Appendix 1. National Pollutant Discharge Elimination System Permits that discharge to
surface waters, regulated by the Michigan Department of Natural Resources and
Environment in the Four Township Watershed Area as of January 2017.

Confined Animal Feeding Operations (source Bruce Washburn, Michigan
Department of Environmental Quality, personal communication 12/2/16 and MiWaters
NPDES database, inquiry 1/16/17)

mgmngemgnated Primary Permit No. County ;33?222 ;ﬂ%ﬁ:m Source
Species Units

29th Street, MiWaters
Liberty Beef Richland CAFO
Farms-CAFO BEEF MIG010139 Kalamazoo | 49083 1,990 | database

12850

Parker

Road, MiWaters
Prairie View Delton CAFO
Dairy LLC-CAFO | DAIRY | MIG010123 | Barry 49046 2,220 | database

Cressy

Rd.,

Hickory MiWaters
Hickory Gables, Corners CAFO
Inc. DAIRY | MIO058276 Barry 49060 2,341 | database

6625

Poorman

Rd., Battle MiWaters
Cary Dairy Farm Creek CAFO
Inc.** DAIRY | MIG010087 | Barry 49017 2,003 | database

15080 M-

37 Hwy,

Battle MiWaters

Creek CAFO
Halbert Dairy** DAIRY | MIG010051 | Barry 49017 3,124 | database

14018 S.

Parker Rd,

Hickory MiWaters
High-Lean Pork- Corners CAFO
Parker Rd HOG MINPTDOO02* | Barry 49060 3,000 | database

*MINPTD permit “no potential to discharge” condition indicates all manure is removed from on-site
lagoons via tanker truck by independent third party; manure given to other operations.
**|_ocated outside of FTWA; manure applied to fields in Barry Township.

Industrial Stormwater Permits (source MiWaters NPDES database, inquiry 1/16/17)

Waterbody Name

Facility Name

Location

Type

11261 Sunset Pt,

Industrial stormwater

Pine Lake Mar-Bil Marine Plainwell 49080 permit MIS110323
11730 Lindsey
Pine Lake Boat & Motor Rd, Plainwell Industrial stormwater
Pine Lake Co., Inc. 49080 permit MIS111556




6379 East AB Industrial stormwater
Richland Auto Truck Ave, Richland permit MIS110718
Spring Brook Salvage 49083 *REVOKED** (2006)
Kalamazoo 110 S. Water St Industrial stormwater
River*** Knappen Milling Company | Augusta 49012 Permit MIS111531

***Knappen Mill Co. is located within the Augusta Creek watershed; stormwater discharged to Kalamazoo
River.



Appendix 2. Analysis of Water Quality Planning and Zoning Techniques (LSL, 2007)
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Summary of Findings

This report reviews existing studies, plans and regulations relevant to the Gull Lake watershed and describes how Ross, Richland, Barry and
Prairieville Townships currently address watershed planning and related regulations. These are primarily directed to water quality
protection, and include: water resource and wetland protection; open space preservation; lake shoreland and stream corridor preservation;
and lake access and overcrowding. A summary of how each community plans for and protects these resources is included in Tables 3 and
4,

Land use planning and zoning dictate, o a large extent, the density, type and location of future development. Prairieville, Ross and Richland
Townships have local authority for planning and zoning, but Barry Township relies on the Barry County Master Plan and Zoning Ordinance.
While Gull Lake and other nearby inland lakes are largely viewed as developed there still is potential for each community to do more to
protect the long-term quality of their waterfronts by implementing regulations that require such things as vegetative buffers, reducing
impervious surfaces and preserving natural features.

Master Plans

A master plan describes a community, outlines its goals and objectives, explains its land use policies and maps future land uses. Efforts to
protect watersheds and their related resources are also important elements of a master plan. They provide the justification to regulate
activities within them and to implement watershed protection measures that have the proper “governmental interest” in mind. Having a well
documented master plan not only provides sufficient legal support to protect watersheds, but it can also express a community’s commitment
to do so.

Overall, each community’s master plan discusses the importance of natural resources, such as surface water protection and supports
progressive waterfront zoning regulations. However, while Richland Township has incorporated watershed language similar to the other
three townships, its plan could be enhanced by additional natural resource maps and materials, such as natural feature inventories.

Zoning Ordinances

The Gull Lake watershed has been the focus of many previous planning efforts. An example is the work by the Four Township Water
Resource Council that proposed several model zoning techniques to all four townships to help minimize the potential for overdevelopment
and congestion along lakefronts. One of the recommendations dealt with funnel or keyhole provisions to address development that occurs
when a waterfront lot provides lake access to non-waterfront properties. Of particular concern in these situations is lakefront congestion
and decreased water quality due to increased surface water runoff caused by such things as compacted soils (due to increased pedestrian



and vehicular traffic) and impervious surfaces. All four communities now protect Gull Lake, to varying degrees, from this type of
development; a comparison is shown in Table 1 on pages four through six.

Another zoning technique promoted by the Council was “open space (cluster) development.” With open space development a community
can accommodate development and preserve important natural features (such as wetlands, steeply sloped lands, forested areas, stream
corridors, or lake shorelands). All four communities have adopted model zoning regulations that permit open space cluster development,
which is also required under Michigan’s Zoning Enabling Act.

Future Recommendations

While the recommendations related to keyhole and cluster development proposed by the Four Township Water Resource Council are an
excellent start, additional zoning tools are available to protect area-wide water quality. These include an extensive list that is available
through the Council’s website. An example is the comprehensive site plan review standards that emphasize environmental protection,
setbacks from natural features, deferred parking and land clearing provisions. A complete list of these tools is included in Tables 5-8, which
indicates for each township the level of commitment to protect water quality. The planning tools are categorized by their objective, for
example, groundwater or surface water protection. The techniques are then ranked on a scale from ‘minimal’ to ‘substantial” based on their
effectiveness to provide environmental protection and they range from community based regulations to private property owner initiatives.
Definitions for the various tools are listed at the back of this document.

Table | Comparison of Waterfront Regulations

Ross Twp. Richland Twp. Barry Twp. Prairieville Twp.
(County Zoning Ordinance last updated
in 2002)
Minimum Lot Width | Min. district requirement Min. district requirement 100 ft. 150 ft.
ranges from 75 ft. to 100 ft.
100 ft.

Wetland Exemption | Wetlands not included in | Wetlands not included in | 50% of wetland shoreline can count | Wetlands not included

for Required Lot width requirement width requirement toward width requirement in width requirement

Width

Minimum Lot Depth | Min. district requirement Min. district requirement 100 ft. 75 f.
Minimum Lot Area | R-1 District: 20,000 sq. ft. | A District: 20,000 sq. ft. RL-1 District: 24,000 sq. ft. R-1 District: water &

by Zoning District R-2 District: 15,000 sq. ft. RL-2 District: 12,000 sq. ft. sewer: 9,350 sq. ft.
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Table | Comparison of Waterfront Regulations

Ross Twp.

Richland Twp.

Barry Twp.
(County Zoning Ordinance last updated
in 2002)

Prairieville Twp.

R-2 District: water &
sewer: 8,000 sq. ft.

Building Setback
from Water

50 ft. or average setback
of nearest dwellings

25 ft. for accessory

building

50 ft. or setback at a
reasonable horizontal line
of sight from adjacent
buildings

RL-1 District — 35 ft. from ordinary
high water mark

RL-2 District — 30 ft. from ordinary
high water mark

35 ft.

Building Height

35 ft. for dwelling
18 ft. for accessory
buildings

35 ft. for dwelling
20 ft. for accessory
buildings

No limit for single family
16 ft. for accessory buildings

No limit for single
family
2 stories only for multi-
family

Access Regulations

Minimum lot width: 75 ft.
to 100 ft. (depends on
district), plus 30 feet for

each additional access lot

Access lots cannot be used
for boat launches

Minimum lot width per
access : 100 ft.

2 access rights for 100 ft.

Each additional access right
requires 100 ft.; anything over
requires special land use approval
closely analyzing lake carrying
capacity

150 ft. for one access
right plus 20 feet per
each additional access
right

Site Plan Review

None required for
additional access lots

Site plan review required
for lots with more than one
water access

None required for additional access
lots

Site plan review
required for lots serving
more than two users

Natural Buffer
Requirement

None along waterway

None along waterway

15 foot wide native vegetation strip
along water

None along waterway

Docks

One dock per frontage,
plus additional docks for

each additional buildable

lot area

Docks can’t be closer than
50 ft. to a property line

One dock per access

Docks can’t be closer than 30 ft. to
a property line

One dock for each 75

feet of frontage; docks

can’t be closer than 10
ft. to a property line
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Table | Comparison of Waterfront Regulations

Ross Twp.

Richland Twp.

Barry Twp.

(County Zoning Ordinance last updated

in 2002)

Prairieville Twp.

Docks can’t extend out in
water more than 50 feet or
within 10 feet to center of
water

Docks can’t be closer than
10 ft. to a side lot line

Channelization Not addressed Not allowed to create more Not addressed for lakefront. Not addressed
frontage Allowed in Natural River area if
approved by MDNR
Boathouses Not allowed Boathouses allowed as a Not addressed

special land use; subject to
four conditions*

Boat houses allowed for
commercial uses as special
land use

One portable storage unit no

greater than 64 sq. ft. allowed;
setback at least 20 ft. from the

native vegetation setback

Boathouses allowed as
a special land use;
subject to four
conditions*

Lot Coverage
Requirement

Maximum 25% to 30%

Maximum 25% to 30%;
applies to buildings and
structures not parking
lots

Accessory buildings in RL-1
District can’t exceed 1,024 sq. ft.

No requirement

* Four conditions include: 1. Be located adjacent to a navigable body of water, with no minimum setback
2. Be used o store one or more boats and boating accessories

3. Be established in compliance with applicable state and local laws

4. Complies with all size, height and location requirements for accessory buildings




Table 2 Comparison of Waterfront Building Regulations

Ross Twp.

Richland Twp.

Barry Twp.

Maximum Building
Coverage

Minimum Floor Area

R-1-15%
R-2 - 20%

A-1 & A-2 - 30%

No maximum for single
family; accessory
buildings in RL-1 District

can't exceed 1,024 sq. ft.

Prairieville Twp.
No maximum for single
family

Maximum Building

ft.

35 ft.

Single family- 1,040 sq.

Single family-1,000 sq. ft.

RL-1- minimum core area
of 24 ft.
RL-2- 720 sq. ft.

Single family — 840 sq. ft.

Height

35 ft.

No maximum for single
family; accessory
buildings can’t exceed 16
ft. or 1 story

No maximum for single
family; multi-family - 2
story maximum

Nonconforming Lot
Development
Requirements

50 ft. waterway setback;
other yard dimensions
can be reduced based on

a formula

Must meet district
requirements

Formula for reduced front
and side yards

Zoning Administrator
determines waterfront
setback based on
surrounding setbacks




Table 3 Comparison of Water Protection Tools in Zoning Ordinances *

Ross Twp. Richland Twp. Barry Twp. Prairieville
Twp.
Objective Tool
Wetlands Ordinance
% Soil Erosion/Sedimentation v
6 Control
L Natural Rivers District v
8 Stormwater Control Ordinance v
o Shoreline Vegetation Restrictions v
- Building/Septic Field Setbacks v v
< Impervious Surface Restrictions v v v
8 (Lot Coverage)
o Floodplain Regulations
P Site Plan Review Standards for 4 4 4 v
2 Water Quality
Fertilizer/Phosphorus Restrictions v
Anti-Funneling or Keyhole v v v 4
Ordinance
%) Carrying Capacity Restrictions for v
n
! Lake Access
8 Dock/Marina Regulations v v v v
< Lot Width/Density Provisions v v v v
v Site Plan Review Standards for v 4
< Lake Access
Motor Restrictions/ No Wake v
Restrictions




Table 3 Comparison of Water Protection Tools in Zoning Ordinances *

Ross Twp. Richland Twp. Barry Twp. Prairieville
Twp.
Objective Tool

Z Conservation Easements

(|:) Open Space/Cluster Development v v v v

Q Purchase of Development Rights v v

5 Transfer of Development Rights

o Planned Unit Development v v

2 Sensitive Area Overlay Zoning

< : . .

