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FOREWORD

Dear Reader and User:

This manual describes the specifications and techniques to properly apply voluntary “Best Management
Practices” (BMPs). It also provides information regarding environmental laws and regulations that may
apply when forest management activities occur.

This is the first substantial revision of the Water Quality Practices on Forest Land, also known as
Michigan’s Forestry Best Management Practices (BMP) Manual. The original was published in 1994. It
has been reprinted with minor changes to adjust for governmental reorganization and re-codification of
environmental and natural resource protection laws. This version supercedes all previous versions.

A key influence in revising the original manual has been the development of forest certification standards.
These standards emphasize sustainable forestry principles and practices which include protection of
water and soil resources. In the United States, there are two primary forest certification systems: The
Sustainable Forestry Initiative (SFI) and the set of standards developed by the Forest Stewardship
Council (FSC).

The scope and use of the term “Best Management Practices” has been expanded in this manual. The
manual describes BMPs in the context of those practices that not only protect surface water quality, but
soil quality too. Two new sections have been added: 1) Forest wetland protection practices to use when
constructing roads, and 2) guidance to address rutting. The term “buffer strip” has been changed to
“Riparian Management Zone” (RMZ). This term provides a more accurate description regarding the
activities allowed in the forested area adjacent to a stream or other water body. Forest management
activities within an RMZ are allowed, as long as extra precaution is used and the integrity and function of
the RMZ is maintained during and after forest management activities (i.e. logging). The manual has also
incorporated information on designated trout streams, vernal pools, and bogs to provide information about
such areas. However, the focus remains on water and soil quality rather than wildlife or other broader
ecological concerns. For the latter types of information, for example on species of greatest conservation
need, see the DNR Wildlife Action Plan on the DNR Website, www.michigan.gov/dnr.

Please note that the BMPs described in previous editions are incorporated into this manual. The
specifications have not been changed nor have the statutes governing them.

From a legal standpoint, the use of these BMPs is voluntary. However, properly applying these practices
enables the responsible party or parties to meet pertinent environmental protection regulations.
Voluntarily applying these practices will, under most weather conditions, prevent sediment or other
nonpoint sources of pollution from going into a stream or other open water body.

This manual provides recommended guidance and specifications. It does not cover all situations, as
conditions vary from site to site. These practices may be modified for specific site conditions in line with
protecting soil and site productivity, and water quality resources.

In addition to DNR and DEQ staff, we wish to thank The Nature Conservancy, Michigan Association of

Timbermen, the Forest Management Advisory Committee, and the Michigan Forest Products Council for
their collaborative, helpful reviews and comments.

Q-./‘,L,. i %K\ M/JI/

Lyﬁne M. Boyd, Chief , William Creal, Chief
Forest, Mineral and Fire Management Water Bureau
Michigan Department of Natural Resources Michigan Department of Environmental Quality
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1. INTRODUCTION

Michigan is bordered by four of the Great Lakes, which are the largest group of freshwater lakes
on earth, containing 20 percent of the world's freshwater. Forty thousand (40,000) of the 95,000
square miles of Great Lakes are contained within Michigan’s boundaries. In addition,
Michigan's land mass includes 11,000 inland lakes and 36,000 miles of rivers and streams.
Clean water is one of our greatest natural assets.

Management practices on forest lands, by all owners, will determine if the forests remain
healthy and productive. Healthy, stable and productive forests are closely associated with the
highest quality of surface and ground water. Integrating the water and soil protection practices
described in this manual can prevent erosion, sedimentation and soil compaction, an essential
part of maintaining a healthy forest and healthy watersheds. Other uses and activities can also
have long-term impacts on ground water.

The 19 million acres of forested land in Michigan are a great natural resource asset. The
sustainable management of Michigan’s forests serves to protect the health of Michigan’s waters
and communities. These forests, about one-half of the State's land area, are owned by many
people. The largest owner group contains approximately 385,000 individuals whose private
holdings range from small woodlots to tracts of several thousand acres. Fifty-three percent
(53%) of Michigan's forested acres are held by this group. The next largest ownership group is
public forest lands (20% owned by the State, and 15% by the Federal government). The forest
products industry and timber investment firms own the remaining 12% of forest land.

In forestry operations, poor management practices can degrade surface water and groundwater
guality by introducing the following major pollutants: sediment (mineral and organic), nutrients,
chemicals, heat and debris. Forest landowners and their agents and contractors are
responsible for any damage to streams, lakes, and wetlands resulting from any aspect of a
logging or other forest management operation. Environmental degradation is covered by
existing laws in Michigan. Violation of those statutes or failure to secure the necessary permits
can result in financial penalties to the landowner. The landowner or their designated agent must
obtain a permit to cross a stream, construct a road that disturbs more than one acre of soil, or
engage in an earth change within 500 feet of water body. Regular inspection of all roads,
bridges, culverts, and preventive actions taken to prevent erosion and the movement of
sediment into surface waters, are part of a high qu  ality and sustainable forest

management operation

The purpose of this manual is to assist the forest landowner and persons who do forest
management work on the ground. It provides specific guidance on how to protect water quality,
critical habitat, and aquatic resources, while conducting timber harvesting or other forest
management activities. It was revised with assistance from staff in the Michigan Department of
Natural Resources (DNR) and the Michigan Department of Environmental Quality (DEQ). It
takes language extensively from the original 1994 DNR publication, “Water Quality Management
Practices on Forest Land”. Many of the graphics are courtesy of the Wisconsin Department of
Natural Resources’ (WDNR) BMP Field Manual. The U.S. Environmental Protection Agency
(EPA) document entitled “National Management Measures to Control Nonpoint Source Pollution
from Forestry” was also a source of information in developing this manual. This manual
provides information and guidance on how to plan, design and implement a system of Best
Management Practices that will protect water and soil quality while harvesting timber or
engaging other forest management treatments.

In 1987, the federal Clean Water Act of 1972, was amended to address nonpoint source
pollution. The Environmental Protection Agency developed new legislation that would require
every state to develop sets of “Best management Practices for all major land use activities, such
as Agriculture, Forestry, Turf Management, Golf courses, etc. Unlike the regulations regarding

4
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point source discharges to surface waters, the amended Act, commonly referred to as Section
319, stated that the use and application of the specifications and guidance stated in the variety
of BMPs manuals would be voluntary and not regulated by the states or EPA or any other
federal agency. However, these specifications and guidance, such as those stated in this
manual, were developed based on federal research activities on how to address the pollution of
America’s surface waters by nonpoint source pollutants, such as sediment, fertilizers, and
pesticides. In Michigan, the Michigan Department of Environmental Quality is the primary
agency, working under both state and federal regulations, to ensure protection of Michigan’s
surface waters and it has determined that proper use and application of the BMPs in this
manual will accrue vastly improved water quality across the state.

The guidance described in this manual can be adjusted to the conditions of the site at the time
logging or other forest management activities are carried out. The goal is to provide guidance
that protects water and soil quality, while allowing for the efficient removal and transport of
forest products, as well as allowing for post-harvest treatments such as prescribed burning or
site preparation/regeneration practices.

If you see questionable forestry practices, you may report them to the Michigan Sustainable
Forestry Initiative (SFI) Implementation Committee which maintains an "Inconsistent Practices
Hotline" at 800-474-1718. If you see forest practices that are threatening water quality, you may
report them to the DEQ Pollution Emergency Alerting System (PEAS) at 800-292-4706 (within
Michigan) or 517-373-7660 (outside of Michigan).

To ensure clarity between legal requirements and voluntary soil and water protection practices
and guidance described in this manual, the following has been used:

Legal requirements are denoted by the symbol “

2. LAWS AND PERMITS

In addition to the BMPs and other types of management practices described in this manual,
loggers, land managers and landowners should be aware of existing regulations relating to
forest management and water quality protection. Most of these laws and regulations are listed
in Appendix C, List of Applicable Laws in Michigan. This chapter summarizes certain permits
related to water quality. For more information, please contact your local DEQ office. To contact
your local DEQ office, please visit the DEQ online at www.michigan.gov/deq and select DEQ
locations. You may also call the DEQ Environmental Assistance Center toll-free at 800-662-
9278.

513 Stream Crossings

When constructing a new or upgrading an existing stream crossing, there are three specific
statutes of the Natural Resources and Environmental Protection Act, 1994 PA 451, as amended
(NREPA), that always apply. These are: Part 31, Water Resources Protection; Part 91, Soil
Erosion and Sedimentation Control; and Part 301, Inland Lakes and Streams. For each patrt,
there are a legal set of rules and regulations that apply. In certain cases, Part 303, Wetlands
Protection and Part 305, Natural Rivers, may also apply, if a stream crossing occurs in a
wetland environment or on a stream within the watershed boundary of a legally designated
Natural River system.

To be in compliance with Parts 31, 301 and 303, the responsible party must complete the
DEQ/United States Army Corps of Engineering (USACE) "Joint Permit Application" (JPA)

5
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package. The JPA covers permit requirements pursuant to State and Federal rules and
regulations for construction activities where the land meets the water and including streams and
wetlands. These types of areas are often referred to as the land/water interface.

The JPA is available electronically for on-line submittal through the Michigan Timely Application
and Permit Service (MITAPS). Visit: www.michigan.gov/jointpermit for more information about
MITAPS, to download or view the JPA.

If you have questions regarding completing the JPA, contact your local DEQ office. A DEQ
office location map and staff contact information can be viewed at www.michigan.gov/deq.

