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INTRODUCTION
Introduction
The Minnehaha Creek Watershed District retained Inter-Fluve to examine existing conditions in
Reach 14 of Minnehaha Creek and to recommend alternatives for improving the geomorphic and ecological
health of the reach. Inter-Fluve has conducted a preliminary site walk to date, but detailed survey information
could not be collected due to high water conditions. In the paragraphs below, we describe the historic
condition of the channel and discuss how the project reach has changed since Inter-Fluve conducted the
previous geomorphic assessment in May 2004. Recommendations and examples are given for riparian zone
and in-stream habitat improvement.

Historic Conditions
Through Edina, pre-settlement Minnehaha Creek was a highly meandering low gradient stream with
abundant forested wetlands adjacent to the channel. Remnants of these wetlands still exist in nearby Pamela
Park, Meadowbrook Lake and Lake
Cornelia. The 1850 Government Land
Office map shows the channel roughly
in its present location (Figure 1). Note
that channel meanders in these maps
were generalized and not reflective of
the actual channel planform. The area
was primarily agricultural or scrubland
until the late 1930s, when the first
housing was developed (Figure 2). By
1957, the area was largely developed
and most of the existing roadwork
completed (Figure 3).
Figure 1 – Map of Reach 14 from the 1850
Government Land Office Survey

Figure 2 (left) – Aerial photograph of Minnehaha Creek Reach 14 in 1938. France Avenue
dissects the photo right of center. Note there is no connection to Pamela Park wetlands
in the bottom left of the photo. Note also the lack of forested canopy in the upstream
segment of the reach.
Figure 3 (right) – Aerial photograph of Minnehaha Creek Reach 14 in 1957. Note some
filling of the channel has occurred on the left side of the photo just downstream of 54th
Street West, and the creek has been channelized upstream of 54th Street.
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Figure 4 ‐ Minnehaha Creek Reach 14 stationing (From Inter‐Fluve 2004 study).
Stream flows from top left to bottom right (France Avenue).
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Existing Conditions
The previous study divided Reach 14 into two distinct subreaches based primarily on riparian
vegetation management (Figure 4). From France Ave. upstream past 56th Street West to Station 503+00, the
channel is highly managed with varying degrees of vegetation ranging from forest along the south bank to
riprap and turfgrass maintained to the water’s edge near 56th Street. Riprap banks are used intensively from W
56th Street to 503+00 (Figure 5).
From France Ave to W 56th
Street, the channel is not stabilized with
hard engineering but has widened relative
to upstream and downstream reaches.
Upstream of 503+00, the riparian zone
and channel assume a high quality,
natural appearance. In the 2004
assessment, small alternate lateral bar
deposits were observed in the upstream
and downstream most reaches, and none
were observed in the intensive riprap

Figure 5 – Aerial photo of Minnehaha Creek upstream of 56th
Street west between Woodcrest Drive and Woodland Circle.
Stream flow is from right to left in the picture.

segment, indicating that the upstream dam and Meadowbrook Lake are sediment sinks, and that whatever
fine sediment (silt and sand) enters the channel is transported through the reach, with some fines depositing
downstream of 56th Street where the channel widens. Mid-channel deposition of fines was noted from 50 to
100 ft. downstream of W. 56th Street, and this has been reported in recent years by the City of Edina. Only
minor areas of erosion were observed in this reach, as was reported in 2004. Banks were either stabilized by
large riprap or naturally by rooted woody vegetation. Some minor erosion is noted where toe treatment is
minimal combined with turfgrass management to the stream edge.
Bankfull width from France Ave. to 503+00 varied from 22 feet to over 40 feet due to floodplain fill,
dredging, riprap or other human influence. In the undisturbed area upstream of 503+00, bankfull width is
slightly larger, with 2004 values reported from 33 to 43 feet. There is no evidence of active downcutting,
although detailed inspection could not be conducted due to high water. Channel bed material and
depositional features will be examined when water levels drop.
The lower limit of woody vegetation and consistent water stain line indicate regular flows
approximately 1.5 to 2.0 feet below the top of bank. Flow at the time of the initial survey was just below
bankfull. Channel top of bank is still the only consistent indicator of channel forming flow in Reach 14, but
much of the reach is hard armored.
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Riparian Vegetation and Floodplain – The 2004 study said this about the riparian area, “Reach 14
upstream of 503+00 has an average canopy cover of approximately 65%, due to extremely large, mature
cottonwood and boxelder. Woody/shrub root coverage of the banks is approximately 90% in the wooded
segment. Downstream of 503+00, canopy coverage is extremely poor at <5% and root coverage is 0%
through the riprap area.” This condition has not changed since the previous study was completed.

