soil Resources
map was constructed us-
ing the Ramsey County
Soil Survey. The key con-
tains those soils found
within or around Crosby
Park. It is also important
to note that a slope per-
centage is often indicated
after each individual soil
ID, which is useful when
determining the “work-
ability” of a particular soil
group. Most of Crosby Park
is dominated by Chaska
Silt Loam (frequently
flooded) and Algansee
Loamy Sand. The bluff
trail moves through areas
of Dorerton-Rock Outcrop
Complex, with 25% to 65%
slopes.
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Hydrology

The Hydrology map
identifies watershed
boundaries in relation to
trail location and the ex-
tent of Crosby Park. A
watershed boundary di-
vides the bluff trail into
two portions. Stormwater
in the area around the
larger portion (to the east)
drains into Crosby Lake.
Stormwater in the area
around the smaller, west-
ern portion collects in the
black ash seepage swamp
at the foot of the slope.




Resource Analysis of Intrinsic Qualities

Wildlife

The Wildlife map in-
dicates areas within or
near Crosby Park that are
ecologically significant to
wildlife. Ecological signifi-
cance is defined in terms
of breeding habitat, use as
food source, or the loca-
tion of rare, endangered
or ecologically significant
species to the Mississippi
River Valley Region.
Crosby Park contains valu-
able aquatic and avian
habitat, as well as a num-
ber of rare, endangered,
or significant species.

CROSBY BLUFF TRAIL
WILDLIFE
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CROSBY BLUFF TRAIL

ECO-ANALYSIS
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Eco-Analysis

The Eco-Analysis map
identifies which areas in
and around Crosby Park
that contain the greatest
ecological value to guide
an informed design and set
of recommendations. Ar-
eas were rated by using
the ecological protocol for
open space protection op-
portunities in the Missis-
sippi National River and
Recreation Area (MNRRA).
The protocol evaluates
MLCCS (Minnesota Land
Cover Classification Sys-
tem) polygons and classi-
fies each polygon by nu-
merical ranking. Numeri-
cal values are then
grouped together to give a
simplified ranking: rang-
ing from very high to very
low. Nearly all of Crosby
Park ranks as high or very
high in ecological value.
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Trail Segment Plans

Bluff Trail Segments:

The Bluff Trail can be divided into four
distinct segments, each with its own spe-
cial character.

Moving from west to east, the first seg-
ment is the Bluff Bottoms segment. It is
characterized by the location of the trail
at the base of the bluffs, first near the
west parking lot and then along the edge
of a black ash seepage swamp.

The second segment is the High Bluff
Trail segment. It is characterized by the
elevated location of the trail and the ex-
perience of being up in the trees and upon
the steep bluff slopes.

The third segment is the Gorges seg-
ment. Here the trail moves down to the
base of the bluffs once more, which fea-
tures a number of broad, bowl-shaped ra-
vines and narrow, eroded gorges.

The fourth and final segment is the
Lakeside segment. Here the trail moves
near the edge of Crosby Lake, with framed
views to the water.

Bluff Bottoms

High Bluff

On the following pages, each trail seg-
ment is dealt with individually, identify-
ing specific problem areas along the trail.
For each portion of the trail, the current
condition of the trail and supporting struc-
tures is given, followed by design recom-
mendations to improve the condition. The
number(s) listed with each recommenda-
tion refer to specific design details, ar-
ranged by number, in the final portion of
the document. Restoration of native veg-
etation is needed along the entire trail,
so there are no specific points indicated
for this recommendation. For planting
details and considerations, see Design
Details #7, #8, and #9.

The Gorges

Lakeside
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Trail Segment Plans

Trail Segment 1:
Bluff Bottoms

The Bluff Bottoms Trail Segment begins at the
park’s west parking lot and ends where the trail
climbs the bluff slope. It begins with a strong sense
of enclosure, pressed between the park access road
and the bluff. Soon the space between the trail and
road expands, and the rest of this trail segment
runs between the bluff and a black ash seepage
swamp. In the swamp the understory is open, filled
with the slender trunks of black ash trees. This
entire segment is characterized by wet soil condi-
tions, with muddy trails after rain.  The depressed
area between the trail and road becomes inundated
after storms, and there is no outlet for this
stormwater except for slow infiltration into the
ground. In general, the native vegetation is rela-
tively high in quality along this segment of the trail,
with patches of wild ginger, jack-in-the-pulpit, bloo-
droot, and trout lily. Infestations of garlic mustard
are less severe here than in the other segments.
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Trail Segment Plans

Trail Segment 2:
High Bluff

The Upper Bluff Trail Segment begins where the
trail climbs the bluff slope, and ends where the trail
descends again near the west end of Crosby Lake.
The segment is characterized by an intimate rela-
tionship with the bluff and a feeling of prospect as
the trail runs roughly halfway up the bluff slope.
The trail twists and turns with each ridge and draw,
hugging the fissured topography. Though Shephard
Road is not far away at the top of the slope, the
presence of its traffic is not strongly felt. However,
the impact of stormwater from its surface is seen in
the eroded draws. At many points the trail position
is quite precarious, with steep slopes above and be-
low. The understory vegetation is open enough to
allow views to the flatland below and well up the
bluff slope. Erosion is a serious issue along the
entire length of this segment, both on the trail it-
self and on the adjacent slopes. Of all the seg-
ments, this is the one on which mountain biking
should be most discouraged. The presence of stair-
cases at either end of the trail segment should help
keep bikes on the lower trails that are less prone to
erosion. A staircase already exists at the east end
of the segment, and we recommend adding one at
the west end.
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Trail Segment Plans
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Trail Segment Plans