Please note that a Part 91 permit, Soil Erosion and Sedimentation Control (see below) is usually
required before constructing any roads or landings. Landowners or their designated
representative should also note that a permit from the DNR, under Part 305, Natural Rivers,
may also be required, if conducting forest management activities within one of thel6

designated Natural River systems.

513 Soil Erosion and Sedimentation Control Regulations

Part 91, Soil Erosion and Sedimentation Control (SESC), of the Natural Resources and
Environmental Protection Act, PA 451, 1994, as amended (NREPA), has the primary intent of
protecting the waters of the State from the deposition of sediment and wind erosion as the result
of earth change activities during construction. Specifically, a Part 91 permit is required for those
activities involving earth changes that are one or more acres in size or within 500 feet of a lake
or stream.

When enacted, Part 91 was considered legislation that was primarily applied to regulate
construction activities to protect the waters of the State. Section 9115 (1) states a person
engaged in the logging industry is not required to obtain a permit under this part. However, all
earth changes associated with the activities listed in this section shall conform to the same
standards as if they required a permit under this part. Generally, landings will not be an issue
as their size can often be kept to under an acre. However, access roads and landings outside
the logging or harvest area in excess of an acre or that are within 500 feet of a lake or stream
require a permit.

Part 91 permit applications are obtained by contacting your local county enforcing agency
(CEA). Such agencies may include the county drain commissioner’s office, county building
department, or county conservation district office. In some counties, there are multiple
municipal enforcing agencies (MEA) that can issue Part 91 permits. To locate the appropriate
CEA or MEA for the county you are interested in through the internet, visit:
http://www.deq.state.mi.us/sesca.
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A public agency that has been designated by DEQ as an Authorized Public Agency (APA) does
not need to obtain a Part 91 permit for earth change activities from a CEA or MEA but must
comply with Part 91, follow approved procedures and maintain an APA status with training and
other requirements. DNR, Michigan Department of Transportation and numerous county road
commissions are Authorized Public Agencies..

513 Wetlands and Floodplains

Per Part 303, Wetlands Protection, of the Natural Resources and Environmental Protection Act,
1994 PA 451, as amended (NREPA), specified silvicultural and timber harvesting activities are
exempt from obtaining a wetlands permit. Construction or maintenance of forest roads, or
temporary roads for moving forestry equipment, is exempt, providing the roads are constructed
and maintained in a manner to assure that any adverse effect on the wetland will be otherwise
minimized. However, grading or "land balancing" in wetlands associated with a forestry
operation requires a permit because it is dredging and filling. It should also be noted that a
permit is required for tree clearing if the purpose of the activity is to subject the land to a use to
which it was not previously subject (i.e., preparation for development). In sum, typical forestry
operations in wetlands including standard cultivation activities and even plantations are exempt,
but the exemption does not permit land alterations to convert wetlands.

Any construction, fill or alteration of a floodplain of a river, stream, or drain which has a drainage
area greater than or equal to 2 square miles, will require a State floodplain permit under Part 31,
Water Resources Protection, of the Environmental Protection Act, 1994 PA 451, as amended
(NREPA). With respect to forest management, such projects include placement of fill for road
construction, or installing a culvert or bridge. The applicant uses the JPA package (described in
the previous stream crossings section) to obtain a floodplain permit.

EiZ Other Laws Affecting Forest Management

Michigan’s forests are not only valued for their production of wood products, but also because
they contain vital cultural and archaeological resources. They also provide critical habitat for
rare, threatened and endangered plants and animals.

With respect to cultural and archaeological resource protection, Michigan’s Natural Resources
and Environmental Protection Act, 1994 PA 451, as amended (NREPA), contains legislation
that reserves for the State the exclusive right and privilege of exploring, surveying, excavating
and regulating through its authorized officers, agents and employees, all aboriginal records and
other antiquities, including mounds, earthworks, forts, burial and village sites, mines or other
relics, and abandoned property of historical or recreational value found upon or within any of the
lands owned by or under control of the State.

An archaeological site is a place where remnants of mankind's past are sealed in the soil. The
scientific and historic value of a well-preserved archaeological site is far greater than the value
of the artifacts found there. The exact location of artifacts in the ground, their spatial
relationships to other artifacts, to soil composition, to bits of charcoal, bone or chemically distinct
areas of soil are all clues that archaeologists can translate into a more complete picture of the
past. Archaeological sites also preserve items that are fragile and can be easily recognized
only by a specialist. These include tiny fragments of burned plant remains, pollen, charcoal
suitable for radiocarbon dating, deteriorated bits of pottery or leather, and the traces left in the
soil by hearth fires, refuse pits or privies.
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Proper management of archaeological sites is guided by one overriding principle: avoid
disturbing the soil. The following guidance cover some common situations that land managers
should keep in mind:

1. Grading or bulldozing of the site should be avoided whenever possible.

2. Pulling stumps, planting trees, laying utility lines and other activities requiring
excavation of soil should be avoided.

3. Activities that will involve only the surface of the site, such as lawn seeding or laying
woodchip trails, are acceptable.

4. Erosion control measures, if done carefully, will benefit the site, as long as soll
disturbance is minimized.

5. Inthe case of historic foundation walls and similar structures, careful trimming of
saplings and other vegetation growing within them will aid preservation of the site. In
such cases, the roots should be left in place because attempts to remove them can
damage fragile masonry.

6. Vandalism is a common cause of damage to sites. Sites in isolated locations should
not be marked in any way. Unless a site is under responsible, direct care, anonymity is
the best protection. In such cases, the site's exact location should be known only to the
land manager or others directly responsible for the site. Sites in public view that can be
checked regularly can be marked and interpreted for the public. In these cases, the
combination of public inspection and public awareness minimizes the chances of
serious damage to the site. An example of an isolated location is a forest accessible
only by a two-track road.

Sand Dunes Protection and Management, Part 353 of the Natural Resources and
Environmental Protection Act, 1994 PA 451, as amended (NREPA) regulates use in ‘critical
sand dune’ areas including developmental, silvicultural and recreational activities. Information
on the location of critical dune areas as well as the permitting agencies (DEQ or a local unit of
government) can be found the DEQ website, www.michigan.gov/degland.

In Michigan, threatened and endangered species are protected on both public and private lands.
Endangered Species Protection, Part 365 of the Natural Resources and Environmental
Protection Act, 1994 PA 451, as amended (NREPA) states an individual may not harm or take
threatened and endangered species. When it is uncertain if a threatened or endangered
species occupies the area to be harvested, or timber harvest impacts are unclear, the
landowner or other responsible party should contact the DNR and request an environmental
review. Removing uncertainty may reduce impacts and clarify appropriate operational
procedures. The process can be initiated in two ways: 1) The DNR Wildlife staff receives a
written request for review of a proposed project; or 2) a proposed project site can be reviewed
on the Endangered Species Assessment website, www.mcgi.state.mi.us/esa/. In both cases,
the location of the proposed project is compared with Michigan Natural Features Inventory
(MNFI) data for known locations of endangered or threatened species and other natural features
(special concern species, exemplary natural communities, and geologic features). If a
threatened or endangered species will be taken or harmed, an Endangered Species Permit,
issued by the DNR, is required.

Those using the Endangered Species Assessment website can perform their own preliminary
review and request a formal review (if necessary) directly on the website. Others can request
an environmental review by sending a written request with the following information:

- Brief description of the proposed project

« Brief description of the location (town, range, section, county)

« What is there now (buildings, type of vegetation, recent disturbance)
« Map of location clearly marked with major roads for reference
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A written response to a formal review request may take approximately 3 to 4 weeks.
Reviews are processed in the order they are received. The DNR cannot give out location
data or conduct reviews over the phone; all request s must be received in writing
There is no charge for this service. Mail requests to:

ENDANGERED SPECIES SPECIALIST

WILDLIFE DIVISION

MICHIGAN DEPARTMENT OF NATURAL RESOURCES
PO BOX 30444

LANSING MI 48909-7944

PHONE: 517-373-1263; FAX: 517-373-6705

sf

3. FUELS, LUBRICANTS AND SPILLS

Chemical releases in Michigan are potentially reportable under one or more of twenty-six
different State and Federal regulations. Determining which regulations apply to a specific
release can be an overwhelming task. The "Release Notification Requirements in Michigan”
table, compiled by the DEQ Environmental Science and Services Division, is designed to help
owners and operators of facilities in Michigan, including vehicles and farms, determine their
potential notification and reporting requirements, in the event of a chemical release. Check your
permits, licenses, registrations, pollution prevention plans, and local ordinances for additional
release reporting requirements. Visit the DEQ website at www.michigan.qgov/deg and type
“spill/release reporting” in the Search field.

The remote locations that are typical of most forestry operations result in many on-site
maintenance activities. The equipment operator must constantly guard against spills of fuels,
lubricants or other toxic materials. Proper equipment maintenance, including routine checks of
hoses and fittings, is the key to protecting surface water and ground water resources from the
impacts of fuel and lubricant spills and leaks.

Common sense, care, proper planning, and the anticipation of problems that may occur can
eliminate or reduce potential water quality problems arising from spills.

Spill Prevention Best Management Practices

The following BMPs/precautions should be adopted for all activities requiring equipment
operations:

* A contingency plan for accidental spills should be developed for every operation. This
may be a generic plan with customized conditions for particular sites or jobs. Also, at
least one spill kit, as recommended by DEQ, should be available on every job site.

* Provide receptacles in maintenance areas or in vehicles for collecting solid wastes such
as empty grease tubes, oil filters and other trash. The materials collected in these
receptacles must be disposed of properly, at an approved solid waste site. Empty oll
barrels should be recycled or properly disposed of as solid waste at an approved land
fill.