L Site Plan Review Requirements for v

< Sensitive Areas

g Tree Preservation Standards

= Large Lot Zoning v

Z Zoning Setbacks from Sensitive v v

v Areas

*Notes: A complete set of natural resource definitions is included at the end of this document.




Table 4 Comparison of Water Protection Tools in Master Plans*

Ross Twp. Richland Barry Twp. | Prairieville Twp.
Twp.
Watershed Concepts
Protect Quality of Groundwater & Surface Water v v v v
Sensitive Environmental Area Documentation v v
Building Setbacks v v
Natural Buffers/Natural Feature Setbacks v v 4
Storm Water Management v v
Wellhead Protection v
Keyhole Protection v v v v
Open Space Protection v 4
Preservation of Onsite Natural Features v v
Coordinate with Four Township Water Resource Council and other 4 4
organizations
Cluster Development v v
Prevent Filling and Dredging of Lake Shore v
Control Density Near Sensitive Features v v 4
Minimize Soil Erosion v
Natural Feature Overlay v
Site Plan Review Standards v
Septic System Maintenance Program v
Implement Surface Water Quality Program v
Carrying Capacity Analysis for Lake Access Review 4
Wetlands Protection v v
Groundwater Studies v 4

*Master Plan elements have been generalized fo identify similarities and differences between townships; many of these topics are found in the Goals and

Obijectives sections of the Master Plans.
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ROSS TOWNSHIP - Master Plan Evaluation for Water Resource Protection

ROSS TOWNSHIP (excerpts from the current Master Plan related to water quality)

Goal: Protect the Quality of the Township’s Ground and Surface Waters.

Supporting Statement: The highest intensity of land uses within the Township occurs around its major bodies of water. At the same time,
individual wells provide the source of water for residents and business. The quality of both of these resources must be protected to sustain
the viability of the Township for living, working, and recreation.

Obijectives:

a.

b.

Identify environmentally sensitive areas along the Kalamazoo River, Augusta Creek and Township lakes, ponds, tributaries and
wetlands to preserve for plant, wildlife and fish habitat.

Preserve surface water quality by establishing buffer regulations along rivers, streams, lakes and wetlands. Work with private
watershed groups and community organizations to establish a comprehensive approach to water resource protection.

Continue to be active in the Four Township Water Resources Council, and support its mission of Farmland, Open Space and Water
Quality Protection.

d. Promote storm water management practices throughout the Township.

Prevent potential groundwater contamination from individual septic systems, agricultural activities and industrial/commercial

processes.
When demand requires, consider wellhead protection program for potential municipal wells. Establish measures that will preclude

over-utilization of the Township’s lakes.

ROSS TOWNSHIP ZONING REGULATIONS - bold fext indlicates current regulations

Table 5 SUMMARY OF REGULATORY TECHNIQUES FOR WATERSHEDS

Degree of Effectiveness

Objective | Substantial | Modest | Minimal
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Table 5 SUMMARY OF REGULATORY TECHNIQUES FOR WATERSHEDS

Degree of Effectiveness

Obijective Substantial Modest Minimal
Site Plan Review
Lacks sufficient site plan review
NREPA * requirements; could be stronger.
Water ) ) Shoreline Vegetation Cover Restrictions Site Plan Review standards only
) Wetland Protection Ordinance . .
Quality mention natural features that provide
Protection screening but nof resource
profection.
Soil Erosion/Sedimentation Building/Septic Field Setbacks Fertilizer Restriction
Ordinance Building, but not septic fields. Ordinances
Water Natural Rivers Act Impervious Surface Restrictions
uali Fertilizer Restriction
Q ty Stormwater Control Floodplain Regulations :
Protection ) . . Ordinances
(cont.) Ordinance Floodplain, Floodway and Flood fringe Reg.

Lake Access

Anti-Funneling Ordinance

Dock/Marina Regulations

Site Plan Review

Carrying Capacity Restrictions

Lot Width/Density Provisions

Motor Restrictions/No Wake
Restrictions

Sensitive
Areas
Protection

Conservation Easements

Planned Unit Development

Master Plan
Good dliscussion; but zoning
ordinance could be strengthened.

Open Space/Cluster Development
Adopted model language from 4 Township
Water Resource Council

Overlay Zoning

Tree Preservation
Ordinances

Purchase of Development Rights

Large Lot Zoning

Transfer of Development Rights (Non-
Contiguous PUD)

Site Plan Review Requirements

Zoning Setbacks
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Table 5 SUMMARY OF REGULATORY TECHNIQUES FOR WATERSHEDS

Degree of Effectiveness

Objective | Substantial | Modest | Minimal

Notes: A complete set of natural resource definitions is included at the end of this document.
*NREPA: Natural Resource Environmental Protection Act, known as Act 451 of 1994. State act that combined numerous state
environmental laws info one code, encompassing:

» Shorelands Protection and Management (Part 323)

»  Wetlands Protection (Part 303)

» Surface Water and Floodplain Protection (Part 31)

» Soil and Sedimentation Control (Part 91)
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RICHLAND TOWNSHIP - Master Plan Evaluation for Water Resource Protection

RICHLAND TOWNSHIP (excerpts from current Masfer Plan related fo water quality)

Goal: Retain the natural beauty and resources that have attracted people to settle in the Township while at the same time advancing the
Township's opportunities for desirable growth consistent with the wishes of the residents to remain a “rural” residential community.

Water Resource Objective
Maintain the quantity and quality of the Township's surface and ground water supply.

Policy:

1. Prevent water pollution problems by guiding residential development into clustered patterns where it becomes more economical to
sewer than if they were spread out indiscriminately.

2. Protect ground water sources by relating land use activities to selected areas containing soils and drainage suitable for septic tank
development.

3. Filling or dredging lake shore frontage to increase its usefulness for building should be controlled so that no detrimental effect is
created.

4. Minimize the pollution of surface waters by enforcing appropriate density controls and building setback standards.

15



RICHLAND TOWNSHIP ZONING ORDINANCE — bold fext indlicates current requlations

Table 6 SUMMARY OF REGULATORY TECHNIQUES FOR WATERSHEDS

Degree of Effectiveness

Objective | Substantial Modest Minimal
Site Plan Review
" Basic environmental standards for
NREPA . . . . ey .
, : Shoreline Vegetation Cover Restrictions identification; lacks review
Wetland Protection Ordinance
standard.
Surface Water
Quality . . . . Building/Septic Field Setbacks Fertilizer Restriction
Profection Soil Erosion/Sedimentation 50 £t wotertfront setback in Ordinances

Ordinance

Recreation/Open Space District

Natural Rivers Act

Impervious Surface Restrictions

Stormwater Control
Ordinance

Floodplain Regulations

Unique phosphorus detergent
ordinance adopted in 1971 that
bans any detergent over 8.7%
phosphorus confent.

Lake Access

Anti-Funneling Ordinance Provisions

Dock/Marina Regulations

Site Plan Review

Carrying Capacity Restrictions

Lot Width/Density Provisions

Motor Restrictions/ No Wake
Restrictions

Sensitive Areas
Protection

Conservation Easements

Planned Unit Development

Master Plan

Open Space/Cluster Development

Overlay Zoning

Tree Preservation

Ordinances
Purchase of Development Rights Large Lot Zoning
Transfer of Development Rights (Non- Zoning Setbacks

Contiguous PUD)

Site Plan Review Requirements

50 ft. setback

16



Table 6 SUMMARY OF REGULATORY TECHNIQUES FOR WATERSHEDS

Degree of Effectiveness

Objective | Substantial | Modest | Minimal

Notes: A complete set of natural resource definitions is included at the end of this document.
*NREPA: Natural Resource Environmental Protection Act, known as Act 451 of 1994. State act that combined numerous state
environmental laws into one code, encompassing:

 Shorelands Protection and Management (Part 323)

»  Wetlands Protection (Part 303)

» Surface Water and Floodplain Protection (Part 31)

» Soil and Sedimentation Control (Part 91)

PRAIRIEVILLE TOWNSHIP - Master Plan Evaluation for Water Resource Protection

PRAIRIEVILLE TOWNSHIP (excerpts from current Master Plan related to water quality)

Goals

= Strive fo protect environmental resources, such as rivers, lakes, wetlands and woodlands from the negative effects of new development.
= Create contiguous areas of open land to protect and promote the preservation of wildlife habitats, woodlands and water quality for the
long-term health of the community and public enjoyment of the natural environment.

Policies

1) The Township, through review of development plans, will ensure that development takes place in an environmentally consistent and
sound manner by minimizing potential soil erosion, disturbances to the natural drainage network, and protecting the quality of surface
and groundwater resources, open space areas, wetlands, and woodlands.

2) Promote the preservation and restoration of sensitive natural resources, such as wetlands and water bodies, by implementing natural
feature setbacks to filter sediments and contaminants that lead to environmental degradation.

3) Through zoning, site plan review and education, encourage approaches to land development that effectively integrate the preservation
of natural features such as soils, topography, steep slopes, hydrology, air quality, unique views and vistas, and natural vegetation into
the process of site design.

17



4)
5)
6)
/)

8)
9)

Utilize the resources of the Four Township Water Resource Council for environmental regulation models, such as site plan review and
natural feature overlay language.

Adopt residential development measures that prevent the fragmentation of the natural resource base, such as scattered roadside
development.

Require that site plans show locations of trees and other significant vegetation; topography, with steep slopes highlighted; patterns of
surface water drainage; location of groundwater recharge areas and prime farmland soils.

To prevent water degradation, the density of lakefront residential development shall be based upon the availability of utilities. Existing
developments with aging on-site septic systems should consider construction of new community sanitary sewer systems.

Provide density bonus incentives in open space/cluster developments and Planned Unit Developments to preserve natural features.
Educate landowners on environmental awareness and utilize the services of the Conservation District, MSU Extension, Four Township
Water Resource Council and other agencies for curricula and materials.

Adopted a Waterfront Preservation Overlay within the Future Land Use Section of the Land Use Plan

Implementation: An overlay zone can be applied to multiple zoning districts to ensure the consistent regulation of land uses. Examples
include requiring a greenbelt along a natural feature such as a lake, stream or wetland, a consistent development setback from the water’s
edge and the protection of natural vegetative buffers that act to absorb excess stormwater runoff from adjacent residential uses. The model
zoning regulations developed by the Four Township Water Resource Council that incorporate many of these waterfront planning techniques
should be used when updating local zoning ordinances.

PRAIRIEVILLE TOWNSHIP ZONING ORDINANCE - bold fext indicates current requlations

Table 7 SUMMARY OF REGULATORY TECHNIQUES FOR WATERSHEDS

Degree of Effectiveness

Objective | Substantial Modest Minimal

Site Plan Review

Surface NREPA * Shoreline Vegetation Cover Restrictions Very thorough site plon review
Water Wetland Protection Ordinance 9 standards and requirements.
Quality

Protection Soil Erosion/Sedimentation Building/Septic Field Setbacks Fertilizer Restriction

Ordinance 35 feet setback along water. Ordinances
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Table 7 SUMMARY OF REGULATORY TECHNIQUES FOR WATERSHEDS

Degree of Effectiveness

Obijective

Substantial

Modest

Minimal

Natural Rivers Act

Impervious Surface Restrictions
Have a lot coverage definition, but no
requirement for fofal lot coverage

Stormwater Control
Ordinance

Floodplain Regulations

Lake Access

Anti-Funneling Ordinance Provisions

Dock/Marina Regulations

Site Plan Review

Carrying Capacity Restrictions

Lot Width/Density Reductions

Motor Restrictions/ No Wake
Restrictions

Sensitive
Areas
Protection

Conservation Easements

Planned Unit Development

Master Plan

Open Space/Cluster Development
Very adequate development provisions

Overlay Zoning

Tree Preservation
Ordinances

Purchase of Development Rights

Large Lot Zoning

Transfer of Development Rights (Non-
Contiguous PUD)

Site Plan Review Requirements

Zoning Setbacks

Notes: A complete set of natural resource definitions is included at the end of this document.
*NREPA: Natural Resource Environmental Protection Act, known as Act 451 of 1994. State act that combined numerous state environmental laws into
one code, encompassing:
«  Shorelands Protection and Management (Part 323)
»  Wetlands Protection (Part 303)
e Surface Water and Floodplain Protection (Part 31)
e Soil and Sedimentation Control (Part 91)
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BARRY TOWNSHIP - Master Plan Evaluation for Water Resource Protection

BARRY TOWNSHIP (Excerpts from current Barry County Master Plan related to water quality)

Godl
The surface water features of Barry County, including its lakes, wetlands, streams and rivers, will be clean and healthy, supporting a
balance of native and natural plant and wildlife communities and a sustainable level of human use.