Conclusions and recommendations
Fish and wildlife habitat in Reach 14 is extremely poor downstream of the forested segment. Riprap
and turfgrass management creates a transitional barrier for wildlife such as reptiles and amphibians, and
prevents the growth of native vegetation. Lack of shading increases thermal heating and limits the available
habitat and protective cover important for birds and other wildlife. Fish habitat is limited by low flow
conditions in winter and dry summers, lack of residual pool habitat and lack of cover. Stream flow cannot be
appreciably affected by any action in Reach 14, and major changes in planform or geomorphology such as
floodplain excavation or channel meandering are not possible given the amount of urban encroachment. Our
recommendations for restoration include the two channel characteristics most easily manipulated in this
setting, riparian vegetation management and in-stream habitat.
Riparian vegetation management - The riparian corridor, or
the vegetative buffer surrounding the stream edge, is of high
quality in the upstream third of Reach 14, but suffers from
urban turf management in the lower two thirds. This is perhaps
the most important feature of Reach 14, because it is the only
variable that can be significantly changed by the action of local
residents. The river systems of the world provide important
migratory connections between watersheds and natural areas.
Energy stored in plant matter, nutrients, carbon storage and
habitat formation are all important green corridor processes
that form the underlying fabric of biology. In urban areas,
where impervious surfaces (asphalt, concrete, buildings) and
turfgrass have replaced natural communities, riverine corridors
are often the largest contiguous natural areas (Figure 6). Urban

Figure 6 – In Plymouth, Massachusetts, the
turfgrass edge of Town Brook in historic
Brewster Park was replaced by a native grass,
forb and shrub buffer. Landscaping plants
were used to transition into the park setting
(photo Inter‐Fluve)

landuse disconnects other forests and wetlands along the river corridor and such areas are likely a behavioral
barrier for migrating birds and wildlife. By improving the health and increasing the width of green river
corridors, we can improve the connectivity of available natural habitats. Thus, Reach 14 could be greatly
improved by a cooperative effort among private homeowners along the creek. Even a small buffer width of
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native vegetation varying from 10 to 20 feet would allow for shrub and tree growth and understory cover,
creating a contiguous green corridor (Figure 7). Further analysis will determine whether or not shear stresses
in the reach warrant large riprap and will determine the height at which any hard armor should be placed.
Based on the results of the original survey in 2004, it is probable that smaller rock sizes (6-10 inch diameter)
can be used or that full bioengineering approaches will be sufficient. The upstream segment of the reach has
no hard armor, yet is the most stable segment of the reach. Woody vegetation in this section provides
adequate stabilization of the channel boundary. Any buffer can be landscaped to transition into a more
managed turf environment.

Figure 7 – A recommended buffer between managed turfgrass and the stream edge would be a minimum of
10 feet. The wider the buffer, the more ecological benefit to the water quality in Minnehaha Creek.