* Locate fueling areas away from water bodies and drainage structures and at locations
where a potential spill can be contained and properly treated. This will minimize the
chance of surface water or groundwater contamination. Where a spill does contaminate
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soil, the contaminated material must be removed from the site and deposited at a facility
licensed for that purpose.

» Designate a specified area for draining lubricants from equipment during routine
maintenance. The area should allow all waste lubricants to be collected and stored until
transported off-site for recycling, reuse, or disposal at an approved site. Maintenance
activity should not occur while equipment is located in water bodies, flood plains or
wetlands.

* Provide maintenance vehicles with the equipment necessary to collect and store
lubricants drained during repair activities. Breakdowns could require lubricants to be
drained from equipment at locations away from the designated collection area.

513 Spills

When spills of fuels or lubricants do occur, if the spill is large, an emergency situation may exist.
An operator or any member of a logging crew must be prepared to take action to keep the spill
from spreading and entering the water courses on the site. Any emergency spill should be
reported to the Pollution Emergency Alerting System (PEAS) at (800) 292-4706. Additional
contacts may be necessary or desirable, depending on the location and spill situation. Itis
recommended that each logging site have a completed Spill Response Plan that is available to
all members of the crew.

4. TIMBER HARVEST PLANNING

Timber harvesting includes felling, forwarding, sorting, loading and hauling of timber products.
Harvest operations require haul roads, log landings and skid trails to be developed and
maintained. Timber harvesting, and other silvicultural treatments such as tree planting, soll
scarification, and herbicide application, are vital and integral parts of management of forest
resources. The treatments contribute to a healthy and vigorous forest. These practices
perpetuate the land use which has the greatest potential for protecting surface water quality.

Pre-Harvest Planning

Pre-harvest planning may help minimize potential soil and water quality problems. Pre-harvest
planning is the collection of information about the area to be harvested and the use of this
information to determine the best time and method to harvest while protecting water and site
qguality. The planning includes deciding where current and new roads and skid trails are
located. Consideration should be given to water quality protection measures and appropriate
BMPs. Large forest operations tend to use checklists and timber sale proposal specifications
which address these.

Pre-harvest planning helps the logger or forest resource professional in developing a timber
sale contract that protects water quality, as well as soil and site productivity. This may include a
map (may not be drawn to a specific scale) identifying such concerns as:

* Property boundaries

» Streams and drainage areas

* Saoils

» Slope
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» Approximation of proposed main haul road and skid trail locations
» Potential log landings

» Stream crossings

* Riparian management zone designations

» Vernal pools or open water wetlands

Figure 1 is an example of a harvest site map with BMPs mapped out accordingly. Note that this
is an example only. The use of topographical maps may be of use in forested areas having
variable and sloping terrain.

A narrative may also be part of the planning in which road and trail specifications, along with
amount and size of machinery for harvest and removal of timber products, are identified. Timing
of harvest and timber sale contract conditions may be included as well.
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Figure 1. Pre-Harvest Site and BMP Plan Map
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5. RIPARIAN MANAGEMENT ZONES (RMZ5s)

Riparian Management Zones (RMZs) are sometimes called buffer strips, filter strips, or
streamside management areas or zones (see Figure 2). An RMZ occurs on both sides of
perennial or intermittent streams and around the perimeter of bodies of open water (e.g. open
water wetlands or lakes) where extra precaution is used in carrying out forest management
practices including timber harvesting activities.

Figure 2. Example of a Riparian Management Zone

One of the purposes of a management zone is for water quality protection to provide an area of
vegetation to interrupt water flow and to trap and filter out suspended sediments, nutrients,
chemicals, and other polluting agents before they reach the body of water. An RMZ also
provides shade to small streams, thus reducing thermal pollution.

The part of the zone nearest the stream bank can also provide an important contribution to the
aquatic food chain. As trees die within the RMZ, all or portions of them may fall over into the
adjacent stream. This dead material provides aquatic habitat known as large woody structure
(LWS). Naturally occurring LWS in lakes and streams provides essential areas of shaded cover
for fish, amphibians and aquatic insects and can provide important isolated platforms for reptiles
and small mammals. In developing a management plan for the RMZ, consider leaving some
late successional trees (both coniferous and deciduous) within the RMZ that have the potential
to provide LWS to a lake or stream.

Forest Management Activities within the Riparian Ma  nagement Zone

Michigan’s BMPs do allow for forest management activities within the RMZ. These include
equipment operation and timber harvesting. The key is ensuring the water quality protection
function of the RMZ is maintained (see Section “RMZ Water Quality Function Factors”)
throughout and after the harvesting operation.

The RMZs should be maintained along all perennial and intermittent streams, lakes or ponds
where nearby management activities result in surface/soil disturbance, earth changes and
where erosion and sediment transport occur during rain events. An example of this is a newly
constructed forest road where the base consists entirely of compacted soil and the road begins
eroding after a rain event.
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The RMZs are critical to watersheds, wildlife, fish, trees, and people for many different reasons.
Adequate vegetation in a RMZ helps filter and trap pollutants such as sediment, excess
nutrients, and other contaminants before they reach surface waters. Excessive disturbance of
the forest floor within the RMZ minimizes its ability to prevent nonpoint source pollutants from
reaching a stream or other water body. In fact, such disturbance might lead to the transport of
sediment directly from the RMZ to the water body adjacent to it.

Site Specific Factors to Consider

Landowners considering forest practices in or near a RMZ must plan carefully to assure that the
water quality functions of the RMZ are maintained. Those unsure of the water quality impacts of
a planned activity should either seek the advice and assistance of foresters or other natural
resource professionals familiar with RMZ functions, or leave the RMZ undisturbed. The
following are site-specific factors to consider prior to harvesting or conducting other
management activities in the RMZ:

- Water body characteristics.
= DNR designated trout stream

« Greater than 50 feet in width (typical beaver dam building activity
not a concern on these streams).

« Less than 50 feet in width (typical beaver dam building activity is a
concern on these streams and aspen regeneration within 300 feet
of the stream may be a concern).

- Legally Designated Natural River (There are specific rules and regulations for each
designated Natural River system).

« Slope

« Saoils

« Aesthetics

- Existing vegetation

« Shade requirements to maintain water temperature

- Time of year activity is scheduled to occur

- Availability of large woody structure for the adjacent water body

« Recent precipitation

« Extent of soil saturation

Riparian Management Zone Water Quality Function Fac  tors
The water quality function of RMZs can be maintained by using the following specifications:

* When setting up a timber sale, make sure the forester or logger establishes a minimum
RMZ. Michigan's standard RMZ minimum width is 100 feet or 30 meters measured from
the top of the bank of the lake or stream or the ordinary high water mark. The RMZ width
should be increased as slope percentages increase above ten percent (see Table 1).

* Zone width may have to be increased along State designated "Natural Rivers" and
federally designated "Wild and Scenic Rivers" as designated in their management plans.

* Minimize disturbance of the forest floor in the RMZ (a recommended goal is to have less
than 10% of the soil disturbed).

» Harvesting/cutting specifications should be modified to retain a sufficient number of trees
(60-80 basal area is often used as a benchmark) to maintain shading of streams and to
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leave a relatively stable and undisturbed forest floor (less than 10 percent bare soil
exposure).

Trees growing along the stream bank should not be cut.

Do not leave felled trees, limbs or tops in streams and open water wetlands; spread
them on the ground, unless corrective action would create more damage to the site or
stream. This biomass is considered a source of “unnatural” organic debris that impacts
aguatic habitat, for example, by lowering levels of dissolved oxygen required to maintain
healthy coldwater fisheries.

Limbs and tops from trees that are cut within the RMZ should be left on the ground in the
RMZ.

Felled trees, limbs and tops harvested outside the RMZ should not be placed within the
RMZ.

Locate haul roads outside of RMZs. Where a road must cross a stream, it should do so
at right angles. A permit from DEQ to construct a stream crossing is required.

Locate equipment storage and maintenance sites and landings outside all RMZs.

Harvesting activities in the RMZ should minimize scarification and soil compaction.
Skidding or dragging logs in the RMZ should be avoided. Skidders should not be
operated in RMZs when soils are saturated, as the soil easily compacts and runoff is not
easily absorbed by the soils in the RMZ. If cutting must occur in the RMZ, every effort
should be used to remove timber from the zone with techniques such as tracked
equipment with knuckleboom cranes (see Figure 3) to ensure equipment is not
negatively impacting the RMZ’s soil base. Even if the soil is not scarified, compaction
will decrease the ability of the soil to absorb runoff.

All roads, cuts and fills in the RMZ must be stabilized. Use appropriate seeding and
mulching procedures (see Appendix E). Energy dissipaters (e.g. rock ranging from 3-12
inches in diameter) should be installed at inlets and outlets of cross-drainage culverts
located underneath roads approaching a stream.

Drainage structures such as culverts, diversion ditches, conveyor belt water bars, and
broad-based dips should be installed according to BMP specifications (see section 7)
prior to roads and primary skid trails entering the boundary of a RMZ.

15

1C4011 (Rev. 02/24/2009)



Figure 3. An Example of a Knuckleboom Harvester.