Objectives:
a. Maintain the existing coverage of filter/buffer requirements of 100’ to protect most streams and wetlands in the County and develop
techniques for ensuring these buffer areas continue to act as filters for natural areas.
b. Expand and strengthen storm water management standards to reduce the quantity and velocity of runoff, and increase the quality
runoff.
c. Implement a program of surface water quality monitoring to develop trend line data for analysis and to serve as a basis for
intelligent surface water regulation.
d. Define the environmental carrying capacity of the lakes in the County and employ the resulting analysis to guide land use decisions.
Goadl
Groundwater in Barry County will be clean and plentiful with recharge areas protected and development techniques that are attentive to the
preservation of this key resource.

20



Objectives:
a. Inventory wetlands and identify groundwater recharge areas, and evaluate and implement appropriate standards to protect wetland
areas of less than five acres and recharge areas.
b. Complete a hydro-geological analysis of groundwater movements in developing areas served by private wells to identify key threats
to ground water.

Goal

Storm water management, low impact development and water resources protection will be fundamental decision-making criteria in land use
decisions.

Obijectives
a. Evaluate and implement a program of time-of-sale inspections for septic tank drainfields.
b. Expand and strengthen storm water management standards to reduce the quantity and velocity of runoff, and increase the quality
runoff.

21



BARRY TOWNSHIP ZONING ORDINANCE - bold fext indiicates current requiations

Table 8 SUMMARY OF REGULATORY TECHNIQUES FOR WATERSHEDS

Degree of Effectiveness

Objective | Substantial Modest Minimal
Surface
horeli tati Restricti . .
Waler | NREPA~ Wotarhontrepslonons requie o 15 oot | 31 Plen Revew
Quality Local Wetland Protection Ordinance . g nsreq Natural feature identification
. native vegefation strip.

Protection

Soil Erosion/Sedimentation Building/Septic Field Setbacks

Ordinance At least a 30 feet setback from water

Site Plan Review requires compliance | bodles.

with Coun
Surface /4 - —

. Impervious Surface Restrictions
Water Natural Rivers Act . g " -
. . . Lot Coverage only includes buildings and Fertilizer Restriction
Quality Has a Natural River District . )
. not parking lofs. Ordinances

Protection

Stormwater Control
(cont.)

Ordinance

Rigorous site plan review requirements
with PIPP (Pollution Incident Prevention
Plan).

Floodplain Regulations

Lake Access

Anti-Funneling Ordinance Provisions

Dock/Marina Regulations

Site Plan Review

Carrying Capacity Regulations

Lot Width/Density Provisions

Motor Restrictions/ No Wake
Restrictions

Sensitive
Areas
Protection

Conservation Easements

Planned Unit Development

Master Plan

Open Space/Cluster Development
Minimum of 2 houses, maximum of 12
houses per cluster

Overlay Zoning

Tree Preservation
Ordinances
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Table 8 SUMMARY OF REGULATORY TECHNIQUES FOR WATERSHEDS

Degree of Effectiveness

Objective | Substantial Modest Minimal
Purchase of Development Rights Large Lot meng L
. Conservation Reserve District has
County has ordinance i .
20 acre minimum lot size
Zoning Setbacks
Sensitive Natural River District has a 100
. . setback from river and 50 #.
Areas Transfer of Development Rights (Non- : . . , ,
. . Site Plan Review Requirements setback from fributaries and
Protection Contiguous PUD) . -
(cont.) Conservation Reserve District has

a 50 # setback from streams and

a 25 . setback from tributaries.

Notes: A complete set of natural resource definitions is included at the end of this document.

*NREPA: Natural Resource Environmental Protection Act, known as Act 451 of 1994. State act that combined numerous state environmental laws into
one code, encompassing:

»  Shorelands Protection and Management (Part 323)

»  Wetlands Protection (Part 303)

«  Surface Water and Floodplain Protection (Part 31)

e Soil and Sedimentation Control (Part 91)
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GLOSSARY OF WATERSHED PLANNING AND ZONING TECHNIQUES

Water quality can be protected by lowering development densities, thereby reducing the amount of

Density Reductions impervious surfaces such as roads, parking lots, homes, and buildings.

Keyhole development or funneling occurs when a waterfront lot provides lake access to a development
located away from the water. Funneling can allow a large number of homes to gain waterfront access
Keyhole Regulations through a small corridor. Unregulated, funneling has the potential to create a number of problems
including land use conflicts; unsafe and inadequate access; noise; congestion; degradation of the
environment; and decreased property values.

Limits on lot coverage are addressed in a zoning ordinance and are defined as the amount of land
Lot Coverage Limits covered by structures and buildings. Such requirements can be expanded to include all impervious
surfaces such as paving, drives, patios, and decks.

Waterfront communities should adopt special land use regulations and review standards for marinas to
Marina Approvals ensure that they do not create adverse affects, such as traffic congestion, on the community and its
resources.

A site assessment can be part of a development review process that includes identifying and describing

Natural Resource N g .
significant natural features, such as wetlands, wildlife habitats, and tree stands. Such an assessment can

Evaluation determine the impacts of a proposed development on existing site features and natural resources.
The expense of some waste water treatment techniques may be financially difficult, but one possible
solution intended for very limited use is a package wastewater treatment system. This option can serve a
On-Site/Community small geographic area but it may not be affordable for a single development project. It may, however,
Treatment Systems prove feasible if several smaller projects are combined. Such a solution should not be used to promote

development in areas without public services as this only acts to perpetuate unsustainable sprawl
development.

Using this technique, development density is based on a “parallel plan” that establishes the permissible
density under existing zoning. The resulting density, however, must be sited on a smaller area of the site
leaving the remainder as open space. While net density is higher for the smaller developed area the
overall density still meets that which is required under existing zoning.

Open Space Development
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GLOSSARY OF WATERSHED PLANNING AND ZONING TECHNIQUES

Overlay zoning is the application of an additional set of regulations to an established zoning district.
Areas commonly targeted by overlay zones include: floodplains, watersheds, lake shore lands, river
Overlay Zoning corridors, environmentally sensitive areas, high risk erosion areas, historic districts or economic
revitalization areas. Overlay zoning can be used to help ensure uniform regulations are in place across
several zoning districts or political jurisdictions.

Purchase/Transfer of PDR and TDR programs are voluntary preservation programs that allow individual property owners to
Development Rights sell the development rights to their land. Both programs involve conservation easements. The difference
(PDR/TDR) between the two is the opportunity under a TDR program to transfer development rights to another area.

A recreation plan identifies and prioritizes recreational improvements desired by a community over a
specified time period. However, in order to quality for state grants for recreational facilities and
programs Michigan requires communities fo have a current (no more than five years old) recreation
plan.

Recreation Planning

Most parking requirements establish a minimum number of spaces, but allow much larger parking lots to
Reduced Parking be built. Some communities are now applying maximum parking requirements to ensure that parking
Requirements lots are not over-sized, thereby, reducing impervious surfaces and runoff. Maximum requirements can
not be exceeded without specific justification by the developer.

Public streets and rights-of-way that end at the water’s edge can be used for reasonable use of and
Road End Regulations access to the water for boating, swimming, and fishing. Other activities, such as sunbathing, lounging,
or picnicking may be restricted.

Preserving scenic resources can be challenging particularly since opinions can vary from person to
person making it difficult o decide which view is worth saving. In addition, views and vistas can include
Scenic Resource Protection | broad areas such as an entire valley or river basin. These challenges can limit the effectiveness of scenic
resource preservation. Among the best methods is fo establish key vantage points, and then protect
views from those. These vantage points can also be reflected in the Master Plan.
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GLOSSARY OF WATERSHED PLANNING AND ZONING TECHNIQUES

Secondary Containment

A common method to protect groundwater from contamination (such as above ground fuel storage
tanks) is secondary containment. A variety of methods can be used but the most common is the
construction of “traps” to contain runoff and spills. These can include double walled tanks or the use of
some other structure.

Septic System Maintenance

An effective way to reduce the risk of failing septic systems is to establish a septic system maintenance
district where property owners are required to submit evidence that their system has been inspected or
maintained at some periodic interval. Another option would be to require an inspection at the time a
property is sold.

Site Plan Review
Requirements

During the site plan review process, a planning commission may require a more detailed site evaluation
to include natural resources, and the effects that a development may have on the environment and
surrounding area.

Special Land Use - Access
Points

Public access to many inland lakes is accommodated through sites that are maintained and operated by
the Michigan Department of Natural Resources (DNR). Until recently, it was assumed DNR had exclusive
jurisdiction over these, without regard to local zoning, even though it was clear that zoning could affect
private access. However, a June, 1999 decision by the Michigan Supreme Court (Burt Township v
Department of Natural Resources) indicated that townships may also regulate public access on inland
lakes. Generally, this could be regulated by a special land use process. However, this may change with
proposed legislation addressing access regulations.

Stormwater Management

A stormwater management ordinance can control site development so that natural drainage patterns are
not disturbed. A developer may be allowed a variety of methods to accomplish this including retention
(infiltration) basins, extended detention basins, constructed wetlands, and vegetative buffer strips. Many
communities incorporate soil erosion and sedimentation control requirements into their storm water
management regulations.
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GLOSSARY OF WATERSHED PLANNING AND ZONING TECHNIQUES

Tree Preservation
Requirements

Trees have been shown to significantly reduce runoff because they not only reduce the amount of
impervious surface, but they can slow surface runoff and provide a location where water can be
absorbed. A tree preservation ordinance can establish a threshold number of trees that can be removed
during development. A natural features inventory and site design that incorporates natural features are
typical requirements

Vegetative Buffers

A greenbelt or vegetative buffer is an area of natural or established vegetation. By reducing runoff,
greenbelts help reduce pollution transport to lakes and streams and provide numerous other benefits. An
overlay zone could be used to preserve natural vegetative buffers along a stream that meanders through
several zoning districts or political jurisdictions.

Wellhead Protection

A wellhead protection area is defined as the surface and subsurface area surrounding a water well or
well field through which contaminants may move and reach the water table. In Michigan, the area for
any potential threat is based upon a ground water time-of-travel of 10 years.

Wetland Regulations

There are three categories of wetlands that are subject to MDEQ regulations: those wetlands, regardless
of size, that are contiguous to, or within 500 feet of the ordinary high water mark of a lake, stream, or
pond; wetlands that are larger than five acres; and those wetlands deemed to be essential to the
preservation of natural resources.

Local jurisdictions may also adopt regulations to protect wetlands that do not fall under state control.
However, certain requirements must be followed that include using the state’s definition of a wetland and
a community must complete a wetland inventory and make it available to the public at a reasonable
cost. If a local jurisdiction denies a permit to disturb wetlands the affected landowner can request a
revaluation of the property for tax assessment purposes to determine its fair market value under the
restrictions imposed by the denial. Finally, it a community desires to regulate wetlands less than two
acres in size it must find that the wetland is essential to the preservation of the community’s natural
resources.

27



Appendix 3. BMP descriptions, costs, and load reductions per area treated.

