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Executive Summary: SAW Stormwater Management Plan Requirements (SWMP)
This plan covers Delhi Township general maintenance and planned BMP’s for Township-owned facilities
and properties. The main goal is to define watershed scale goals identified in the Red Cedar River and
Grand River Watershed Management Plans (WMP) to a local community level to address critical water
quality concerns specific to Delhi Township.
1. A description and map of the jurisdictional boundaries and the area to be
covered by the plan (typically a sewershed and/or drainage district). The
planning area should be hydrologically based and include the entire collection
and conveyance system (open and closed) as well as the contributing area.

Section 1.4

2. A description of the major components of the stormwater system and/or
country drainage district, including sewershed and watershed boundary and
internal sub-boundaries, surface water hydrology, mapping of stormwater
conveyance (pipes and channels), existing storage, regulatory or other mapped
floodplains, flood control facilities and treatment components.

Section 1.5

3. A description of publicly owned Best Management Practices (BMPs) and
private BMPs that significantly affects the stormwater system.

Chapter 4

4. A description of all stormwater sources and all known stormwater related
water quality problems within the planning area (for example, surface flooding,
hydraulic restriction, erosion, water quality, etc.).

Sections 2.1
and 2.2

5. Include recommendations and an analysis of projects to correct stormwater
and known stormwater related water quality problems.
a. This includes project identification, preliminary sizing and description
of proposed activities. Proposed activities could consist of capital
improvements (i.e. culvert replacement, channel modification,
structural BMPs, etc.) or changes to inspection or maintenance
activities (i.e. stream bank assessments, detention basin inspections,
floodplain or floodway encroachment surveys, etc.).
b. Provide estimated operation, maintenance and capital costs for all
recommendations

Sections 4.3
and 4.4

6. Include a timeline for implantation of the plan. The extent of the timeline is at
the applicant’s discretion (i.e., 5-year, 10-year, etc.).

Section 6.2
and
Appendix G

SAW guidance further suggests: “It is strongly suggested that the following components also be included
in the SWMP:”
1. A general maintenance plan.

Chapter 4

2. The desired level of service should be determined through a public
involvement process.

Chapter 5

3. A public education program or activities.

Section 5.2

4. A general description of land uses.

Section 1.3
5
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Chapter 1: Introduction and Background
1.1

Introduction

The Delhi Charter Township Stormwater Management Plan (SWMP) documents the strategy for the
Township to compile data and address stormwater-related impacts. This plan was funded through the
Michigan Department of Environmental Quality’s (MDEQ) Stormwater, Asset Management, and
Wastewater (SAW) Program. This plan aims to identify and provide strategies to mitigate the adverse
impacts of stormwater runoff on water quality and water quantity from Township-owned facilities and
properties.

1.2

Township Overview

Along with covering Township-owned properties and facilities, properties owned by the Delhi Charter
Township Downtown Development Authority (DDA), Ingham County Drain Commissioner, and the Holt
Public School System are covered in this plan. The Delhi Township locational map is displayed in Appendix
B, Exhibit 1 and the public parcels are depicted in Appendix B, Exhibit 2. Township-owned parcels include
Valhalla Park, Centennial Park, Veterans Park, the Community Service Center, the Senior Center, publicly
owned treatment works (POTW), fire stations, lift stations, and cemeteries. Sycamore Creek, a tributary
of the Red Cedar River, flows through the northeast portion of the Township, and the Grand River flows
through the southwest portion of the Township.
The Township is part of the Greater Lansing Regional Committee (GLRC) for Stormwater Management,
which is a guiding body comprised of participating municipal separate storm sewer system (MS4)
communities within the Greater Lansing Region. The committee guides the implementation of the
Stormwater Program for the communities within the Grand River, Red Cedar River, and Looking Glass
River.
Delhi Township encompasses 28.5 square miles within Ingham County. Much of the Township is
considered part of the Greater Lansing urban area. The population of the Township has increased from
19,190 people in 1990, to 22,569 people in 2000, to 25,877 people in 2010.

1.3

General Description of Land Use

Land use in the Township, as identified in the National Land Cover Database (NLCD 2011), is predominantly
developed (41%) and agriculture (32%) (Table 1). Low intensity and open source developed land uses
comprise over 30% of the land area. The Delhi Township land use and land cover maps are depicted in
Appendix B, Exhibit 3 and Exhibit 4. A land use planning and a build-out analysis for future land uses were
completed as part of the 2013 Master Plan.
Table 1: A-Land use type in Delhi Township

Land Use Type
Water
Developed
Forest
Grassland/ Shrubland/ Barren
Agriculture
Wetland
Total

Acreage
214
7,597
2,253
182
5,876
2,393
18,516
6

Percent of Total
1%
41%
12%
1%
32%
13%
100%
Delhi Charter Township
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B-Land use type in Delhi Township

Land Use Type
Open Water
Developed, Open Space
Developed, Low Intensity
Developed, Medium Intensity
Developed High Intensity
Deciduous Forest
Ever Green Forest
Mixed Forest
Barren Land
Shrub/ Scrub
Grassland/Herbaceous
Pasture/Hay
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands

Acreage
214
2,856
2,894
1,482
365
2,168
48
38
101
34
47
3,315
2,561
2,344
49

Percent of Total
1.2%
15.4%
15.6%
8.0%
2.0%
11.7%
0.3%
0.2%
0.5%
0.2%
0.3%
17.9%
13.8%
12.7%
0.3%

Areas with predominantly (>50%) impervious surfaces include developed medium intensity and high
intensity land cover classes (10%). Delhi Township has 1.4% of average impervious cover as seen in
Appendix B, Exhibit 5. These land uses can have water quality impacts on downstream water resources.
Best management practices (BMPs) and low impact development (LID) techniques can be used to increase
infiltration and decrease stormwater runoff. Agriculture is the second highest percentage of land cover
(32%) indicating that stormwater management efforts should highlight on agricultural BMPs and drain
maintenance practices outside of developed areas. A map showcasing the tree canopy, Township
Regulated Wetlands, and both their percentages within the Township can be seen in Appendix B, Exhibits
6 and 7.

1.4

Jurisdictional Boundaries

This SWMP covers all Township-owned properties and facilities, properties owned by the Delhi Charter
Township Downtown Development Authority (DDA), Ingham County, and the Holt Public School System.
A drainage district Micro-basin and Macro-basin maps were developed using existing township GIS data
and additional mapping to correctly identify the jurisdictional boundaries of drainage districts. The Macrobasins and Micro- basins were originally digitized by the Township based on HUCs and by analyzing
topographical data, and the data were compared to districts provided by the Ingham County Drain
Commission and made any necessary adjustments. Appendix B, Exhibits 30 and 31 depict the drains and
drainage districts in the Delhi Charter Township.

1.5

Major Components of the Township Drainage System

The stormwater management systems, including private drains, County Drains, and road drainage
systems, throughout the Delhi Township are designed to improve stormwater management and drainage,
and provide flood prevention and stream protection for urban and agricultural lands. Overall, there are
approximately 614,000 ft of drains in the Township. About 52,000 (ft) of stormwater pipes (about 8.5 %
7
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of total storm pipes in the township) are in the school properties and 9,000 (ft) (about 1.5% of total storm
pipes in the township) in the Township properties.
Appendix H displays the existing stormwater pipes in the school properties, Delhi Township, Ingham
County owned stormwater networks, and private networks respectively. The sanitary sewer service area
in the Township which is mostly in the north of the Township are shown in Appendix B, Exhibits 32.
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Chapter 2: Water Quality Concerns
In order to develop a Township-wide stormwater management plan, knowledge of current water quality
conditions is needed. This section provides an overview of the existing water quality concerns in Delhi
Township through a review of existing watershed management plans and through an analysis of water
quality data collected by the Township and County.

