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PREFACE

In the Spring of 2002, the Department of Conservation and Natural Resources initiated a
project to develop standards for the planning, design and construction of trails for motorized offhighway recreational vehicles. This manual has been published through the efforts of the
Bureaus of Facility Design and Construction and the Bureau of Recreation and Conservation,
with guidance, input and review by the Snowmobile and ATV Advisory Committee. The
Pennsylvania Trail Design Manual for Off-highway Recreational Vehicles provides various
government agencies, trail enthusiasts, and private enterprises, organizations and clubs with
information on how to plan and design trails.
The Design Manual promotes the use of a design team approach. Trail planning and design
teams should consist of trail users, persons experienced in the construction and maintenance of
trails, and design professionals. This Design Manual provides guidelines to give the design
team insight into the design and permitting of various motorized trails. It is important that the
team include a professional engineer or registered landscape architect to conduct site specific
analyses to ensure public safety.
If you are in need of technical assistance or have comments concerning this manual, please
contact:
Department of Conservation and Natural Resources
Bureau of Facility Design and Construction
Rachel Carson State Office Building
Harrisburg, PA 17105-8451
(717) 783-3334

CHAPTER 1 – PLANNING
INTRODUCTION
In recent years, rapidly expanding ATV use has increased
the need for trail mileage, degraded some existing trails,
led to conflicts with other recreation users, and evoked the
wrath of environmentalists and resource managers. Many
environmental and safety concerns can be addressed
through proper design, construction, and maintenance of
trails. However, engineering solutions will not overcome all
of the problems facing off-highway recreational vehicle
users, nor eliminate the perceptions of environmentalists
and regulators.
Comprehensive planning that brings
together local, state and federal agencies, trail users,
environmentalists, other recreation users, and members of
the host communities, will be needed to accomplish this
monumental task. This chapter will attempt to establish a
framework for that process, as well as identify some of the
details that must be considered.

DATA GATHERING

ENGAGING THE
COMMUNITY

UNDERSTANDING
THE ISSUES

THE PLANNING PROCESS
Trail development requires large tracts of land. The
planning process is initiated when a large tract of land
becomes available and an individual or group recognizes
the potential for trail development. The planning process is
designed to answer the following questions:
∼
∼
∼
∼
∼

Is the property suitable for trail development?
Does the development fit the community plan for
growth?
Can community support for the project be
obtained?
Is the project feasible?
Is funding available and is the project financially
viable?

FEASIBILITY STUDY

CREATING THE
VISION

VALIDATION PHASE

The planning process shown provides a methodical
progression designed to determine the feasibility of the
project, while obtaining support and approval.

DATA GATHERING
The initial step is to establish the Planning Team and begin
gathering data. The Planning Team should consist of the
leadership required to complete the planning process, trail

FINALIZE THE
PLAN

Planning
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users, persons experienced in the construction and
maintenance of trails, and design professionals. A person
who is a good organizer, a strong leader, and competent
delegater should be assigned as the chairman.
A
secretary should also be selected to document the
activities of the Team. Initial meetings of the Planning
Team should be brainstorming sessions used to identify
required information, such as listed below.

Planning Team Working Meeting

The responsibility for gathering each item of information
should be delegated, with a timeline for completion.
Inventory of existing resources and gathering of
information directly related to the tract of land to be
developed is part of Concept Design and is further
discussed in Chapter 2. Other Information that needs to
be gathered includes:
∼
∼

∼
∼
∼
∼
∼

∼
∼
∼
∼
∼
∼

Local elected officials such as: mayors,
councilmen, supervisors, etc…
Local, state and federal agencies, authorities,
council of government’s and commissions, such as:
planning commissions, codes officers, conservation
districts, recreation authorities, PENNDOT liaison,
DEP Regional Office, etc…
Local regulations, ordinances, and planning
documents.
Utility providers, including sewer, water, electric,
telephone, and cable.
Emergency service providers.
Local business leaders and key members of the
community.
Local clubs and organizations, such as: chambers
of commerce, watershed associations, service
clubs, parks and recreation associations, offhighway vehicle clubs.
Area mapping, such as: topographic maps, road
maps, stream maps, tax parcel maps, and
geographic information maps.
Adjacent property owners.
Demographic information for the local community
and the projected service area.
Economic information relative to the local economy.
Other trails within the projected service area and
beyond.
Cultural, historical and recreational opportunities
within the local community.

There will be an initial surge effort to gather the bulk of the
information required to support the planning process. As
the process unfolds, additional information will be needed.
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The person responsible for gathering each item of
information will also be responsible for summarizing the
information gathered and reporting the key aspects to the
Planning Team as a whole. A single individual should be
given the responsibility of organizing, cataloging and
storing the information once gathered.

ENGAGING THE COMMUNITY
Public participation should substantially involve local
citizens to ensure local issues are identified and addressed
and to gain the support of the local community. Special
attention should be given to affected property owners, key
stakeholders, local business owners, and impacted local
municipalities. The “Public Participation Guide” published
by the Bureau of Recreation and Conservation,
Pennsylvania Department of Conservation and Natural
Resources is an excellent source document for preparing a
public participation strategy. Public participation should
include:
∼
∼
∼
∼

Establishing a Steering or Advisory Committee.
Conducting public meetings.
Conducting surveys.
Interviewing key persons.

Steering or Advisory Committee
A steering or advisory committee should be established to
assist the Planning Team and provide an important link
with the community. The chairman of the Planning Team
will also serve as the chairman of the steering or advisory
committee.
The committee should include a wide
representation of the community, including trail user
groups, adjacent property owners, local businesses,
community leaders, service clubs, cultural and historical
groups, recreational groups, and prominent citizens
interested in the project.
The size of the committee will depend on the size of the
project, but is best to limit participation to 15 persons or
less.
Additional persons may be invited to specific
meetings to address a particular area of concern. For
example, contacts from emergency service providers may
be invited to a meeting discussing matters relating to
dealing with emergencies that may arise through trail
operation and use.