Native grasses provide deep roots that can stabilize channel banks. Native grass buffers filter out
commonly used lawn fertilizer, help to infiltrate stormwater runoff, and help to minimize goose impacts.
Geese do not cross native buffers, and will seek out areas where turfgrass meets the water’s edge, thus
avoiding naturally grown buffers. For the properties along Reach 14, appropriate species would be tolerant of
wet soils that can occasionally dry out during dry summers. Mesic prairie mixes have been developed by the
State of Minnesota, and Inter-Fluve recommends the following mix containing a variety of native grasses and
wildflowers.
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Table 1 – Recommended Minnehaha Creek ‐ Reach 14
Seed Mix (MNDOT Riparian South/West Mix)
SCIENTIFIC NAME
COMMON NAME
GRASSES:
Beckmannia syzigachne
American Sloughgrass
Elymus riparius
Riverbank Wild Rye
Elymus virginicus
Virginia Wild Rye
Glyceria grandis
Reed Manna Grass
Glyceria striata
Fowl Manna Grass
Leersia oryzoides
Rice Cut Grass
Poa palustris
Fowl Bluegrass
Spartina pectinata
Prairie Cord Grass
SEDGES & RUSHES:
Carex scoparia
Pointed‐broom Sedge
Carex stricta
Tussock Sedge
Carex vulpinoidea
Brown Fox Sedge
Juncus tenuis
Path Rush
Scirpus atrovirens
Green Bulrush
Scirpus cyperinus
Woolgrass
FORBS:
Asclepias incarnate
Swamp Milkweed
Eupatorium maculatum
Joe Pye Weed
Eupatorium perfoliatum
Boneset
Helenium autumnale
Sneezeweed
Helianthus giganteus
Giant Sunflower
Impatiens capensis
Spotted Touch‐me‐not
Lobelia siphilitica
Great Blue Lobelia
Mimulus ringens
Monkey Flower
Pycnanthemum virginianum
Mountain Mint
Rudbeckia laciniata
Wild Golden Glow
Solidago gigantean
Giant Goldenrod
Verbena hastate
Blue Vervain
Vernonia fasciculate
Common Ironweed
COVER CROP:
Annual Rye and Oats

Plugs are small potted wetland plants, similar in size to the spring vegetable plants commonly found at
local garden centers. Plugs are an excellent way of quickly establishing keystone plants that can be difficult to
grow from seed. For instance, in addition to the priairie mix above, plugs of little bluestem, chord grass,
sedges and other forbs could be scattered or clustered within the planting area.
Native shrubs and trees can provide even better soil stability due to the density of their root systems.
Many native flowering shrubs can be trimmed regularly and thus managed for shape and viewscapes. Native
trees provide the important overstory habitat for birds, provide shade to keep streams cool, and provide far
reaching and dense root systems for stabilizing bank soils. With some species, such as black willow, a single
large tree can provide up over 40 feet of erosion proof bank. Inter-Fluve recommends the following species
for use in Reach 14 riparian plantings:
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Table 2 – Native Shrubs and Trees
SHRUBS:
Red osier dogwood
Grey dogwood
Common elderberry
Ninebark
Nannyberry
Pussy willow
Snowberry
High bush cranberry

TREES:
Eastern cottonwood
Black willow
Silver maple
American elm
Swamp white oak
Cedar
Sugar maple

Any non-native tree that provides shade can be planted, but the advantage of native trees is that they
provide food (eg. nuts, berries) and shelter to species adapted to them. Non-native species may provide
shade, but may not provide other benefits. Although native shrubs and trees are preferred, other non-invasive
decorative species could potentially provide some of the benefits of native plants. For example, weeping
willow is a common decorative tree that thrives in near shore environments but is not endemic to the region.
Weeping willow grows exceptionally fast and provides unmatched bank stabilization.
We recommend panting larger stock in 7 gallon pots or as balled and burlap trees. Large potted stock
can cost between $80 to $250 per installed tree, depending on the type and size. Larger trees can be installed,
but they are expensive and difficult to install larger than 10 gallons. Balled and burlap trees from 2-4” caliper
will cost $300 - $2,000 installed depending on the tree. Trees and shrubs can be planted along with native
seed mixes, and woody plant density can vary depending on individual landowner desires. For a typical 100
foot long shoreline, we provide below an example plant list for a 15 foot wide buffer:
Table 3 – Example planting plan
PLANT
MNDOT riparian SW seed mix
Red osier dogwood
Grey dogwood
Common elderberry
Ninebark
High bush cranberry
Silver Maple
Weeping willow
Grass / forb plugs