2.1

Existing Plan Review

Water quality information relevant to Delhi Township from the Middle Grand River Watershed
Management Plan (WMP) (Eaton Conservation District, 2015) and the Red Cedar River WMP (MSU, 2015)
has been reviewed in order to create a better understanding of water quality issues within the Township.
The Middle Grand River WMP covers the western half of the Township and the Red Cedar River WMP
covers the eastern half of the Township. For plan review purposes, water quality concerns for the
following subwatersheds were reviewed: the Skinner-Extension Drain subwatershed in the Middle Grand
River WMP and the Headwaters of Sycamore Creek and the Sycamore Creek subwatersheds in the Red
Cedar River WMP. See Exhibit 8 in Appendix B for watershed and subwatershed boundaries.
Bacteria are the priority pollutants of concern throughout Delhi Township. Escherichia coli (E. coli) is one
of the best indicators for the presence of potentially pathogenic bacteria (US EPA, 2002) because
monitoring E. coli is an easy and economical way to assess health risks due to bacterial contamination of
surface water. Waters of the state must meet water quality standards (WQS) of a limit of 130 E. coli per
100 mL of water as a 30-day geometric mean of five sampling events and 300 E. coli per 100 mL of water
for any single sampling event during the May 1st through October 31st period in order to meet the Total
Body Contact (TBC) recreation standard.
High bacteria levels are identified in both WMPs. As a result of high E. coli levels, surface waterways
throughout these watersheds are exceeding WQS and are not meeting designated uses, including the
Partial Body Contact (PBC) recreation standard of less than 1,000 E. coli per 100mL and the TBC recreation
standard of less than 300 E. coli per 100mL. A total maximum daily load (TMDL) for E. coli has been
developed for the Red Cedar River and the Grand River as of August 2012. Portions of the TMDL are within
Delhi Township, in reach assessment unit (AUID) 040500040702-01 on the Grand River and AUID
040500040507-01 on the Red Cedar River (Figure 1).
Sources of E. coli include livestock, humans, wildlife, and pets. Known causes of bacteria include
uncontrolled livestock access, overland runoff with a lack of buffers around waterways, aging septic
systems and/or improper maintenance. Suspected or potential sources of bacteria include application of
manure, improper storage of manure, CAFO manure land spreading resulting in over or improper
application, lack of or failing septic systems, over or improper application of septage, high populations of
various wildlife, riparian management practices that encourage or attract wildlife, and failing to properly
dispose of waste.
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Figure 1: Red Cedar River Watershed E. coli TMDLs – portions of the Sycamore Creek Watershed and the
Headwaters of Sycamore Creek Watershed (Red Cedar River WMP, 2015)

Other water quality concerns within the Township include excessive sediment, nutrients, and total
suspended solids. High sediment loads in waterways can lead to low dissolved oxygen levels due to
sediment oxygen demand. Sediment oxygen demand is the rate of oxygen removal from the water column
due to decomposition of organic matter. Monitoring oxygen levels in rivers is important because adequate
dissolved oxygen is necessary for all forms of aquatic life. As dissolved oxygen levels drop below 5mg/L,
aquatic life is put under stress. Extremely low DO levels can result in fish kills. Known sources and causes
of sediment include runoff from gravel roads, overland runoff from livestock facilities, loss vegetation on
streambanks, altered hydrology and/or disconnection from floodplains in streams and rivers.
A TMDL was developed for dissolved oxygen (DO) in June 2013 for the Red Cedar River and the Grand
River. Portions of these watersheds are impaired due to DO levels affecting the warmwater fishery and
other aquatic life use designation, although the TMDL does not include waterways within the Township.
For an overview of all water quality concerns see Table 2.
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Table 2: Water quality concerns in Delhi Township from existing WMPs (K = known pollutant; S = suspected pollutant; P = potential pollutant)
Pollutant

Source

Cause
Application of manure
Uncontrolled livestock access
Livestock
Improper storage of manure
CAFO manure land spreading resulting in over or improper application
Overland runoff (lack of buffer and/or setback at holding facilities)
E. Coli
Aging septic systems and/or improper maintenance
Lack of septic system
Humans
Over or improper application of septage
High populations of various wildlife
Wildlife
Riparian management practices that encourage or attract wildlife
Pets
Failing to properly dispose of waste
Gravel roads
Runoff to roadside ditch or drain
Tillage practices
Overland runoff
Cropland
Drainage networks
Uncontrolled livestock access
Livestock
Overland runoff (lack of buffer and/or setback at holding facilities)
Sediment
Altered morphology and hydrology including loss of floodplains
Streambanks
Removal of vegetation
Overland runoff
Bare soil areas
Developed areas
Impervious surfaces
Unpaved driveways
Livestock
Improper storage of manure
Humans
Aging septic systems and/or improper maintenance
Nutrients
Maintained landscapes
Over or improper application of fertilizers
Waterfowl
Overpopulation of waterfowl
Humans
Aging septic systems and/or improper maintenance
Overland runoff
Bare soil areas
Construction
Total Suspended
Lack of LID practices
Solids
Impervious surfaces
Developed areas
Lack of vegetation
Pets
Failing to properly dispose of waste
Cropland
Over application of fertilizer
1Red Cedar River WMP - applicable subwatersheds: Sycamore Creek, Headwaters Sycamore Creek,
2Middle Grand River WMP – applicable subwatersheds: Skinner-Extension Drain
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2.2

Township Water Quality Data Analysis

Delhi Township completed water quality sampling during the months of May through August from 2010
through 2017. Water quality sampling sites are shown on Appendix B, Exhibit 9.
When feasible, the Township samples for the following water quality parameters:









E. coli
Dissolved oxygen
Chemical oxygen demand
Ammonia
pH
Total phosphorus
Total suspended solids
Volatile suspended solids

The average of these water quality parameters from each sampling year at each sampling site are
displayed in Appendix C, Exhibit 1 through Exhibit 6.
Excess nutrients in water bodies can have negative impacts on water quality. Michigan’s Part 4 Water
Quality Rules were applied to identify the locations where nutrient concentrations were excessive. If a
water quality standard does not exist, sampling results were compared to those collected across EPA
Ecoregion VII, or the Southern Michigan/Northern Indiana Drift Plains Ecoregion (SMNIDP) (Red Cedar
WMP, 2015). Table 3 displays the target values used to assess pollutants of concern throughout the
watershed.
The ammonia as nitrogen comparison concentration used was 0.042 mg/L, which is the Southern
Michigan/Northern Indiana Drift Plains (SMNIDP) Ecoregion mean concentration (Red Cedar WMP, 2015).
The average of ammonia concentration at each sampling site from each sampling year was higher than
0.042 mg/L. The total phosphorous comparison concentration used was the median value, 0.032mg/L,
reported for the state from 250 sites between 2005 and 2009 (Red Cedar WMP, 2015). The nutrient
concentrations that were collected by the Township exceeded the comparison concentrations that are
summarized in Table 2.
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Table 3: Target values used to assess pollutants of concern (Red Cedar WMP, 2015)
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For the purpose of this plan, the analysis primarily focuses on E. coli concentrations and dissolved oxygen
levels because these issues encompass the prominent water quality concerns in the Township. However,
the plan also reviewed other water quality parameters including COD, Ammonia, pH, Total Phosphorus,
Total Suspended Solids, and Volatile Suspended Solid from 2010 to 2017. The water quality parameters
from 2010 to 2017 were compared with the standard values which have been listed in Table 3.
The primary water quality concern in Delhi Township is high levels of bacteria. E. coli is prevalent at
sampling locations throughout the Township. Table 4 displays the average E. coli concentration from each
sampling year at each site. Cells shaded in green indicate samples that do not meet the total body contact
recreation standard of 300 E. coli per 100ml water at any given time. Cells shaded in red indicate samples
that do not meet the partial body contact recreation standard of 1,000 E. coli per 100ml water. Drains
marked with an asterisk display data from the Ingham County Health Department (ICHD). Cells shaded in
purple indicate samples that do not meet the total body contact recreation standard of 350 E. coli per
100ml water at any given time. Graphs of E. coli concentrations for all drains and sampling dates are
available in Appendix C, Exhibit 7 through Exhibit 13.
Areas of particular concern for E. coli include the West Town Drain, the Holly and Day Drain at Harper Rd.,
the Gillette Drain, and the Grovenburg Drain at McDowell. These drains have an average E. coli
concentration above the partial body contact recreation limit of 1,000 E. coli per 100ml of water over
multiple years. Many other sampling locations have averages over 300 E. coli per 100ml, the limit for total
body contact recreation.
Sites consistently meeting water quality standards for E. coli include sampling sites upstream and
downstream of the POTW. Additionally, McNamara Landing, located directly south of the Township
boundary on the Grand River, consistently has averages below 300 E. coli per 100ml of water.
The following drains have low dissolved oxygen levels, below the minimum standard of 5mg/L, over
multiple sampling years: Binkley Drain, Cook and Thorburn Drain at Cedar St., Cook and Thorburn Drain
at the Gillette Drain, Gilbert Drain, and Pawlowski Creek. Table 5 displays the average dissolved oxygen
concentrations from each sampling year at each sampling site. Land use upland of the Gillette Drain is
predominantly agricultural. Land use upland of the Holly and Day Drain at the Harper Rd. sampling site, is
predominantly agricultural and the drain runs adjacent to a golf course.
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Table 4: E. coli sampling average from Township and County water quality data