Vegetated Filter Strips: Vegetated filter strips (grassed filter strips, filter strips, and
grassed filters) are vegetated surfaces that are designed to treat sheet flow from
adjacent surfaces. Filter strips function by slowing runoff velocities and filtering out
sediment and other pollutants, and by providing some infiltration into underlying soils.
Filter strips were originally used as an agricultural treatment practice, and have more
recently evolved into an urban practice.

Extended Dry Detention: Dry detention ponds (a.k.a. dry ponds, extended detention
basins, detention ponds, and extended detention ponds) are basins whose outlets have
been designed to detain stormwater runoff for some minimum time (e.g., 24 hours) to
allow particles and associated pollutants to settle. Unlike wet ponds, these facilities do
not have a large permanent pool of water. However, they are often designed with small
pools at the inlet and outlet of the basin. They can also be used to provide flood control
by including additional flood detention storage.

Wet Detention: Wet ponds (a.k.a. stormwater ponds, wet extended detention ponds) are
constructed basins that have a permanent pool of water throughout the year (or at least
throughout the wet season). Ponds treat incoming stormwater runoff by allowing
particles to settle and algae to take up nutrients. The primary removal mechanism is
settling as stormwater runoff resides in this pool. Pollutant uptake, particularly of
nutrients, also occurs through biological activity in the pond. Traditionally, wet ponds
have been widely used as stormwater best management practices.

Infiltration Basin: An infiltration basin is a shallow impoundment that is designed to
infiltrate stormwater into the soil. Infiltration basins typically have a high pollutant
removal efficiency, and can also help recharge the groundwater, thus restoring low
flows to stream systems. Infiltration basins need to be applied very carefully, as their
use is often sharply restricted by concerns over groundwater contamination, site
feasibility, soils, and clogging at the site. In particular, designers need to ensure that
the soils on the site are appropriate for infiltration. Infiltration basins have been used as
regional facilities, providing both water quality and flood control in some communities.

Swales: The term swale (a.k.a. grassed channel, dry swale, wet swale, biofilter, or
bioswale) refers to vegetated, open-channel management practices designed
specifically to treat and attenuate stormwater runoff for a specified water quality volume.
As stormwater runoff flows along these channels, it is treated through vegetation
slowing the water to allow sediment to settle and water to filter through a subsoil matrix
(mulch mix), and/or infiltration into the underlying soils. Variations of the grassed swale
include the grassed channel, dry swale, and wet swale. The specific design features
and methods of treatment differ in each of these designs, but all are improvements on
the traditional drainage ditch. These designs incorporate modified geometry and other
features for use of the swale as a treatment and conveyance practice.





http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm
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Appendix 4. Water Quality Statement by Water Body

Here we provide additional information on the key lakes and streams identified as
priority water bodies for protection, mitigation and restoration efforts. This information is
unbalanced because some have received more study than others, in part because of
the activity of researchers at Michigan State University’s Kellogg Biological Station
(KBS), located on Gull Lake. The water resources of the FTWA are further described in
Allen et al. (1973), Rheaume (1990), and the Four Township Water Atlas (1998).

Gull Lake

Gull Lake is one of the largest inland lakes in Michigan, with an area of 2044 acres (822
ha) and a maximum depth of over 110 feet. This lake is unusual in southern Michigan
because it supports a diverse fishery, including both warm- and cold-water species.
Gull Lake serves as an important public recreational site for the region. Residential
development lines the lakeshore.

The realization by the 1970’s that the waters of Gull Lake were becoming more turbid
with algae prompted public concern. Studies by researchers at KBS showed the link
between nutrient supply and algal blooms and established that phosphorus was the
principal nutrient limiting algal growth in the lake (reviewed by Tessier and Lauff 1992).

Gull Lake has been extensively studied since the early 1960s, including much
limnological research conducted at the Kellogg Biological Station. Early studies
documented that phosphorus is the limiting nutrient in Gull Lake (Moss, 1972a, 1972b).
A water budget for Gull Lake in 1974 revealed that the lake received 40% of its water
from groundwater inflow, 25% from direct precipitation onto the lake surface, and 35%
from stream inflows (Tague 1977). The water budget was combined with information on
the phosphorus concentrations of these inputs to formulate a phosphorus budget for the
lake (Tague 1977). The phosphorus budget demonstrated that septic systems and lawn
fertilization comprised 76% of the annual phosphorus inputs at that time.

Citizen action, supported by state and federal grants, resulted in construction of a
sanitary sewer around the perimeter of Gull Lake in 1984. The diversion of a significant
source of phosphorus from Gull Lake resulted in a rapid reversal in eutrophication
trends and marked improvement in water quality characteristics (Tessier and Lauff
1992). Dr. Alan Tessier of KBS revised the phosphorus budget for Gull Lake based on
water sampling during 1994-95. Another water quality concern involved the flow of
phosphorus (P) -rich water from Wintergreen Lake at the KBS Bird Sanctuary to Gull
Lake. Inresponse to citizen concerns about algae along the shore where the water
entered Gull Lake, in 1995 KBS installed a pipe to direct the outflow well offshore.

Dr. Stephen Hamilton of Michigan State University has sampled Gull Lake and its inflow
streams for water quality since 1998, with support in recent years from the Gull Lake
Quality Organization. Water quality in Gull Lake is considered good now, although late-
summer blooms of the blue-green alga Microcystis aeruginosa cause some concern;
based on considerable research at KBS, these blooms are believed to be caused by the
invasive zebra mussels through a complex ecological interaction (Raikow et al. 2001).



Augusta Creek

Augusta Creek provides an example typical of most of the streams in the four-township
area. This stream is particularly important for recreational opportunities because there
is public access at the W.K. Kellogg Experimental Forest (owned by Michigan State
University) and at the Augusta Creek Hunting and Fishing Area (owned by the Michigan
Department of Natural Resources and Environment). Fly fishing is popular in the
stream, which is annually stocked with trout.

A great deal of ecological research has been performed at Augusta Creek by professors
and students from Michigan State University’s Kellogg Biological Station (KBS), and the
results of this research are found in numerous scientific publications (a complete list is
maintained by the KBS library). Mahan and Cummins (1974) wrote an overview of the
stream system and its plant and animal life. Dr. Stephen Hamilton of Michigan State
University has sampled this stream for water quality since 1998.

Extensive riparian wetlands all along the stream courses in Augusta Creek and its
tributaries help to stabilize the flow of water in the creek by absorbing excess water
during high flow and slowly returning this excess water over ensuing periods of lower
flow.

A study by the U.S. Geological Survey determined a water budget for the Augusta
Creek watershed, estimating all of the significant inputs of water that support the
discharge of the creek (Rheaume 1990). Over the long term, 38% of the precipitation
falling within the watershed ultimately reaches the stream (the remainder is returned to
the atmosphere by evapotranspiration). Most of the stream discharge is supported by
groundwater inputs. Since groundwater flow through the watershed is very slow, the
groundwater entering the creek in a particular year may have originated as precipitation
years (or possibly even decades) earlier.

The large contribution of groundwater inputs to the discharge of Augusta Creek makes
the stream flow relatively stable compared to creeks that receive more surface runoff.
The U.S. Geological Survey has maintained records of discharge at EF Avenue since
October 1964. The creek maintains much of its flow even in relatively dry periods
because the groundwater inputs are less affected by short-term reductions in
precipitation. For the same reason, the stream does not respond as strongly to wetter
years, and even large rainfalls produce only a moderate increase in stream discharge
and water level. Floods tend to occur more in the winter and spring during snowmelt or
rainfall when the soils are frozen or saturated, and the floodplains along the stream are
usually inundated only for brief periods. Additional hydrologic characteristics for
Augusta Creek and other local streams are presented in Allen et al. (1972), and
updated statistics on discharge for Augusta Creek are published in annual reports by
the U.S. Geological Survey.

The groundwater gets into the stream by seepage through its bed and through the beds
of lakes in its headwaters. In addition, groundwater on its way to the stream often
appears near the soil surface in floodplain environments, maintaining riparian wetlands
with distinct plant communities, many of which can be characterized as either prairie
fens or forested floodplains.



The temperature of groundwater is around 50° F and varies little throughout the year.
For streams like Augusta Creek that receive most of their flow from groundwater inputs,
this stable temperature has several implications. Water temperatures are moderated by
the groundwater inputs, staying cooler in the summer and warmer in the winter. The
lower summer water temperatures resulting from groundwater inputs make Augusta
Creek a suitable habitat for trout. Shading of the stream channel by forest also helps to
keep the water cooler, and thus streamside vegetation should be protected whenever
possible. In the winter, many reaches of Augusta Creek resist freezing because of the
relatively warm groundwater inputs.

Prairieville Creek

Prairieville Creek is a small first order trout stream that is classified as second quality
coldwater stream. Located at the southern end of Barry County, the creek originates
through a series of large springs. Flowing south through a small natural impoundment
(Mud Lake), Prairieville Creek empties into the north end of Gull Lake and is the major
source of tributary inflow to Gull Lake, as evidenced in a 1974 study of the lake’s
hydrologic budget (Tague, 1977). The annual volume represents 60% of the total
tributary inflow into Gull Lake supplying about 21% of the lake’s annual water budget.
The groundwater inflow directly into Gull Lake from the Prairieville Creek watershed and
the other immediately adjacent drainage areas is also of disproportionate importance to
the Gull Lake hydrologic budget. It was estimated that these drainage areas at the
north end of Gull Lake contribute 35% of the total groundwater inflow volume.
Prairieville Creek is the primary tributary and significant contributor of water into Gull
Lake.

The creek is approximately 2 miles in length with an average width of 15 feet and a
depth of 4 inches and the land along the creek is characterized by fen, marsh and
wooded wetland with gently rolling hills. The watershed appears to have two different
sections: an upper creek segment above Mud Lake containing the springs with
numerous small inflows, subsoils made up of poorly drained Houghton muck and
ecologically notable prairie fen and marsh; and the lower section containing a more
defined stream course, a largely wooded riparian zone, and underlain by well-drained
Oshtemo sandy loams. The headwaters are characterized more by overhanging
vegetation and watercress with a more incised channel compared to the broader,
shallow channel below Mud Lake. Below Mud Lake the creek is 80-100% shaded.

Dr. Stephen Hamilton of Michigan State University (MSU) has sampled this stream for
water quality since 1998.The water quality is excellent due to the buffering effect of
streamside wetlands, although nitrate concentrations are high because of the
groundwater contribution. Fertilizer used in agriculture is thought to be the most likely
source of nitrogen in groundwater. The water is clear year-round. The bottom types
are rock and gravel (50-70%) and sand with marl (30-50%). Pools and riffles are
common. Cover types include logs, undercut banks, and overhanging brush with an
extensive forested canopy. An excellent mosaic of these cover types is available
throughout the system.






Comstock Creek

Comstock Creek is a warm water system that drains a few small lakes. It contains creek
chub, rock bass, and bluegill as well as some unusual species such as blackstripe
topminnow and creek chubsucker (Wesley, 2005). The stream passes through
Campbell Lake, the site of a public beach at a township park and an apparently natural
water body. The City of Kalamazoo operates a well field downstream of Campbell
Lake. The Southwest Michigan Land Conservancy holds conservations easements on
four properties in the watershed, three of which have frontage on Comstock Creek and
tributaries. Downstream there are a couple of small impoundments before the stream
enters the Kalamazoo River. Water quality appears to be good especially in the upper
reaches.

Silver Creek

Silver Creek is a small second tributary to the Kalamazoo River located in the
southeastern corner of Allegan County. The creek flows through two distinct land use
areas. The upper half is a combination of fallow farm land and scrub shrub wetland; the
lower half is dominated by active farm land (crops and cattle) and the Kalamazoo River
Floodplain, and is interspersed with scrub shrub wetland. The underlying soils in this
drainage are mostly composed of poorly drained loamy sands. The creek runs parallel
to the Kalamazoo Moraine. It is a high quality designated trout stream and has a top-
quality coldwater designation (Dexter, 1993).