Public Display/Open House

Planning
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Public Meetings

Public Meeting

Although public meetings historically have a low turnout,
they serve an important role in informing the public about
the project. Prior to the initial public announcement, notify
elected officials of the scope and intended schedule for the
project, so that they may become well informed and
responsive to their constituents once public announcement
is made. Participation by the local media is key to
ensuring the information reaches the local citizenry. The
timing of the initial public meeting is crucial. This meeting
serves as the official notice to local citizens and the media
that the project is being considered. Often times the
confidentiality of a potential property purchase may delay
the initial notification to the public. The Planning Team
must ensure that public announcement is made before
rumors and conjecture spread through the community.
Having the public involved early in the planning process
will help identify unforeseen and valid concerns. Knowing
what these issues are provides the opportunity for early
remediation.
Types of public meetings include informational, data
gathering, brainstorming, and work sessions. Regardless
of the type of meeting planned, each meeting should have
a specific agenda, start on time and end on time. All
meetings should be structured so that participants feel they
can make comments and have their thoughts or ideas
impact the project.
Surveys
Developing a survey questionnaire is an option for
gathering input from local citizens. Some people are
reluctant to attend or speak out at public meetings. These
people can sometimes be reached by giving them an
opportunity to complete and return a questionnaire or
simply providing a place for them to mail comments. The
“Public Participation Guide” suggests that this is the only
means for collecting data and opinions representing all
citizens.
Key Person Interviews
Key person interviews can consist of interviewing one
individual or groups of individuals with a common interest
or area of expertise. Key person interviews should be
selected to validate and expand upon information gathered
by the Planning Team, steering or advisory committee, or
obtained through other public participation means.
Potential key persons include:
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∼
∼
∼
∼
∼
∼
∼
∼
∼

Elected officials
Police chiefs
Service club leaders
Chamber of commerce/business leaders
Non-profit administrators
Key recreation personnel
For-profit recreation facility owners
Business leaders such as major employers, bank
presidents, real estate developers, etc…
User group administrators/officials

A list of questions or discussion items should be prepared
ahead of time. Additionally, if you are going to request
detailed information, inform the interviewee as early as
possible so they may gather the information.

UNDERSTANDING THE ISSUES
In addition to gathering information, the result of public
participation to this point should be a collection of the
issues that will affect the successful completion of the trail
project. Each and every issue should be clearly and
concisely stated. Potential threats to implementing the trail
project should be examined.
At this point a common sense evaluation should be made
as to the viability of the project and whether or not to
proceed with the project. Continuing with the feasibility
study represents a more significant investment of time and
money and should not be undertaken without serious
consideration.

FEASIBILITY STUDY
The feasibility study is a detailed and well-researched
evaluation to determine if the concept of the trail project is
physically and financially practical, and will receive
community support and approval. The feasibility report
should be a brief document with reference to background
information. The content of the feasibility study will vary
with different trail projects, but should include the following
elements as a minimum.
Legal Feasibility
Can a free and clear title, without restrictions on
development, be obtained for the property? Identify any

Planning
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restrictions, easements, or rights-of-way that have been
placed on the property or proposed development. The
legal analysis should also explore the legal options for
ownership.
Liability Issues
Liability is a complex issue and should be studied on a
case-by-case basis by competent legal counsel.
In 1966, Pennsylvania enacted the Recreation Use of Land
and Water Act (also known as the Recreation Use Act or
“RUA”), as set forth in P.L. (1965) 1860, No. 586, as
amended, 68 P.S. § 477-1 et seq. The purpose of the
RUA is to encourage owners of land to make land and
water areas available to the public for recreational
purposes by limiting their liability. The Act protects public
and private landowners from liability for simple negligence
for injuries arising out of the free recreational use of lands
and waters. Current information regarding the RUA is
contained in the Pennsylvania Code. See Appendix C for
a link to the Pennsylvania Code.
Liability insurance for users, off-highway recreation vehicle
associations and clubs, lessees, and landowners should
be addressed as part of the overall liability plans for the
project.
Document the Need
The Snowmobile and ATV Advisory Committee has
identified the need for additional miles of off-highway
recreational vehicle trails. This need is being validated by
public surveys. Additional surveys or public participation
should be included to augment this information as
necessary. A reasonable service area for the trail should
be defined. Determine the number of potential users within
the service area and project the type and level of use that
can be expected for the trail system.
Recent surveys include a statewide recreation survey
initiated in 2002 by the Department of Conservation and
Natural Resources and a survey of ATV users initiated in
2003 by the Snowmobile and ATV Advisory Committee.
Additionally, questionnaires and surveys have been used
at the county and local level to prepare recreation, parks,
greenway and open space plans. Information from these
local surveys is available from the Bureau of Recreation
and Conservation, Department of Conservation and
Natural Resources
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The Snowmobile/ATV Registration Section, Department of
Conservation and Natural Resources can provide
information on the number of registered snowmobiles and
ATVs. Currently, motorcycles used strictly off-highway are
not registered.
Concept Design
Concept design includes an inventory of existing
conditions, identification of site opportunities and
constraints, establishing the physical specifications of the
trail and developing the preliminary trail system layout.
During concept design the physical feasibility of
constructing the trail system on the site is investigated.
The type and number of trail users that can be supported is
developed. Concept design is discussed in more detail in
Chapter 2.
Consistency Review
Comprehensive plans, land use maps, defined growth
areas, and current zoning should be reviewed to determine
if the proposed trail project is consistent with local
community planning.
Community Support
The public participation process should be documented.
All issues identified during public participation should be
listed and addressed. Support from local community
leaders, recreational and user groups, businesses, service
organizations, adjacent landowners, and other clubs or
groups should be documented. Opposition from the
community should also be documented.
Community Impact
The community character, history and geographic location
should be described.
Socio-economic trends and
projections from the most recent census data should be
examined. Data of interest includes age distribution,
education, gender, per capita income, and population
projections. Major employers, economic conditions, and
fiscal health of the community should be examined.
The socio-economic impact that the proposed trail may
have on the community should be projected. Off-highway
Vehicles in Pennsylvania, An Economic Impact Study &
OHV User Survey published by Barney T. Raffield August
21, 2001 and Allegheny National Forest Riding Trails, An
Economic Impact Study & OHV User Survey published by

Planning
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Barney T. Raffield August 21, 2001 are excellent source
documents.
Financial Feasibility and Sustainability
The acquisition of property and development of a trail
system requires a significant investment of funds, and
carries a significant annual operating and maintenance
obligation. In assessing the financial feasibility of the
project, liberal estimates for expenses should be used and
conservative estimates for revenues should be used.
Expenses
∼

∼

∼

∼

∼
∼

Acquisition costs for the site
o Acquisition cost (out right purchase, lease,
license, or easement)
o legal fees
o associated costs
Planning and design costs
o consultants
o property survey
o permits
Construction costs
o projected cost per mile
o major facilities, such as bridges and
retaining walls
o phased construction costs as appropriate
o cost of trailheads and play areas
o comfort facilities
o extension of utilities or required
infrastructure improvements
Operation and maintenance costs
o administrative costs
o personnel costs
o insurance costs
o contractual services
o consumable supplies and materials
o maintenance equipment
o scheduled maintenance (10% to 20% per
year of construction cost)
o emergency maintenance contingency
Capital improvement budget for expansion, major
equipment purchases, and repair and replacement
of existing facilities and equipment.
Servicing debt