(Note the boom allows for removal of timber from a RMZ with little soil disturbance.)
Riparian Management Zone Widths

Michigan's standard RMZ minimum width is 100 feet or 30 meters measured from the top of the
bank or the ordinary high water mark of a lake or each side of a stream. This is the zone in
which extra precaution should be used in harvesting timber or for other forest management
activities. It is generally the minimum distance needed to protect water and aquatic habitat
guality when conducting forest management activities adjacent to a water body, especially if the
activity provides a source of sediment (e.g. a dirt-based forest road). A wide range of riparian
management zone widths (from less than 50 feet to over 500 feet) has been proposed in water
guality research. If management objectives include protecting wildlife habitat or controlling
beaver activity on smaller streams, widths larger than 100 feet may be appropriate. Activity
within the RMZ is acceptable where there is little chance of significant soil disturbance, no
chance of water sedimentation, and only select trees are being removed.

Table 1 illustrates the minimum recommended widths for RMZs based on slope. Note that
these widths are for overland sheet flows only. Nonpoint source pollutants transported via
concentrated flows into a RMZ will usually require additional measures such as using nonwoven
geotextile fabric overlain by riprap or large sized rock, ranging from 3-12 inches in diameter, for
a width of 3 feet and a length of 5 feet (Michigan Department of Transportation, 2003).

When measuring for a proper width of a RMZ, take into account the natural variablility of the
landscape and widen the RMZ accordingly. Slope can be estimated ocularly or calculated by
several methods, including using a string and line level or through the services of a professional
surveyor. Remember that it takes years for deposited sediment to be cleansed from a stream,
so the landowner or the land manager should err on the side of caution when establishing the
width of a RMZ.

16

1C4011 (Rev. 02/24/2009)



Table 1. Minimum Riparian Management Zone Width Adj  usted for Slope.

Minimum Width of
Slope of Land Above Riparian Management
Water Body or Stream (%) Zone (Feet)
0-10 100
10-20 115
20-30 135
30-40 155
40-50 175
50 + Timber removal is not advised
due to the high potential for
erosion and sediment transport.

The RMZ width shown in Table 1 may need to be increased where domestic water supply could
be impacted.

In addition to slope influencing sedimentation, different soils or soil textures have differing
amounts of susceptibility to erosion. Table 2 displays the susceptibility of different soil textures
at the soil surface to erosion. When developing an effective RMZ, consider the soils near the
lake or stream.

Table 2. Soil Erosion Susceptibility.

Susceptibility to
Erosion
Surface Soil Texture (1=highest)
Silt, silt loam, loam, very fine 1
sandy loam
Sandy clay loam, silty clay loam, 5
clay loam
Clay, silty clay, sandy clay, very 3
fine loamy sand
Sandy loams, loamy sands, 4
sands

(Re-printed courtesy of the Minnesota Forest Resources Council.)

Designated Trout Streams and Management Within the Riparian Management
Zone

Certain streams are designated by the DNR as “Trout Streams”. For these designhated streams,
the DNR has the authority to require only lures or baits for fishing and may prescribe the size
and number of fish that may be taken (Per Act 451, MCL Section 324.48701). The DNR
Director’s Order FO-210 lists all designated trout streams, and is available upon request (43
pages) from the DNR Fisheries Division (517-373-1280), or online at www.michigan.gov/dnr.

Excess erosion of sand sediment into streams is broadly regarded as a serious threat to the
viability of trout streams. Research has demonstrated that relatively small increases in sand
erosion into streams can greatly reduce spawning habitat and habitat for the food supply (e.g.
caddis fly or mayfly larva). When topography is relatively flat, sediment can stay in a stream for
several decades. A functional RMZ should be maintained to prevent sediment from reaching
trout streams.
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The Sustainable Soil and Water Quality Practices on Forest Land recommends generally using
the DNR designated trout streams as a guide for additional protection with respect to RMZs.
Trout are sensitive to changes in habitat requirements and require a clean gravel bed, along
with large woody structure and cool water temperatures to sustain their population. Because of
these narrow population sustaining requirements, forest management activities may be different
in a trout stream RMZ than what is “typical” practice for a non-designated trout stream RMZ.
This may be tempered by considerations of other factors, such as management for species of
greatest conservation need as identified in the DNR’s Wildlife Action Plan.

Designated Trout Stream Width and RMZ Management

In the section “Site Specific Factors to Consider”, a distinction is made between DNR-
designated trout streams greater or less than 50 feet in width. The reason for this distinction is
that beaver do not generally build beaver dams on streams greater than 50 feet in width. In
contrast, designated trout streams smaller than 50 feet in width have a higher occurrence of
beaver dam construction when a beaver population’s food and construction supply (e.g. aspen)
is within 300 feet of the stream. Beaver dams are considered a serious source of damage to
these trout streams. Beaver dams will increase stream temperatures and prevent free passage
of trout and anadromous fish species. Consequently, the dammed up stream will not support a
viable population of trout or other coldwater fish species.

If the objective is to minimize beaver impacts on designated trout streams smaller than 50 feet
in width, forest managers or landowners are encouraged to consider widening the RMZ beyond
the standard 100 feet and manage this RMZ to discourage aspen regeneration within it. By
widening the RMZ to 300 feet, beaver habitat will be reduced and related stream impacts can be
minimimized, but this needs to be evaluated on a case-by-case basis as other site conditions
and values may come in to play; for example, riparian zones are key habitats for terrestrial
species of concern such as woodcock. Possible management options within an RMZ that favor
trout and associated coldwater aquatic habitat are: 1) leaving large super-canopy trees within 50
feet of the stream bank as a source of shade and large woody structure (wood that is four
inches or greater in diameter), 2) managing to promote the health and vigor of longer-lived
coniferous (e.g. white pine and hemlock) and deciduous (e.g. sugar maple) species, and 3) only
harvesting trees that are 50 feet away from the stream and that can be transported out of the
RMZ without disturbing the soil (see Figure 3 as an example of a piece of harvesting equipment
that might be employed).

For designated trout streams greater than 50 feet in width, implement the RMZ widths (e.g.
starting with a minimum width of 100 feet) as stated in table 1 and design an RMZ management
plan which considers site specific factors as well as water quality (pages 13, 14 and 15).

Management for Shade Intolerant Species within the RMZ

In general, landowners, loggers and land managers should consider if the amount of timber
harvest removal is compatible with the ecology of the stream (e.g. warmwater or coldwater), and
if the DNR has the adjacent stream listed as a designated trout stream. For streams that are
not designated for trout, landowners may consider that managing for shade intolerant species,
such as aspen, within an RMZ may be desirable to meet wildlife management goals.

Warmwater rivers or streams may be appropriate for this type of management. With the help of
a forester, creative silvicultural and harvesting methods can be employed to allow for multiple
goals. While large scale clearcuts should be avoided in the RMZ, it is possible to regenerate
species like aspen using other harvesting methods. For example, small clearcuts ¥4 to %2 acre
in size, spaced appropriately throughout the RMZ, may be an option. Cuts like these mimic
natural disturbances such as blowdowns.
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Another example is to leave a higher residual basal area (BA) in the RMZ than what would
occur outside the RMZ. In contrast to traditional clearcuts outside of the RMZ, leaving 20 to 25
BA would still provide enough sunlight to promote regeneration of aspen or other shade
intolerant species. Also consider leaving a higher basal area (e.g. 60-80 BA) or clusters of
mature longer-lived trees within 25 to 50 feet of the stream bank for shade, soil and bank
stabilization and a source of large woody structure. Refer to Appendix A-Glossary for the
definition of basal area.

EiZ Natural River Regulations

There are currently 16 legally designated Natural River Systems in Michigan. Part 305, Natural
Rivers, of the Natural Resources and Environmental Protection Act, 1994 PA 451, as amended
(NREPA), provides the DNR with the legal authority for managing these river systems and
regulating all land management or construction activities occurring on these river systems. Note
that in all the management plans, the term “vegetative buffer strip” is used instead of the term
Riparian Management Zone. However, for the purposes of this document, the term “RMZ” will
be used to avoid confusing the reader.

All forest management activities within a legally d esignated Natural River RMZ are
regulated. A permitis required before any activit  ies can take place. A Natural River
management plan has been developed for each designated river. Each plan includes use and
development standards for private and public lands. The State is required to manage its lands
and programs in accordance with the approved Natural River plan. Each state designated
Natural River has it own standards regarding RMZs (buffer widths) for both private and public
ownerships (see Appendices F and G).

The minimum RMZ for each Natural River is codified in its approved plan and promulgated
rules. In general, the RMZ requirements are wider for public lands than private lands. For
example, the Au Sable Natural River Management Plan has a 150-foot RMZ for both
mainstreams and tributaries. On private lands, the management plan has a minimum 75-foot
RMZ on the mainstream and 50-foot RMZ on tributaries.

In general, as the Natural Rivers designation program progressed through the years, more and
more research indicated that wider RMZs were better for the health of the stream. On public
lands, RMZs may range from 50 feet (the Flat River in the southern lower peninsula) to 200 feet
wide (on the Fox River) on each side of the river or tributary. Private land RMZs also vary, but
are statutorily limited to a width of no more than 100 feet on each side of the river. Dead,
diseased, unsafe and fallen trees, as well as noxious plants, can be removed within the RMZ.

For more detailed information and the listing and location of all 16 Natural Rivers, visit the DNR
Natural Rivers website at www.michigan.gov/dnrnaturalrivers.

In addition, all public agencies must comply with the Rules for Utilities and Publicly Provided
Facilities, adopted as mandated by Part 305. These rules include standards related to
road/stream crossings, erosion control, management of vegetation in utility corridors and others.