NUMBER
35 lb/acre
3
2
1 right edge
2
1 left edge
1 center left
1 right edge
100 each

Plantings can be staggered or clustered to create viewscapes and access areas. We have included some
Photoshop renderings of potential buffer expansion along a few properties in Reach 14. These are meant to
depict general appearance, but actual plans could be dramatically different and can be tailored to landowner’s
specific requests (Appendix). The entire disturbed area would be seeded and covered with mulch or erosion
control blanket. Plants could then be brought in and installed according to the individual landowner’s

MINNEHAHA CREEK REACH 14 RESTORATION

instruction, following guidelines established between the landowner and the Minnehaha Creek Watershed
District. All woody species will need to be protected from beaver, vole and rabbit damage, which would
include a wire cage for the first few years, followed by a wire mesh just around tree trunks. This can be
relatively invisible, small gauge hardwire cloth.
Channel stabilization – Hydraulic engineering calculations made based on stream survey data from 2004
indicate that much of the riprap used to protect the channel margin from erosion may be substantially
oversized. The reach has a slope of 0.003 ft/ft or 0.3%, and regularly moves only sediment of approximately
1.0 inches in size. At near the bankfull stage or slightly above, the channel has an average shear stress of only
0.43 lb/ft2, much lower than that required to move large riprap, and larger even that that needed to move
small cobbles. Large riprap creates a significant barrier between the aquatic and terrestrial habitats, making it
difficult or impossible for amphibians, reptiles and other animals to connect with the creek. The large riprap
could be replaced with smaller diameter stone and a bioengineering bank stabilization approach whereby
plantings are integrated into the lower toe stone to create a more passable boundary. This work could be
completed where riparian areas will already be temporarily disturbed by plantings, and so no additional
disturbance would be needed.
In-stream habitat – In areas with wide natural buffers, where the channel is allowed to naturally migrate
back and forth across its floodplain, various habitat features are possible such as wood installation, riffle and
pool construction and boulder placement. In Reach 14, the channel is slightly narrower than in other reaches,
and the riparian zone is heavily managed. The only practical in-stream habitat option is the installation of
boulder clusters or individual boulder placement to provide small scour pools while still appearing natural and
not impacting flood elevations. While riparian areas are being disturbed and replanted, small excavating
equipment could be used to install 1-2 ft diameter boulders, thus minimizing disturbance. Boulders would be
dug into the channel bed and would be submerged during average flows.
Maintenance – Native plantings require intensive short term maintenance, but near zero long term
maintenance. Short term management includes weeding, possible mowing and protection of trees and shrubs
from animal damage. The most important aspect of long-term native plant management is removal of
invasive weeds and shrubs. Garlic mustard, reed canarygrass, crabgrass, creeping Charlie, buckthorn and
honeysuckle are the most common invasive weeds in Minneapolis-St. Paul metro area riparian corridors. If
left unchecked, these plants can take over a site and eliminate native species. With just minor maintenance, a
healthy streamside buffer can transform managed turfgrass into a natural buffer that filters pollutants,
encourages infiltration, lowers stream temperatures, and provides valuable habitat for riparian fish and
wildlife.
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Appendix

Minnehaha Creek Reach 14
Before and After Photo Renderings

Inter-Fluve, Inc.
Technical Memorandum
TO:

Rebecca Houdek, Minnehaha Creek Watershed District

FROM:

Ben Lee, Inter-Fluve

DATE:

December 19, 2011

REGARDING:

Minnehaha Creek Reach 14 hydraulic investigation

Introduction
This technical memo is an addendum to the Minnehaha Creek Reach 14 Feasibility Report (Inter-Fluve,
2011) and is intended to ascertain the hydraulic characteristics of the reach for preliminary design
considerations. A hydraulic analysis was not included with the initial report as high water levels did not
permit topographic/bathymetric surveying of the reach. In October, 2011, however, flows subsided
enough to permit a survey of the stream in support of the hydraulic model construction. The following
memo details our approach and the model results that are pertinent to restoration activities.
Hydrology
Adequate stream flow data was not previously available to predict peak discharges in Reach 14.
Regression equations could not be applied because: (1) discharges are controlled by the management of
Gray’s Bay Dam so that high flows do not always correlate with hydrologic events (precipitation), but
depend on when the dam gates are opened; and (2) the watershed is highly urbanized. In addition, there is
no nearby stream gage on Minnehaha Creek from which data can be adjusted (with ±50% of the drainage
area of Reach 14).
Nevertheless, the 100-yr recurrence interval flood discharge (Q100) was provided by a 2003 XPSWMM hydrologic model for the watershed (EOR). The predicted flows at 56th St and France Ave were
986 and 922 cfs, respectively. Lower recurrence interval floods were not predicted in the study report.
Smaller flow rates, however, were required to check if higher shear stresses may develop. For example,
the culvert at France Ave may induce backwater at Q100 and not during lower flow rates. Smaller flow
areas and higher velocities could therefore develop to increase shear stress. We arbitrarily chose to use
discharges of 20, 100, 250, and 500 cfs to examine the variation in hydraulic characteristics at lower
flows.
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Topographic survey
A topographic/bathymetric survey of Reach 14 was completed by Inter-Fluve on October 20, 2011. The
survey encompassed the area between France Ave and approximately 450 ft upstream from the 56th Ave
Bridge (see attached base map). A total of 17 cross sections were measured using a total station and
reflecting rod. The left and right ends of cross sections were extended up to the predicted area of active
flow conveyance during floods. Additional flow may occur outside of this surveyed corridor, however, it
will largely be ineffective conveyance area. The consolidation of flow in the hydraulic model also
represented a more conservative approach that resulted in higher water surface elevations and shear
stresses.
Cross sections were located where geometric properties changed significantly such as expansions
or contractions in channel width or depth. Furthermore, cross sections were measured where hydraulic
grade controls existed including the upstream ends of riffle crests, and at the weir immediately upstream
from the France Ave culvert (Figure 1). In locations where cross sectional properties did not change
drastically, or hydraulic controls were not present, cross sections were spaced about 300 ft from each
other. Finally, survey points were located around the road crossings to define their geometry for the
hydraulic model.
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Figure 1. Upstream side of the France Ave culvert. A weir is located immediately upstream of the culvert impounding
water during low flows. The weir is approximately 1.5 ft tall.
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Figure 2. Downstream view of the stream at station 16+00. Note the large channel width and knee-deep waters resulting
from backwater at the downstream weir.