Revenues
∼
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User fees

∼
∼
∼
∼
∼

o registration
o season passes
o daily admission
o memberships
Equipment rental
Special programs/events
Sales from concessions or vending
Storage rental
Other sources
o grants
o private donations
o endowments
o loans

Based on the projected costs for design, development and
operation, and projected revenues, financial options for
obtaining the initial investment funds required to plan,
design, construct, and initially operate the trail system
should be detailed. Only significant and likely sources
should be included, such as:
∼
∼
∼
∼

Grants
Loans
Private investors
Direct municipal contributions

Tourism Destination
Do the local recreational, cultural and historical resources
present opportunities for establishing the community as an
extended stay destination? Very little tourism benefit is
achieved where trail users travel to and from the trail
system in a single day. The ability of the area to draw
families for an extended stay should be researched.
Considerations include:
∼
∼
∼
∼
∼

Total miles of trail proposed
Other trails in the area
Recreational opportunities for non-trail user family
members
Cultural and historical facilities
Other tourist attractions

Local Resources and Facilities
The ability of local resources and facilities to support the
projected level of use should be analyzed. The availability
of a community’s businesses and services to support
essential needs of trail users will affect continued use of
the trail. Essential services include:

Planning
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∼
∼
∼
∼
∼
∼
∼

Hotels/motels
Camping
Restaurants
Shopping
Dealers/Repair Shops
Service Stations
Emergency Services

Transportation Network
The increased volume of traffic resulting from trail users
can severely strain road networks, particularly in the rural
communities and areas where trail systems are likely to be
located. The likely access routes for the service area
should be identified. The condition and standards of the
local roads should be reviewed to ensure they are suitable
for the increased traffic load and types of vehicles
associated with the trail project. Existing traffic counts for
local roads should be reviewed to identify roads that could
be negatively impacted. The need to conduct a traffic
study will likely be identified as an issue during the
public participation process. The impact of increased
traffic should not be routinely overlooked and should be
considered as part of the feasibility study.

CREATING THE VISION
It is necessary to prepare a written vision statement that
presents a clear visual understanding of the proposed
project. The vision statement should include:
∼
∼
∼
∼
∼
∼
∼

The documented need for the project.
The trail purpose and objectives.
The intended user groups and projected level of
use.
Benefit and economic impact on the community.
Commitment to conservation of resources.
Safety of users and the general public.
The schedule of implementation.

The master site plan developed during concept design
augments the written statement and completes the vision.

VALIDATION PHASE
After you have completed your feasibility study and crafted
the vision, you will want to make a final presentation to
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elected officials and local citizens at a public meeting. You
should keep the presentation brief and to the point; lasting
no longer than 30 minutes. The presentation should
present the vision and highlight key information obtained
during the feasibility study. Key issues identified during
public participation should be addressed. Recognize
individuals who have significantly contributed to the effort.
Make sure Planning Team members and steering or
advisory committee members are on hand to address
specific questions raised by participants.
Also during this phase, the master site plan should be
submitted to review and approving agencies as a “Sketch
Plan” submission for review and comment.

FINALIZE THE PLAN
The plan should be revised to reflect any changes
necessitated during validation. An implementation plan,
with schedule should be prepared. The final planning
document consists of:
∼
∼
∼
∼

Executive Summary
Feasibility Study
Concept Master Plan
Implementation Plan

This planning document serves as the framework for trail
design, construction and management. Additionally, the
planning document will serve as a resource in obtaining
grants, securing financial support, and developing
partnerships.

Planning 11
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CHAPTER 2 – CONCEPT DESIGN
INTRODUCTION
Concept design is part of the trail planning process that
generally occurs during the feasibility study phase. During
concept design, the planning team inventories the existing
conditions, establishes the physical specifications for the
trail, and develops a preliminary trail system layout. The
final products from concept design include a planning
inventory map as shown in Figure 2.4, and a concept
master plan as described on page 20.
MEETING USER EXPECTATIONS
The most important step in trail planning is identifying the
users and their expectations. This can be accomplished in
many ways, but must always include one or more forms of
public participation. Public participation can involve public
meetings, surveys, questionnaires, key person interviews,
and/or focus group interviews. If the final trail design
doesn’t meet user expectations, the designer has failed
just as if he has violated a technical aspect of the design.
Some examples of user expectations include:

∼
∼
∼
∼

Exercise and recreation
Opportunities to view wildlife
A peaceful and quiet experience
Destinations (waterfalls, wetlands, habitat,
scenic overlooks, etc…)

∼ Travel through the landscape without getting
lost

∼ An exciting and challenging ride
∼ Personal safety
∼ Opportunities to practice and improve riding
skills

∼ Signage - interpretive, directional (trail signs
and maps), safety

∼ Accessible trailheads
∼ Sufficient parking
∼ Comfort facilities
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During concept design, the planning team integrates and
balances user needs and expectations with resource
opportunities and constraints.
INVENTORY EXISTING RESOURCES
The rapid growth of technology and the internet gives
planners and designers access to a vast amount of useful
data in electronic and graphic form. Appendix C is a listing
of useful web sites. Many of the products described below
are available through searching the internet.
Mapping

USGS Quadrangle Excerpt
Figure 2.1

Maps can be obtained from a variety of sources. The most
common and readily available mapping is the 7-1/2 minute
quadrangles produced by the United States Geographical
Survey (USGS). These maps (1-inch = 2,000-feet) are
available for purchase from USGS and commercial stores,
or may be downloaded electronically from the
Pennsylvania Spatial Data Access (PASDA). PASDA is
Pennsylvania’s
official
geospatial
information
clearinghouse. Several other commercial sources provide
these maps electronically. Figure 2.1 shows an excerpt
from a USGS map. Special mapping may be available for
a specific site, such as topographic or aerial maps. Local
planning commissions, county planning commissions,
county conservation districts and DEP regional offices are
good resources to identify the existence of special
mapping for a particular site. Surveying and engineering
consulting firms may have existing special maps or can
produce maps on request.
Ortho Photography

Ortho Photograph
Figure 2.2
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Ortho photography is geographically and geometrically
corrected aerial photography. It is frequently used as a
base layer to GIS data layers. It is available in digital form
for use with GIS software or CADD software. Ortho photos
are particularly useful in identifying the location of features
and destinations. Other data information layers can be
overlaid on ortho photos using GIS or CADD. Using
additional layers, ortho photos are very useful in
preliminary trail layout.
Digital ortho photography is
available from county GIS departments and commercial
suppliers. Digital Ortho Quarter Quadrangles (DOQQs)
are available for download from PASDA. A DOQQ covers
one fourth of the area in a USGS 7-1/2 minute
Quadrangle. Figure 2.2 is an example of the quality of
ortho photography available from PASDA.