Silver Creek begins in section 24 in Gun Plain Township, Allegan County and flows
south 5.5 miles to its confluence with the Kalamazoo River in section 4 of Cooper
Township in Kalamazoo County. The creek has an average gradient of 22 feet/mile
with a flow volume of 6.1 cfs on the date sampled (August 31, 1999). Macroinvertebrate
scores were at the high end of “acceptable” while habitat was “good” (slightly impaired).
Water chemistry indicated that instream nutrient concentrations were comparable to
reference conditions on the date sampled (MDEQ MI/DEQ/SWQ-00/090, 2000).

Upper Crooked Lake

The Crooked Lake system includes three interconnected basins known as Upper,
Middle and Lower Crooked Lake, of which the upper lake has by far the most residential
development. Upper Crooked Lake is separated from the Middle and Lower basins by a
manmade causeway at Parker Road. That causeway has a culvert to allow flow at
higher water levels, and flow is almost always from the upper to the lower lake. There
are also a number of ponds and wetlands that occur in close proximity to the middle and
lower lake basins, and their water levels tend to fluctuate in concert with the lake
because the soils are highly permeable (allowing easy groundwater exchange between
lake basins and nearby wetlands). Most of these lie on the MSU Lux Arbor Reserve.



Upper Crooked Lake has experienced particularly large variation in water levels over
recent years, causing consternation among lakeside residents and potential developers
of remaining lakeside land, who would prefer a stable water level. Water levels in the
upper lake system are affected by the Parker Road culvert, which was originally set to
maintain the level of the upper lake at 922.75 ft above sea level, a legal lake level
established in 1942. That culvert has subsided from its intended level and is tilted
upward on its downstream (western) end. The Delton Crooked Lake Association and
the Barry County Drain Commissioner organized a successful effort to install a weir
above the culvert in 2006 that prevents the upper lake from discharging water when it
falls below its legal lake level. However a water level management plan was designed
to allow for emergency water releases in case the water level in the middle and lower
lake basins falls too low relative to the upper basin.

Like most local lakes with residential development, aquatic plant control through
herbicide treatment has been conducted at Upper Crooked Lake, targeted particularly at
Eurasian Water Milfoil.

Pine and Shelp lakes

Pine Lake is a large lake with much residential development. Water quality appears to
be good. Like most local lakes with residential development, aquatic plant control
through herbicide treatment has been conducted at Pine Lake, targeted particularly at
Eurasian Water Milfoil.

Shelp Lake is a smaller lake just to the northeast of Pine Lake. This lake has dense
residential development and residents have expressed general concerns about water
guality in the recent past.

Gilkey and Fair lakes

Gilkey and Fair lakes are situated at the headwaters of the Augusta Creek system, and
both lakes are surrounded by a mix of developed upland shoreline and fen wetlands.
Outflow streams from both lakes pass under roads through culverts that may dictate
their water levels. Fair Lake is the location of a long-term water level record extending
back to the 1950s (data are maintained by Dr. Stephen Hamilton of Michigan State
University).

Sherman Lake

Sherman Lake has dense residential development on its shores except the southern
edge where the Sherman Lake YMCA is located. This lake is isolated from other
surface waters. Like most local lakes with residential development, aquatic plant control
through herbicide treatment has been conducted at Upper Crooked Lake, targeted
particularly at Eurasian Water Milfoil. As a longer term solution, a voluntary-hookup
sewer system has recently been installed for residents along the lake.



Pleasant Lake

Pleasant Lake has a narrow spit of land with homes and cottages on the west edge and
is otherwise surrounded by wetlands. This lake is distinct among lakes in FTWA in its
relatively low concentrations of dissolved substances, indicating that the major source of
water to the lake is precipitation rather than groundwater. The water quality of this lake
is consistent with the presence of Sphagnum mosses and other bog vegetation in the
wetlands along its shores, which typically develop in precipitation-fed wetlands. Algal
blooms have been a concern in Pleasant Lake in the past, and extension of the sewer
system that serves Upper Crooked Lake to homes on this lake is currently under
discussion.









Appendix 6. Buildout Analysis and Urban Cost Scenarios for the Kalamazoo River
Watershed Management Plan.

An empirical model to estimate nonpoint source pollution to surface waters based on
existing land cover was run as part of the Kalamazoo River Watershed Management
Plan (2010). Runoff volumes and pollutant loads were calculated using average runoff
depth values produced by the Long-term Hydrologic Impact Assessment model (L-
THIA) and available pollutant event mean concentration (EMC) values. Loads and
volumes were calculated for “current” conditions (2001 land use; the most recent and
comprehensive set of land cover data) and for future conditions in 2030 using a future
land use layer predicted by the Land Transformation Model (LTM). The LTM data layer
was used at three different scales: watershed, subwatershed and municipal/township
levels. These modeling results were used to assess the impact of future potential urban
development on water quality and to estimate the costs necessary to achieve water
quality goals.
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Appendix 7. Common Pollutants, Sources and Water Quality Standards

Sources of water pollution are broken down into two categories: point source pollution
and nonpoint source pollution. Point source pollution is the release of a discharge from
a pipe, outfall or other direct input into a body of water. Common examples of point
source pollution are factories and wastewater treatment facilities. Facilities with point
source pollution discharges are required to obtain a National Pollutant Discharge
Elimination System (NPDES) permit to ensure compliance with water quality standards
under the Clean Water Act. They are also required to report to the Michigan Department
of Natural Resources and Environment on a regular basis. This process assists in the
restoration of degraded water bodies and drinking water supplies.

Presently, most surface water pollution comes from wet weather, non-point source
pollution. Polluted runoff is caused when rain, snowmelt, or wind carries pollutants off
the land and into water bodies. Roads, parking lots, driveways, farms, home lawns, golf
courses, storm sewers, and businesses collectively contribute to nonpoint source
pollution.

Nonpoint source pollution, also known as polluted runoff, is not as easily identified. Itis
often overlooked because it can be a less visible form of pollution.

The State of Michigan's Part 4 Rules (of Part 31, Water Resources Protection, of Act
451 of 1994) specify water quality standards, which shall be met in all waters of the
state. Common water pollutants and related water quality standards are described
below. Note that not all water quality pollutants have water quality standards
established.

Sediment

Sediment is soil, sand, and minerals that can take the form of bedload (particles
transported in flowing water along the bottom), suspended or dissolved material.
Sediment harms aquatic wildlife by altering the natural streambed and increasing the
turbidity of the water, making it "cloudy”. Sedimentation may result in gill damage and
suffocation of fish, as well as having a negative impact on spawning habitat. Increased
turbidity from sediment affects light penetration resulting in changes in oxygen
concentrations and water temperature that could affect aquatic wildlife. Sediment can
also affect water levels by filling in the stream bottom, causing water levels to rise.
Lakes, ponds and wetland areas can be greatly altered by sedimentation. Other
pollutants, such as phosphorus and metals, can bind themselves to the finer sediment
particles. Sedimentation provides a path for these pollutants to enter the waterway or
water body. Finally, sediment can affect navigation and may require expensive
dredging.

Related water quality standards

Total Suspended Solids (TSS) - Rule 50 of the Michigan Water Quality Standards (Part
4 of Act 451) states that waters of the state shall not have any of the following unnatural
physical properties in quantities which are or may become injurious to any designated



use: turbidity, color, oil films, floating solids, foam, settleable solids, suspended solids,
and deposits. This kind of rule, which does not establish a numeric level, is known as a
"narrative standard." Most people consider water with a TSS concentration less than 20
mg/l to be clear. Water with TSS levels between 40 and 80 mg/l tends to appear cloudy,
while water with concentrations over 150 mg/l usually appears dirty. The nature of the
particles that comprise the suspended solids may cause these numbers to vary.

Nutrients

Although certain nutrients are required by aquatic plants in order to survive, an
overabundance can be detrimental to the aquatic ecosystem. Nitrogen and phosphorus
are generally available in limited supply in an unaltered watershed but can quickly
become abundant in a watershed with agricultural and urban development. In
abundance, nitrogen and phosphorus accelerate the natural aging process of a water
body and allow exotic species to better compete with native plants. Wastewater
treatment plants and combined sewer overflows are the most common point sources of
nutrients. Nonpoint sources of nutrients include fertilizers and organic waste carried
within water runoff. Excessive nutrients increase weed and algae growth impacting
recreational use on the water body. Decomposition of the increased weeds and algae
lowers dissolved oxygen levels resulting in a negative impact on aquatic wildlife and fish
populations.

Related water quality standards

Phosphorus - Rule 60 of the Michigan Water Quality Standards (Part 4 of Act 451) limits
phosphorus concentrations in point source discharges to 1 mg/l of total phosphorus as a
monthly average. The rule states that other limits may be placed in permits when
deemed necessary. The rule also requires that nutrients be limited as necessary to
prevent excessive growth of aquatic plants, fungi or bacteria, which could impair
designated uses of the surface water.

Dissolved Oxygen - Rule 64 of the Michigan Water Quality Standards (Part 4 of Act
451) includes minimum concentrations of dissolved oxygen, which must be met in
surface waters of the state. This rule states that surface waters designated as
coldwater fisheries must meet a minimum dissolved oxygen standard of 7 mg/l, while
surface waters protected for warmwater fish and aquatic life must meet a minimum
dissolved oxygen standard of 5 mg/l.

Temperature/Flow

Removal of streambank vegetation decreases the shading of a water body, which can
lead to an increase in temperature. Impounded areas can also have a higher water
temperature relative to a free-flowing stream. Heated runoff from impervious surfaces
and cooling water from industrial processes can alter the normal temperature range of a
waterway. Surges of heated water during rainstorms can shock and stress aquatic
wildlife, which are adapted to "normal" temperature conditions. Increased areas of
impervious surfaces, such as parking lots and driveways, and reduced infiltration from
other land use types, such as lawns and bare ground, leads to an increase in runoft.
Increased runoff reduces groundwater recharge and leads to highly variable flow



patterns. These flow patterns can alter stream morphology and increase the possibility
of flooding downstream.

Related water quality standards

Temperature - Rules 69 through 75 of the Michigan Water Quality Standards (Part 4 of
Act 451) specify temperature standards which must be met in the Great Lakes and
connecting waters, inland lakes, and rivers, streams and impoundments. The rules
state that the Great Lakes and connecting waters and inland lakes shall not receive a
heat load which increases the temperature of the receiving water more than 3 degrees
Fahrenheit above the existing natural water temperature (after mixing with the receiving
water). Rivers, streams and impoundments shall not receive a heat load which
increases the temperature of the receiving water more than 2 degrees Fahrenheit for
coldwater fisheries, and 5 degrees Fahrenheit for warmwater fisheries.

These waters shall not receive a heat load which increases the temperature of the
receiving water above monthly maximum temperatures (after mixing). Monthly
maximum temperatures for each water body or grouping of water bodies are listed in
the rules.

The rules state that inland lakes shall not receive a heat load which would increase the
temperature of the hypolimnion (the dense, cooler layer of water at the bottom of a lake)
or decrease its volume. Further provisions protect migrating salmon populations, stating
that warmwater rivers and inland lakes serving as principal migratory routes shall not
receive a heat load which may adversely affect salmonid migration.

Bacteria/Pathogens

Bacteria are among the simplest, smallest, and most abundant organisms on earth.
While the vast majority of bacteria are not harmful, certain types of bacteria cause
disease in humans and animals. Concerns about bacterial contamination of surface
waters led to the development of analytical methods to measure the presence of
waterborne bacteria. Since 1880, coliform bacteria have been used to assess the
quality of water and the likelihood of pathogens being present. Combined sewer
overflows in urban areas and failing septic systems in residential or rural areas can
contribute large numbers of coliforms and other bacteria to surface water and
groundwater. Agricultural sources of bacteria include livestock excrement from
barnyards, pastures, rangelands, feedlots, and uncontrolled manure storage areas.
Stormwater runoff from residential, rural and urban areas can transport waste material
from domestic pets and wildlife into surface waters. Land application of manure and
sewage sludge can also result in water contamination. Bacteria from both human and
animal sources can cause disease in humans.