Natural River plans typically include standards related to public access site development,
campgrounds, land and stream alteration, motorized vehicle use and vegetative buffer
requirements. Thirteen of the 16 rivers also have State zoning rules based on the plans that
contain private land development standards for residential development and limited commercial
activity such as campgrounds, canoe liveries and rental cabins. Most rivers also have local
zoning ordinances in effect based on Natural River plans.
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The RMZs are maintained to provide fisheries and wildlife habitat, filter runoff, provide shade to
maintain cool water temperatures, prevent streambank erosion and sedimentation of the Natural
River system, screen new developments, and maintain the aesthetic qualities of the Natural
River system. Under a permit issued by the DNR, trees and shrubs may be selectively pruned
or thinned for timber harvest, habitat improvement or to maintain public utility facilities.
Clearcutting is not usually permitted within the RMZ.

Other development standards for public land are designed to maintain the natural character of
the river corridor, limit the impacts of recreational use and help prevent resource damage. New
campgrounds have development standards such as setbacks for campsites and associated
structures. New access site standards may restrict sites to “walk-in” only and include setbacks
for parking areas. Within 400 feet of the river, motorized vehicle use is usually restricted to
designated public roads and access roads to permitted areas. Land alteration is prohibited in
areas of high groundwater.

EiZ Wild and Scenic Rivers

The Wild and Scenic Rivers Act, (Pub. L. 90-542 as amended; 16 U.S.C. 1271-1287) is
legislation enacted by Congress and establishes federal protection for designated free-flowing
rivers throughout the country. They are designated as “Wild and Scenic Rivers.” This
designation regulates the management and control of development on these river systems.

In Michigan, there are 16 Wild and Scenic River systems. The management and regulations for
these river systems occur strictly within the administrative boundaries of Michigan’s three
National Forests. Each component of the Wild and Scenic rivers system is administered to
protect and enhance a variety of values, and certain uses of a designated river are limited.
Emphasis is given to protecting its aesthetic, scenic, historic, archaeological, and scientific
features and values.

For more information, such as the listing and location of those river systems within Michigan,
visit the website: http://www.nps.gov/ncrc/portals/rivers/index.htm.

Vernal Pools, Seeps, and Intermittent Streams

Vernal pools are small (usually less than an acre), temporary bodies of water in depressions
that lack perennial inlet or outlet streams and have no permanent fish populations. They appear
after snow melt and gradually dry up as the summer progresses. During the wettest seasons of
the year, vernal pools are small bodies of water, while in dry seasons they may only be
recognizable as an isolated depression on the forest floor. This unique forest feature provides
habitat for a variety of aquatic invertebrates, a breeding and feeding site for many amphibians
and reptiles, an attractive feeding and resting spot for songbirds, a source of food and water for
many mammals, and unique microhabitats for plants.

Some animals will live their entire life cycle in a vernal pool. Fairy shrimp and clam shrimp are
suited to a watery environment that varies widely in temperature and dries up annually. They
produce thick shelled eggs that survive in the dried up pool until the next spring’s thaw when
they hatch in the newly hydrated pool. Therefore, when harvesting occurs, there should be no
disturbance to the vernal pool depression. All equipment, trees and tops should be kept out of
this area. Within 100 feet or at least one tree length of the pool, it is especially important to
avoid deep ruts which can interfere with the movement of salamanders to and from the pools.
Equipment should generally only be used when the soil is in a dry or frozen condition to keep
rutting to a minimum in this area. Timber harvesting can occur in the area, but the canopy
closure should not be reduced to less than 70% to minimize the affect of sun and wind.
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A seep, also called a spring seep or just a spring, is a permanent or intermittent discharge of
water that emerges from the ground and flows across the soil surface without defined bed and
banks. The limits of the seep are demarked by the extent of surface water, water-stained
leaves, or other signs of hydrology. Avoid soil and leaf litter disturbance within the known area
of the surface water. Limit harvest activity to dry or frozen conditions, when possible.

Intermittent streams have definable beds and banks, but water does not flow through the
channel all of the time. Crossing an intermittent stream requires a permit. In contrast,
ephemeral streams only occasionally have water flowing and do not typically have defined beds
and banks. Use of motorized equipment should be limited near the streams and forest floor
disturbance should be minimized. Avoid these areas when laying out skid trails and remove
felled tree tops. It is strongly encouraged that skid trails, roads, site-preparation, and other soil-
disturbing activities be minimized in the ephemeral streams to avoid erosion and sedimentation
of stormwater runoff that will flow downstream into streams or other water bodies.

Fens and Bogs

Fens are wetlands that receive much of their water and nutrients from groundwater rich calcium
and magnesium carbonates. They accumulate peat and have relatively high pH and nutrient
levels. As a result, fens support a high diversity of grasses, wildflowers, and insects. The high
water table, in combination with periodic disturbances such as beavers and seasonal fire,
discourages growth of trees and shrubs within fens.

In contrast to fens, bogs are acidic, nutrient poor wetlands that receive most or all of their water
from precipitation. They often contain rare, threatened or endangered plants or animals. They
also do not tend to contain much in the way of commercially desirable trees.

Harvest activity immediately adjacent to fens or bogs may encounter weak soils that are highly
susceptible to rutting. When timber harvesting occurs near fens or bogs, ground disturbance
within the wetland area should be avoided. To prevent sedimentation or excessive nutrient
delivery into a fen or bog, timber harvests should be avoided along slopes immediately above
and leading into a fen or bog.

6. FOREST ROADS

Forest roads are that part of a forest land road system, either temporary or permanent,
designed and maintained for the transportation of timber products and often maintained and
used for access for resource protection and recreation activities. They are usually minimum
standard roads, i.e., single lane with turnouts, surfaced with locally available materials or just
the underlying bare soil that is compacted and graded after the vegetative cover is removed.
Commercially processed gravel underlain by geotextile is good for use in critical erosion areas.
Properly laid, constructed and maintained forest roads provide safe operations over longer
periods at desirable vehicle speed. Operating and maintenance costs, as well as sedimentation
runoff, are reduced because of proper construction (this includes installation of BMPSs),
placement and regular maintenance.

Planning and Forest Road Placement

Use of Soil Surveys
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When constructing new forest roads or upgrading old ones, knowing the soil types that exist
where the road(s) will be placed can be essential to knowing how to construct the road itself to
minimize soil erosion. Most of the counties in Michigan have completed soil surveys.

Contact the local Conservation District, Natural Resource Conservation Service, or the County
Extension Office for information about obtaining or using a soil survey. The description of a
particular soil covers the nature and limitations of the soils, erosion hazard, rock outcrops,
construction, and engineering properties of each soil series. Please note that these surveys are
general guides and actual soil conditions should be checked in the field.

Other Factors in Road Placement

Reconnaissance of the property generally should be done before constructing a road or roads.
This consists of looking at the property with a road plan in mind and developing an idea of
where roads should or should not be built. Consider the following points during road
reconnaissance:

 Remember to acquire a Part 91 permit, if outside of the sale boundary.

» Terminal Points — Where is the system going to start and end? Where is the best
access from public roads? Where are the landings going to be?

» Grades — Roads designed with a slope of 10% or less are usually the easiest to
maintain. If any segments exceed 10%, they should not exceed 300 feet.

» Topography — Roads on moderate side hills are easiest to build and drain.

» Obstacles — Note springs, seeps, wetlands, poor drainage areas, ledges, and rocky
areas. Design the road system to go around them. If one is encountered after work
has begun, move the road away from it.

» Distance from streams — The goal is to avoid placing a road within the RMZ, unless it
is for the purposes of crossing a stream.

e Stream crossings — Cross at a 90 degree angle, if possible; if not, follow the stream
contour. Approach the stream at as gentle a slope as possible. Keep the number of
crossings to a minimum.

* Avoid placing roads in valleys, if possible.

» Old roads — Consider using existing or abandoned roads or trails to lessen soil
disturbance. However, if they are located in areas where road drainage is difficult or
the potential for erosion or rutting is high, it is better to construct a new road to the
construction specifications stated in this manual.

» Size and duration of a timber sale and the anticipated season of harvest.

* The location and potential impact on flood plains and wetlands.

When planning forest roads to the harvest area, sketch the tentative location of the roads,

landings, major skid trails, and the approximate RMZs on the plan map. An enlarged
topographical map of where forest harvesting is to occur may be helpful.
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Planning on paper helps to pinpoint potential problems, to develop alternative routes, and to
consider what erosion and sedimentation control measures are necessary. Have RMZs
identified prior to road placement to prevent locating roads or major skid trails in these sensitive
areas.

Reducing Water Volume and Velocity on the Forest Ro  ad System

The first priority for constructing a road system is to keep the road surface as free of water as
possible. Surface water running over exposed soil builds up momentum, as the slope and
distance increase. The running water picks up soil particles then transports them down hill,
causing soil erosion. Road drainage is the single most important factor in keeping the road
passable and in minimizing erosion and sedimentation.

Various structures for water control and erosion control are discussed in the section, Water
Control Devices and Forest Roads. Construct roads on side hills for good cross-drainage, while
avoiding seeps, springs, and swampy areas. If a stream, spring, or seep cannot be avoided,
plan to use proper water control structures (see pages 26-30).

The landowner and the person planning the road system should walk the proposed route of the
road system and decide on matters affecting the owner's objectives and construction costs,
while striving to preserve water quality and wetlands.