Photographs
Historically sequenced aerial photographs are extremely
useful to the trail planner. These photographs are used to
see how land use has changed over time. The planner
identifies potential problem sites or areas of potential
interest to the user, such as historical sites. Aerial
photographs covering the past 50 years or more can be
viewed at county conservation districts or obtained from
commercial sources.
Geographic Information Systems (GIS)
In simple terms, GIS is a marriage between graphic
images and databases of information. It provides a
capability to analyze data and display the results as simple
spatially oriented visual images. Data sets are displayed
as transparent graphic representations, with a link to all of
the data in that particular set. For example, a data set for
property may graphically portray the property boundary

GIS Excerpt
Figure 2.3
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lines with a link to a database that contains: tax parcel
number, landowner name, address, acreage, assessed
value, etc. Several data sets can be overlaid onto a base
layer to create a map of features, interests, or common
data sets for analysis. GIS data is increasingly available
through county GIS departments. PASDA also has a
significant amount of GIS data available for download.
Data sets of interest to trail planners and designers
include: streets and roads, trails, property boundaries,
contour lines, streams and lakes, wetlands, floodplains,
soils, geology, natural and cultural resources, and sensitive
areas.
All information displayed is spatially located,
usually on the State Plane Coordinate System, and to
scale. To the trail planner and designer, this means that
distances can be quickly measured and areas can be
quickly calculated. Points can also be related to longitude
and latitude for use with Global Positioning Systems
(GPS).
Reconnaissance Inventory

Existing
Unimproved
Road

Abandoned
Strip Mine
State
Route
(not Open
To Atv's)

Great View
Of Valley

Existing
Unimproved
Road
Paved
Township
Road

Field
Identified
Wetland
Area

Abandoned
Strip Mine

After studying available information from maps, GIS and
photographs, it will be necessary to make onsite visits to
gather additional information. Using prepared forms and/or
checklists for different features ensures all pertinent data is
collected. Separate forms and checklists can be created
for roads and trails, streams, potential trailhead sites and
environmentally sensitive areas. Take a sufficient number
of photographs to provide a visual image for features back
in the office. Digital photos can be linked to a GIS system
or printed as insets on maps. Thoroughly investigate any
potential problem areas or opportunities during this field
reconnaissance.
Planning Inventory Map
The final product from the inventory of resources is a map
or maps that show the existing conditions, points of
interest, constraints or restrictions, and other information of
use in selecting potential trail alignments. Figure 2.4 is an
example of a Planning Inventory Map.
TRAIL PURPOSE, AIMS AND OBJECTIVES

Planning Inventory Map
Figure 2.4
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As part of the planning process, the planning team
identifies the overall purpose of the trail system and
establishes objectives for trailheads and each trail section.
By using a standard objective based process, the planning
team establishes the framework to ensure a marriage
between resources and user needs and expectations.

Trail Management Objective
Using standard Trail Management Objective sheets
provides a consistent means to record the planner and
designer’s intent. The Trail Management Objective sheets
serve as a roadmap for the designer and are refined during
the design and construction process. The standard sheets
are completed as part of the Concept Master Plan. The
completed Objective Sheets are maintained on file and
used as a guide for trail maintenance and renovation.
Figure 2.5 shows an example. A Trail Management Object
sheet is contained in Appendix B. Some of the objectives
that need to be identified include:

∼
∼
∼
∼
∼
∼
∼

Who are the users?
What is the level of difficulty?
What is the expected level of use?
Trail specifications.
Sensitive areas.
Destinations and features.
Who will maintain the trail and associated
facilities?

Trail Management Objective Sheet
Figure 2.5

∼ Maintenance frequency.
∼ Operation and patrolling.
Level of Difficulty
There is a definite need to establish trail difficulty
identification and rating system. This is an important
concept to both the planner and the future users. By
establishing a standard for level of difficulty, the planner
can determine the quantity of trails and trail specifications
needed to meet the user’s expectations. Likewise, trail
users can identify those trails or sections of a trail system
that they want to ride on a particular outing. The system
suggested by Wernex in his first book “Off-Highway
Motorcycle and ATV Guidelines for Design, Construction
and User Satisfaction” and expanded in his second edition
(Joe Wernex, 1994), appears to be the most widely used.
This system can serve as the starting point for creating the
standard in Pennsylvania. Trails are rated as easiest,
more difficult, and most difficult.

EASIEST

Easiest - This classification is used to identify the easiest
trails that are suitable for beginning riders and those who
don’t have the skill or desire to ride more challenging trails.
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These trails have a low level of risk for the user and
consequently offer less variety than those of greater
difficulty.
More Difficult - Trails in this rating category are designed to
meet the user expectations of the majority of trail users.
They require skills beyond that of a novice and at times will
challenge the average rider.
MORE DIFFICULT

Most Difficult - These trails are designed for riders with
advanced skill, who are seeking a higher risk level.
Level of difficulty is further discussed in Chapter 2 - Trail
Design. Tables of trail design parameters for the levels of
difficulty are provided for ATVs, motorcycles, and
snowmobiles in Tables 3.2 through 3.3.
Level of Use

MOST DIFFICULT

Level of use is expressed as the number of users per mile
of trail at any given time. Different sections of a trail
system may have different levels of use. This planned
level of use is an important factor in determining, the length
and type of trails, as well as the size and number of
trailheads. The level of use for a particular trail system is a
tradeoff between the overall need for trails, the number of
users an area can support, and the experience the user
has in a section of trail or trail system. The planner must
consider the location and accessibility of the trail system to
determine how many users a system may attract. He also
must consider whether or not there are sufficient local
resources to support a desirable number of users. With
adequate analysis and planning, a maximum daily traffic
projection can be made. From a target maximum number
of daily users, planners and designers can develop the trail
layout, play areas, and trailheads for the overall trail
system.
Area Constraints
Once the planner identifies the area available to develop
the trail system and takes an inventory of the resources, he
must consider those items that will limit or have an impact
on how and where trails are located. Environmental
factors such as hazards (cliffs, mining sites or quarry
sites), public roads, restricted areas, public lands restricted
to off-highway vehicles, designated natural areas, special
protection waters, wetlands, and habitats supporting
threatened or endangered species. The extent of these
constraints are identified and displayed visually, such as in
a constraints map or overlay. By considering these
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constraints and viable alternatives early in the process,
they can be avoided during the initial trail alignment
planning.
Land Ownership and Land Use. Respect the rights of
private landowners under all circumstances. Property lines
can be shown on maps by reviewing local tax maps or
plotting deeds. To reduce conflict, establish appropriate
buffers for adjacent property. Buffers can be a physical
separation (such as topography or distance), a screening
separation (such as trees or other vegetation), or a
combination of both. In instances where trails or facilities
are in proximity to property lines, a survey by a
professional licensed surveyor may be necessary.
Current Land Use - Planners should identify the current
and projected use of all adjacent land. This information will
be needed to identify required buffers and screening. For
example, use sound management features and visual
screening where there are adjacent residences.