Related water quality standards

Bacteria - Rule 62 of the Michigan Water Quality Standards (Part 4 of Act 451) limits the
concentration of microorganisms in surface waters of the state and surface water
discharges. Waters of the state which are protected for total body contact recreation
must meet limits of 130 Escherichia coli (E. coli) per 100 milliliters (ml) water as a



30-day average and 300 E. coli per 100 ml water at any time. The total body contact
recreation standard only applies from May 1 to October 1. The limit for waters of the
state which are protected for partial body contact recreation is 1000 E. coli per 100 ml
water. Discharges containing treated or untreated human sewage shall not contain
more than 200 fecal coliform bacteria per 100 ml water as a monthly average and 400
fecal coliform bacteria per 100 ml water as a 7-day average. For infectious organisms
which are not addressed by Rule 62 The Department of Natural Resources and
Environment has the authority to set limits on a case-by-case basis to assure that
designated uses are protected.

Chemical Pollutants

Chemical pollutants such as gasoline, oil, and heavy metals can enter surface water
through runoff from roads and parking lots, or from boating. Sources of chemical
pollution may include permitted applications of herbicides to inland lakes to prevent the
growth of aquatic nuisance plants. Other chemical pollutants consist of pesticide and
herbicide runoff from commercial, agricultural, municipal or residential uses. Impacts of
chemical pollutants vary widely with the chemical.

Related water quality standards

pH - Rule 53 of the Michigan Water Quality Standards (Part 4 of Act 451) states that the
hydrogen ion concentration expressed as pH shall be maintained within the range of 6.5
to 9.0 in all waters of the state.



Appendix 8. Loading Calculations
Subwatershed Phosphorus Loading

To determine phosphorus reduction objectives, outputs from the Non-Point Source
Modeling of Phosphorus Loads in the Kalamazoo River/Lake Allegan Watershed Total
Maximum Daily Load (2001) were reviewed. The model takes into account the amount
of phosphorus that is delivered to the Kalamazoo River, which is much less than what
leaves each parcel (i.e., edge of field). The loads in Table 8-1 are from the 2001 model
and represent the amount of phosphorus delivered to the Kalamazoo River from each
subwatershed based on the land cover in 2001. To achieve water quality standards in
Lake Allegan, the TMDL calls for a 50% reduction in phosphorus loading from nonpoint
sources.

Table A8-1. Annual phosphorus loading contribution in pounds by subwatershed.

Commercial

Forest | Agriculture | Residential | Industrial Transportation | Water/Wetland
Augusta
Creek 393 1,079 154 32 414 597
Gull
Creek 310 1,138 221 83 558 1,048
Comstock
Creek 143 655 388 86 479 159
Spring
Brook 349 1,185 309 60 671 782
Silver
Creek 381 1,042 289 52 722 587
Total 1,577 5,098 1,360 314 2,845 3,172

Priority Conservation Areas (PCAS)

Permanently conserving high quality natural land from being converted to land uses that
typically yield higher phosphorus and sediment loading to streams (e.g., commercial
and residential land use) will help protect the excellent water quality throughout the
FTWA. Land conservation also indirectly promotes the goals of the TMDL by keeping
phosphorus levels steady while the trend it ever increasing loading from land
development.

To quantify the benefits of conservation on PCAs in the FTWA, we applied a simple
future loading scenario to the current natural land. The scenario assumes forest and
agricultural land in each PCA is converted into low density residential land use, a
common occurrence in the watershed as traditional housing developments are built. For
these calculations we calculated the pollutant loading from 2015 land cover in the PCAs
and compared it to the projected loading from a future development scenario where
agriculture and forest/open are converted to low density residential land use. Data
inputs for loading calculations included:

1) Acreage of each PCA polygon retrieved from ArcGIS



2) Percent land cover estimate for each PCA from Google Earth using PCA polygon
overlay, 2015 USDA Farm Service Agency satellite imagery, and U.S. Fish and
Wildlife Service National Wetlands Inventory overlay

A BMP tool, a spreadsheet product of the Kalamazoo River Watershed Management
Plan (2010) was used to calculate loads using the following assumptions:

1) Current PCA loading was determined by converting percent land cover
categories to acres by land cover type, then entering acreage values into the
BMP tool. Load estimates are shown in Table A8-2.

2) A common build out pattern in the FTWA is that of uplands adjacent to
waterbodies and open agriculture are converted to residential development.
Therefore, a future loading scenario was calculated assuming that forest/open
and agriculture land cover in each PCA was converted to 100% low density
residential.

Table A8-2 contains the summary of results for PCAs 1-27.



Table A8-2. Estimates of total phosphorus and total suspended solids loading in Priority Conservation Areas.

PCA No. [Size Estimate of Land Cover [Forest/ |Wetland/ |Current Load Future Loading Scenario |Difference
Open Water (total existing land cover) (100% Low Density (increase from Low Density

Residential Cover on Residental development

Forest/Open and scenario)

Agriculture)

Acres wgtlea;nd/ gcr))reenst/ Ag Acres Acres TP (Ibs/yr) [TSS (Ibs/yr) |TP (Ibs/yr) |TSS (Ibslyr) [TP (Ibs/yr) |TSS (Ibs/yr)

PCAl 1,409 20% 40% 40% 564 282 731 130,209 1,557 198,696 826 68,487
PCA2 1,243 20% 30% 50% 373 249 710 114,869 1,373 175,261 663 60,392
PCA3 2,022 33% 33% 34% 667 667 1,096 172,264 2,085 254,834 989 82,570
PCA4 2,129 30% 10% 60% 213 639 1,418 184,949 2,230 275,632 812 90,683
PCA5 1,797 50% 20% 30% 359 899 1,066 136,443 1,679 191,260 613 54,817
PCAG6 1,135 35% 30% 35% 341 397 631 95,518 1,157 140,434 526 44,916
PCA7 1,492 33% 33% 34% 492 492 808 127,092 1,538 188,057 730 60,965
PCA8 1,142 40% 30% 30% 343 457 630 93,064 1,131 134,650 501 41,586
PCA9 990 30% 20% 50% 198 297 608 86,010 1,038 128,187 430 42,177
PCA10 1,433 50% 15% 35% 215 717 889 108,903 1,339 152,540 450 43,637
PCAl1 1,494 33% 33% 34% 493 493 810 127,348 1,540 188,270 730 60,922
PCA12 986 10% 50% 40% 493 99 469 96,424 1,146 150,407 677 53,983
PCA13 1,346 75% 10% 15% 135 1,010 471 143,934 700 164,444 229 20,510
PCA14 1,570 30% 45% 25% 707 471 757 136,503 1,645 203,287 888 66,784
PCA15 2,235 20% 70% 10% 1565 447 806 206,499 2,470 315,215 1664 108,716
PCAl6 500 20% 70% 10% 350 100 180 46,173 553 70,518 373 24,345
PCA17 1,083 30% 60% 10% 650 325 436 94,085 1,135 140,217 699 46,132
PCA18 1,172 20% 40% 40% 469 234 608 108,253 1,295 165,340 687 57,087
PCA19* 1,283 25% 25% 35% 321 321 850 126,645 1,381 173,508 531 46,863
PCA20 2,544 10% 80% 10% 2035 254 808 248,760 2,957 388,235 2149 139,475
PCA21 1,054 33% 33% 34% 348 348 571 89832 1,086 132800 515 42,968
PCA22 1,391 10% 45% 45% 626 139 699 136066 1,617 212264 918 76,198
PCA23 1,295 50% 25% 25% 324 648 735 98422 1,210 137860 475 39,438
PCA24 844 25% 25% 50% 211 211 500 75633 909 114158 409 38,525
PCA25 861 33% 33% 34% 284 284 467 73398 888 108514 421 35,116
PCA26 481 20% 75% 5% 361 96 161 44430 532 67861 371 23,431
PCA27 746 50% 30% 20% 224 373 403 56654 697 79355 294 22,701
Sum 35,677 13,358 10,947 18,318 3,158,380 36,888 4,651,804 18,570 1,493,424

*PCA19 has approximately 15% low density residential land cover which is not represented in this table




Erosion Sites

A non-point source pollutant inventory was completed for subwatersheds within the Four
Township Watershed Area (FTWA) over the summer and fall of 2016. The FTWRC used
the MDEQ’s Pollutant Source Identification Data Sheet for this inventory. This method
allowed us to collect all of the parameters necessary to estimate the pollutant loading from
each site, which we calculated using the Michigan Pollutants Controlled Calculator
(http://www.michigan.gov/documents/deq/nps-pollutants-controlled 329540 7.xls). The
estimated pollutant loads for each site can be found in the tables of the report herein. In
total, we measured and calculated pollutant loads for 21 sites in the FTWA. Further
details and pollutant loading tables are included the following summary report in Appendix
9.



http://www.michigan.gov/documents/deq/nps-pollutants-controlled_329540_7.xls

Appendix 9. Non-point Source Pollutant Inventory of the Four Townships Watershed Area
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Introduction

A non-point source pollutant inventory was completed for subwatersheds within the Four
Township Watershed Area (FTWA), including Augusta Creek, Gull Creek, Prairieville Creek,
Comstock Creek, Spring Brook, and Silver Creek. The FTWA is comprised of five major
subwatersheds covering Richland and Ross Townships in Kalamazoo County and Prairieville
and Barry Townships in Barry County located in southwest Michigan. All of the major creeks of
the FTWA drain to the Kalamazoo River. The inventory methodology used for this project is
designed to identify pollutant sources and is not recommended to establish a general watershed
characterization. Potential sources of pollution were identified and quantified as part of a
watershed management plan (WMP) update for the FTWA in 2016. Over 100 road-stream
crossing sites were visited within the watershed during the summer and fall of 2016.
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FIGURE 1. Four Township Watershed Area located in northeast Kalamazoo County and southwest Barry County
and includes the subwatersheds of Silver Creek, Spring Brook, Comstock Creek, Gull and Prairieville Creeks, and
Augusta Creek.



The inventory expanded upon earlier efforts by the Four-Township Water Resource Council
(FTWRC) in developing the first WMP for the FTWA. Previous public education efforts by
FTWRC involved placing signage at many road-stream crossing sites around the watershed. A
road-stream inventory map included in the first WMP identified approximately 77 crossings. For
this project we expanded the number of sites to 105, which includes all of major road-stream
crossing in all five subwatersheds, including tributaries to the major creeks. An earlier
watershed inventory for Spring Brook was conducted in 2014 by the KRWC, and information
from this inventory is included in the report. Sites assessed in 2014 were not re-assessed for this
project with the exception of one erosion site on N. 26™ Street.

Methods

Road-Stream Crossing Inventory

Non-point source staff from the Michigan Department of Environmental Quality (MDEQ) were
consulted when selecting a watershed inventory method to identify potential sources of non-point
source pollution. Upon MDEQ staff recommendations, the FTWRC opted to use the MDEQ’s
Pollutant Source Identification Data Sheet for this inventory. This method is used by Section
319 and 205(j) grantees and is set up to collect all of the parameters necessary to complete the
STEPL pollutant load calculator. According to the MDEQ, this inventory method is not
recommended as a general watershed characterization form but is designed to observe and
document non-point pollutant sources at road-stream crossings.

The form was used in conjunction with a driving inventory of the watershed, as it was not
practical or feasible to walk the entire length of all streams in the FTWA. The KRWC watershed
coordinator and volunteers spent ten days in the field driving the watershed and taking
inventories at each major road-stream crossing, which totaled 105 crossings across all
subwatersheds. Table 1 provides a summary of the field schedule and work accomplished over
the course of the watershed inventory.



Table A9-1. Four Township Area Watershed road-stream crossing inventory schedule of
locations and work plan.