Trail Segment 3:
The Gorges

The Gorges Trail Segment begins at the
staircase near the west end of Crosby Lake
and ends at the dramatic canyon feature re-
ferred to in this document as “The Narrows.”
Here the trail is at the base of the bluff, with
a few short climbs over ridges that reach
across the trail. The bluff has a strong pres-
ence here, experienced as a series of broad,
bowl-shaped draws and narrower ravines. The
south side of the trail alternates between open
black ash seepage swamp and more enclosed
lowland forest, with occasional filtered views
of the lake. Many of the draws are severely
and spectacularly eroded, the result of sev-
eral stormwater outlets at the top of the bluff.
The most dramatic of all the gorges, The Nar-
rows, marks the end of this segment. It is a
narrow, twisting canyon carved directly out
of the sandstone bedrock and cutting straight
back into the bluff. Where runoff from the
narrows enters Crosby Lake, there is a large
sandy delta.




Crosby Park: Bluff Trail Project . +

Design Strategies for an Ecologically Sustainable Bluff Trail

Trail Segment Plans

™D )
CROSBY PARK Hl Trail Segment 4:
LAKI II‘II SEGMENT PLAN ’ : ool Lakeside

The Lakeside Trail Segment begins at The
Narrows and ends at the access road at the
east end of Crosby Lake. This is the longest
segment of the trail. It runs mostly at the
base of the bluff, with a few short climbs up
the slope followed shortly by descents. Here
the distance between the bluff and the lake
is quite narrow, so the trail remains rela-
tively close to the water’s edge.  If the expe-
rience of the previous segment was dominated
by the bluff, this segment is dominated by
the water. The segment begins with views to
a massive beaver lodge, surrounded by evi-
dence of the beavers’ handiwork on the veg-
etation and in the lake itself. There is also
evidence of human activity in this area in the
form of small concrete foundations and a large
cave carved out of a sandstone ridge. As the
trail moves eastward, the presence of traffic
on Shephard Road becomes more noticeable
as the road slowly descends with the dimin-
ishing bluff. A significant feature near the
end of the segment is a massive stormwater
outlet structure. Beyond the outlet struc-
ture, the trail becomes more enclosed as it
winds through an area where dense stands
of buckthorn have not yet been removed.
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Trail Segment Plans

CROSBY PARK BLUFF TRAIL

LAKE SIDE SEGMENT PLAN
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Bluff Bottom, Wet Condition

There are many areas at the bottom of the bluff where the flow and accumulation of water is a problem. The goal in
these areas is to allow both the passage of water and the movement of people, without one impeding the other.

Detail #1: Trailhead Bridge

elevation
— 6”x6” timber posts with
-Bridge is simple boardwalk without railing. | / tops cut at 45 degrees

-6x6” posts, with tops cut at a 45 degree angle,
mark the transition from the road crossing to
the trailhead bridge. Timber posts bring de- 4”x12”wooden beam
sign vocabulary of retaining walls to bridge

structures.

-See Detail #11 for beam-foundation connec-
tion.

2°x6” treated
wood decking

|

A

6”x6” timber posts
flanking entrance.

J_EE -

trail




Detail #2: Drainage Ditch w/ Crossing

17-2” thick limestone flags harvested from site
1/47-1/2” crushed stone

/ existing vegetation

wall section closeup

ot

6” gravel separatortop
to bottom between trail
and inside wall

1/27x10 ‘ L-_ : hiking trail

B wood screw
v
/ =
: 3 | ! ., allow gravel to spill over
i:f;g;‘r:zj:(zl; Zlcl llnéfiks p /7 to' {éz?yce washout
to trail edge
27 cut 1/4” gravel swept 6”thick top to SRPT .
o bottom between trail & inside wall gpﬁi e)fiS 4€rg?tct): dtimber post,
17-2” thick flagstone spillway 6”x6"x8’ treated timber retaining wall

section

27 thick stone laid

in shallow ditch [v] 6 1/47-1/2” crushed gravel
gravel basin at terminus .

of drainage ditch. permeable erosion fabric el eva ti on

6”x6"x8’ treated timbers .
) 6”x6"x8’ treated trail surface
¢, . s timber retaining wall
/ treated wood timber spaced 4’ O.C. ) planted native vegetation as
gravel spillover, specified by landscape architect
T T 0 SEon 1/2”x10” wood screw

o

E &
e =
permeable erosion fabric |H |E l ”

%

ENENE

|

prepared subgrade

i

” opening to flagstone spillway

Il bury to 40” or _

prepared trail surface: until hits bedrock

compact crushed stone base
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Detail #3: Stepping Stone Path