HmD

CgB

CpB

CnB
GpB

TaB

CpD HoF
CbC
CbC
CpD

CpD

Soils Overlay
Figure 2.7
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HmD

CgB

CbD

Soil Types - Soil types have a major impact on the cost of
constructing and maintaining a trail. The ideal situation is
to have in-place soils that have adequate strength to resist
erosion and displacement from projected user traffic and
can also provide a satisfactory tread surface. Soils maps,
with characteristics and properties for each soil
classification, are available from the county conservation
districts. Planners can identify mapped soils that have
significantly limiting factors for trail construction. These

Land Use Planning
Figure 2.6

ChB

Comprehensive Master Plans and Zoning - Most
municipalities have comprehensive master plans that
provide the framework or road map for how land is to be
developed or conserved for their municipality. The right of
local municipalities to control land use within their
communities is contained in the Pennsylvania
Municipalities Planning Code, Figure 2.6. Very early in the
process, the planner must ensure that the proposed trail
system fits the municipality’s plans and complies with
zoning regulations. Zoning ordinances identify uses that
are permitted within a specific area and any provisions that
may apply for that specific use. Some uses are permitted
as a conditional use, meaning that the municipal officials
may impose conditions that ensure the health, safety and
welfare of the citizens. In other instances, landowners can
request that a “special exception” be given to permit the
planned use in an area where it is not currently permitted.
Early and continuous communication with the local
municipal officials will ensure that this aspect of the
planning process goes smoothly.

soil types can be shown and avoided where possible.
Figure 2.7 is a typical overlay showing existing soil types.
Potential borrow areas of suitable soil material should also
be identified.
Streams - Streams provide interesting destinations and
views for users, but pose challenges for planners and
designers. All streams need to be located and classified.
They can be shown in an overlay as in Figure 2.8. A 100’
minimum vegetated buffer should be established between
the trail and stream. Potential stream crossing locations
are also identified.

Stream Overlay
Figure 2.8

Steep Topography - Traversing slopes that exceed 40%
(2.5:1) sideslope can be difficult and expensive to
construct. Areas with steep slopes should be identified, so
that planners can avoid them where practical. Using an
overlay, such as Figure 2.9, helps planners identify
preferred trail alignment.
Environmentally Sensitive Areas - All environmentally
sensitive areas need to be identified as areas to avoid. A
100’ minimum vegetated buffer should be established for
all sensitive areas. Sensitive areas include wetlands,
protected plant species, important animal habitats, wet
areas, etc. A search of the Pennsylvania Natural diversity
Inventory (PNDI) is required. The County Conservation
District or Regional DEP Office can conduct a search of
the PNDI to identify potential conflicts. Other sources of
information include County Planning Agencies, PA Game
Commission, PA Boat Commission, and the U.S. Fish and
Wildlife Service.

Steep Topography Overlay
Figure 2.9

Give riders trails they
want to stay on, not
ones they have to
stay on.

Cultural and Historical Areas - The planner should identify
any historic landmarks that need to be avoided or the may
become destinations. Any known cultural resources that
need to be preserved must be designated as areas to
avoid. Areas where there is a high potential to discover
historical artifacts during construction, should be avoided
as well.
The Pennsylvania Historical and Museum
Commission (PHMC) can assist in identifying these cultural
and historical areas. Other sources of information include
county planning agencies and local historical societies. A
review by PHMC is required for any construction on land of
the Commonwealth.
Concept Master Plan
After completing the planning inventory map and the trail
management objective sheets, the planning team will
locate a preliminary trail(s) alignment, along with
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trailhead(s) and play area(s). This preliminary layout forms
the basis for preliminary cost analysis for the feasibility
study. The planning inventory map, trail management
objective sheets, and preliminary system layout are the key
items making up the concept master plan. The concept
master plan becomes the starting point for detailed design
as explained in the next chapter.

LEGEND

LEGEND
TRAILHEAD

TRAILHEAD

PLAY AREA

P LAY
AREA
VISTA
V ISTA
TRAIL
TRAIL

Abandoned
Strip Mine

*

*

Existing
Unimproved
Road

Existing
Unimproved
Road

*

State
Route
(not Open
To Atv's)

*

Paved
Township
Road

*

Field
Identified
Wetland
Area

Great View
Of Valley

Abandoned
Strip Mine

Concept Master Plan
Figure 2.10
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TYPES OF TRAILS AND FACILITIES
Trail System Layouts

Linear Trail Layout
Figure 2.11

Linear Trail Layout (Point-to-Point) - The simplest trail
layout has a point of origin and a destination. It connects
two points or links two trails and is used when there are
points of interest or destinations along a single narrow
corridor. Additionally, this layout may be used to connect
other trail systems where the terrain or land ownership
restricts the trail to a single narrow corridor. This system
may consist of several point-to-point trails that intersect.
There may be multiple trailheads, as well. The major
disadvantage to this layout is that the rider must return to
his point of origin over trail he has already ridden, or
vehicles must be shuttled between trailheads. The linear
trail layout is best used for long snowmobile trails or as a
connecting system for other trail systems.

