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In 2021 the Alliance of Rouge Communities (ARC) received grant funding from the U. S. Environmental Protection Agency (USEPA)
Great Lakes Restoration Initiative (GLRI) to design and implement habitat restoration at the Evans Branch of the Rouge River
located at Lawrence Technological University (LTU) in Southfield within the Rouge River Watershed.

The Rouge River watershed is a designated as an Area of Concern (AOC) under the Great Lakes Water Quality Agreement
(GLWQA) and has three Beneficial Use Impairments (BUIs) associated with fish and wildlife habitat: Degraded Fish and Wildlife
Populations, Degradation of Benthos, Loss of Fish and Wildlife Habitat. The Rouge River Advisory Council (RRAC), the Public
Advisory Council (PAC) for the Rouge AOC, finalized a list of projects that need to be completed in order to remove the habitat
BUIs in March 2016. As part of that list, creation/restoration of wetlands on Lawrence Technological University’s (LTU) campus in
Southfield, Michigan was considered as having significant impact on the removal of the BUls.

The LTU Wetland project is located on LTU’s campus in Southfield, Michigan. The watershed area upstream of the project location
is defined as the Rummell Drain that becomes Evan’s Creek on the LTU campus after exiting a box culvert under Northwestern
Highway. The project plan proposes to create a 1.0-acre wetland adjacent to the creek in the disconnected floodplain. The
floodplain wetland will contain a diversity of wetland plants, providing habitat for wading birds, waterfowl, amphibians, reptiles,
and aquatic insects. Small mammals and birds will benefit by the increased habitat diversity and cover.

Current conditions
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Existing wetland conditions Existing stream conditions

This project is funded through grants from the Great Lakes Restoration Initiative

Environmental Protection Agency (grant number GL-00E02976)



History of the project

During the last century, the Rouge River has suffered from
declining water quality and increased flood conditions,
primarily due to increasing urbanization within the
watershed. The flat river slope and the meandering channel
could not pass the large flows associated with major
precipitation events. Upstream urbanization continued

to exacerbate this problem due to increased amounts of
impervious surfaces culminating in floods within downstream
local communities. Water quality in recent years, though,
has improved since 1992 thanks to the federally funded
Rouge Project and post construction stormwater control.
For example, 89 of the 127 miles of the larger streams and
tributaries in the watershed are now

free from public health threats associated with
uncontrolled combined sewer overflow discharges.

Water quality improvement is exhibited by increased
dissolved oxygen levels needed to sustain fish and

aquatic life. Increased populations and diversity of
benthos, fish and wildlife have been measured along

the river since 1999. Also, the U.S. EPA Office of Inspector
General declared the Rouge Project “a blueprint for success”
(EPA OIG report number 2002-P-00012).
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About the Alliance of Rouge Communities

The ARC is a 501(c)(3) non-profit organization consisting of local municipalities, counties, educational institutions and stewardship groups working
together to improve the Rouge River. Founded in 2005, the ARC is funded by membership dues from local governments and supported by grants. The
ARC and its partners work cooperatively to meet water quality requirements mandated by the state’s stormwater permit and to restore beneficial uses,
such as canoeing, fishing and other recreational activities, to the Rouge River. That means better water quality for less cost to its members!

For more information about this project and other ARC activities
visit our website at: www.allianceofrougecommunities.com

This project is funded through a grant from the Great Lakes Restoration Initiative
Environmental Protection Agency (grant number GL-00E02976)
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Typical view of the Eans Branch facing downstream towards abandohed footbridge

Existing 18” RCP storm outfall to be removed
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Existing perched wetland along terrace west of Evans Branch
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Existing perched wetland along terrace west of Evans Branch
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MEMORANDUM OF FINDING

DATE: 8 April 2022

TO: Donald Carpenter, PhD, PE, LEED AP- Lawrence Technological University
Rob Mylloja- Environmental Consulting & Technology, Inc