DATE WATERSHED PERSONNEL DESCRIPTION
6/20/2016 | Prairieville/Gull Creek and Gull, | McCarthy, 4 road-stream crossings, multiple
Little Long, and Miller Lakes Kornheiser, Allen CAFOs
6/22/2016 | Gull Creek McCarthy, 8 road-stream crossings, multiple
Kornheiser low-head dams
7/21/2016 | Gull Creek and Gull Lake McCarthy, Turner 3 road-stream crossings,
dam/water control structure at
Gull Lake
7/27/2016 | Augusta Creek, Kalamazoo McCarthy, 5 road-stream crossings
River Kornheiser
7/28/2016 | Comstock Creek McCarthy, Wilke 6 road-stream crossings, multiple
dams Comstock Township
8/3/2016 Augusta Creek and Hamilton McCarthy, 9 road-stream crossings
Lake Kornheiser
8/10/2016 | Augusta Creek, Glasby Drain, McCarthy, 9 road-stream crossings, driving
area lakes Kornheiser tour of area lakes/land use
9/9/2016 Upper Spring Brook McCarthy, Mather 10 road-stream crossings
9/20/2016 | Silver Creek, Travis Drain, East | McCarthy, 16 road-stream crossings,
Cooper Drain, Kalamazoo River | Kornheiser driving tour Doster Lake dam
9/28/2016 | Augusta Creek, Sherman Lake, McCarthy, Allen 8 road-stream crossings, driving
Sevenmile Creek, Goff Drain tour of Sherman Lake

Site Selection

The FTWRC prioritized sites for the inventory based on known pollution threats, budget
constraints, and a desire to understand resource concerns in all subwatersheds. All road-stream
crossings in Augusta Creek and Gull Creek subwatersheds were considered high priority for the
inventory due to E. coli impairments and past efforts to protect high water quality and natural
land in these subwatersheds (including Prairieville Creek). Comstock Creek and Silver Creek
subwatersheds were important secondary priorities as little information from these
subwatersheds was included in the original WMP. Due to the size of Silver Creek, the inventory
followed MDEQ methods more strictly and data sheets were only completed at sites where
pollution was observed. No documentation in any form was taken at sites where no pollution
was observed.

The KRWC completed a stream inventory of the majority of road-stream crossings in the Spring
Brook subwatershed in 2014 with assistance from the MDEQ water resources division staff from
the Kalamazoo District Office. In 2016 KRWC and FTWRC completed the inventory of the
remaining road-stream crossings in the upper watershed in Richland Township. Pollution
information from the 2014 inventory is included in this report.



All inventory sites can be viewed online, including any associated data and photographs taken
during the inventory, by using this link in your web browser:
https://drive.google.com/open?id=12iyvOINZ6H-MOLLqvICj5nyCZDA&usp=sharing

Documentation

During the watershed inventory, information was recorded on the Pollutant Source Identification
Data Sheet if non-point sources of pollution were observed. For sites where no pollution was
observed, a basic form was completed to record any areas for protection or other notable site
characteristics (except in Silver Creek where documentation was not recorded at sites without
pollution sources). At each site where the Pollutant Source Identification Data Sheet was
completed, several pieces of information were recorded including: watershed name, stream name
and road crossing, global positioning system (GPS) coordinates (decimal degrees), site ID
number, date, and investigators names (see Attachment A). Photos were taken at all site where
pollution was observed. Photos were taken at sites where no pollution was observed if other
notable characteristics were worthy of documentation.

Quality Control

The KRWC watershed coordinator participated in all watershed inventory field days and
completed all of the data sheets for this project. She was assisted by different volunteers for all
ten of the days spent in the field. The KRWC and volunteers with the FTWRC held a watershed
inventory training session on June 20, 2016 as a kick-off to the project’s field season. During the
session staff and volunteers visited sites in Prairieville Creek to review the data sheet and
inventory methods. The KRWC watershed coordinator consulted the MDEQ instruction manual
to answer all questions that arose about the data sheet and inventory methods. Consistent staff in
the field and the volunteer training session served as quality control during data collection
throughout the watershed. No additional specialized training was required for KRWC staff.

Results

The goals of the original WMP focus on watershed protection and reflect the excellent water
quality in most of the watershed. This watershed inventory of road-stream crossings throughout
the FTWA documented few major pollution concerns and continues to support objectives of the
WMP which call for protecting water quality. The majority of the pollution problems identified
during the inventory originate from road runoff and problems with the physical road crossing
which tend to cause erosion and other associated problems.

Summaries of the pollution problems documented in each subwatershed are included below,
including an estimate of pollutant loading associated with each site. Pollutant loads were


https://drive.google.com/open?id=12iyvOINZ6H-MOLLqv9Cj5nyCZDA&usp=sharing

estimated using the Michigan Pollutants Controlled Spreadsheet, measurements from the
inventory data sheets, and conservative assumptions (download the spreadsheet at
http://www.michigan.gov/documents/deg/nps-pollutants-controlled 329540 7.xIs).

Augusta Creek

Thirty-one road-stream crossings were inventoried in the Augusta Creek watershed. Fifteen sites
showed some potential sources of non-point source pollution to surface waters or problems
related to water flow or fish passage. Seven of the 15 sites had quantifiable pollutant loads
(provided in Table 2).

The four most downstream sites are located along a stretch of the creek that flows through the
Village of Augusta. This stretch had sloped stream banks with turf grass mowed up to the stream
edge. There is no riparian buffer and visible erosion in many sections of the bank between E.
Michigan Avenue and Washington Street. This stretch also had pollutant loading from several
storm sewer outfalls. This stormwater loading is not included in Table 2.

Other problems documented at upstream crossings throughout the watershed were primarily
stream crossing issues, road runoff, and gully erosion. Site AC-330 is a site where storm sewers
along 42" Avenue discharge directly into the stream. At this site it might be possible to infiltrate
stormwater using vegetated swales or another best management practice (BMP), and therefore a
pollutant load to surface waters was calculated. Table 2 summarizes the problems observed
throughout the watershed and the associated pollutant loadings.


http://www.michigan.gov/documents/deq/nps-pollutants-controlled_329540_7.xls

Table A9-2. Estimated pollutant loads of total phosphorus (TP), total suspended solids (TSS),
and total nitrogen (TN) from sites in the Augusta Creek watershed.

SITEID | LOCATION | POLLUTANT SOURCE TP TSS TN
LOADING | LOADING | LOADING
(Ibs/year) (tons/year) | (lbs/year)
AC-010 | atRRnear Erosion visible on left/east bank along mill property; dam in poor condition
Knappen Mill | xxContinue to monitor**
**Fish passage impaired**
AC-030 | atVanBuren | Streambank erosion between Van 7.2 8.4 14.2
St : Buren and Washington Streets
AC-040 asttwaShmgton (1,240 ft streambanks, both sides)
AC-020 | atE.Michigan | Streambank erosion between Van 2.6 3.0 3.2
Ave. Buren St. and E. Michigan Ave.
(580 ft streambanks, both sides)
AC-050 | atEastEF Ave. | Gully erosion, road runoff (upstream 0.6 0.7 1.2
and downstream along east bank)
AC-100 | atC Ave. Armoring on north side of road along west side creek, possible solution to
previous erosion issues
**Continue to monitor**
AC-140 | Tributary at Single culvert perched 0.25 ft with 0.4 0.4 0.7
Baseline Rd. | \yjden stream channel and stream
bank erosion, gully forming from
road runoff
**Fish passage impaired**
AC-160 | atEast AB Beaver dam on downstream end, backing water up above crossing, runoff
Ave. from paved road showing signs of erosion (to greater extent upstream right
side where pavement is cracked)
**Continue to monitor**
AC-200 | atMannRd. Undersized single culvert, misaligned, road runoff
**Continue to monitor**
AC-210 | atHickory Rd. | Undersized bridge crossing, downstream eddy and widen stream channel,
erosion at west bank, coble bottom with algae growth
**Continue to monitor**
AC-250 | Tributaryeast | Corrugated metal (48 in.) culvert blocked upstream, no other problems
térgnch at Litts observed
AC-270 | atOsborne Rd. | Roadside erosion on NE side Osborne Road eroding downslope to creek
(~200 ft with gully starting to form on road shoulder)
**Continue to monitor**
AC-310 | TributaryatN | Road runoff, erosion at downstream 0.2 0.1 0.3
38" St. approach
AC-320 | Tributary at Former erosion evident from road patch and gravel washed into wetland,
EastEF Ave. | gravel shoulder beginning to erode, culvert completely submerged
**Continue to monitor**
AC-330 | Tributary at Storm sewer inlets along approx. 14 0.8 9.5
42" Ave. 800 ft of paved road that outlets at
(Brook Lodge) left riverbank
AC-340 | Tributary at Gravel road surface eroding into 1.1 1.0 1.8
451" Ave. stream channel upstream and
downstream approaches
TOTAL 13.5 14.4 30.9
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Gull and Prairieville Creeks

Eighteen road-stream crossings were assessed in the Gull Creek and Prairieville Creek
watershed. Seven sites showed some potential sources of non-point source pollution to surface
waters or problems related to water flow or fish passage. Two of the seven sites had quantifiable
pollutant loads (provided in Table 3).

Prairieville Creek flows a public park in Prairieville Township before flowing into Gull Lake.
The streambanks along this section of creek are mowed to the stream edge on the right bank.

The left bank is somewhat contained by a concrete seawall, although the creek has eroded
sections under the wall and now traverses on the other side and through a residential property
before flowing into Gull Lake at a separate point approximately 100 feet east of the park. The
banks are low in this section but erosion was observed along much of this stretch. Two storm
sewer outlets were found along this stretch, although engineering plans for the park show only
one is still connected to the storm sewer catch basins (northern most outlet near the park entrance
at M-43).

At site GC-130 a local resident identified a storm sewer outlet at the Sherman Lake channel. The
outlet appears to be connected to a storm sewer catch basin located on Yorkshire Drive. The
street is primarily low density residential with mowed turf grass lawns, of which lawn clippings
were piled up around the catch basin. It was raining during the watershed inventory and runoff
from residential driveways and lawns was directed toward the catch basin.

Table A9-3. Estimated pollutant loads of total phosphorus (TP), total suspended solids (TSS),
and total nitrogen (TN) from road-stream crossings in the Gull and Prairieville Creeks

waterched
W S

-85.4284 | stream edge (400 ft along west/right
bank; east/left bank is private property)

EID [ LOCATION | LAT/ POLLUTANT SOURCE TP TSS TN
LONG (Ios/yr) | (tons/yr) | (Ibs/yr)
PC-010 | atM-43 42.42737 | Streambank erosion, turf grass mowed to 5.4 6.3 10.7

GC-010 | atM-96 42.30103 | Stream crossing undersized and runoff starting to erode culvert

**Continue to monitor**

-85.39857 | face/gully; fish passage stopped at low-head dam ~200 ft. upstream

85.40142 | starting to erode approach/gully
**Continue to monitor**

GC-020 | atN37"st. 42.31512- | Triple culvert showing early deterioration, downstream side runoff

GC-030 near 3500 N 42.33161 | Along west side of road low-head dam observed and inadequate
37" St. -8540037 | riparian buffer along 800 ft. stream
**Fish passage impaired**

GC-090 | atGreer Rd. 42.35798 | Undersized wooden bridge
-85.4139 | **Continue to monitor**

GC-130 | ShermanLake | 42.34934 | Stormwater runoff from roads/single 3.2 1.2 23.3
channel (W | -85.39561 | family residents that discharges to
Dr.) Sherman Lake channel

TOTAL 8.6 7.5 34.0
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Comstock Creek

Six road-stream crossings were assessed in the Comstock Creek watershed. Two sites showed
some potential sources of non-point source pollution to surface waters or problems related to
water flow or fish passage (details provided in Table 4).

The six sites along Comstock Creek varied greatly from urban through the lower stretch to very
naturalized and undeveloped in the upper stretch above and below Campbell Lake. The lower
stretch has two large dams which impair fish passage and relatively large impoundments that
create conditions for warming stream temperatures during warmer months. The upper stretch
flows through forested wetlands and emergent scrub-shrub wetlands.

Table A9-4. Estimated pollutant loads of total phosphorus (TP), total suspended solids (TSS),
and total nitrogen (TN) from road-stream crossings in Comstock Creek watershed.