The purpose of the Stepping Stone Path detail is to
keep the path dry for foot traffic, and to avoid the forma-
tion of large muddy patches in the trail after rain. It is
meant to be applied in areas where heavy foot traffic in-
tensifies the erosion process. Successful implementation
of this design requires that the stepping stones be thick
enough (approx. 6”) and firmly set into the trail so that
washout does not occur. Limestone rubble of appropriate
dimensions found on site may be used. The gravel spill-
way functions to slow down sheet flow off the trail.

smaller stones placed at edges

largest stones at center of trail

gravel spillway at edge
downslope of trail

section

stones, at least 6” thick, set
with top surfaces flush

gravel spillway

Il

1 K.
Tl SR

prepared subgrade
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Design Details .

Steep Slope Condition

Erosion as a result of steep slopes is a problem all along the bluff, both on and off the trail. The following details
offer solutions on these slopes. They seek to stabilize the slopes, allowing movement of people and water without
excess movement of soil.

-Construct walls with 6 by 6 timber posts and rails.

-Use 3/8" galvanized spikes 10 - 12" long.
Deta’l #4 Reta’n’nq WG” -Utilize a minimum of 4 spikes per 8', with 2 spikes at

connection points.

galvanized spike

-Replace existing telephone pole walls with timber walls
as they decompose.

single wall

-Utilize gravel or limestone debris and erosion fabric be-
hind timber walls to facilitate infiltration of rainwater.

-Utilize drainage dips (see detail #5) along wall sections to
divert water.

-Bury posts 3.5 feet deep or to the depth of bedrock.

-Bury at least one rail into the ground for sufficient stabil-
ity.

granular fill
-Double walls should be utilized for walls higher than 3-

erosion fabric feet to break up the visual effect and help divert water.

-Utilize dead man anchoring with double walls.

-Utilize plantings between double walls to soften edges
and increase absorption of rainwater.
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-The drainage dip is a method of diverting rainwater from h . i h dip runs width of trail,
the trail su:faCE,p similar to a water bar. . Detail #5: Dralnaqe DID surfaced with limestone flags
-Drainage dips utilize gaps in timber walls where water is
directed via stone depressions from the trail surface.
retaining wall
-Gaps between the rocks that compose the stone depres- see detail #4 ..
sions should be filled with a porous material such as gravel. \ e

-Utilize stone rip-rap to slow the flow of water off of the
trail

Drainage Dip Spacing

Percent Grade Spacing between Drainage Dips
5 80 ft.
10 40 ft.
15 30 ft.
25+ 20 ft.

notch in timber retaining wall
aligned with center of drainage dip

spillway of limestone riprap

Detail #6: Stairs

section

-Each step consist of a timber box that is constructed with
6 by 6 treated timbers that are connected with spikes

depth of step
varies with slope

-The size of timber boxes will vary depending on the re- galvanized spike

quired width of the trail segment and the steepness of the
slope being navigated.

W/

'o‘b 0P %

-During construction, each box should be filled with class
5 limestone and boxes should overlap one another, leaving
a tread depth that is appropriate for the slope.

-Stairs should be placed to follow the contours of the slope tread filled with
to minimize grading crushed limestone

prepared subgrade
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-Erosion fabric should be utilized wherever seeding will be a compo-
nent of a planting.

Detail #7: Planting w/ Erosion Fabric plants inserted in siits
cut through fabric

-Seeding is generally recommended when relatively large areas are
being planted and containerized plantings are not cost effective. If
local seed is available it is often a good idea to utilize it in addition to
installing mature plants in case the planting is unsuccessful.

-The use of erosion fabric may be preferred over wattles for large areas,

as it is easier to install. The drawback of only using erosion fabric is

that it does not create changes in topography where moisture and or-

. . ganic material can collect.

erosion fabric

seed beneath fabric -In addition to seed, mature plants can be installed with erosion fabric.
Slits can be cut in the fabric for the installation of plants.

-Erosion fabric can also be utilized in combination with wattles. In this
instance, trenches for the wattles are dug and then the fabric is laid.
Subsequently, the wattles should be placed over the fabric.

-Use wire or cornstarch staples to secure erosion fabric and wooden
stakes to secure wattles.

Detail #8: Planting w/ Wattles

_ -Brush wattles or biologs can be utilized to stabilize slopes and create
wattle, a log-shaped bundle of sticks bound with twine £ 7 ; plateaus where plants can receive increased moisture.

-Once plants are established, their root systems will help stabilize the
slope.

-Bundle wattles together with twine. Bury about half of the wattle into
the slope and utilize wood stakes to secure them to the slope.

-Wattles should be installed before seed and plants are installed.
-Two or three inches of wood chips should be spread around plants.

-Compost should be used instead of wood chips for slopes greater than
Wosden staketo 3:1. The compost will hold better to the slope than wood chip, but will
support wattle decompose more quickly.

-In areas of severe erosion, an engineer should be involved to provide

wood chips or compost - 8 8
» P stabilization recommendations.

around plants
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Detail #9: Organic Collectors

-A primary need is to stop the movement
of soil and encourage the build-up of organic
material that will aid in stabilization and plant
establishment.