FROM: Rachel Pieschek, PE- Drummond Carpenter
Elizabeth Tuke, PE — Drummond Carpenter

SUBJECT: LTU Wetlands Modeling

Background

Drummond Carpenter provided modeling and design support to Environmental Consulting &
Technology, Inc. (ECT) for the LTU Wetland Habitat Design project. The project is within the
Rouge River watershed which has three beneficial use impairments (BUIs): Degraded Fish and
Wildlife Populations, Degradation of Benthos, and Loss of Fish and Wildlife Habitat. Evan’s
Creek, also referred to as Evan's Branch or Evan’s Ditch, is a tributary of the Rouge River and
flows southwest and runs adjacent to LTU between M-10 and 10 Mile Road. The LTU Wetland
project will restore approximately 1 acre of wetland habitat adjacent to Evan’s Creek at LTU.

To assess inundation potential of the proposed wetland cells adjacent to Evan’s Creek both a
HEC-RAS model and an EPA-SWMM model were developed. The HEC-RAS model assessed the
hydraulic conditions of Evan’s Creek and adjacent wetland cells under fluvial (i.e. riverine)
conditions based on statistical flow analysis. The SWMM model quantified stages within the
wetland cells only under pluvial conditions, or those resulting from localized rainfall events.

The following sections will discuss the hydrology of the system, model input data, and results of
this analysis.

Drainage Characteristics

Evan's Creek is a natural headwater stream tributary to the Rouge River. The watershed area
upstream of the project location is defined as the Rummell Drain Drainage District. The Rummell
Drain Drainage District has a watershed area of 3,310 acres consisting of 2,160 acres of
residential area and 1,150 acres of dense commercial/industrial area. The residential area is
primarily single family residential with no stormwater detention and the commercial
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developments have very limited stormwater detention. This watershed has undergone
significant changes over the last 40 years and is now fully developed.

The entire drainage district flows into Rummell Drain. The Rummell Drain flows from 13 Mile
Road south to Northwestern Highway and is approximately 20,500 ft in length. The northern
portion of this drain is an open trapezoidal channel. The southern 15,100 ft section is a 192" x
108" box culvert that was constructed in the 1960’s to accommodate commercial development.
The Rummell Drain becomes Evan'’s Creek on the Lawrence Technological University (LTU)
campus after the box culvert passes under Northwestern Highway.

Regarding classification, the stream can be classified as a first order perennial stream. USGS
topographic maps of the area classify the stream as intermittent, but the stream has a distinct
baseflow under current watershed conditions. The reach under consideration is approximately
1200 ft in length and bounded on both ends by culverts. There is a 200 to 300 ft wide floodplain
present, but channel incising has left the floodplain mostly inaccessible to the stream. According
to the Channel Evolution Model, the stream can be classified as either a Class Ill or Class IV
depending on the cross-section being evaluated. For a majority of the reach under
consideration, a Class lll is the appropriate classification. At several cross-sections, bank failure
(slumped material) and/or the presence of clay substrate has caused channel widening, which is
indicative of a Class IV channel. Finally, the reach exhibits characteristics of both G and E class
channels according to the Rosgen Classification Method. Clay, gravel, sand, and cobble bed
materials are all present at different cross-sections because of the unstable nature of the system.

Flow Data

Flow data at the project site was requested from the Michigan Department of Environment,
Great Lakes, and Energy (EGLE). Flows included both flood flows (Table 1) and low flows (Table
2) for Evans Creek just downstream of M-10. Low flow data is generally considered the flow in a
stream during a period of prolonged dry weather.

Peak flows for the 50% to 1% probability events, or 2-year to 100-year return intervals, range
from 230 cfs to 700 cfs. Based on the low flow data, the 50% probability, or 2-year return
interval flow ranges from 0.9 cfs to 3.2 cfs. March and April have the highest flows while October
and November typically yield the lowest flows.