Drain
Abbott Drain @ Onondaga
Abbott Drain@ Grovenburg
Banta @ Dunckel
Binkley Drain
Blakslee Drain
Cook & Thorburn @ Aurelius
Cook & Thorburn @ Cedar St.
Cook & Thorburn @ College
Cook & Thorburn @ Gillette
Delhi-Aurelius @ Kingman
Gilbert Drain
Gillete Drain
Grand River @ Columbia
Grand River @ POTW Outfall DS
Grand River @ POTW Outfall US
Grand River @ Waverly
Grovenburg @ Grand River
Grovenburg @ McDowell
Grovenburg @ Menger
Hancock @ Cedar St.
Holly and Day @ Aurelius
Holly and Day @ Harper
Holly and Day Drain
McNamara Landing
Menger Drain
Mud Lake Drain @ Eifert Rd.
Pawlowski Creek
Sycamore @ College
Sycamore @ Jolly Rd.
Sycamore @ Pine Tree Rd.
Sycamore @ Trail Crossing
West Town Drain
Sycamore Creek*
Grand River @ Columbia*
Grand River @ N. Waverly Rd*

Sampling Year
2010
921.58

2011

2012

964.32

396.94
549.44

1,517.25
615.74

965.02
498.82
2,683.38
664.82
1,125.50

731.55
359.93
1,077.49
938.66
787.20
1,153.37

318.29
390.72
664.50
558.84
523.84
100.20

160.20
130.65
425.30
1,101.00
1,212.53

109.40
125.10
93.48
770.40
644.32

44.15
62.68
65.77
801.63
1,147.36

2013

2014

2015
613.98

2016
248.80

799.15
763.79

775.80
854.79

1,403.73
378.19

962.87
427.39

2017
504.68
1,059.37
1,461.9

1,333.69

257.42

415.59

752.94

529.75
28.73
579.88
648.98
1,253.80
803.09
249.03

818.67

434.85

311.10

441.6

356.55

1,178.55

851.09
101.30

658.47
1,491.82

755.49

1,199.41
615.09

476.63

601.80

27.50
1,453.28

1,500.98
860.46
263.62

595.20

889.63

1,019.75

1,507.97
1,183.90

112.42

66.00
1,106.44

518.12
639.33
952.50

319.28
840.48
767.99

1,311.18

1,234.77

281
302

225
215

1,136.03
1,266.41
720.61

544.08

336.66
521.91
753.69

632.48

490.1

289.50

1,109.8
476.7

654.49
510

513.4
568

173

320

23.45
348.82
411.29

1,121.58

1,045.05

920.29
213.80

186
165

426
244

481

Note: Cells shaded in green indicate samples that do not meet the total body contact recreation standard
of 300 E. coli per 100ml water at any given time. Cells shaded in red indicate samples that do not meet the
partial body contact recreation standard of 1,000 E. coli per 100ml water.
Drains marked with an asterisk compile data from the Ingham County Health Department. Cells shaded in
purple indicate samples that do not meet the total body contact recreation standard of 350 E. coli per 100ml
water at any given time.
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Table 5: Dissolved oxygen sampling averages (mg/L) from Township water quality data
Sampling Year
Drain
2010
2011
2012
2013
2014
2015

Abbott Drain @ Onondaga
Abbott Drain @ Grovenburg
Banta @ Dunckel
Binkley Drain
Blakslee Drain
Cook & Thorburn @ Aurelius
Cook & Thorburn @ Cedar St.
Cook & Thorburn @ College
Cook & Thorburn @ Gillette
Delhi-Aurelius @ Kingman
Gilbert Drain
Gillete Drain
Grand River @ Columbia
Grand River @ POTW Outfall DS
Grand River @ POTW Outfall US
Grand River @ Waverly
Grovenburg @ Grand River
Grovenburg @ McDowell
Grovenburg @ Menger
Hancock @ Cedar St.
Holly and Day @ Aurelius
Holly and Day @ Harper
Holly and Day Drain
McNamara Landing
Menger Drain
Mud Lake Drain @ Eifert Rd.
Pawlowski Creek
Sycamore @ College
Sycamore @ Jolly Rd.
Sycamore @ Pine Tree Rd.
Sycamore @ Trail Crossing
West Town Drain

2016

2017

2.12
7.32
6.08

6.27

6.85

7.10

3.58

3.19

4.49

6.29
5.67

6.65
6.31

7.40
4.10

4.85
1.50

5.45
6.95

4.79
7.30

5.44
5.10
6.03
7.06
4.92
5.58
6.37
6.16
6.42
6.00
5.73

4.01
6.39
5.33
7.58
3.98
5.78
7.38
5.86
6.34
6.97
5.96

3.53
6.40
2.61
7.76
2.26
4.16
7.59
6.29
8.51
7.19
5.17

4.04
6.76
4.54
7.74
3.39
6.74

6.52
7.72
7.02

4.66
6.86
4.14
7.88
7.14
6.54
6.38

6.62
7.83
7.00

7.18

6.28

6.43

6.56

4.20

4.78
5.98

8.17
7.65

6.93

6.63
6.16

5.58

6.13

3.11

5.02

5.78
6.48

5.34
5.70
7.07

6.44

6.86

6.39

6.86
4.89

6.00

5.91

6.25
6.13

4.35
6.02
5.82
6.48

5.49
6.18
6.42

5.72

4.77
5.94
5.95

5.89

1.47
5.35
6.22
6.62

5.62

1.14
4.82
6.90
6.47

6.60

7.18
6.72

4.61

4.11

6.05

4.98
6.24

4.79

5.75

Note: Cells shaded in red indicate samples that do not meet the minimum dissolved oxygen standard of
5mg/L.
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Average of E. coli concentration for the Skinner Extension Drain – Grand River, Headwaters Sycamore Creek,
and Sycamore Creek are displayed in Figure 2, Figure 3, and Figure 4, respectively. Graphs of E. coli
concentrations for all drains and sampling dates are available in Appendix C, Exhibits 14 through 38.
Areas of concern within the Skinner Extension Drain- Grand River subwatershed for E. coli include the West
Town Drain and Grovenburg at McDowell. These drains had an average E. coli concentration above PBC limit
of 1,000 E. coli per 100ml of water over multiple years. In 2012, in Binkley Drain the E. coli concentration
also exceeded PBC limit as seen in Appendix C, Exhibit 18. Sites consistently meeting water quality standards
for E. coli include sampling sites upstream and downstream of the POTW. The average of E. coli
concentration in other sampling locations were over 300 E. coli per 100ml (TBC limit).
The Grand River leaves Delhi Township at N Waverly Road; the water quality samples from this location
indicate an E. coli violation in 2010, and in other years, the E. coli concentration was less than TBC limit.