Figure 3. Upstream view at station 21+50. Note the significantly smaller channel width compared to Figure 2 and the
shallow water. The bridge in the photo is W 56th St.
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Hydraulics
The survey and hydrologic data were then synthesized into a HEC-RAS hydraulic model. HEC-RAS is a
one-dimensional hydraulic model that estimates the average hydraulic properties for each cross section
(e.g., a single value for shear stress at each cross section) along a river system. The model included all of
the surveyed cross sections along with the France Ave culvert and the weir, and the W 56th St bridge.
Model results indicate the area downstream of 56th St is backwatered by the weir during low flows,
corroborating visual analysis of the reach (Figure 2). At the low flow discharge of 20 cfs, for instance,
water surface elevations increase 0.67 ft approximately 200 ft upstream from the weir compared with
another model scenario excluding the weir (Figure 4). This influence reduces to a 0.19 ft increase 1700 ft
upstream and a 0 ft rise 2400 ft upstream (about 380 ft upstream from the 56th Ave Bridge). During Q100,
however, upstream water surface elevations are controlled by the channel width and flow capacity at the
France Ave culvert (Figure 5). For example, the width of the retaining walls confining the stream at the
culvert inlet is 16 ft. At the next few cross sections upstream, the bank top width is at least 40 ft. To
demonstrate the effect of this culvert, another model scenario was constructed excluding the France Ave
culvert and weir. During Q100, the water surface rises 2.88 ft approximately 200 ft upstream with the
culvert in place. At the 56th Ave bridge the rise is reduced to about 1.5 ft.
Shear stresses are relatively small in the region influenced by backwater from the France Ave
culvert and weir. The flow area is relatively large in this area allowing the stream’s erosive power to
dissipate. In fact, the backwater reduces shear stresses approximately 40% compared to the model
scenario without the France Ave culvert and weir (Figure 6). Nevertheless, current conditions between the
weir and 1000 ft upstream have a low average shear stress of about 0.2 lb/ft2 at Q100 (Figure 7). This
corresponds to incipient motion of medium gravel (13 mm diameter) using Shield’s parameter (Julien,
2010). Upstream, the shear stress varies between 0.54 lb/ft2 and 0.12 lb/ft2 which corresponds to the
incipient motion of very coarse gravel (32 mm diameter) and medium gravel (13 mm diameter),
respectively.
Lower flow rates resulted in smaller shear stresses throughout most of the reach, demonstrating
that Q100 is an appropriate measure for designing bed and bank materials. The only exception is at the
weir where higher shear stresses develop during low flows because backwater from the France Ave
culvert is not as significant relative to Q100. This increase, however, does not concern the restoration
design since the weir’s solid sheet piling structure supported by rock can withstand the higher shear
stresses.
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Conclusions
As suggested by the Minnehaha Creek Reach 14 Feasibility Report (Inter-Fluve, 2011), shear stresses in
the reach are relatively low. The report estimates an average shear stress of 0.43 lb/ft2 during bankfull
flows which is similar to the results of this modeling exercise that indicate values ranging between 0.12
lb/ft2 and 0.54 lb/ft2. Thus, the current presence of large rock along the channel banks is unnecessary to
prevent erosion. Smaller size stones and/or vegetation could be placed in these areas for stabilization.
However, further design analysis will be required to determine the magnitude of shear stress at specific
restoration locations including the computation of two-dimensional shear and the stability of stones on
slopes.
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Figure 4. Water surface profiles during base flow conditions (20 cfs). The existing channel configuration (blue) is
compared to a scenario without the weir immediately upstream from the France Ave culvert (red). This plot indicates
that the water surface elevation increases during low flows. Specifically, the water surface elevation rises 0.67 ft at a point
200 ft upstream of the weir compared to the scenario without the weir in place.

6

Minny14
Minnehaha Creek Site 1

100

Legend
WS Q100 - EG

95

WS Q100 - PR_NoWeirCulv

90

Crit Q100 - PR_NoWeirCulv

Elevation (ft)

Crit Q100 - EG

Ground
Ground

85

80

0

500

1000

1500

2000

2976.76

2824.89

2637.55

2400
2481.17

2367.36

2291.09

2149.66

1926.31

1734.47

1588.48

1380.25

1097.37

930.85

586.47

379.14

70

100

88.19

75

2500

3000

Main Channel Distance (ft)

Figure 5. Water surface profiles during the Q100. The existing channel configuration (blue) is compared to a scenario
without the France Ave culvert or the weir (red). Water surface elevations rise significantly (2.88 ft just upstream of the
culvert) with the culvert in place because the width of the channel is much smaller than the upstream region.
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Figure 6. Comparison of shear stresses with the existing channel configuration and without the weir and culvert at France
Ave. The increase in shear stress without the culvert and weir corroborates that the channel is backwatered during high
flow events.
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Figure 7. Plot of shear stresses with the existing channel geometry during the Q100 and a 500 cfs and 20 cfs discharge.
Shear stresses are generally low with small to large gravels being at the point of incipient motion during the Q100. A spike
in the shear stresses occurs at station 400 where the weir is located. Despite the higher shear stress, this area is well
protected by large rocks and the solid metal bottom of the culvert.
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