Table 1 - Flood Frequency Data (Evan's Creek at 10 Mile Culvert)

Flood Event 2-Year 5 Year 10-Year 25-Year 50-Year 100-Year
% Chance 50% 20% 10% 4% 2% 1%
Discharge (cfs) 230 400 550 600 650 700
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Table 2 - Low Flow Discharge Data (Evan's Creek at 10 Mile Culvert)

Discharge (cfs)

Stat Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec

1% 42 56 57 51 44 51 46 41 38 34 39 43

2% 26 39 37 37 33 36 26 28 25 21 22 26

3% 18 26 31 27 23 26 21 20 20 15 17 20

4% 14 20 25 22 19 22 15 16 17 11 14 17

5% 11 16 21 19 16 17 13 13 13 9.1 13 13

10% 5.6 7.8 12 12 8.2 9.1 5.6 6.1 5.6 4.3 6.9 7.4

15% 3.7 5.2 8.7 8.2 5.6 5.2 3.5 3.4 3.3 2.6 4.3 5.2

20% 3.0 4.0 6.9 6.5 4.3 3.5 2.3 2.3 2.2 2.0 3.3 4.0

25% 2.5 3.2 6.1 5.6 3.3 2.7 1.8 1.7 1.7 1.6 2.6 3.2

30% 2.2 2.7 5.2 4.8 2.8 2.2 1.5 1.3 1.4 1.4 2.2 2.7

35% 2.0 2.4 4.3 4.1 2.4 1.9 1.3 1.2 1.2 1.3 1.8 2.3

40% 1.7 2.1 3.8 3.6 2.2 1.6 1.2 1.0 1.0 1.1 1.6 2.1

45% 1.6 1.9 3.5 3.2 2.0 1.5 1.0 1.0 0.9 1.0 1.4 1.8

50% 1.5 1.7 3.2 2.9 1.8 1.3 1.0 0.9 0.8 0.9 1.3 1.6

55% 1.4 1.6 2.9 2.6 1.6 1.2 0.9 0.8 0.7 0.8 1.2 1.5

60% 1.3 1.4 2.6 2.3 1.5 1.1 0.8 0.7 0.7 0.8 1.1 13

65% 1.2 1.3 2.4 2.1 1.4 1.0 0.8 0.7 0.6 0.7 1.0 1.2

70% 1.1 1.2 2.2 2.0 1.3 0.9 0.7 0.6 0.6 0.7 0.9 1.1

75% 1.0 1.1 2.0 1.8 1.2 0.9 0.7 0.6 0.5 0.6 0.7 1.0

80% 0.8 0.9 1.7 1.6 1.1 0.8 0.6 0.6 0.5 0.5 0.6 0.9

85% 0.7 0.8 1.5 1.5 1.0 0.7 0.6 0.5 0.4 0.5 0.6 0.7

90% 0.6 0.6 1.3 1.3 1.0 0.6 0.5 0.4 0.3 0.3 0.5 0.6

95% 0.4 0.4 1.0 1.1 0.7 0.5 0.3 0.3 0.3 0.3 0.4 0.4

96% 0.3 0.4 0.9 1.0 0.7 0.4 0.3 0.3 0.3 0.3 0.3 0.4

97% 0.3 0.3 0.8 1.0 0.6 0.3 0.2 0.3 0.2 0.3 0.3 0.3

98% 0.2 0.3 0.7 0.9 0.5 0.3 0.2 0.2 0.2 0.2 0.3 0.3

99% 0.2 0.2 0.6 0.7 0.3 0.2 0.1 0.1 0.2 0.2 0.2 0.2

HEC-RAS Model Setup and Parameters

To evaluate the existing and proposed hydraulic conditions of the wetland design at LTU, HEC-
RAS version 6.0 software was used to simulate Evan’s Creek. The models were used to assess
frequency of inundation within the wetland cells and review peak stages for both low flow and
peak flow scenarios. The models were setup as steady flow with subcritical flow regimes. The
model boundary condition was based on normal depth with an estimated slope of
approximately 0.001 ft/ft.
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Model cross sections were digitized left to right, looking downstream, between M-10 and 10
Mile Road for a total reach length of approximately 1200 feet (Figure 1). Cross sections were
developed at locations where either the existing topography or proposed design showed
significant changes in grading or channel shape such as at the transitions for the wetland cells.
The same cross section extents and location were utilized for both the existing and proposed
conditions models to provide a one-to-one comparison of model results. Existing station and
elevation data was obtained based on ECT's design CAD file' which included a combination of
surveyed topographic data and elevations from LiDAR. Proposed sections were modified based
on ECT's grading plan including the design contours in plan view. A total of 14 cross sections
are included in both the existing and proposed conditions models, four of which were
interpolated using the HEC-RAS XS Interpolation tool.

Manning's roughness values were assigned based on aerial imagery from the values within the