-Downed trees, biologs made from coco-
nut fiber and small rock walls can be utilized
as checks to stop erosion and collect organic
material.

low stone wall

organic material
wooden stake to collecting behind log
support biolog
fallen tree

biolog of coconut
fibers
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Plants for Stabilization:

-Key groundlayer plant species for stabilization include:

Wet ravines:

Lady fern Athyrium filiz-femina

Jack in the pulpit Artemisia triphylum

Wild ginger Asarum canadense
Woodland sedge Carex blanda

Wild geranium Geranium maculatum
Virginia waterleaf Hydrophyllum virginianum*
Ostrich fern Matteuccia struthiopteris
Virginia creeper Parthenocissus inserta
Bloodroot Sanguinaria canadensis

Woodland meadow rue  Thalictrum dioicum*

Dry ridges:
Thimbleweed Anemone cylindrica*
Columbine Aquilegia canadensis*
Heart leaved aster Aster cordifolius*
Harebell Campanula rotundifolia*
Pennsylvania sedge Carex pennsylvanica
Curly-styled wood sedge Carex rosea
Sprengel’s sedge Carex sprengelii*
Northern bedstraw Galium boreale*
Woodland sunflower Helianthus divaricatus*
False Solomon’s seal Smilacina racemosa*
Zig Zig goldenrod Solidago flexicaulis*

Note: * Denotes that the species can be planted from seed as
well as containers. See companion ecological restoration plan for
Crosby park for more extensive lists for bluff restoration.
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Design Details

Wet Ravine Condition

The most severely eroded areas of the bluff trail are in the ravines, where stormwater repeatedly scours out the
base of the ravines and the sides collapse. Some such erosion is a naturally-occuring condition, but here it is aggra-
vated by the presence of storm water outlets at the top of the bluff, bringing water in much larger quantities than would
naturally exist. This dramatic erosion cannot be slowed or stopped without dealing with the stormwater outlets.
However, we can help people navigate the ravines while still allowing water to pass through.

Detail #10: Bridge

elevation post & rail section post & rail elevation

27x2” balusters screws dipped |

in linseed oil

6”x6” treated.
timber posts

[N

6"x6” treated
timber posts with
top and bottom cut

at 45 degree angle L]
spaced 4°0” O.C. —ﬂ @[:

2%2™30”
baluster with top
and bottom cut at L
45 degree angle
spaced 8” O.C.

o'
1/2 galvanized N A

bolts

_/O'\\_q/ 2”x6” brace at

center of posts

s T

post & rail plan
4”x12” wooden
beam screws dipped
in linseed oil

2"x6” handrails
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Detail #11: Bridge w/ Seating

section . .
foundation connection
| 7107 |
| |
bench of
6”x6” timbers
|— 18—
18” | 1
| | bean
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Crosby Park: Bluff Trail Project

Design Strategies for an Ecologically Sustainable Bluff Trail

A gabion wall is a good solution where damp ravines
exist along the bluff trail, and in areas where seeps along
the trail contribute to trail washout and degradation. The
gabion design allows water to pass beneath the trail while
still maintaining the trail at a level grade. This structure
is appropriate in ravines where there is water present,
but not enough to require a bridge.

elevation

45 degree angle
cut on timber posts

Detail #12: Gabion Wall

center of each gabion

1/47-1/2” gravel
spillway at base
of gabions
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timber post buried | v 154
40” below grade L] b | I
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section

17-2”thick flagstone

post sticks up 2” beyond top
of gabion to retain flagstone

6”x6"x8’ treated timber posts
spaced 36” O.C.

3’%x3°x3’ gabion

gravel spillway
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Crosby Park: Bluff Trail Project

Design Strategies for an Ecologically Sustainable Bluff Trail

Design Details 3

Detail #13: Collection Pools

-Collection Pools are designed to provide a water source
for plants and animals that utilize the bluff.

-Pools should be constructed in ravines where there is at
least a periodic flow of water and a significant amount of
stone to move around.

-Pools are constructed by moving stone to create depres-
sions behind small dams that will collect water. Typically,
pools will be around 3 by 3 feet and 2-feet deep.

[’

stone dam collection pool




Crosby Park: Bluff Trail Project . ] o Design Details

Design Strategies for an Ecologically Sustainable Bluff Trail

Bluff Top Condition

Many erosion problems along the bluff are due to stormwater runoff from the top of the bluff. Infiltrating stormwater

: : at the top of the bluff would help alleviate this condition.
-An infiltration area should be constructed at

the top of the bluff in the existing lawn.

Detail #14: Infiltration Swale

-Currently there is no curb and gutter along
this section of Shepard Road and stormwater
flows over the bluff.

-Water flowing over the bluff is a significant
source of erosion in ravines.

-The combination of constructing a berm and
digging a gentle depression would allow wa-
ter to pool and infiltrate on top of the bluff.
There is currently a catch basin in the lawn
that would require a standpipe.