Single Loop System - A single loop system is used most
often for a single, long distance all day ride. Although it
may also be used for a shorter duration ride around large
features, such as: a topographic feature, lake, reservoir, or
wetland. Trails of this system type are easy to develop
and administer. There may be multiple trailheads along
the loop. The trail must have a single level of difficulty over
its entire length, which is usually “more difficult.” This
system may permit one-way or two-way traffic. The major
disadvantage of a single loop system is that the rider’s
choices are limited.
Single Loop System
Figure 2.12

Stacked Loop System
Figure 2.13
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Stacked Loop System – With this type of system the
designer can develop multiple levels of difficulty, with each
stacked loop becoming more difficult. The initial loop may
be “easiest”, followed by a “more difficult” loop, with the
final loop being “most difficult.” This system generally has
only one trailhead. A stacked loop system can also be
used to provide the user with a choice of the length and
duration of the ride.
Each loop offers a different
experience and provides the rider with a more fulfilling and
varied outing. This system type can provide a party of
riders with varying skill levels to enjoy an outing together.
All riders could ride the initial loops as a group, with the
advanced skill riders following the “most difficult” final loop.
The majority (average skill riders) would follow the “more
difficult” loop and meet the advanced skill riders as the
loops rejoin. This system may permit one-way or two-way
traffic.

Multiple Loop System - The multiple loop system has a
single trailhead, with several loops radiating out from this
point of origin. Each loop may be of a differing level of
difficulty, provide a different experience, or provide access
to a destination. This system provides the designer with
the capability to meet user expectations for a variety of
users. This system may permit one-way or two-way traffic.
Spoked Wheel System - This system consists of an outer
loop that is connected by linear trails to a center trailhead,
destination, or center loop. Multiple trailheads along the
outer loop may also be used. A spoked wheel system can
provide differing levels of difficulty for the spokes. The
spokes can also be used to provide different experiences.
This system may permit one-way or two-way traffic.

Multiple Loop System
Figure 2.14

Primary and Secondary Loop System - This system has a
primary loop, with multiple secondary loops.
The
secondary loops may offer a different level of difficulty,
provide a different experience, or provide access to a
destination. This system provides the designer with the
most flexibility to meet user expectations for a variety of
users. This type of system is ideal for multiple-use trails.
Trailheads may be located around the primary loop. This
system may permit one-way or two-way traffic.

Maze System. The maze layout is a system of loops and
linear trails that provide many alternative routes. A maze
system can provide a variety of experiences, but is usually
of a single level of difficulty. This system can be used for
orienteering events, where participants are required to visit
checkpoints in a particular sequence. Users can become
disoriented or temporarily lost in this system. A maze trail
system should be well mapped and well marked. It is not
suitable for multiple-use trails. This system should provide
for two-way traffic.
Multiple-Use Trails

Spoked Wheel System
Figure 2.15

Primary and Secondary Loop
System
Figure 2.16

The potential for creating multiple-use trails is limited only
to the imagination of the planner and designer. There are
limited resource opportunities for a growing number of
users for all motorized and non-motorized use. The
designer must have a good understanding of all users’
expectations, safety practices and standards for each use,
and factors that reduce user conflicts.

Motorized Multiple-use Trails. Trails can be planned to
accommodate different categories of motorized vehicles.
The designer must consider the expectations of each
group of users and design the trail to accommodate the

Maze System
Figure 2.17
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most restrictive vehicle. For a multiple-use trail designed
for motorcycles, ATVs and snowmobiles, the snowmobile
becomes the design vehicle because of the larger turning
radius and need for a more even treadway. It is also
important to understand that the level of difficulty will be
different for different user types on the same trail. A “most
difficult” snowmobile trail may become only “more difficult”
for the ATV user.

Multiple-Use Trail

A multiple-use trail that can be used seasonably by ATVs
and snowmobiles is of prime consideration and is the
center of most discussions. Using a combination of loop
systems with linear trail connectors will provide an effective
multiple-use trail for ATVs and snowmobiles. In this
manner, the main loops and linear trail connectors are
designed for snowmobile use in the winter and ATV use in
the spring, summer, and fall. The secondary loops provide
higher levels of difficulty and different experiences for ATV
users. With this complex trail system layout, multiple
smaller trailheads for ATVs can be developed throughout
the main loop and linear trail connectors. For snowmobile
use, these trailheads are closed and the access roads can
become part of the snowmobile trail system. A spoked
wheel System can also be used for a smaller multiple-use
trail.
Off-highway motorcycles can negotiate trails designed for
ATVs. However the level of difficulty for the motorcycle
user will be less. To add variety to level of difficulty,
secondary loops for the motorcycle user can be added.
Any of the multiple loop trail systems can be used for ATVs
and off-highway motorcycles. A maze system should be
avoided for all multiple-use trails because of the number of
potential conflicts from numerous crossings and
intersections.
Motorized and Non-motorized Multiple-use Trails.
Pedestrian, equestrian and motorized traffic are generally
not compatible.
However, trailheads and facilities,
corridors and destinations can all be shared. In sharing
corridors, the treadway for motorized and non-motorized
users should be separated by distance, vegetation,
elevation, or other physical features. Treadway may be
shared for short sections and at choke points, such as:
bridges, tunnels and restrictive topography. Trails can be
designated as seasonal multiple-use trails. For example,
an ATV trail could be designated for cross country skiing in
the winter months.
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Length and Number of Trails
The length and number of trails depends on the number of
users, user type, and the variety of experiences and level
of difficulty. In any case, the quantity of trails should
provide an all-day ride as a minimum, without requiring the
user to ride over the same trail. For ATVs, this could be as
little as 10 miles of trails with destinations and play areas.
For snowmobiles, with an average speed of 15 to 40 miles
per hour, this could be several hundred miles. Each trail
system should provide a variety of experiences and
accommodate all levels of difficulty. A good mix for level of
difficulty would be 25% “easiest,” 50% “more difficult” and
25% “most difficult.”
Play Areas
Every trail system should have at least one play area. A
play area should be located reasonably close to a
trailhead, with access on an “easiest” level of difficulty trail.
In this way, all level of users can get to the play area and
practice skills. In addition to providing space where the
user can have less restrictive fun, areas representative of
all levels of difficulty should be present and identified, so
users of less experience can practice advanced skills and
become comfortable in riding trails of a higher level of
difficulty. Figure 2.18 is a free form play area for ATVs and
motorcycles. Other play areas can be situated throughout
the trail system.