HEC-RAS Manual, Surface Roughness and Manning ‘'n’ Table (Chow, V.T. 1959). The Manning'’s
value within the main channel was assigned a value of 0.043, consistent with channel
descriptions “clean, winding, some pools and shoals” and “clean, winding, some pools and
shoals with lower stages and more ineffective slopes and sections”. The Manning's value for the
overbanks was assigned 0.055, consistent with the floodplain land cover description “light brush
and trees”. Manning'’s values were unchanged between existing and proposed conditions.
Contraction and expansion loss coefficients were assigned as 0.1 and 0.3, respectively, consistent
with gradual transitions.

All six flood flows (2-year, 5-year, 10-year, 25-year, 50-year, and 100-year return periods) and
two low flows were entered in the steady flow data input. The two low flows entered were 3.2 cfs
and 2.9 cfs for the 50% probability flows in the months of March and April, respectively.
Additionally, a bankfull discharge flow of 135 cfs was included. The bankfull discharge was
calculated and provided by ECT via email on November 30, 2021.

T LTU DESIGN REVEG 03.10.22 - Standard.zip - Received via email from Alex Kettwich on March 11, 2022
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Figure 1 — HEC-RAS Model Layout

HEC-RAS Model Results

Model results indicate that based on the flow scenarios simulated, flows exceeding 102 cfs in
Evan’s Creek would overtop the 649 ft bank and create inundation of the wetland cells. The
equivalent flood event has an 77% probability of occurrence in a given year. Refer to Table 3 for
the peak stages within wetland cell #2. These stages are directly related to elevation in the
adjacent stream and will recede as the stream elevation drops down. At levels below 1ft of
inundation in wetland #2, the streamflow is disconnected from direct flow by an earthen berm.
Wetland cell #1 does not receive inflow from the stream and is reliant on seepage and inflow
from pluvial sources. For reference, the approximate bottom elevation of wetland cell #1 and #2
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is 649 and 648 feet respectively. Results are also presented graphically on Figures 2 and 3.
Figure 2 shows inundation in wetland cell #1, however this would only occur during extended
high flow periods through seepage.

Table 3 — Proposed Condition Results at Wetland Cell #2 Cross Sections

. Peak Stage (ft), XS D
Scenario A (&8, (approximate centger f)f )wetland cell #2)

Bankfull Discharge 135 1.72
March Low Flow 3.2 0
April Low Flow 2.9 0

2-Year 230 2.73

5 Year 400 3.78

10-Year 550 4.50

25-Year 600 4.70

50-Year 650 4.87

100-Year 700 5.02

Figure 2 - Water Levels for Various Design Flows at Wetland Cell 1

No inflow

Seepage only
in this section

!
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Figure 3 - Water Levels for Various Design Flows at Wetland Cell 2

From the previously discussed flows, a rating curve was generated in HEC-Ras. The rating curve
(Figure 4) was used to determine what flow created inundation within the wetland cells based
the resulting water levels within Evan’s Creek. A flow of 102 cfs is the threshold for water to
backflow into the wetland cells over the low bank elevation of 647.9 ft. This corresponds to a
little more than a one-year return interval (1.3 years), or 77 percent annual exceedance
probability.