Figure 2: E. coli sampling average from Township water quality data within Skinner Extension Drain- Grand River
Subwatershed (040500040702)

Areas of concerns for E. coli within the Headwaters Sycamore Creek Subwatershed include Holly and Day
Drain at Harper Rd. (Appendix C, Exhibit 24) and the Gillette Drain; the E. coli concentration in these
locations exceeded PBC limitation over multiple years.
The headwaters Sycamore Creek drains out of the Township at College Road station. The E. coli
concentration for this location (Cook and Thorburn@ College Rd.) exceeded the TBC in 2010, 2011, 2012,
2015, and 2016.
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Figure3: Ecoli sampling average from Township water quality data within Headwater Sycamore Creek
Subwatershed (040500040506)

In the Sycamore Creek Subwatershed, the E. coli concentration at the College Road station in 2012 and the
Banta Drain at Dunckel in 2015 exceeded the PBC limitation. The E. coli concentration in other sampling
locations exceeded the PBC limitation over multiple years. Sycamore Creek leaves the Township at the Jolly
Road station. E. coli concentration in this location exceeded the TBC limitation in 2010, 2011, 2012, and
2014.
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Figure 4: E. coli sampling average from Township water quality data within Sycamore Creek subwatershed
(040500040507)

2.3

Sampling Recommendations

During and after storm events, the concentration of one or more pollutants including nutrients, oxygendemanding substances, pathogens, bacteria, solids, and toxic levels increase. These pollutants can
deteriorate water quality in receiving waters. For mitigating the storm runoff impacts, the knowledge of
pollutant concentrations found in urban runoff during the storm events are required.
Delhi Township has taken water quality samples during several days between the months of May through
August from 2010 to 2016. It has been recommended to take the water quality samples during and after
the storm events to identify the pollutant level associated with the storm events.

2.4

Township DNA Source Results

Submitted water samples were tested by Helix Biolab for the presence of host source specific Bacteroides
bacteria using target DNA markers. Samples received were from October 27, 2015. Submitted water
samples selected for MST analysis testing had the following sample designations and were assayed for the
host source markers indicated:
Sample
Banta @ Dunckel
Sycamore @ Trail
Sycamore @ College
West Town Drain
Binkely @ McCue

Host Source Markers Surveyed
human, canine, bovine
human, canine, bovine
human, canine, bovine
human, canine, bovine
human, canine, equine
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Site name
Banta @ Dunckel
Sycamore @ Trail
Sycamore @ College
West Town Drain
Binkley @ McCue

Lat
42.6799
42.6688
42.6625
42.6411
42.6258

Long
-84.5136
-84.5121
-84.4838
-84.6013
-84.5914

The five sample points can be seen in Appendix B, Exhibit 10. Results of the quantitative PCR analysis testing
indicate the presence (positive) or absence (negative) of host source specific DNA markers through PCR
amplification of host source specific DNA marker sequences, as well as the proportional quantities of each
host source DNA marker in instances where multiple host source DNA markers are detected. An overview
of all the affected impaired streams can be seen in Appendix B, Exhibit 29.
A sample testing positive for a host source specific DNA marker indicates that the host source specific DNA
marker was detected, thus confirming the presence of that host source specific DNA marker in the sample.
A sample testing negative for a host source specific DNA marker indicates that the host source specific DNA
marker was not detected, thus confirming the absence of that host source specific DNA marker in the
sample.
Sample

Source DNA Marker

Result

Banta @ Dunckel
Banta @ Dunckel
Banta @ Dunckel
Banta @ Dunckel

General Bacteroides
Human
Canine
Bovine

+
+ (78%)
+ (22%)

Sycamore @ Trail
Sycamore @ Trail
Sycamore @ Trail
Sycamore @ Trail

General Bacteroides
Human
Canine
Bovine

+
+ (84%)
+ (13%)
+ (3%)

Sycamore @ College
Sycamore @ College
Sycamore @ College
Sycamore @ College

General Bacteroides
Human
Canine
Bovine

+
+ (68%)
+ (32%)
+ (<1%)

West Town Drain
West Town Drain
West Town Drain
West Town Drain

General Bacteroides
Human
Canine
Bovine

+
+ (8%)
+ (92%)
+ (<1%)

Binkely @ McCue
Binkely @ McCue
Binkely @ McCue
Binkely @ McCue

General Bacteroides
Human
Canine
Equine

+
+ (66%)
+ (34%)
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A positive result for a host source specific DNA marker at a collection station implies that host source is
contributing to fecal contamination that may have been determined at the collection station during the
collection period. A negative result for a host source specific DNA marker at a collection station implies that
host source is not contributing to fecal contamination that may have been determined at the collection
station during the collection period. The full report by Helix Biolab is referenced in Appendix A.
Results from the DNA Source Tracking indicate the presence of significant Human contributions on
Sycamore Creek at the border of flow entering Delhi Township from Alaiedon Township. This Human
contribution continues to be observed at the second sampling site where Sycamore Creek crosses I-96. The
likely source of this high observation, is the result of failing septic systems. Dog (canine) contributions were
observed at each of the sites sampled. In addition, contributions from Cattle (Bovine) and Horses (Equine)
were reported at other sampling sites. Cattle inputs were observed on Banta Creek Drain upstream of the
connection with Sycamore Creek, and Equine inputs were observed on Grovenburg Drain upstream of the
connection with the Grand River.

2.5 Summary and Recommendations
This plan provides a compilation and analysis of water quality data and reports from 2010 to 2017. The
primary water quality issue is non-compliance with E. coli and dissolved oxygen standards during summer
months resulting in the development and adoption of TMDLs for the Grand and Red Cedar River
Watersheds. In addition, Watershed Management Plans have been prepared and adopted for defining
projects and actions for improving water quality conditions. These plans have a lack of project actions within
Delhi Township due to decisions made by the entire watershed management group. As a result, Section 4
of this plan has defined several projects for managing water quality. These projects should be considered
for future eligibility to obtain Section 319 funding for implementation.
The opportunity and process for preparing the application material required to qualify for Section 319
Funding was reviewed during meetings with the MDEQ. The first step in that process would involve a review
and update of the approved Red Cedar and Grand River Watershed Management Plans. The update is
required to assess and confirm the relationship of proposed Delhi Township improvement projects and
water quality improvements to manage problems and needs as defined in those plans. Based on results, the
updated plans would require review and approval by MDEQ. Projects contained in the approved plan
updates can then be considered for application to compete for annual Section 319 funding.
In addition, it is recommended that the Township continue collecting water quality sampling data, including
storm event sampling as described in Section 2.3. Based on the DNA source data, it appears that failing
septic systems in Alaiedon Township are a source of human E. coli on Sycamore Creek. Additional
investigations should be taken by Ingham County to determine the location of this contamination. Following
testing should occur to confirm satisfactory correction of the problem.
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Chapter 3: Additional GIS data and Maps
3.1

Soils and Floodplains

3.1.1 Soils
When runoff flows along the ground, it can pick up and carry soil contamination including pesticides,
fertilizers, and petroleum that can become nonpoint source pollution. Utilizing soil types is essential for
managing BMPs under a SWMP. Soil types with more efficient draining characteristic allow for less surface
runoff, and less delivering of pollutants to receiving waters. The hydrologic soils in Delhi Township are
depicted in Appendix B, Exhibit 11 and Exhibit 12. The different hydrologic soil groups and their
descriptions are described in Table 6.
Table 6: Soil Descriptions

Hydrologic Soil Group on Map

Description

A

Soils in this group have low runoff potential when thoroughly
wet. Water is transmitted freely through the soil.
Soils in this group have moderately low runoff potential when
thoroughly wet. Water transmission through the soil is
unimpeded.
Soils in this group have moderately high runoff potential when
thoroughly wet. Water transmission through the soil is
somewhat restricted.
Soils in this group have high runoff potential when thoroughly
wet. Water movement through the soil is restricted or very
restricted.
These soils have low runoff potential when drained and high
runoff potential when undrained.
These soils have moderately low runoff potential when drained
and high runoff potential when undrained.
These soils have moderately high runoff potential when drained
and high runoff potential when undrained.