Play Area
Figure 2.18

Trailheads
The number and location of trailheads is dependent on the
layout of the trail system and the design number of users
per trail mile. The size of trailheads can be used to control
the density of users on a section of a trail system. But
caution must be used to ensure that adequate facilities are

Concept Design 25

provided and that users are not forced to park in unsafe
areas or encroach on sensitive or restricted land.
THE PERMITTING PROCESS
The permitting process described in this manual is based
on the requirements set forth by the appropriate governing
agencies at the time of publication of this manual. Before
the design or construction of any new trail is undertaken,
the appropriate state and local agencies should be
contacted to ensure that all required permits are
considered and permit applications and requirements are
up-to-date.
Current Laws
New laws and regulations are enacted every day. A
thorough search of applicable regulations during planning
is necessary to ensure proper consideration and
compliance. Identify any regulations that are under review
or may be revised during your planning process.
Establish initial contact with regulatory agencies and
maintain this communication throughout planning and
design.
Cursory Wetland Review
The commonwealth of Pennsylvania, in 25 PA Code
Chapter 105, describes wetlands as:
“Those areas that are inundated or saturated by surface or
groundwater at a frequency and duration sufficient to
support, and that under normal circumstances do support,
a prevalence of vegetation typically adapted for life in
saturated soil conditions…”
This definition describes what is commonly known as
marshes, bogs, swamps, wet meadows, and shallow
ponds, which are all very important to the Pennsylvania
ecosystem. Wetlands help control flooding and assist in
purifying water supplies.
Wetlands are typically identified by the presence of hydric
soils, by plants that are commonly found in wetland areas,
and by the presence of standing water during the growing
season. A majority of Pennsylvania’s wetlands are found
inland and are not subject to tidal influence; however some
regions of Pennsylvania, including areas around Erie and
Philadelphia, do support areas of coastal wetlands.
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Current legislation restricts the disturbance of wetland
areas. During the planning process for any new trails or
trail facilities, a wetland scientist needs to investigate the
presence of wetlands if it is discovered that the site
contains hydric soils, or if the area is in or near an area
identified on a National Wetland Inventory (NWI) map.
NWI maps are available at county conservation districts
and can also be obtained at the PASDA web site. Contact
the appropriate regional DEP office for assistance if there
is any doubt about the site. Appendix D lists the regional
DEP offices and the counties that fall under their
jurisdiction.
Pennsylvania Natural Diversity Inventory (PNDI)
Since 1988, Pennsylvania’s Department of Conservation
and Natural Resources (DCNR) has been studying areas
throughout the state that are home to endangered and/or
rare species of plants and/or animals. The identified areas
are then entered into a database, referred to as the
Pennsylvania Natural Diversity Inventory (PNDI). When
required to do so, an applicant submits a PNDI search
application, with project description and location, to the
local county conservation district.
The Conservation
District compares the proposed project location to the
PNDI database and identifies any conflicts that might occur
between the project and the natural features, plants, and
species of the area. The results are provided in a report,
with instructions in any instance where a potential conflict
exists. The applicant must resolve any conflicts with the
appropriate agency. The project may be changed or the
conflict mitigated.
A PNDI database search needs to be performed when it is
required for another permit, such as a National Pollutant
Discharge Elimination System (NPDES) permit or a Minor
Road Crossing Permit. A search will be required for all
new trail projects.
Many counties have completed County Natural Areas
Inventory (CNAI) studies that also identify rare, threatened
or endangered species of plants and animals and other
critical natural areas of the county. Contact the county
planning office to see if a CNAI is available to check
against the proposed project for identification of possible
conflicts that will need to be avoided or remediated during
the planning of the trail.
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Pennsylvania Historical and Museum Commission
(PHMC)
The Pennsylvania Historical and Museum Commission
(PHMC) was created in 1945, consolidating the functions
of the Pennsylvania Historical Commission, The State
Museum and the State Archives. It was established to
preserve Pennsylvania’s history through the preservation
of historic landmarks and stored archives.
When a construction project is planned that will disturb a
historic structure or area, it is necessary to contact the
PHMC to determine if the structure or area is of significant
historical value. When it is found that a site is historically
significant, the PHMC may require additional research,
possibly including archeological surveys of the area.
A cultural resource notice must be submitted to PHMC for
certain permit applications, such as a Water Obstruction
and Encroachment permit, or when construction will
directly impact historic structures, such as building
modifications or demolitions. Requirements for notification
are contained in the instructions for the permit applications.
A review by PHMC is required for any construction on land
of the Commonwealth. PHMC can also provide assistance
at the request of the planner or designer. When planning a
trail, it is prudent to contact PHMC during preliminary
design, allowing them to locate any nearby cultural or
historical landmarks, eliminating the need to re-design the
project if a landmark is found at a later date.
Labor and Industry
A review by Labor and Industry is required for any facilities
open to the public.
DEP Permits
Pennsylvania’s Department of Environment Protection
(DEP) is responsible for establishing and enforcing a wide
variety of rules, with the ultimate goal of protecting the
environment and the lives of Pennsylvania’s citizens. To
do so, DEP requires permits to be obtained for many
construction activities that have the potential to negatively
affect the environment and/or its citizens. Some of the
permits that DEP may require when designing a trail or
trail facilities include:

∼ Water Obstruction & Encroachment Permit –
issued to persons planning to construct,
operate, maintain, enlarge or abandon a water
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obstruction or encroachment (such as a bridge
or channel change) in a watercourse, its 100year floodway or any lake, pond, reservoir,
swamp, marsh or wetland.

∼ Submerged Lands License Agreement – issued
for projects occupying submerged lands of the
Commonwealth (navigable lakes, rivers and
streams declared public highways).

∼ Dam Safety Permit – required by anyone
planning to construct, operate,
modify, enlarge or abandon a dam.

maintain,

∼ Earth Disturbance Permit – issued to any
person or municipality planning to engage in
earthmoving activity which will disturb 25 or
more acres of land and which does not require
an NPDES Construction Permit.