The resulting stages discussed within this section are based on fluvial (i.e. riverine) conditions,
based on the statistical flows for Evan’s Creek provided by the Michigan Department of
Environment, Great Lakes, and Energy. Pluvial stages, or those resulting from rainfall, are not
accounted for in the wetland cells of the HEC-RAS model. It is anticipated that runoff from
precipitation events entering the wetlands from either the parking lot or M-10 inflow will be the
primary influence on stages within the wetland cells rather than high tailwater conditions of
Evan's Creek. Refer to the following sections for the pluvial model set-up and results.
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Figure 4 — Flow Rating Curve at Wetland Cell #2

SWMM Model Setup and Parameters

To determine anticipated stages within the proposed wetland cells during spring, EPA-SWMM
version 5.1 software was utilized as a long-term continuous simulation model for the months of
April to June. EPA-SWMM is a hydrologic and hydraulic model that is a more appropriate
software over HEC-RAS to assess pluvial conditions as the user can specify subcatchments, links,
and nodes.

There are two drainage inflows into the proposed wetland cells: one from LTU parking lots and
one from a transportation ramp on M-10. The inflow pipe from M-10 is an 15" RCP and
discharges just beyond the limits of the wetland cell 1 grading at the northern corner of the
project limits. This pipe will be unchanged between the existing and proposed conditions. The
inflow from the LTU parking lot is an 18" pipe that currently discharges directly to Evan’s Creek.
In the proposed condition, the pipe will be cut and discharge to a "beehive” structure between
wetland cells #1 and #2. The structure will “bubble up” and then sheet flow to wetland cell #1 or
#2.

The contributing areas to the M-10 ramp inflow (Area 1) and LTU parking lot inflow (Area 2)
were delineated as subcatchments based on review of aerial imagery and topographic (i.e.
elevation) data. Figure 5 provides the approximate subcatchment limits of each area. Within the
SWMM model, Area 1 is subcatchment S2 and Area 2 is subcatchment S1. Subcatchment S1 is
3.36 acres and subcatchment S2 is 1.46 acres.
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Figure 5. Estimated adjacent drainage areas contributing to proposed wetland

The curve number runoff method was used to calculate excess rainfall for each of the
subcatchments. A curve number was applied with percent imperviousness quantified separately.
Both subcatchments were assigned a curve number of 80 to represent the pervious areas of the
subcatchment, based on the TR-55 value for open areas with hydrologic soil group D. The
percent impervious for each subcatchment was delineated based on aerial imagery.
Subcatchment S1 was estimated as 97% impervious and subcatchment S2 was estimated as 38%
impervious.

Subcatchment S1 was routed directly to wetland cell #1. Subcatchment S2 was routed to a
junction that provides an outfall from the LTU parking lots to both wetland cells. Downstream of
the junction flows are equally split between wetland cell #1 and #2, consistent with how water
would have equal opportunity to reach both wetland cells from the beehive structure. Both
wetland cells are represented by storage nodes and include a stage-area relationship based on
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ECT's proposed grading plans. A 10 foot wide stone lined weir connects the two wetland cells
overtopping between wetland cells is not anticipated to occur frequently.

The continuous simulation model accounts for both precipitation and evaporation from April
through June. Rainfall was included based on a 5-minute timestep of Metro Detroit rainfall for
the year 2018. Data from 2018 was used as it was considered an average rainfall year for the
Metro Detroit area. Monthly evaporation data from NRCS? was converted to average daily
evaporation for each month by dividing the average monthly evaporation value in inches by
days. Average daily evaporation rates were input to the SWMM model. Refer to Table 4 for the
precipitation and evaporation data monthly totals.