Road Grades

A road grade of 2% to 10% is desirable. A hand level should be used to avoid problem areas
and maintain the desired grade of the road. Grade and slope are expressed as the amount of
vertical rise, divided by the horizontal distance traveled, multiplied by 100. Check the grade
frequently with the hand level. A single stretch that is too steep or a flat area that will not drain
may result in road erosion. Where the terrain is relatively flat, the person laying out the road
should strive to maintain a minimum 2% slope to maintain adequate drainage of runoff. Also,
roads in low topography areas should be crowned (as shown in Figure 4), to allow for water to
drain off the road, to lessen the chance of rutting and ponding.

Where absolutely necessary, grades of 15% to 20% may be used for short distances, (i.e., less
than 300 feet). Where a steep grade is necessary, at least 300 feet of road above and below
should be less than 10% grade, to reduce the amount and velocity of water on the steep area.
On those portions of the road with such steep grades, special surfacing such as 3 inches of
gravel may be necessary to avoid erosion and rutting.

BMP Construction Specifications for Protection of W ater Quality

According to Environmental Protection Agency (EPA) estimates (EPA, 1999), over 90% of the
sediment entering forested streams comes from the forest road system. Therefore, the entire
road system should be designed to the best standards possible before any road construction
begins. This process may take more time, but the road system will be more efficient, less
costly, and easier to maintain, and ensure minimum negative impact on water quality.

Study the area, noting the lay of the land. Pay particular attention to steep slopes, flat areas,
streams, spring seeps, boulders, rock outcrops, and other potential obstacles. Roads built on
south-facing slopes tend to stay drier than those on north-facing slopes. Be sure to look at
these problem areas during the walk-through of the area.
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The key to constructing a good “pro-water quality” road system is to have the entire road
system follow the contour of the land and keep road grades consistently between 2% to
10%.

Construct roads to break or change grade frequently. This will result in less erosion than
roads that have long, straight continuous gradients.

Gradients up to 20% are permissible for distances up to 300 feet.

On soils with severe erosion hazard (see Table 2), grade should be 8% or less. Grades
up to 12% are acceptable, if the length of this section is less than 150 feet.

Water diversion by cross drainage culverts (interception of surface water on the road, up
slope from the top of steep slopes) is often needed to keep excess water off the steeper
grades.

Cross all water courses as close to a right angle to the stream as possible. Size
structures so that stream flow is not impeded, and in keeping with good drainage
practices.

Roads approaching stream crossings should have reduced gradients to disperse surface
water at least 50 feet from the watercourse.

Roads should be located (with the exception of stream crossings) a minimum distance of
100 feet from a lake or stream. Stabilize stream bank approaches with rock or gravel.

Outslope (see Figure 4) the entire width of the road where road gradients will permit.

As a safety precaution, inslope the road toward the bank on sharp turns, road gradients
of 15% or greater, and on clay and/or slippery soils (see Figure 4).

Where roads are insloped (see Figure 4), cross drain runoff 25 feet up-grade of any
short stretches of road where gradients exceed 10%.

Avoid locating roads on level ground, along ravine bottoms, or on a flood plain where
drainage away from the roadway is difficult to establish.

In areas having little or no slope, road drainage is often a problem. Crown these
sections of road (see Figure 4) to get the water off and away from the roadway.

During wet conditions, apply a layer of geotextile fabric covered with 3 inch crushed rock
or coarse aggregate at a depth of at least 3 inches (6 inches is optimal), at least 50 feet
before reaching the highway.

Provide a minimum essential width of 12 to 14 feet for a single track road. Increase
width as necessary at curves and turnouts. Note that logging trucks used for
transporting wood chips may need road widths greater than 14 feet to operate safely and
properly. Consider if trimming along the road is necessary and appropriate.

Road-bank cuts should be sloped and seeded to prevent erosion as necessary.

Ensure good road drainage with properly constructed and spaced turnouts, broad-based
dips, and cross-drainage culverts. Construct turnouts so waterflows are dispersed and
will not cut channels across buffer zones.
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Install riprap or rock having a range of 3 to 12 inches in diameter, with a minimum length
of 3 feet (MDOT, 2003) at the outlets of cross-drainage culverts to slow the velocity and

diminish the erosive force of these channelized flows.

Channelized flows coming from

cross draings are known to have enough output velocity and volume to transport
sediment across an entire RMZ. Hence, the need for energy dissipating rock at a

culvert outlet.
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(Re-printed courtesy of the United States Forest Service)
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Winter Roads

Winter roads are often used during the harvesting of forested wetland areas. They provide

access during frozen ground conditions for timber harvesting and other timber management
activities. Properly constructed, winter roads are recognized as an important component of
forest management.

Consider using culverts or bridges to cross definite drainages where winter roads are to
be used for several years. Note: a DEQ permit is required for crossing streams and
most drainage areas.

Ice bridges can provide acceptable temporary access across streams during winter. Ice
bridges are made by pushing and packing snow into streams and applying water to
freeze the snow. Their use is limited to winter under continuous freezing conditions. A
permit from DEQ is necessary before an ice bridge crossing can be built. Generally, ice
bridges are best used for streams with low flow rates, thick ice, or dry channels during
winter. Ice bridges might not be appropriate on large water bodies or areas prone to
high spring flows. PVC bundles may be an alternative to facilitate water flow; make sure
to anchor one corner of the bundle.

Place winter roads on level terrain where practical.

Based on the conditions of your DEQ permit, you may have to remove any culverts and
bridges placed in the stream or other drainage way before spring thaw.

Road Management Measures on Active Sales for Perman  ent and Temporary

Roads

Avoid using roads for timber hauling or heavy traffic during wet or thaw periods on roads
not designed and constructed for these conditions.

Evaluate the future need for a road and close roads that will not be needed. Leave
closed roads and drainage channels in a stable condition to withstand storms.

Remove all drainage crossings such as cross-drainage culverts from temporary roads.

Following completion of harvesting, close and stabilize temporary spur roads and
seasonal roads to control and direct water away from the roadway. Remove all
temporary stream crossings including any fill material.

Inspect roads at regular intervals to determine the need for structural maintenance.
Perform maintenance when conditions warrant, including cleaning and replacement of
deteriorated structures and erosion and sedimentation control structures. This may
include re-grading and seeding and mulching of roads no longer required for access. In
certain cases, stabilize slopes or road fills where necessary to maintain structural
integrity of the road.

Perform maintenance activities such as dust abatement, so that chemical contaminants
or pollutants are not introduced into surface waters, to the extent practical.

Properly maintain permanent stream crossings and associated fills and approaches to
reduce the likelihood that: (a) the stream overflow will divert onto roads, and (b) fill
erosion will occur, if the drainage structures become obstructed.
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» After significant rain events, look for possible problems and schedule corrective work as
needed.

» Keep roadway and water control structures free of windfalls, logging debris and other
obstructions.

» Ensure the free flow of water in the road drainage system, especially during logging
operations.

» For permanent roads used during logging operations, periodically grade the road surface
to reshape it so that it sheds water. Water should be able to freely flow off the road after
grading.

* Fillin ruts and holes when they develop, as necessary

Road Closure and Retirement

To protect soil and water resources, access roads should be closed to vehicular traffic, unless
the forest landowner has other management objectives. This can be done on a seasonal or
semi-permanent basis. The reduction of traffic and associated maintenance work will mean a
significant reduction in cost, as well as reduction in the source of erosion and sedimentation
impacts on the water resource.

When several years between major treatment activities are anticipated, roads should be retired
and closed. This involves using temporary soil stabilization materials and revegetating the road
(see Appendix E for information regarding the proper methods to stabilize and revegetate roads
and other areas having bare soil). Any road(s) no longer required for forest operation use or
access should be closed and retired. If the newly or upgraded roads resulted in disturbing one
or more acres of sail, or built within 500 feet of a water body, Part 91 requirements are in effect.
These mandate that the road be revegetated, regardless of slope or erosive potential.

For those portions having a grade greater than 10%, periodic inspection, especially after rain
events, is necessary to ensure erosion is not occurring. The following actions are
recommended to retire a section of road:

* Smooth and shape all road and landing surfaces to aid in draining water off the surface
of the road or landing.

» If cross drainage culverts are removed, replace them with water bars (see Figures 6 or
7). If properly-sized culverts are covered by more than 2 feet of fill and inlets and outlets
are effectively stabilized, leave them in place, if it is less costly than removing them.
However, cross drainage culverts left in place will require an established and committed
inspection and maintenance schedule to prevent culvert blockage.

* Remove all temporary stream crossings, as required by law.

» Use native seed mixtures wherever possible (refer to Appendix E for specific directions)
for erosion control and revegetating retired roads and landings.

* Whenever temporary soil stabilization methods are required to protect recently applied
grass seed, install silt fence (see Figure 5), as required.

* The use of brush, slash or wood chips mulch over grass seed may be used, as long as it
ensures that the site is permanently revegetated.
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» Block the entrance of the closed road using metal structures, large boulders or large tree
stumps.

,9 Fabric filter—

G,
/70/5r Compacted
backfill
4"x4" trench

Figure 5. Proper Installation of a Silt Fence.

7. WATER DIVERSION DEVICES

Earth Berm Water Bars
Earth-berm water bars are narrow, earthen ridges built across roads or trails. They divert water
off and away from roads or trails into vegetated areas before it causes erosion. When properly
built, they prevent exposed soil from moving, protecting the area until grass vegetation is firmly
established. Earth-berm water bars are recommended when forest management operations
have ceased and the road is closed to further traffic.
» Earth Berm Water Bar Installation Guidance.
» The first water bar should be placed at the top of the slope.
* Where multiple water bars are required, properly space water bars according to Table 3.
» As shown in Figure 6, the water bar should be placed at an angle of 30 to 45 degrees,
relative to the road, to allow for runoff to drain from the inlet, through the trench, and into

the adjacent forest floor or vegetation.