-Mesic oak savanna and wet meadow species
should be planted in the infiltration swale to
aid in the treatment of stormwater, increase
wildlife habitat and increase the buffer be-
tween Shepard Road and the bluff.

swale running
parallel with road

earthen berm

Y]




Crosby Park: Bluff Trail Project

Design Strategies for an Ecologically Sustainable Bluff Trail

Design Details .

Miscellaneous

Deta’l #15 Trall CIOSUFG -A combination of shrubs, stone, and brush
should be utilized to close trails.

-Shrubs help camouflage trail openings and
block access. Species with thorns, such as
wild rose and native gooseberry, can be espe-
cially effective deterrents.

-Rock should be buried part way into the
ground and will help deter walkers.

-Brush should be stacked near the entrance
to the trail and will also camouflage the en-
trance to the trail and deter walkers.

-Trail surfaces should be lightly tilled and re-
seeded with a native seed mix suited to the
site. The seeding should then be rolled with
a lawn roller and mulched with clean straw.
Erosion fabric should be used on slopes
steeper than 4:1 (See Detail #7).

brush and stones

newly-planted shrubs seeded with

native plants
and mulched
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APPENDIX H - Implementation Projects/Activities Cost Estimates



Memorandum

1800 Pioneer Creek Center, Maple Plain, MN 55359
Phone: 763-479-4200 Fax: 763-479-4242

2\ enck

To: Joe Bischoff, Wenck Associates, Inc.

From: Jeremy Schultz, Wenck Associates, Inc.

Date: June 1, 2011

Subject: Cost Estimate for Crosby Lake Watershed Improvement Projects

Option 1 — Expansion of existing depression west of 35E and south of Shepard Road

Project not recommended.

Option 2 — Excavate a sedimentation basin along 35E

Option 2 - Excavate a Sedimentation Basin along 35E
tem [ Quantity| Unit [Unit Cost] Cost
Investment Cost Estimate
Mobilization 1 EA $ 15,000 $ 15,000
Clearing and Grubbing 3 Acre $ 5000]% 12500
Excavation 13,550 CuYd [ $ 15| $203,250
Erosion Control 1 EA $ 15000 $ 15,000
Contingencies 1 EA 20%| $ 49,150
Construction Cost - - -- $294,900
Construction Management Services 1 EA 5%| $ 14,745
Design Fee 1 EA 20%| $ 58,980
Total Investment Cost $368,625
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 2000]% 2,000
Annual Operation Costs $ 2,000
Project Present Value

Investment Cost $368,625
Economic life 30 yr.

Present Value of Annual Operating Costs over Lifetime $ 36,784
Total Present Value $405,409

Project Annual Cost
Annual cost (annuity) | [$ 22,000

Interest rate assumed for present value =

3.50%
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Option 3 — St Paul Parks parking lots east of Crosby Lake
If constructed the project would have to meet all CRWD rules and costs would be the
responsibility of the City of St. Paul.

Option 4 —Stormwater Diversion along Shepard Road

The construction cost estimates for these projects were determined for the Crosby Farm
Park Bluff Stabilization / Restoration Feasibility Report. Project contingencies, annual
operations and overhaul costs were added to the original construction costs in the tables
below. For the stormwater diversion that would occur in subwatershed CR02 see the
following cost estimate and corresponding figure.

Option 4 - Stormwater Diversion along Shepard Road in Subwatershed CR02
Item [ Quantity Unit Unit Cost Cost
Investment Cost Estimate
Ditch / Swale Improvements (Re-vegetation) 1.03 AC $ 15,000 | $ 15,450
Existing Outlet Standpipe Modifications 7 EA $ 250 | $ 1,750
Install Deep Sewer Outlet Piping 30" RCP 340 LF $ 759 25,500
Upgrade Alton Crossing 24" RCP 65 LF $ 40| $ 2,600
24" Apron & Trash Guard 2 EA $ 1,200 | $ 2,400
Manhole 1 EA $ 2,500 | $ 2,500
Saw cut Pavement 827 LF $ 25( % 2,068
Removals 75 CY $ 8|9 600
Replace Paving & Base 440 SY $ 126 $ 5,544
Contingencies 1 ea. 20%| $ 11,682
Construction Cost - - - $ 70,094
Construction Management Services 1 EA 5% $ 3,505
Design Fee 1 EA 20%| $ 14,019
Total Investment Cost $ 87,600
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 1,000 | $ 1,000
Annual Operation Costs $ 1,000
Overhaul Cost at 15 years

Ditch / Swale Maintenance & Sediment Removal 1 EA $ 5,000 | $ 5,000
Pipe & Manhole Maintenance / Cleaning 1 EA $ 2,000 | $ 2,000
Replacement occurs at: 15 yr.

Total replacement costs $ 7,000

Project Present Value

Investment Cost $ 87,600
Economic life 30 yr.