Table 4 — Precipitation and Evaporation Data for Project Area

April May June
Precipitation (in) 3.60 6.50 2.40
Evaporation (in) 2.34 2.86 3.64

To account for seepage loss, or deep infiltration to the groundwater from the wetland cells,
seepage was applied at both storage nodes. Based on the NRCS web soil survey retrieved March
2022, the underlying soils at the wetland cells is Sloan-Marlette association and is classified as
hydrologic group B/D. The web soil survey indicates the typical profile of this soil includes silt
loam in the upper 3-feet below grade and a fine sandy loam below 3-feet below grade. Seepage
losses were applied for two scenarios: one with high hydraulic conductivity values for a soll
consistent with loamy sand and one with low hydraulic conductivity values for a silt loam soil
classification. No geotechnical investigation was conducted as part of this design. Under
scenario 1, loamy sand, the hydraulic conductivity is 1.18 in/hr and the suction head is 2.4
inches. Under scenario 2, silt loam, the hydraulic conductivity is 0.26 in/hr and the suction head
is 6.69 inches.

SWMM Model Results

Model results were reviewed for both soil scenarios and quantified based on how often each
wetland cell showed some inundation (i.e. depth of water greater than 0). Results indicate that
wetland cell #1 is subject to higher stages. This is expected as the area of wetland cell #1 is less
than wetland cell #2 and the cell has two sources of runoff: a dedicated, direct inflow from M-10
and half of the flow from the LTU parking lot. The highest peak depth results occurred in
wetland cell #1 during the silt loam scenario. The inundation times for each scenario are located
in Table 5. Wetland cell #1 allowed for higher ponding and therefore was more affected by the
seepage rates than wetland cell #2. Comparing the loamy sand scenario against the silt loam
scenario, wetland #1 was inundated more than three times as long for the silty loam scenario.
Wetland #2 was not as affected but still had approximately double the amount of inundation

2 USDA Soil Conservation Service, "Mean (Monthly) Evaporation from Shallow Lakes and Reservoirs”
Standard Drawing No. ES-1016, 1961.
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time in the silty loam scenario as opposed to the loamy sand scenario. Overflow from wetland
cell #1 to wetland cell #2 occurred five times in the silt loam scenario and two times in the
loamy sand scenario. Overflow occurrences were based on the hydrologic inputs of the April to
June simulation. The modeling does not take into account additional seepage into the wetland
cells. The stream elevation will rarely be above the elevation of the wetlands, however the
wetland cell area is located in a valley lower than adjacent ground elevations. The impact of
nearby groundwater inflow is unknown.

Refer to Table 5 for peak depths within the wetlands for each simulated month and the
anticipated hours per month the wetland will experience inundation. Rainfall input for the
scenario is represented in Figure 6 and inundation results are presented graphically on Figures
7 and 8.

Table 5 — Precipitation and Evaporation Data for Project Area

Scenario 1 Scenario 2
(Loamy Sand Properties) (Silt Loam Properties)
Wetland Cell | Wetland Cell | Wetland Cell | Wetland Cell
#1 #2 #1 #2
Peak Depth (ft) 0.98 0.41 1.62 1.01
. Exceedance (hrs) 46 39 221 128
April % Of Ti
o U1 fime 6% 5% 31% 18%
Inundated
Peak Depth (ft) 1.92 1.03 2.05 1.07
Exceedance (hrs) 85 68 379 213
May % Of Time
? 11% 9% 51% 29%
Inundated
Peak Depth (ft) 1.04 0.44 1.18 0.5
Exceedance (hrs) 33 23 270 106
June % Of Time
? 5% 3% 38% 15%
Inundated
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Figure 6. Modeled Rainfall for SWMM Continuous Simulation (April-June 2018)

Figure 7. Wetland Cell#1 (Node SUT) Modeled Inundation Depth

Figure 8. Wetland Cell#2 (Node SU2) Modeled Inundation Depth
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Map unit symbol |Map unit name Rating Acres in AOI |Percent of AOI
14B|Oakville fine sand, 0 to 6 percent slopes 2 0 0.40%
43| Sloan-Marlette association 55 7.4 85.50%
59|Urban land 0 1.2 14.10%
Totals for Area of Interest 8.6 100.00%
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