B
C
D
A/D
B/D
C/D

Source: USDA SSURGO 2.3.2 (P. 51-52) February 2014

3.1.2 Floodplains
Defining the special flood hazard area and flood plains are the source of essential information for assessing
drainage and protecting the receiving waters. Appendix B, Exhibit 13 displays the floodplain map for Delhi
Township. The blue and orange regions in the map represent the area with 1% and 0.2% annual chance
flood hazard, respectively. Grand River tributaries in southwest of the township and western part of the
watershed are in the 1% annual chance of flood hazard area.
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3.2

Wetlands

3.2.1 Wetland Assessment
Delhi Township has lost about 56% of its wetlands since European Settlement. Sycamore Creek
Subwatershed with 66% has the highest wetland loss percentage and Skinner Extension with 48% has the
lowest wetland loss percentage in the Deli Township (Table 7).
Wetlands provide some benefits including flood control, water quality, carbon sink, and shoreline and
stability. The current and pre-European settlement wetlands in Delhi Township are available in Appendix
B, Exhibit 14. For wetland protection purposes and restoring the watershed, MDEQ has developed the
Landscape Level Wetland Functional Assessment (LLWFA) tool. The goal of LLWFA is to prioritize wetland
for restoration and protection based on their performance. LLWFA analyses the current and presettlement wetlands condition to assess the functional ability of the wetland over time.
Table 7: Pre- settlement and current wetlands area through the Delhi Township

Subwatershed/ Township
Headwaters Sycamore Creek
Subwatershed
Skinner Extension DrainGrand River Subwatershed
Sycamore Creek
Subwatershed
Delhi Township

Pre-Settlement Wetlands
Area (acres)

Current Wetlands
Area (acres)

% Loss of Total
Wetland Resource

1,659

712

57%

2,786

1,438

48%

2,021

695

66%

6,466

2,845

56%

3.2.2 Wetland Functional Groups
MDEQ has classified 14 key wetland functions that have been correlated to landscape and hydrology
conditions to assign ratings of low, moderate, or high for that function. The higher rating means the higher
probability for the wetland to provide those functions. The 14 key wetland functions are amphibian
habitat, fish habitat, waterfowl habitat, interior habitat, shorebird habitat, conservation of rare and
imperiled wetlands, flood water storage, groundwater influence, sediment and other particulate
retention, carbon sequestration, nutrient transformation, stream shading, stream shading, streamflow
maintenance, and shoreline stabilization. The wetland functions and their rating are displayed in Table 8.
The wetland function maps for Delhi Township are available in Appendix B, Exhibit 15 through Exhibit 28.
Wetlands are scored using functional units which are correlations between wetland characteristics, such
as hydrology type, the position of the wetland on the landscape, slope, water flow and other factors and
the functions they provide. The Michigan Department of Environmental Quality (MDEQ) prepared a report
in 2011 discussing wetland functional assessments and can be seen in Appendix A under References.
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Function
Flood Water Storage

Streamflow
Maintenance
Nutrient
Transformation
Sediment and
Retention
Shoreline Stabilization

Fish Habitat

Stream Shading

Waterfowl/Waterbird
Habitat
Shorebird Habitat

Forest Bird Habitat

Amphibian Habitat

Carbon Sequestration

Ground Water
Influence
Conservation of Rare
Wetlands and Species

Table 8: Pre- settlement and current wetland functions comparison
Wetland Area (acres)
Potential Significance
Pre-Settlement
Current
Low
494
1,523
Medium
4,957
131
High
1,015
1,190
Low
640
813
Medium
500
276
High
5,327
1,756
Low
26
147
Medium
4,464
683
High
1,975
2,015
Low
3,895
1,028
Medium
1,556
1,170
High
1,015
647
Low
971
878
Medium
4,621
1,353
High
874
614
Low
634
1,148
Medium
336
1,278
High
5,496
419
Low
5,743
2,546
Medium
18
0
High
705
299
Low
5,705
830
Medium
713
1,207
High
47
808
Low
26
149
Medium
6,440
2,694
High
0
2
Low
26
833
Medium
6,086
1,405
High
353
608
Low
3,275
1,907
Medium
217
383
High
2,975
555
Low
1,747
2,098
Medium
4,719
262
High
0
485
Low
4,491
2,783
Medium
1,834
62
High
141
0
Low
0
1,224
Medium
0
1,533
High
0
88
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% Change in
Acreage
208%
-97%
17%
27%
-45%
-67%
457%
-85%
2%
-74%
-25%
-36%
-10%
-71%
-30%
81%
280%
-92%
-56%
-100%
-58%
-85%
69%
1602%
464%
-58%
100%
3048%
-77%
72%
-42%
77%
-81%
20%
-94%
100%
-38%
-97%
-100%
100%
100%
100%
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3.2.3 Regulated Wetlands
As presented above, wetlands provide important functions related to watershed conditions, water
quality, natural features, habitat and flood storage, therefore, protecting, measuring, and improving
wetlands is an important element of this SWMP. To accomplish this, the Township has adopted regulated
wetlands as delineated by Exhibit 7 in Appendix B. The maps contained in this section provide additional
data and information for use and consideration as site development projects are reviewed and approved.
In addition, as public-sector projects are proposed, the functional value of wetlands will be used to guide
methods to protect, enhance and restore wetlands.
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Chapter 4: Stormwater Management Practices
4.1

Existing Best Management Practices (BMPs)

Stormwater can have impacts over the following pollutants entering its drains: sediment, nutrients,
hydromodification, and bacteria. Table 9 summarizes the pollutants and associated sources and causes
over which stormwater practices can have influence and be adapted to manage adverse impacts.
Pollutant
Sediment, Nutrients

Table 9: Pollutants and the associated sources and causes over
Source
Cause
Flow fluctuations (flashy flows)
Streambank erosion
Streambank instability

Sediment, Nutrients,
Hydromodification

Drainage ditches

Sediment

Channelization

Sediment

Road stream crossings

Bacteria (E. coli)

Septic systems

Drain maintenance practices
Increase in channel slope, width, depth, & area
Drainage directed to stream
Flood management
Culvert size, placement, & alignment
Road washouts
Improperly sited, designed, and maintained

Best management practices (BMPs) are engineered methods used to prevent or greatly reduce the release
of the pollutants and hazardous materials, as well as reduction of erosive velocities to receiving waters.
A common method of pollutant and erosion reduction in subdivision developments is the use of detention
or retention ponds. Section 4.2 provides information on potential BMP projects for Delhi Township.
4.1.1 Publicly Owned BMPs
There are several publicly owned BMPs I Delhi Township including:
MS4 Stormwater BMPs
 Rain garden and detention pond at Community Services Center at 2074 Aurelius
 Green roof at Sam Corey Senior Center at 2108 Cedar
 Sediment box at Valhalla Park at 2287 Pine Tree
 Plantings along Gilbert Drain at Waverley Lift Station
 Detention/ retention ponds at Public Owned Treatment Works at 5961 McCue
 Biofilter at Cook and Thornburn Drain Aurelius Road
Nested Schools BMPs
 Five Detention/ retention ponds at Holt High School at 5885 Holt

The Publicly owned BMPs are shown in Exhibit F, Appendix 1.
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4.1.2 Private BMPs
There are about 53 detention/ retention private basins throughout the Delhi Township. Privately owned
stormwater detention facilities are required to meet the same standards of the Drain Commissioner as
are publicly maintained detention ponds. Owners of detention facilities are required to adhere to the
following minimum standards:
1. Minimum treatment volume for one inch of runoff from the entire site with 80% removal of
Total Suspended Solids (TSS).
2. Post-development site runoff volume and peak flow rate below existing levels for two-year, 24hour storm events.
3. Operations and Maintenance (O&M) for maximum design performance throughout the longterm operation of the pond.
The private BMPs are shown in Exhibit F, Appendix 2.