SITEID | LOCATION | LAT/ POLLUTANT SOURCE TP TSS TN
LONG (Ios/yr) | (tons/yr) | (Ibslyr)
CC-020 | atE.Michigan | 42,28837 | Possible illicit discharges from 1.6 0.2 8.1
Ave. -85.51036 | vacant building (current

unoccupied), dam upstream of E.
Michigan Ave. and Peer Park
located along impoundment with turf
grass mowed to stream edge

**Fish passage impaired**

CC-030 | atOran Rd. 42.29143 | Dam forming impoundment at 2.0 0.3 9.8
-85.5097 Cooper Park, eroding shoreline,
goose droppings present, inadequate
riparian buffer

**Fish passage impaired**

TOTAL 3.6 0.5 17.9

Spring Brook

In total 26 road-stream crossings were inventoried in the Spring Brook watershed between 2014
and 2016. Of these sites, eight showed conditions of non-point source pollution loading to the
stream (details provided in Table 5). The highest estimated loading is coming from two sites
near Riverview Drive in Cooper Township. Here Spring Brook flows through residential
neighborhoods built in the 1960s. In 2014 these properties were observed to have well-
manicured turf grass lawns, and in some cases small seawalls and foot bridges. Several
properties had pumps for water withdrawal from the creek. Every property observed in 2014 had
mowed turf grass to the stream edge on one or both banks. Due to a lack of deep-rooted
vegetation, most of the streambanks had slight to moderate erosion along the streambanks on
both sides. The residential properties have notable slopes down to the creek, which makes lawn
runoff a major water quality concern.

Other sites with non-point source pollution were found to have erosion problems associated with
road runoff, improper culverts, and streambank erosion. As a coldwater trout stream,
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maintaining cooler water temperature is an important factor and stream side ponds and lack of
riparian vegetation for shading is a concern along portions of the lower reach of the stream.

Table A9-5. Estimated pollutant loads of total phosphorus (TP), total suspended solids (TSS),
and total nitrogen (TN) from road-stream crossings in Spring Brook watershed.

SITEID | LOCATION | LAT/ POLLUTANT SOURCE TP TSS TN
LONG (Ios/yr) | (tons/yr) | (Ibslyr)
SB-01 | atRiverview | 4235661 | Urban runoff from residential lawns, | 11.2 7.2 56.7
Drive (dfs) -8555153 | streambank erosion
SB-02 at Riverview 42.35659 | Urban runoff from residential lawns, 22.2 18.3 80.6
Drive (ufs) -85.55053 | streambank erosion

SB-04 at Sprinkle Rd, | 42,36504 | Impoundment formed by water wheel placed in stream below
southof DE | g5 5265 | Sprinkle Rd.

Ave **Fish passage impaired**
SB-06 at C Ave (2™ 42.39094 | Road runoff and streambank erosion 14 1.7 2.9
to east) -85.51017 | on downstream end
SB-07 at DE Ave near | 42.36574 | Inadequate riparian buffer along residential property (bank left),
Sprinkle Rd -85.52859 | bare bank with some erosion
**Continue to monitor**
SB-09 at CD Ave (at | 42.38169 | Undersized culvert, bank scour, 6.2 5.2 10.5
curve) -85.51395 | perched culvert d/s end
**Fish passage impaired**
SB-13 at AB Ave 42.41265 | Road runoff and inverted culvert 0.2 0.3 0.5
(east) -85.50068 | causing erosion/gully to form on u/s
SB-16 at AB Ave 42.41265 | Road runoff and undersized culvert 0.4 0.5 0.8
-85.50498 | causing erosion
TOTAL 41.6 33.2 152.0
Silver Creek

Seventeen road-stream crossings were assessed in the Silver Creek watershed. Six sites showed
some potential sources of non-point source pollution to surface waters or problems related to
water flow or fish passage. Four of the six sites had quantifiable pollutant loads (provided in
Table 6).

Silver Creek is a coldwater fishery that supports brown and rainbow trout. According to a
Michigan DNR report, the habitat conditions of Silver Creek are rated very high in comparison
to other small cold water streams in the state (Dexter 1993). The headwaters of Silver Creek
flow through agricultural land and a large wetland complex near 106" Avenue and west of Lake
Doster. Lake Doster is an inland lake formed by the damming of a natural spring. The lake has
approximately 50-75% of the shoreline developed into residential and park lands. The lake is
hydrologically connected to Silver Creek through a submerged pipe that draws water from the
surface of Lake Doster, pipes it under a road to the other side of an embankment dam, and then
discharges into the stream channel. At the time of this inventory, work was being done to repair
the earthen embankment dam at Lake Doster.
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The stream is much more channelized as it flows south past Lake Doster and through a gravel pit
property (High Grade Materials). Further downstream agricultural lands have impacted the
stream, which initiated stream restoration projects in sections upstream of N. 19" Street.
Another threat to the coldwater fishery is stream warming from many small ponds located
throughout the lower half of the watershed.

Table A9-6. Estimated pollutant loads of total phosphorus (TP), total suspended solids (TSS),
and total nitrogen (TN) from road-stream crossings in Silver Creek watershed.

SITEID | LOCATION | LAT/ POLLUTANT SOURCE TP TSS TN
LONG (los/yr) | (tons/yr) | (Ibslyr)
SC-010 | atN.19"st. 42.41734 Road runoff and gully erosion 0.8 0.8 1.3

-85.59074 | (multiple locations) with
deteriorating wooden bridge

crossing
SC-060 | atN.19"st. 4241119 Road runoff causing gully erosion 0.2 0.2 0.3
(south SC-010) | _g5 58585 | along west side of street
SC-070 | Travis Drainat | 42.40757 Road runoff causing gully erosion 0.4 0.5 0.8
N. 197 St. -85.58598 | along west and east sides of street

(south SC-060)

SC-100 | Tributary at 42.42148 Slight road erosion and soil piles along north side road, pond with
Baseline Rd. -85.55038 | algal growth draining to stream likely increasing stream temp.
**Continue to monitor**

SC-120 | East Cooper 42.386227 | Hobby farm with animals (horse observed 10/22/16) with access
de}?/I:r\?;:eW or -85.55514 | to creek from fenced holding area, erosion and poor vegetation

' along creek banks
**Continue to monitor**

SC-200 | atHigh Grade | 42.44509 Upstream channelized and culverts 0.9 11 1.8
Materials drive | _g5 57164 | blocked, water backed up;
downstream road erosion/gully

TOTAL 2.3 2.6 4.2

Additional Sites

During the driving tour and some additional reconnaissance trips, several additional sites were
inventoried. Notable observation from these sites are recorded below in order to document
conditions in 2016 as a benchmark.

Mud Lake Outlet

The outlet of Mud Lake in Barry County is a concrete culvert that allows water to pass under
Floria Road from east to west and into a large wetland complex and Glasby Drain. The culvert
was observed during the driving inventory on August 10, 2016. At that time limited water was
able to pass under Floria Road as the culvert appeared to be blocked or damaged. The FTWRC
is aware of past water level disputes for Pleasant Lake and Mud Lake, as Pleasant Lake flows
into Mud Lake before discharging under Floria Road. **UPDATE** as of June 5, 2017 the
Barry County Drain Commissioner Jim Dull reported that the culvert has been replaced. “Right
now the function is limited to a water release structure | made so we didn’t flood out
downstream. This has let out enough water to lower mud lake 4.5 inches and raise Watson water
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level 5.5 inches. There was a difference of 2.4 feet in water elevation from inlet to outlet when
we started.” (personal email communication from Kenneth Kornheiser, July 28, 2017).

Sevenmile Creek

The majority of Sevenmile Creek is located in Calhoun County with the lowest portion flowing
through Ross Township in Kalamazoo County just before joining the Kalamazoo River. During
the watershed inventory two road-stream crossings of Sevenmile Creek were observed. The
creek crosses under N. 48" Street through twin culverts (each approximately 8 feet in diameter).
The upstream side had well vegetated banks and riffle structure. On the downstream side there
was no pollutant sources identified, except velocity of the water appeared to increase as it passed
through the twin culverts.

Goff Drain

The Goff Drain is located in Ross Township in Kalamazoo County and drains to the Kalamazoo
River. Site M-020 crosses under N. 46™ Street through a 24-inch concrete culvert. The
downstream end was perched above the water surface with stream bank scour on the left bank
(more severe) and right bank (slight/moderate). On the upstream end water was impounded
above the culvert, which appeared to be an 18-inch corrugated metal pipe. The pollutant loading
from streambank erosion at this site was estimated at approximately 0.5 pounds/year of total
phosphorus, 0.5 tons/year of total suspended solids, and 0.9 pounds/year total nitrogen.

Pine Lake

A newly installed stormwater and road runoff drainage project was observed along Doster Road
on the shoreline of Pine Lake (see map for photographs). The site was significant because it
demonstrates the stormwater practices we often saw during the watershed inventory, which
involves routing road runoff directly into a nearby stream or lake. In this example, a stone lined
swale was used to decrease erosion, although a vegetated bioswale with some infiltration
capacity would be most preferable when routing stormwater directly into the lake.

Stream Confluences with Kalamazoo River

The online map (link) includes photographs of several stream confluences with the Kalamazoo
River. These confluences are considered to be within the Silver Creek subwatershed. Streams
include Cooper Drain, Travis Drain, and two unnamed streams.

Discussion

A major goal of the watershed inventory was to better understanding the multiple tributary
watersheds in the FTWA and the existing and potential non-point pollution threats. Upon its
completion, the results of the inventory provide us with good baseline information about each
subwatershed. In general streams in the FTWA are in good to excellent condition with well
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vegetated stream banks, riparian buffers, and stream habitat. The land use throughout the FTWA
is a mix of natural landscapes such as forests and wetlands; agricultural land use for pastures,
row crops, and animal agriculture; and some urban land use around inland lakes and downstream
reaches of several creeks.

Conditions observed during the inventory support existing recommendations of the watershed
management plan to continue actions that will protect existing good water quality, land use, and
management practices. The inventory also helped us identify specific problems areas where
restoration is necessary. These sites had appreciable non-point source pollutant loading most
often cause by road runoff and physical problems with the stream crossing under the roadway.
Often erosion was visible at the road approach and gullies along the road shoulder down to the
stream bank. In some cases, problems with the physical crossing caused stream bank erosion.
Many sites showed very minor conditions where further deterioration could cause pollution
problems in the future. These sites warrant continued monitoring to detect and remedy problems
in the early stages.

One problem documented during the watershed inventory was impairment of fish passage due to
either a perched culvert or a dam. Those instance were recorded and reported in Tables 2-6.

This annotation is not meant to imply all dams are good candidates for removal. It is often
impractical and contentious to consider removing dams that exist to control water level, an
industrial process, or form important waterbodies. And in some cases dams serve as a barrier to
the spread of aquatic invasive species. As a general recommendation, fixing perched culverts
and removing dams in disrepair or lacking purpose present a good opportunity to improve habitat
access for fish and other aquatic wildlife.

The tributary watersheds in the FTWA all have some sites where non-point source pollutant
loading is a problem to varying degrees. Sites with the highest pollutant loadings should be
prioritized for restoration projects, although other factors should be considered when prioritizing
restoration work. Factors like the efficacy of best management practices, landowner willingness
to participate, cost effectiveness, and other implicit benefits of a project should all be taken into
account when selecting sites for restoration.

In Augusta Creek one of the highest pollutant loading sites is located in the Village of Augusta
(sites AC-020, AC-030, and AC-040). Non-point source loading comes from direct runoff from
and erosion caused by turf lawn streambank vegetation and mowing directly to the stream edge.
This stretch also has several direct stormwater inputs from sewers that convey runoff from city
streets to the stream. Loading from the stormwater outfalls is not included in the estimates in
Table 2. A native plant buffer along the stream would greatly improve streambank habitat,
reduce erosion, and stabilize banks. Improvements at site AC-050 at E. EF Avenue would
reduce sediment and phosphorus loading from erosion and road runoff. The crossing is
immediately downstream of a stream habitat project of the Kalamazoo Valley Chapter of Trout
Unlimited.
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In Gull and Prairieville Creeks, two sites have pollutant loading caused by stormwater inputs.
Improvements at site PC-010 at Prairieville Township’s Gull Lake Park might in