» Dig atrench, 12 to 18 inches below the surface of the road or trail, and extend it beyond
both sides of the road or trail to prevent runoff from bypassing the water bar.

* The uphill end of the water bar should extend beyond the side ditch of the road and into
an earth-berm to fully intercept any ditch flows.

* The outflow end of the water bar is to be fully open and extended far enough beyond the
edge of the road or trail to safely disperse runoff water onto the undisturbed forest floor.

- After construction, seed and mulch the entire surface of the water bar to prevent erosion.

« Earth berms and water bars are not meant to be used for active skid trails.
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Figure 6. Earth Berm Water Bar Construction.

(Re-printed courtesy of the Wisconsin Department of Natural Resources)

Table 3. Water Bar & Cross Drain Spacing Intervals.

Road Grade Spacing
(percent) (feet)
2 250
5 135
10 80
15 60
20 45
30 35

Conveyor Belt Water Bars

On active roads or trails, conveyor belts, old showmobile treads, and similar material (see
Figure 7) can be used instead of soil to build water bars. The material is buried on edge in the
traffic surface. It bends over to let wheeled vehicles easily pass, but diverts water off of the
road. These structures work best on forest roads used by automobile traffic or trails designated
for use by off-road vehicles, such as motorcycles and quadrunners.

They are not a good option on active skid trails where the butt of a log or log is skidded on the
ground and passes over the conveyer belt portion of the water bar. Moving tracked equipment
over these devices is also harmful to the integrity of the belt portion of the water bar. In both
cases, these actions break down the belt material and destroy the ability of this type of water
bar to divert water off the road or trail.
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When Building Conveyor Belt Water Bars Follow These Instructions:

- Dig atrench at a 30 to 45-degree down slope angle to the road or skid trail. The face of
the cut should be on the uphill side.

« Place the conveyor belt against the face of the cut. Leave at least 6 inches of belt above
the surface of the road. Refill the trench and compact the soil. For best results, nail
boards (e.g. 2-inch by 8-inch) to both sides of the base of the belt to keep it straight and
to hold it in the ground.

« Remove berms or other obstructions from the lower end of the water bar to allow water
to move off the road. Water should flow into a stable vegetated area, away from open
water.

« Space conveyor belt water bars as you would earth-berm water bars (see Table 3).
« Old snowmobile treads and other similar material can be used in place of conveyor belts.

COVIPACTED FILL

Figure 7. A Conveyor Belt Water Bar.

(Reprinted courtesy of the University of Minnesota Extension Service)

Temporary Water Bars Made from Slash or Logs

Logs or logging debris (slash) consisting of branches, broken tops, and brush can be
used to create temporary water bars (See Figure 8). Operators build logging debris
water bars across traffic surfaces to divert water into vegetated areas. This reduces
erosion and helps maintain the road. Water bars made from logging debris are not as
effective as those previously discussed, since water can filter through. Still, they can be
used in many applications. They work best in low traffic areas with low slopes (e.g.,
slopes are less than 5%).

Log and slash water bars are best placed where use of more substantial water diversion
options is limited; for example, on roads and trails with limited traffic or little slope, or
when forest operations are shut down for a short time. They also can be used when the
soil is frozen or when shallow, rocky soils -- such as those found in parts of the Western
Upper Peninsula -- make it difficult to install earth-berm or conveyor belt water bars.
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Figure 8. lllustration of a Water Bar Made of Slash
(Reprinted courtesy of the University of Minnesota Extension Service)

The Following are Instructions for Installing a Sla ~ sh Water Bar:

» Place the log or slash at a 30 to 45-degree down slope angle to the road or skid trail.
For slash, build a mat at least 3 feet wide.

« Make sure water bars are high enough to prevent water from running over them.

« Pack slash down using a truck, dozer, or other heavy vehicle. Keep slash in continuous
contact with the soil across the road. Fill gaps with soil or more slash. Water should not
be able to run through the slash.

- Bind logs together or stake them down to help hold them in place when traffic passes
over them.

« Remove berms or other obstructions from the lower end of the water bar to allow water
to move off the road. Water should flow into a stable vegetated area, away from open
water.

« Space log and slash water bars at least as close as you would earth-berm water bars.

Broad-Based Dips

A broad-based dip is a surface drainage structure specifically designed to drain water from a
permanent use road, while allowing vehicles to maintain normal travel speeds (see Figure 9). It
provides cross drainage on haul roads to prevent buildup of excessive surface runoff and
subsequent erosion. Broad-based dips can be used on roads and heavily used skid trails
having a gradient of 12% or less.

Broad-based dips may be substituted for other surface water cross drain practices such as pipe
or box culverts. This practice is not to be used for cross draining spring seeps or intermittent or
permanent streams. A key factor to remember when installing a dip is that the roadbed now
consists of two planes rather than one unbroken plane. One plane is the 15 foot to 20 foot
reverse grade toward the uphill grade and outlet. The second plane is the long grade from the
top of a hump or start of a down grade and ends at the outlet of the dip. Neither the dip nor the
hump should have a sharp angular break, but should be rounded, allowing a smooth flow of
traffic. Only the dip itself should be out sloped since the dip provides sufficient break in grade to
turn the water.
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Construction

Final grade

Figure 9. Broad-based Dip.

(Figure courtesy of the Wisconsin Department of Natural Resources)

Specifications for Broad-Based Dip Installation:
* Installation takes place following basic roadbed construction.

» A 20 foot long, 3% reverse grade is constructed into the existing roadbed by cutting from
upgrade of the dip location and using cut material to build up the mound for the reverse
grade.

* Space broad-based dips as shown in Table 4.
» The most effective locations for these are at the beginning of curves in roads.

Depending on the soils and amount of and type of traffic, the dip and reverse grade section may
require applying a layer, 3-6 inches in depth, of 3-inch crushed stone to avoid rutting and/or the
breaking down of the dips and the reverse grade section (Figure 9). Another option is to apply
geotextile fabric along the length of the dip and reverse grade sections, and apply coarse
aggregate or gravel at a minimum depth of 3 inches (6 inches depth is optimal).
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Table 4. Spacing for Broad-Based Dips & Diversion D itches.

Road Grade (%) Spacing
300
235
200
180
165
155
150
145
140
100

P
Klalo|o|Njo|o| s jwin

Diversion Ditches

A diversion ditch (see Figure 10), sometimes called a "water turnout”, serves to divert water
away from the roadway and the side ditches. Its key use is to install prior to a forest road
intersecting a stream. Install the diversion ditches according to table 4. This will ensure that
water flowing off the road surface will be diverted into vegetation. Consequently, sediment
deposition into the stream at the stream crossing is minimized. When a road must be placed
where there is little or no slope, a diversion ditch into a collecting basin may be the only way to
move water away from the base of the road bed.

Specifications for Diversion Ditches:

The diversion ditch must intersect the side ditch line at the same depth and be sloped 1
to 3 degrees.

Diversion ditches should not be located in a wetland without a DEQ permit.
On sloping roads, the diversion ditch should be placed on the down slope of the road.
Runoff water is to be spread, retained, or filtered at the outlet of the ditch.

A diversion ditch should be cleaned periodically to prevent sediment buildup that may
clog the ditch and thereby direct sediment into the stream.

Space diversion ditches according to the table used for Broad-Based Dips (Table 4).
As shown in Figure 10, construct an earth-berm that follows the entire length of the
diversion ditch to ensure runoff stays away from the stream. Also apply seed and mulch

to the berm so that it does not become a source of sediment.

Clean after grading to remove graded material from the beginning of diversions and level
out the sides of roads (or, in other words, eliminate “country curbs”).
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Figure 10. Diversion Ditch.

(Re-printed courtesy of the Wisconsin Department of Natural Resources)

Cross Drainage Culverts for Upland Landscapes

The primary purpose of cross drainage culverts in upland environments is to drain water from a
ditch on one side of a road to the other side of the road and into grassy vegetation or energy
dissipaters (e.g. 3 to 12 inches rock underlain by geotextile).

BMP Specifications for Installing an Upland Cross D rainage Culvert (see Figure 11):

* Culvert length should be long enough so both ends extend 1 foot beyond side slope (this
is in contrast to culverts used for stream crossings which require that the culvert ends
extend a minimum of 2 feet beyond the side slope).

» If multiple cross drainage culverts are needed, alternate their downslope direction (e.g.,
if one has the top, inflow end on the left side of the road, the next one should have its
top, inflow end on the right side of the road)."

» Culverts should be installed with a 2% slope to reduce the possibility of clogging with
leaf litter or other debris.

» Align the culvert by placing it on a downgrade angle in which the diameter of the culvert
is equal to cross sectional area of the side ditch.

» Erosion control materials for both the inflows and outflows of culverts minimize
undercutting at the culvert inlet or erosion occurring down slope of the outlet. This
protection can be in the form of geotextile fabric overlain by rock large enough not to
wash away or move during a significant rain event (ranging from 3-12 inches in
diameter). This is particularly important for the inflow side.