4.2

Potential SWMP Projects

Four potential project sites in the Delhi Township district were identified to manage stormwater impacts,
with the potential for future application to obtain Section 319 Nonpoint Source Pollution Management
Grant Funding. The drainshed that each project site is located is shown in Appendix E, Exhibit 1. The
project site drainsheds include Pawlowski Creek, Grovenburg and Branches, Thorburn and Hancock
drainshed, and a section of Sycamore Creek drainsheds. Each of these drainsheds are part of a 12-digit
HUC. Table 10 displays the drainshed and 12- digit HUC subwatershed size for each project sites.
Table 10: Proposed Project Sites
Proposed
Project
Sites
Number

Drainshed

12-digit HUC Subwatershed

Percentage of
HUC-12 area
Covered by
the Project
drainshed

Name

Area (ac)

Code

Name

Area
(ac)

1

Pawlowski Creek

1,658

040500040507

Sycamore Creek

16,699

10%

2

Grovenburg

3,025

040500040702

33,542

9%

3

Cook/Thorburn
& Hancock

5,016

040500040506

Skinner Extension
Drain- Grand River
Headwaters Sycamore
Creek

31,357

16%

56,127

040500040505
040500040506
040500040507

4

Sycamore Creek

Mud Creek
Headwaters Sycamore
Sycamore Creek

Best Management Practices (BMPs) are vegetative, structural or managerial practices which are
implemented to treat, prevent, or reduce water contamination. As part of the Delhi Charter Township
Stormwater Management Plan (SWMP), different BMP categories are proposed for the mentioned project
site. The potential projects for each of the proposed project sites are explained from section 4.2.1 through
4.2.6. The proposed locations for each of the project site are shown in Appendix E, Exhibit 1 through 5.
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4.2.1 Two-Stage Channel
Replacing the conventional channels with two-stage or multi-stage channels can be an alternative way to
manage open drains. The conventional or trapezoidal channel requires frequent and expensive
maintenance. Several efforts take place periodically to keep the drainage functioning, which includes
removal of woody debris, grass, deposited sediment, stabilizing bank failures, and toe scour. Conventional
drains have many problems which include:







Prone to bank erosion and channel bed sedimentation
Require ongoing dredging and maintenance
Are susceptible to increased erosion during flood events that impair aquatic habitat and
provide marginal riparian habitat
Tend to warm water temperatures, increase turbidity, and lower oxygen levels
Do not have the ability of streams to naturally assimilate pollutants
Convey pollutants to receiving waters

Multi-stage channels can improve the chances of long- term stability that mimicks the self-sustaining
natural systems. This two-stage approach can also provide improved ecological as well as physical
performance. Figure 2 represents the typical multi-stage channel cross section.
Figure 2: Multi-Stage Channel Cross- Section (Macomb County Public Work Office, 2008)

Improved drain design can reduce long-term drain maintenance costs and ultimately decrease harbor
dredging frequency. It would also address Beneficial Use Impairments (BUIs) in the Red Cedar and Grand
River such as:






Eutrophication or undesirable algae
Degradation of fish and wildlife populations
Degradation of aesthetics
Degradation of benthos
Loss of fish and wildlife habitat
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Selected reaches for the candidate project sites could be evaluated to replace the conventional channel
with the two-stage channel. The dimensions of the bankfull channel can be empirically determined based
on regional studies similar to those that are conducted for the natural streams. Regional Curves are
developed for the natural streams that relate to the bankfull channel dimension to drainage areas. Figure
6 represents the regional curve for Southern Lower Michigan that was developed by the U.S. Geological
Survey in cooperation with the Michigan Department of Environmental Quality, Michigan Department of
Transportation, U.S. Army Corps of Engineers, and U.S. Fish and Wildlife Service. Using the rating curve
and drainage areas, the approximate value of bankfull channel for each of the project sites were estimated
as seen in Table 11.
Figure 3: Regional bankfull discharge curve for the Southern Lower Michigan Ecoregion (USGS,2009)

Table 11: Bankfull channel dimension for two-stage channel
Proposed Project

Drainage
Area (mi2)

Bankfull Channel
Discharge
(cfs)

Width (ft)

Depth (ft)

Area (ft2)

Pawlowski Creek

2.3

9

12

0.8

8.0

Grovenburg Drain

3.6

14

14

0.9

11.4

Sycamore Creek

87.7

284

59

2.2

120.0
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4.2.2 Install and Maintain the Stormwater Best Management Practices (BMPs)
 Detention Ponds and Wetlands
Stormwater detention can mitigate the storm runoff impacts, while holding back some of the
runoff to be released later. While the water is detained, the pollutant concentration can be
reduced, as suspended solids and some pollutants settle out. Detention basins can be classified
into four groups including; dry detention basins, extended dry detention basins, wet detention
ponds, and constructed stormwater wetlands.
The dry detention basin is the most popular design throughout the United States, which are
usually dry except during short periods after large flood events. The dry detention basins are not
the best choice for water quality improvement.
Increasing the detention time can result in more pollutants settling out with a particulate
pollutant removal rate of up to 90%. This kind of detention basin is called an extended dry
detention basin which is not very effective at removing soluble nutrients, such as phosphorus and
nitrogen. The typical detention time is 24 to 48 hours.
The wet detention pond contains a permanent pool of water that effectively removes sediment
and pollutant including nutrients, which in turn causes algae to form due to the nutrients in the
stormwater. The biological process of algae makes the wet pond effective at removing nutrients
unlike dry and extended detention basins.
Constructed stormwater wetlands are another approach to maximize the pollutant removal from
stormwater runoff through settling, uptaking, and filtering by vegetation. The wetland
temporarily stores flood runoff in shallow pools to provide appropriate conditions for plant
growth. An example would be as shown in proposed project #3, Grovenburg Drain, in Appendix
E, Exhibit 4A. The pollutant removal rate for wetlands can be up to 90%. The wetland can also
mitigate the peak runoff rate during the rainfall events.


Grass Filter Strips:
Grass filter strips are densely vegetated and gently sloping areas that filter runoff before entering
surface waters (streams, drains, rivers and lakes) to protect water quality. They can be utilized to
treat stormwater runoff from roads, buildings, parking lots, and agricultural fields. Additionally,
filter strips can improve water quality while slowing down runoff, allowing filtration to happen,
sediment to settle out, uptake of water and nutrients to occur, and be physically intercepted by
vegetation. Filter strips can also protect groundwater by infiltrating runoff and preventing
pollutants from leaching into the water table. They can also reduce downstream flooding and
bank erosion. Tall woody vegetation such as trees and shrubs can also lower stream temperatures
and provide fish cover by supplying shade. Examples are shown in Appendix E under proposed
projects #1-4. Filter strips can reduce sediment and nitrate concentrations by more than 90%.
They also do a good job of removing phosphorus attached to sediment, but are less effective at
removing dissolved phosphorus. The United States Department of Agriculture Natural Resource
Conservation Service (USDA NRCS) suggests a minimum filter strip width of 20 (ft) for controlling
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suspended sediment and 30 (ft) for controlling dissolved pollutants in runoff. Revised Universal
Soil Loss Equation version 2 (RUSLE 2) can be used to determine the minimum filter strip width
based on contributing land conditions. To mitigate the storm runoff impacts within the proposed
project sites, using the grass filter strip for tributary areas and adjacent to the drains is an option.


Rain Gardens (Bioinfiltration):
The term “rain garden” refers to a constructed depressional area that is used as a small landscape
tool, usually located in residential yards or roadway ditches, to improve water quality. Rain
gardens are sometimes also referred to as bioinfiltration systems on a larger scale. Rain gardens
should be placed strategically to intercept water runoff, and typically are placed beside
impervious surfaces such as driveways, sidewalks, or below downspouts. Rain gardens are
designed to allow for ponding “first flush” and increased infiltration. Nutrient removal occurs as
the water comes in contact with the soil and the roots of the trees, shrubs or other vegetation
planted in the depression. To enhance nutrient removal, plant choices should center on native
wildflowers and grasses that are adapted to local conditions. Suitable applications for
bioinfiltration systems, or rain gardens, are parking lot islands, residential developments utilizing
swale drainage for pre-treatment, and commercial developments utilizing filter strips adjacent to
parking lots for pre-treatment. Rain gardens are not ponds and should be designed to drain within
48 hours. Engineered soil mixes should be incorporated into the design to facilitate drainage in
areas with less suitable soil conditions (such as clay or clay loam). Under-drainage is also typically
installed to facilitate drainage.