Present Value of 15 yr Replacement $ 4,180
Present Value of Annual Operating Costs over Lifetime $ 18,400
Total Present Value $ 110,180

Project Annual Cost
Annual cost (annuity) | [ [$ 5,990
Interest rate assumed for present value = 3.50%
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connection to deep
storm sewer line
(subwaiersheds

13, 3a,4 . 5a, + 5b)

vegelated swales
-fitter runoff and
attenuate flows

abandonment of
existing outlet (typ)

For the stormwater diversion that would occur in subwatershed CR04 the cost estimate
and corresponding figure are provided below.
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Option 4 - Stormwater Diversion along Shepard Road in Subwatershed CR04

Item [ Quantity Unit Unit Cost Cost
Investment Cost Estimate
Ditch / Swale Improvements (Re-vegetation) 1.79 AC $ 15,000 | $ 26,850
Existing Outlet Standpipe Modifications 7 EA $ 250 | $ 1,750
Install Deep Sewer Outlet Piping 24" RCP 360 LF $ 401 $ 14,400
Manhole 1 EA $ 2,500 | $ 2,500
24" Apron & Trash Guard 1 EA $ 1,200 | $ 1,200
Saw cut Pavement 754 LF $ 251% 1,885
Removals 70 CcY $ 8.00 $ 560
Replace Paving & Base 410 SY $ 1319% 5,166
Contingencies 1 ea. 20%| $ 10,862
Construction Cost - - - $ 65,173
Construction Management Services 1 EA 5%| $ 3,259
Design Fee 1 EA 20%( $ 13,035
Total Investment Cost $ 81,500
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 1,000 | $ 1,000
Annual Operation Costs $ 1,000
Overhaul Cost at 15 years

Ditch / Swale Maintenance & Sediment Removal 1 EA $ 5,000 | $ 5,000
Pipe & Manhole Maintenance / Cleaning 1 EA $ 2,000 | $ 2,000
Replacement occurs at: 15 yr.

Total replacement costs $ 7,000

Project Present Value

Investment Cost $ 81,500
Economic life 30 yr.

Present Value of 15 yr Replacement $ 4,180
Present Value of Annual Operating Costs over Lifetime $ 18,400
Total Present Value $ 104,080

Project Annual Cost
Annual cost (annuity) [ [$ 5,660

Interest rate assumed for present value =

W:\06 Projects\Crosby Lake\Management Plan 2010\Management Plan\Appendices\Appendix G Implementation Projects.doc
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connection to deep
storm sewer line
{subwatersheds
B, 7a,4, Ba, + Bb)

vegetated swales
-filter runoff and
attenuate flows

For the stormwater diversion that would occur in subwatershed CR06 the cost estimate
and corresponding figure are provided below.
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Option 4 - Stormwater Diversion along Shepard Road in Subwatershed CR06

Item [ Quantity Unit Unit Cost Cost
Investment Cost Estimate
Ditch / Swale Improvements (Re-vegetation) 1.315 AC $ 15,000($ 19,725
Existing Outlet Standpipe Modifications 1 EA $ 250 | $ 250
Contingencies 1 ea. 20%| $ 3,995
Construction Cost -- -- -- $ 23,970
Construction Management Services 1 EA 5%| $ 1,199
Design Fee 1 EA 20%| $ 4,794
Total Investment Cost $ 30,000
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 1,000 | $ 1,000
Annual Operation Costs $ 1,000
Overhaul Cost at 15 years
Ditch / Swale Maintenance & Sediment Removal 1 EA $ 5,000 [ $ 5,000
Pipe Maintenance / Cleaning 1 EA $ 1,000 | $ 1,000
Replacement occurs at: 15 yr.
Total replacement costs $ 6,000
Project Present Value
Investment Cost $ 30,000
Economic life 30 yr.
Present Value of 15 yr Replacement $ 3,580
Present Value of Annual Operating Costs over Lifetime $ 18,400
Total Present Value $ 51,980
Project Annual Cost
Annual cost (annuity) [ | [$ 2,830
Interest rate assumed for present value = 3.50%
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stormwater BMP {fvp)

connection to deep storm
sewerline (subwatersheds
Oh, 9d, 9, + 9f)

Option 5 - St Paul Parks parking lot reconstruction west of Crosby Lake

Based on similar recently constructed projects the cost of design and construction is
approximately $20 / square foot.
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Option 5 - St. Paul Parks Parking Lot Reconstruction West of Crosby Lake
Item | Quantity Unit [ Unit Cost Cost
Investment Cost Estimate
Rain Garden 5,000 SF $ 20 ($ 100,000
Contingencies 1 EA 20%( $ 20,000
Construction Cost 1 EA - $ 120,000
Total Investment Cost $ 120,000
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 1,500 (9% 1,500
Annual Operation Costs $ 1,500
Overhaul Cost at 15 years

Maintenance & Plant Replacement 2,500 SF $ 201 % 50,000
Replacement occurs at: 15 yr.

Total replacement costs $ 50,000

Project Present Value

Investment Cost $ 120,000
Economic life 30 yr.