» Select the size of culvert according to the size of the road and the general amount of
surface area that is being drained by the ditch. Currently, 12 inches is the minimum
recommended size for cross-drainage culverts on forest access roads in most
Midwestern states. However, there is a trend towards using 18 inches as the minimum
diameter. The reasons for this include: 1) a decreased need for maintenance and clean
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out, 2) a decreased frequency of culvert blockage from debris and sediment deposition,
and 3) the decreased possibility of road washouts. In sum, for permanently or frequently
used forest access roads, using an 18-inch culvert or larger will often prove to be the
most cost-effective choice.
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Figure 11. Upland Cross-Drainage Culvert.
(Re-printed courtesy of Wisconsin DNR)

52

8. STREAM CROSSINGS

As described in section “2. Laws and Permits”, installing a new or upgrading an existing stream
crossing requires a permit from DEQ prior to installation. This is through the DEQ/US Army
Corps of Engineers (USACE) joint permit application process.

It is best to work with local DEQ staff when developing plans for stream crossings from the
outset. This will result in less time and effort for the landowner or their designated agent during
the permit application and review process. Information regarding this application is available at
www.michigan.gov/jointpermit. Permit requirements apply to intermittent streams (flows only
occur during certain times of the year, particularly spring during snowmelt), as well as
permanently flowing streams. Streams have an area with a defined streambed and bank and
visible evidence of a continued flow or continued occurrence of water. While dry for much of the
year, intermittent streams are important during frequent rains in the spring. Because of these
frequent rain events, intermittent streams provide essential habitat for trout and other fish during
spawning runs. Therefore, protect them as carefully as you would a permanent flowing stream.
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It is against DEQ regulations to transport felled logs or heavy machinery through even the
smallest, shallowest dry streambed. Instead, there are two placement techniques for stream
crossings that work best, depending on the circumstances -- a pipe culvert installation, or a
portable bridge.

Portable Bridges

Portable bridges, often referred to as temporary bridges, are the preferred method when a
stream crossing is required to skid or transport timber products and the stream crossing will be
temporary in nature (defined by DEQ as a permitted crossing in place less than 2 years).
These bridges can be constructed out of laminated, pressure treated wood (see Figure 12) or
can be prefabricated folding metal structures (see Figure 13).

These bridges are generally designed to support skidders and forwarders, but may also be
constructed sturdy enough to support tandem axle haul trucks, as they transport wood products
from the landing to the mill.

Studies conducted by the U.S. Forest Service and University of Auburn on the Talledega
National Forest showed that installing a portable bridge resulted in 98% less sediment entering
the stream, compared to installing a culvert.

The key advantages over culverts are:

* Minimize stream siltation

* Meet or exceed most BMP standards

» Keep wood and other debris out of waterways
* Reusable

* Minimize erosion

* Keep streams clear of debris after installation
* Provide unimpeded fish passage

* No impacts on the stream bottom

r'i\ dizmeter 1oq%

Figure 12. Example of a Wooden Portable Bridge.

(Re-printed courtesy of the University of Minnesota Extension Service.)
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Figure 13. Example of a Portable Folding Metal Brid  ge.

KIA Crossing Streams Using Culverts

Culverts are another option for crossing streams. However, use of culverts instead of portable
bridges increases the amount of sediment deposition during installation and removal, as well as
increasing the likelihood of impeding fish passage. They are made from corrugated metal pipe
or other suitable material (e.g. hard plastic) and placed under a haul road or major skid road to
transmit flows from permanent streams and small intermittent streams. Culvert installation and
placement requires that the persons responsible for installation and removal take extra care and
attention to reduce sediment deposition to the stream as much as possible. It is important to
work with local DEQ staff on how to meet permit requirements.

Culvert Installation and Placement

When installation of a portable bridge is not an option, the culvert can be installed using the
following BMP specifications:

» Install culverts so that there is no change in the stream bottom elevation. This will allow
for unimpeded fish migration (see Figure 14).

» Place barriers or rock from the upstream culvert end to the stream banks to direct flow
into the culvert.

» Place barriers or rock at the downstream culvert end to the stream banks.
» Firmly compact fill materials around culverts, particularly around the bottom half. Fill
material should be a minimum of 1 foot over the pipe, at a depth specified by the culvert

manufacturer, or one-half the diameter of the culvert (see Figure 15).

» Use riprap around the inlet and outlet of the culvert, as well as geotextile underneath the
riprap to prevent stream flows from eroding and undercutting the culvert (see Figure 16).

» Pipe length should be long enough so both ends extend 2 feet beyond side slope (cross
drainage culverts require only 1 foot beyond side slope).
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The pipe diameter is matched to expected high water flows.

Road surface 7

A S S e

S

Figure 14. Culvert Installation Without Change in S tream Bottom Elevation

(Reprinted courtesy of the Wisconsin Department of Natural Resources)

At least one foot of cover
or one-half of diameter

Road surface for larger culverts.

RE R AR

Base and sidewall ;..
fill material should ¢ =
be compacted '

Rock-free culvert bed
(gravel or soil)

Level of
natural
streambed

Figure 15. lllustrations and Instructions for Insta

llation of a Stream Crossing Culvert.

(Reprinted courtesy of the Wisconsin Department of Natural Resources)
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Figure 16. lllustration of Proper Use of Riprap & G eotextile Around Inlet of Stream Crossing
Culverts.

(Edited and re-printed courtesy of the Wisconsin Department of Natural Resources)

Methods for Estimating the Diameter of a Stream Cro  ssing Culvert

Two alternative methods may be employed for estimating the appropriate size of a stream
crossing culvert: the traditional “Hasty Method” or the newer “MESBOA” method. Both are
described below. The basic principle is that matching the culvert diameter to the width of the
stream will maximize the longevity of the culvert, prevent erosion, scouring, pooling, and
impaired fish passage.

Using the Hasty Method for Estimating the Diameter of a Stream Crossing Culvert

The “Hasty Method” is a method most frequently employed as it is a field expedient method of
estimating the appropriate diameter of a culvert for a particular stream crossing. This method of
calculating culvert size includes a safety factor of 100%. Figure 17 is an illustration of how to
calculate the pipe diameter from measurements taken in the field. Table 5. shows the
conversion of the calculated end area in square feet to the equivalent diameter.
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W, - CHANNEL WIDTH AT HIGH WATER FT.
W, - CHANNEL WIDTHAT BOTTOM FT.
H - HEIGHT OF HIGH WATER ABOVE CHANNEL BOTTOMFT.

CULVERTAREA
WITH 100% = H x(W, + W,)
SAFETY FACTOR

SQUARE FEET

Figure 17. Hasty Method for Calculating Culvert Siz e

Table 5. Culvert End Area & Diameter

End Area Diameter

(Square Ft.) (Inches)
1.80 18
3.10 24
4.90 30
7.10 36
9.60 42
12.60 48
15.90 54
19.60 60
23.80 66
28.30 72
33.20 78
38.50 84
44.20 90

The MESBOA Method for Installing Stream Crossing Cu  Iverts

The MESBOA method, first developed in Minnesota, was a joint effort between the U.S. Forest
Service and Minnesota Department of Natural Resources to develop a method that properly
sizes, orients and installs culverts based primarily on the stream's physical characteristics. The
“MESBOA” is an acronym comprised of the first letter of each of the six steps. The DEQ
considers this method as the best method to use when sizing and installing stream crossing
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culverts. It was developed to ensure unimpeded fish passage and minimizing the risk of a
culvert being washed out during a significant storm event.

The Six Steps in the Sizing and Placement of Culver  ts

The following are general instructions to apply when using the MESBOA method to determine
the appropriate size, length, width and number of culverts needed for a given stream crossing:

1. Match culvert width to bankfull stream width (see Figure 18).

2. Extend culvert length through the side slope toe of the road.

3. Set culvert slope the same as stream slope (failure to set culverts on the same
slope as the stream is the primary reason that many culverts impede fish
passage).

4. Bury the culvert 4 to 12 inches into the stream bottom. For culverts 2 to 6 feet in

diameter, dig 10 to 18 inches below the stream bottom.

Offset multiple culverts.

6. Align the culvert with the stream channel.

o

Dimension (wWIDTH & DEPTH in the cross sethg]rll)m" Floodplain

; ’l Floodplain

Mean depth

Ithoxs
De pth mean

W/D ratio =

Measure bankfull width at the narrowest section
of the stream channel

Figure 18. Measuring Bankfull Width.

Guidance Regarding the Application of the MESBOA Me  thod Based on Stream
Channel Width and Culvert Diameter

The following is guidance to aid forest managers or loggers as what measurements are needed
based on bankfull width of the channel being crossed, stream depth, and the slope of the
stream bottom. As the size of both the culvert and channel width increase, so too does the
likelihood of having to obtain the services of a professional surveyor and civil engineer, to
ensure the culvert is properly sized and installed.

The following guides the efforts or resources that may be required based on culvert diameter
and channel width using the MESBOA approach:
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* Culverts are 2 to 3 feet in diameter and channel is 2 to 6 feet wide.
= Need only bankfull width and reasonable estimate of stream bottom slope and
burying depth.
* Culverts are 3 to 6 feet in diameter and channel is up to 12 feet wide.
= Need bankfull width, and accurate longitudinal profile of the stream to have exact
slope of the stream and culvert elevation at both the inlet and outlet. Will require the
use of level survey equipment.
* Culverts are greater than 6 feet in diameter or wide arch design and channel is greater
than 12 feet wide.
= Need bankfull width, longitudinal profile, and 1-3 cross sections. Use computerized
culvert design programs to confirm that all measurements accurately dictate culvert
design and installation parameters. Generally applied when stream crossing design
requires the involvement of a registered professional civil engineer.

9. RUTTING AND RELATED ISSUES

Rutting occurs when soil strength is not sufficient to support the applied load from vehicle traffic
(see Figure 19; Table 2 on page 17 has more on soil susceptibility to erosion). Rutting affects
aesthetics, biology,