Pervious Pavements:
Pervious pavements can be made of concrete, stone or plastic and promote the absorption of rain
and snowmelt. The most common type of permeable pavement is paving blocks and grids which
are modular systems that contain openings filled with sand and/or soil. Some can support grass
or other suitable vegetation providing a green appearance. Permeable paving can be effective in
reducing the quantity of surface runoff for small to moderate-sized storms, and may also reduce
the amount of pollutants associated with these events. Typically, these systems will work better
when overlaid on sandy, permeable soils (as opposed to less permeable clay soils). Effectiveness
of these pavements can be improved by maximizing the opening in the paving material and
providing an effective sub-layer of at least 12 inches that helps to promote greater infiltration
capacity. This type of pavement is particularly applicable for overflow and special event parking,
driveways, utility and access roads, emergency access lanes, fire lanes and alleys.



Rain Barrels:
Rain barrels are used to collect and store rooftop runoff from moderate storms that can be reused
for irrigation. The effectiveness of rain barrels (or cisterns) is a function of their storage volume in
comparison to the size of the roof. For example, a standard residential home with a 1,200-square
foot roof could utilize 55-gallon barrels to store runoff from downspouts at the four corners of
the house. The storage is equivalent to about 0.3 inches of runoff. The limitation with rain barrels
is that they would be typically emptied when used as irrigation for lawns and landscaping—as
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such, storage capacity would be closely linked to the growing season. These systems are
appropriate for residential, commercial and institutional properties.


Dry Wells:
A dry well is a small excavated trench filled with stone to capture and infiltrate rooftop runoff.

4.2.3 Install and Maintain Streambank Stabilization Measures
Several structures and measures are available including plantings and rip-rap installation. See Table for
recommended practices and cost estimates.
4.2.4 Prevent/ limit Livestock Access to Waterways (Promote Installation of Exclusion Fencing)
Livestock exclusion fencing can include a system of permanent fencing (board, barbed, high tensile, or
electric wire) installed to exclude livestock from streams and critical areas not intended for grazing in
order to improve water quality. Benefits may include reduced soil erosion, sedimentation, pathogen
contamination, and pollution from dissolved, particulate, and sediment-attached substances.
4.2.5 Promote the Development and Implementation of Manure Management Plans
Lack of manure management plans or lack of enforcement of manure management plans lead to nutrients
and pathogens entering the waterways. As bacteria levels, particularly E. coli, exceed acceptable levels,
manure management plans may help to prevent excess pathogens entering the upstream tributaries.
Manure management plans could be used in conjunction with livestock exclusion. NRCS may be able to
assist with reviewing maps of field tiles in critical areas, locating tile outfalls, and identifying sources of
discharge. Plans should be developed for farms in priority areas first.
4.2.6 Promote the Restoration of Historic Wetlands
An Assessment of the Delhi Township wetland is provided in Section 3.2. This section includes maps of
current (2005) wetlands and pre-settlement wetlands. It also provides data on 14 key wetland functional
attributes.
A restored wetland is the rehabilitation of a drained or degraded wetland where the soils, hydrology,
vegetative community, and biological habitat are returned to the natural conditions to the greatest extent
possible. Restoring the hydrology, plants, and soils of degraded or historic wetlands can have
environmental and practical benefits. Many functional wetlands have been lost that provide the ability to
retain sediment, other particulates, nutrients, pathogens, and flood waters. These functions lead to
improved surface and ground water quality. Wetlands also provide important habitat for many species
and reduce soil erosion and downstream flooding. Restoring wetland hydrology usually involves breaking
drainage tile lines and possibly building embankments to retain water. To restore wetland vegetation,
mixes of native grasses, sedges, rushes, and forbs are often used.

4.3

Costs for Recommended BMPs

Table 12 lists the recommended stormwater management practices with cost estimates and unit prices
for standard items of work.
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Table 12: Estimated costs for recommended best management practices

1

Recommended BMPs

Approximate Cost

Utilize alternative drain
maintenance/construction Two-stage drain
Live stake

Plain 8” rip-rap

$60.00-80.00/linear ft. on average (can include 1-sided
construction) (NRCS, TNC estimates)
$1.20-$2.50/live stake (2 to 3 ft. spacing in grid pattern)
$2.00-$7.00/joint planting stake (2 to 3 ft. spacing in grid
pattern)
$5.00-$8.00/ft. of live fascine (spaced at 3 to 5 ft. up the
slope)
$10.00-$25.00/sq. ft. of live cribwall (typically requires 4
sq. ft. per lineal ft. of streambank)
$25.00-$35.00/sq. yard (for plain 8”rip-rap)

Plain 16” rip-rap

$30.00-$45.00/sq. yard (for plain 16” rip-rap)

Joint planting stake
2

Install and maintain
streambank
stabilization
measures

Live fascine
Live cribwall

Retention &
infiltration basins

3

Install and maintain
stormwater best
management
practices

Grassed swales
Vegetated roofs
Rain gardens
Pervious pavement
Rain barrels
Dry wells
Riparian buffers

Design, legal and contingencies are typically 25%-30% of
construction costs. Construction— Mobilization: 3%5%of construction costs; Site Preparation: $3,000$5,000/acre for clearing; $5.50-$8.00/cubic yard for
earth excavation; $3,000-$7,000/each for inlet/outlet
structures; Maintenance: 3%-5% of construction costs.
Construction and Maintenance: $30/linear ft.
$15-25/sq.ft. without building modifications.
$10-15/sq.ft. (Landscaper designed/ installed)
$2.00-$3.00/sq. ft. as opposed to $0.50-$1.00/sq. ft. for
traditional pavement.
$50-150 each
$1,000-$2,000 each
$1.25/sq. ft. for installation. Maintenance costs for
invasive species removal, undergrowth removal or
sediment removal are minimal. There is little to no cost
to preserve established native vegetation.
The NRCS estimates that fencing costs approximately
$20.00 per rod and $1.20 per foot of fencing material. An
estimate of $1,200 was made for a stream crossing for
livestock. This included preparing a 20-foot wide by 4foot deep crossing area with ramps 10-feet wide on a 6:1
slope.

9

Prevent/limit livestock access to waterways

10

Promote the development and
implementation of manure management
plans

Approximately $5,000 - $8,000 per plan.

Promote the restoration of historic wetlands

Cost depends on land and/or easement acquisition and
extent of grading and earthwork. Donated land with no
easements could cost between $1,500 and $3,000/acre.
Purchase land with extensive grading and plantings
approximately $9,000 to $25,000.

11
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Table 13 shows the cost for recommended BMPs for the proposed project sites.
Table 13: Estimated costs for recommended best management practices for the proposed project sites
Grovenburge Drainshed
Pawlowski Drainshed Project
Sycamore Drainshed Project
Project
BMPS
Unit Price
Total Price
Total Price
Total Price
Value
Value
Value
Min
Max
Min
Max
Min
Max
Constructing
$60.000.4
1.0
0.8
two stage
$127,000 $169,000
$317,000 $423,000
$254,000 $338,000
80.00/linear ft
(mi)
(mi)
(mi)
channels
Install and
maintain
0.4
1.0
0.8
$1.25/sq. ft
$80,000
$198,000
$159,000
Grass Filter
(mi)
(mi)
(mi)
Strip
Constructing
and
$9,0001.5
$13,500
$37,500
3 (ac)
$13,500
$37,500
3 (ac)
$13,500
$37,500
promoting
$25,000/ ac
(ac)
the wetland
Total Price

$220,500

$286,500

$528,500

$658,500

$426,500

$534,500

Total Price with 25%
allowance

$275,625

$358,125

$660,625

$823,125

$533,125

$668,125
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4.4 Holt Jr. High School
4.4.1 Description/Purpose
On September 7th, 2015, localized flooding occurred at the Holt Jr. High School. The event that caused the
flooding was extreme in intensity with 2.12 inches of rain in 2.7 hours which represents a 3- hour and 10year recurrence interval1. Figure 4 shows the rainfall depth in Delhi Township on September 7th and 8th. In
the flood event on September 7th, at least five classrooms, several hallways, and the school auditorium
were soaked by the flood, causing the district to close Jr. High School for the first day of school.
0.90