Present Value of 10 yr Replacement $ 29,800
Present Value of Annual Operating Costs over Lifetime $ 27,600
Total Present Value $ 177,400

Project Annual Cost
Annual cost (annuity) | | [ $ 9,650

Interest rate assumed for present value = 3.50%

Option 6 — Infiltration basin expansion along 7™ Street
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Option 6 - Infiltration Basin Expansion along 7th Street

Item [ Quantity Unit Unit Cost Cost
Investment Cost Estimate
Mobilization 1 EA $ 5,000(5$% 5,000
Clearing and Grubbing 1 Acre $ 50009 5,000
Excavation 3,875| CuYd | $ 15($ 58,125
Erosion Control 1 EA $ 10,000 | $ 10,000
Contingencies 1 EA 20%| $ 15,625
Construction Cost - - - $ 93,750
Construction Management Services 1 EA 5%| $ 4,688
Design Fee 1 EA 20%| $ 18,750
Total Investment Cost $ 117,000
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 10009 1,000
Annual Operation Costs $ 1,000
Overhaul Cost at 15 years

Maintenance & Plant Replacement 1.0 EA $ 25000|% 25,000
Replacement occurs at: 15 yr.

Total replacement costs $ 25,000

Project Present Value

Investment Cost $ 117,000
Economic life 30 yr.

Present Value of 15 yr Replacement $ 14,900
Present Value of Annual Operating Costs over Lifetime $ 18,400
Total Present Value $ 150,300

Project Annual Cost
Annual cost (annuity) [ | [ $ 8,170
Interest rate assumed for present value = 3.50%

Option 7 — Infiltration basin at the NE corner of Elway and Shepard
Project not recommended.

Option 8 — Stormsewer diversion to underground infiltration
Project not recommended.

Option 9 — Highland Creek Bank Stabilization Site 1

Based on similar recently constructed projects the cost of construction is
approximately$115 per linear foot. Project length is estimated.
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Option 9 -Highland Creek Bank Stabilization Site 1

Item | Quantity Unit Unit Cost| Cost
Investment Cost Estimate
Bank Stabilization 300 LF $ 115]$ 34,500
Contingencies 1 EA 20%| $ 6,900
Subtotal, Construction - - - $ 41,400
Construction Management Services 1 EA 5%| $ 2,070
Design Fee 1 EA 20%( $ 8,280
Total Investment Cost $ 51,750
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 500($ 500
Annual Operation Costs $ 500
Overhaul Cost at 10 years
Bank Repairs 1 EA $ 5000($ 5,000
Replacement occurs at: 10 yr.
Replacement occurs at: 20 yr.
Total replacement costs $ 5,000
Project Present Value
Investment Cost $ 51,750
Economic life 30 yr.
Present Value of 10 yr Replacement $ 3,540
Present Value of 20 yr Replacement $ 2,510
Present Value of Annual Operating Costs over Lifetime $ 9,200
Total Present Value $ 67,000
Project Annual Cost
Annual cost (annuity) | | [$ 3,640

Interest rate assumed for present value =  3.50%
Option 10 — Highland Creek Bank Stabilization Site 2

Based on similar recently constructed projects the cost of construction is
approximately$115 per linear foot. Project length is estimated.
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Option 10 -Highland Creek Bank Stabilization Site 2
Item | Quantity Unit Unit Cost| Cost
Investment Cost Estimate
Bank Stabilization 325 LF $§ 115]8 37375
Contingencies 1 ea. 20%| $§ 7,475
Subtotal, Construction - - -- $ 44,850
Construction Management Services 1 EA 5%| $ 2,243
Design Fee 1 EA 20%( $ 8,970
Total Investment Cost $ 56,100
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 500($ 500
Annual Operation Costs $ 500
Overhaul Cost at 10 years

Bank Repairs 1 EA $ 5000($ 5,000
Replacement occurs at: 10 yr.

Replacement occurs at: 20 yr.

Total replacement costs $ 5,000

Project Present Value

Investment Cost $ 56,100
Economic life 30 yr.

Present Value of 10 yr Replacement $ 3,540
Present Value of 20 yr Replacement $ 2,510
Present Value of Annual Operating Costs over Lifetime $ 9,200
Total Present Value $ 71,350

Project Annual Cost
Annual cost (annuity) | [ $ 3,880

Interest rate assumed for present value =  3.50%

Option 11 — Griggs / Scheffer Residential Street Vitality Program

The CRWD has established a cost cap for linear projects of $30,000 per acre of
impervious surface. It was assumed that this cap would be reached in determining the
cost estimate of the project.
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Option 11 - Grigg / Scheffer Residential Street Vitality Program

Item | Quantity | Unit |Unit Cost Cost
Investment Cost Estimate
LID Green Infrastructure 8.75 AC $30,000 | $ 262,500
(CRWD cap on cost for volume reduction is $30,000)
Total Investment Cost $ 262,500
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 1,500 (% 1,500
Annual Operation Costs $ 1,500
Overhaul Cost at 10 years
Green Infrastructure Repairs 8.75 EA $ 6,000(% 52,500
Replacement occurs at: 10 yr.
Replacement occurs at: 20 yr.
Total replacement costs $ 52,500

Project Present Value

Investment Cost $ 262,500
Economic life 30 yr.
Present Value of 10 yr Replacement $ 37,200
Present Value of 20 yr Replacement $ 26,400
Present Value of Annual Operating Costs over Lifetime $ 27,600
Total Present Value $ 353,700
Project Annual Cost
Annual cost (annuity) | | [$ 19,200
Interest rate assumed for present value = 3.50%