Rainfall Depth (in)
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Figure 4: Rainfall Depth (in) on September 7th and 8th, 2015, collected at Delhi’s Department of Public Services by
the Delhi Township

The purpose of this study is to develop a stormwater system that provides enough storage for 3-hour and
10-year flood event to prevent the school buildings from flooding. The Stormwater Management Model
(SWMM) was developed for the Holt Jr. High School to better understand the stormwater runoff system
in the school and design a storage unit.
4.4.2 Study Area Description
Holt Jr. High School is on the corner of Aurelius Road and Sycamore Street in Delhi Township. The
stormwater system in the school transfers the storm runoff from the north to south of the school and
eventually discharges into the Ingham County storm manhole at Stonehurst Street. The stormwater runoff
in the school area drains into two separate basins; Stimson and Green Drainshed in the north, and
Thorburn and Hancock Drainshed in the south of the school.
4.4.3 Recommendation and cost estimation
The SWMM model of the school shows in the September 7th flood event, some of the manholes and catch
basins flooded. During this flood event, only 65% of the stormwater runoff transferred into the outfall,
and the rest was surcharge in the school property and caused flooding to enter one of the buildings which
closed the school for several days.

1

Rainfall Frequency Atlas of the Midwest (Bulletin 71). Floyd A. Huff and James R. Angel. 1992
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To mitigate the storm runoff and protect the building from flooding, grading the baseball field in the
southwest area of the school and diverting the storm runoff to the baseball field during the flood events
have been recommended. The southern section of the school (baseball field) has the lowest elevation in
the school; its elevation is around 4 (ft) lower than the finish floor elevation of the auditorium building
which was flooded in September of 2015. The graded baseball field can be used to mitigate the peak flow
runoff from the school properties and buildings. Costs and plans for the recommended storage system
can be seen in the Appendix G.
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Chapter 5: Public Education and Involvement
5.1

Local Agencies and Organizations

Delhi Township has worked closely with Ingham County and the Delhi Township school systems to plan
and develop BMP strategies for this SWMP. Past meeting topics included specifics for each school:



















Support Services Building
o Looking to move salt storage
o Clean out catch basin
o No major issues – no drainage problems
Elliott Elementary School
o No drainage issues
Midway Early Learning Center/Ed Trek
o No drainage issues – no flooding
o Ed Trek – Building has flooded in past. Issues have been addressed
Sycamore Elementary
o Mold issues
Holt Junior High
o Issues with flooding
Hope Middle School
o No major issues
Wilcox Elementary
o No major issues
Washington Woods
o Front entryway has flooded
o Have televised all areas around the front entryway
Horizon Elementary
o Roots/roof drain
o Sinkholes – fixed and installed cleanouts
th
9 Grade/N Campus
o No issues
Holt High School
o No flooding issues
Dimondale
o Televising
o Pond area backs up occasionally
Jr. High/Sycamore
o Start with model
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5.2

Education and Outreach Campaigns

This task involved reaching out to the public to solicit feedback on the plan and inform the public the
valuable water resources that exist in the Township. This will include discussions regarding the desired
level of service, public education and other public engagement methods. Materials will be developed to
help educate residents, agencies and other stake holders of the requirements for better stormwater
management. Compliance with the rules and guidelines of the Township and Ingham County for proper
permitting, construction and maintenance of drainage facilities will be explained and highlighted. Any
new ordinances resulting from the plan will be discussed with the public.
Currently the Township has multiple watershed management plans, public education links, MS4 progress
reports, public educations plans, pollution prevention info and other links posted on their website
http://www.delhitownship.com/cleanwater.htm. Middle Grand River Watershed and Red Cedar
Watershed plans can be found on the Township’s website, along with MS4 progress reports from 2011,
2013, and 2016. Additionally, Delhi Township sells rain barrels and compost bins for its residents.

5.3

Public Education and Involvement

Public involvement was conducted to gain input on storm water problems and concerns. Results support
the role and application of the drain inspection and maintenance program contained in this plan. In
addition, meetings were held with Delhi Township School Systems to discuss areas of concern at each
school. The final SWMP will be posted to Delhi Township’s website. Currently, the website posts multiple
watershed management plans, public education plans and more along with an email and phone number
where residents can submit comments or concerns.
Delhi Township has worked on providing a GIS tool for public use on storm sewer networks. The tool is
made available through the ArcGIS app,
http://delhigis.maps.arcgis.com/apps/webappviewer/index.html?id=08bc58e7dc794fbea7270d84c564f
007, and residents will be able to search an address and view the storm drains, connections between
the drains, and macrobasins. The Township will be posting the link on their website and will decide how
they want to inform the public about its use.
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Chapter 6: Plan Implementation
6.1

Plan Summary

Delhi Township has several categories of storm water facilities covering Township properties, Holt Public
School properties, private properties and established County Drains. The areas established as County
Drains, include both open and enclosed county drains, however, open drains are dominant in the system.
Each entity is responsible for the operation and maintenance of their respective systems. Easements are
granted to the Ingham County Drain Commissioner along all designated county drains for the purpose of
allowing access to operate, maintain or repair the drain.
Maps contained in this plan identify the jurisdiction and location of established County Drains, the location
of designated floodplains, soil types as they relate to hydrology, land use classifications, wetlands, wetland
functional units, and watershed management planning areas. The primary surface drainage outlet river
systems cover the Grand River, and Sycamore Creek. Sycamore Creek drains to the Red Cedar River, which
connects to the Grand River.
Conceptual investigations of storm water system components and needs for project improvements were
conducted to address water quality problems and impacts. Results of the investigations were used to
assess conditions, and identify target locations to improve water quality on the Grand River and Sycamore
Creek. Several project areas are located and defined conceptually to provide stream corridor filtration by
installing two-stage channel sections with natural bank stabilization and native wetland plantings. The
primary target for water quality improvements is to remove bacteria, nutrients, and solids.
Water quality data compilation and review investigation results were also used to develop information to
assess and evaluate progress with improving conditions. The process will support and guide the
implementation of annual monitoring efforts. The ongoing annual field inspections each year will be
consistent with available funding and priority needs based on field observations. The review of current
data indicates that flows from Alaiedon Township entering Sycamore Creek at the Township boundary
have a likely source of human bacteria contamination. This area should be tested in the future to confirm
the problem source and assist with defining additional investigations and actions as appropriate.
The established County Drains include selected storm water BMPs as described in this plan. Additional
BMP improvement projects are proposed. Pre-settlement and regulated wetland areas in Delhi Township,
as mapped in this plan, offer a very good management practice that should be protected and maintained.
The functional value of these wetlands was also assessed based on considering fifteen functional unit
categories of benefits derived from these wetlands to manage and improve storm water and the natural
environment.
Site development standards to manage storm water runoff are adopted for managing storm water from
private systems. Future application of these standards will address the requirements of storm water
NPDES permitting and Watershed Management action plans, as approved and adopted by the MDEQ.
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6.2

Implementation Timeline

The timeline for implementing results and recommendations from this plan was begun as part of the
engagement of stakeholder interests to address local needs and concerns. Content of this plan provides
a consolidated document defining the existing storm water assets, natural systems, current land cover
and wetland conditions, water quality conditions, and potential locations for selected improvement
projects. The maps will also be made available to the general public as electronic media through various
public methods.
Project implementation will be accomplished separately by the Holt Public School District, Ingham County
Drain Commissioner, and Delhi Township. Funding limitations and availability will affect the ability to take
action and implement improvements. The potential for updating the approved Watershed Management
Plans for the Red Cedar and Grand River systems downstream from Delhi Township is a possibility and will
be evaluated as a potential method for obtaining Section 319 Funding if available, consistent with criteria
for funding eligibility.
Maintenance work will be based on using the available maintenance monies consistent with the Drain
Code Annual Maintenance Assessment and Spending Limits (Assessment $2,500/linear mile/year, and
spending up to $5,000/linear mile/year).
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