Note:
Costs shown above do not include roadway repairs

A map produced by the City of Saint Paul Department of Public Works is shown below.
The highlighted segments are proposed to be reconstructed in 2012.
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Option 12 — Madison / Benson Residential Street Vitality Program

The CRWD has established a cost cap for linear projects of $30,000 per acre of
impervious surface. It was assumed that this cap would be reached in determining the
cost estimate of the project.
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Option 12 - Madison / Benson Residential Street Vitality Program

Item | Quantity | Unit [Unit Cost| Cost
Investment Cost Estimate
LID Green Infrastructure 1.10 AC $ 30,000 | $ 33,000
(CRWD cap on cost for volume reduction is $30,000)
Total Investment Cost $ 33,000
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 1500|% 1,500
Annual Operation Costs $ 1,500
Overhaul Cost at 10 years
Green Infrastructure Repairs 1.10 EA $ 6,000|% 6,600
Replacement occurs at: 10 yr.
Replacement occurs at: 20 yr.
Total replacement costs $ 6,600
Project Present Value
Investment Cost $ 33,000
Economic life 30 yr.
Present Value of 10 yr Replacement $ 4,680
Present Value of 20 yr Replacement $ 3,320
Present Value of Annual Operating Costs over Lifetime $ 27,600
Total Present Value $ 68,600
Project Annual Cost
Annual cost (annuity) | | [$§ 3,730
Interest rate assumed for present value = 3.50%
Note:

Costs shown above do not include roadway repairs

A map produced by the City of Saint Paul Department of Public Works is shown below.
The highlighted segments are proposed to be reconstructed in 2012.
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Option 13 - Fairview / Bohland Residential Street Vitality Program

This project was originally considered but was found to be outside of the Crosby Lake
Watershed District.

Option 14 - Golf course stormwater and fertilizer management

Option 15 — Long term open space and forest protection

Option 16 — Shepard Road Low Impact Development

During street reconstruction low impact development infrastructure could be
implemented to meet the District’s rules. Green space is not available alongside the road
or bike trail for infiltration practices.

Option 17 — Education and Outreach

Option 18 - Street Sweeping

Estimated Cost: $100,000 to 200,000 per new sweeper, $65-85 per mile of operation
and maintenance.

Option 19 —Bluff protection
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The costs associated with this project are based on recent bids of similar projects. The
total length of this project is estimated to be 1750 feet (7 ravines, 250 feet each).

Option 19 - Bluff Protection

Item [Quantity Unit Unit Cost| Cost
Investment Cost Estimate
Bank Stabilization 1,750 LF $ 115]$201,250
Contingencies 1 ea. 20%| $ 40,250
Subtotal, Construction - - - $241,500
Construction Management Services 1 EA 5%| $ 12,075
Design Fee 1 EA 20%| $ 48,300
Total Investment Cost $301,875
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 500($% 2,000
Annual Operation Costs $ 2,000
Overhaul Cost at 10 years
Bank Repairs 1 EA $ 30,000 | $ 30,000
Replacement occurs at: 10 yr.
Replacement occurs at: 20 yr.
Total replacement costs $ 30,000
Project Present Value
Investment Cost $301,875
Economic life 30 yr.
Present Value of 10 yr Replacement $ 21,300
Present Value of 20 yr Replacement $ 15,100
Present Value of Annual Operating Costs over Lifetime $ 36,800
Total Present Value $ 375,075
Project Annual Cost
Annual cost (annuity) [ | [$ 20,400

Interest rate assumed for present valu

Option 20 —Bioinfiltration areas

3.50%

The cost estimate for this project was determined for the Crosby Farm
Stabilization / Restoration Feasibility Report.
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Option 20 - Bio-Infiltration Areas

Item [ Quantity Unit Unit Cost Cost
Investment Cost Estimate
Bio-Infiltration Areas 683 SY $ 45 [ $ 30,731
Contingencies 1 EA 20%( $ 6,146
Subtotal, Construction - - - $ 36,877
Construction Management Services 1 EA 5% $ 1,844
Design Fee 1 EA 20%( $ 7,375
Total Investment Cost $ 46,096
Annual Operating Cost
Annual Operation & Maintenance 1 EA $ 1,000 | $ 1,000
Annual Operation Costs $ 1,000
Overhaul Cost at 15 years
Bank Repairs 340 EA $ 451 $ 15,300
Replacement occurs at: 15 yr.
Total replacement costs $ 15,300
Project Present Value
Investment Cost $ 46,096
Economic life 30 yr.
Present Value of 15 yr Replacement $ 9,130
Present Value of Annual Operating Costs over Lifetime $ 18,400
Total Present Value $ 73,626
Project Annual Cost
Annual cost (annuity) | | [$ 4,000

Interest rate assumed for present value:  3.50%
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Locations of the bioinfiltration areas are shown below.

stormwater BMP (typ)

connection to deep storm
sewerline (subwatershads
+9f)

v ® "
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