∼ NPDES Permit for Storm Water Discharges
Associated with Construction Activities –
anyone proposing to discharge storm water
from construction activities disturbing one acre
or more of land must apply for and receive an
NPDES construction permit.
The permits listed above are only a sampling of the
number of permits that DEP could require. Rather than
trying to list all of the permits in this manual, the following
list of questions, taken from DEP’s 2001 Guide to DEP
Permits, may be helpful in determining if a permit is
needed:
1. If yes to any of the following questions, contact
the local county conservation district or DEP
regional soils waterways section:
a. Will the project involve construction activity
that disturbs one or more acres of land?
b. Is a stormwater collection and discharge
system proposed for the project?
c. Will any work associated with this project
take place within 50 feet of a stream,
waterway, or wetland, or is located in a
FEMA delineated floodway?
d. Does the project involve dredging or
construction of any structure or placement
of fill that encroaches on a stream,
floodplain, or wetland?
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2. If yes to the following question, contact the DEP
regional water quality permitting section:
a. Will the project involve construction of
sewage treatment facilities, sanitary sewers,
or sewage pumping stations?
3. If yes to any of the following questions, contact
the DEP regional water quality permitting
section:
a. Will land be subdivided for this project?
b. Will the proposed project generate sewage?
c. Was sewage planning submitted and
approved?
4. If yes to any of the following questions, contact
the DEP central dam safety division:
a. Does the project involve the construction of
a dam?
b. Will the project interfere with the flow from,
or otherwise impact, a dam?
5. If yes to any of the following questions, contact
the DEP regional water supply program and
community health office:
a. Is an on-site drinking water supply (well),
other than an individual house well,
proposed for the project?
b. Will the project involve purchasing your
water in bulk, excluding during the
construction period?
c. Will the project be served by a public water
supply?
d. Will this project involve a new or increased
drinking water withdrawal from a stream or
other water body?
6. If the project involves any of the following items,
contact the DEP division of storage tanks:
a. A field constructed underground storage
tank?
b. An aboveground storage tank with greater
than 21,000 gallons capacity?
c. A tank greater than 1,100 gallons, which will
contain a highly hazardous substance?
d. A storage tank at a new facility?
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7. Will the project involve operations, excluding
during the construction period, that produce air
emissions (e.g., NOX, VOC)? If so, contact the
DEP regional air quality program or county
health department.
8. Will the construction or operation of this project
involve treatment, storage, reuse, or disposal of
waste? If so, contact the DEP regional waste
management program.
9. Will the project involve operations within 200
feet of an oil or gas well? If yes, contact the
DEP regional oil and gas program.
Sewage Facilities
If restroom or other sanitary facilities are included in the
design of a new trail, then there are a few things to
consider regarding permitting. If the facilities are to be
connected to a public sewerage system, sewage planning
modules must be completed or a waiver of sewage
planning modules obtained. If the facilities are remotely
located, and will be self-sufficient, then either a holding
tank permit is needed for a holding tank structure, or
sewage planning modules need to be completed for a
septic tank, sand mound structure, or other approved
systems. When considering the type of sanitary facilities to
install, it is best to first contact the sewage enforcement
officer (SEO) responsible for the municipality in which the
facility will be located. If there is no SEO for the area, then
contact the local county or regional office of DEP for
guidance.
Erosion & Sediment Control
Any time that soil will be disturbed, the person conducting
the disturbance must provide effective and practical
erosion and sediment control measures by using best
management practices (BMP’s) to minimize the potential
for accelerated erosion and sedimentation of receiving
watersheds. On small projects, such as maintenance or
minor modifications, it is only necessary for the contractor
to install and maintain proper BMP’s that, if inspected,
would meet the Department of Environmental Protection
(DEP) standards set forth in Chapter 102 of the
Pennsylvania Code. On most trail projects, however, it will
be necessary to prepare a written Erosion and Sediment
Control plan. A written E&S plan is required when:
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1. The activity involves 5,000 square feet or more of
earth disturbance over the life of the project
2. A written E&S plan is required for another DEP
permit, such as an NPDES permit
3. The activity is located within an Exceptional Value
(EV) or High Quality (HQ) watershed
Written E&S plans must be prepared by an individual
experienced in preparing erosion and sediment control
plans. The local county conservation district will review
and approve E&S plans. Consult the local conservation
district if you are unsure whether or not a written E&S plan
is required. A listing of county conservation districts and
their responsibilities is available at the Pennsylvania
Association of Conservation Districts (PACD) web site
(See Appendix C.).
Local Permits
All of Pennsylvania’s 67-counties have established
planning commissions to oversee the development of land
in each individual county. In addition, more and more
townships are creating planning commissions in order to
better regulate development in the township. The role of a
planning commission is to ensure that the development
that occurs in a certain area is consistent with a
comprehensive plan, or some other measure for the types
of development allowed in certain areas and the types of
development that should not be allowed.
To regulate development, planning commissions will
require developers to obtain approval for land development
plans. These plans must show all aspects of a project,
including but not limited to: proposed building locations,
road/trail alignments, and stormwater management
facilities. Additionally, municipal authorities usually require
evidence that all required permits have been obtained.
When designing an ATV, snowmobile, or motorcycle trail
or facility, it will most likely be necessary to prepare,
submit, and obtain approval for a land development plan.
The best way to determine if any such plan is necessary is
to contact the county planning commission and inquire
about any plan requirements. They may refer you to a
more local Township Planning Commission if one exists.
In addition to land development approval, it may
sometimes be necessary to obtain a zoning waiver or
special exception. All the land in the state has a zoning
classification that determines what that land can and
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cannot be used for. If the zoning classification does not
include ATV or snowmobile trails as a permitted use, then
the developer may have to apply for a zoning waiver or
special exception in order to build a trail on the property.
This process is similar to that of land development; only an
approval is granted by a zoning board rather than a
planning commission.
PENNDOT Highway Occupancy Permit
Section 7722 {3.7.2.2(a)} of the Pennsylvania Vehicle
Code states that:
“A State highway shall not be designated as an ATV road
nor shall ATV’s be authorized to operate along any
highway under the jurisdiction of the Department,”
This essentially means that ATV’s may not be used on or
near a State highway at any time. It goes on to say that
the use of snowmobiles on designated roads shall be
based on a case-by-case determination made by the
individual PENNDOT District offices where the roads are
located. If the planning of a trail approaches a state route,
small or large, it is important to contact the local
PENNDOT District office and discuss any conflicts the trail
may have with the highway. Conflicts are not limited to
crossing or riding on the roads themselves, which is clearly
prohibited for ATV’s and limited for snowmobiles. If the
trail, trailhead or any other proposed trail feature will
impact the state route in any manner, including changing
the drainage patterns in the area, then the Department of
Transportation will want to be involved in any planning for
the immediate area.
Trailhead access through PENNDOT right-of-way or
location of extended utilities, such as sewer, water, and
electric, will require a Highway Occupancy Permit.
Instructions and application forms are available from the
regional PENNDOT office. The designer needs to identify
this requirement early in the process, so there is sufficient
time to coordinate with the PENNDOT District Permit
Section and obtain the permit. Appendix D is lists
PENNDOT District offices and counties under their
jurisdiction.
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CHAPTER 3 –TRAIL DESIGN
INTRODUCTION
Designing motorized trails is as much an art as it is a
science. Using the principles of highway design will not
get one very far in trail design and will always produce less
than satisfactory results. You need to understand the
potential user’s needs and expectations. The following
functional comparisons may help to explain that point.

ROADS & RAILROAD
GRADES PROVIDE FOR:

MOTORIZED TRAILS
PROVIDE FOR:

Efficient Transportation

Recreation

Point A to Point B Purpose

The Trip is the Purpose

High Speeds

Low Speeds

Long Site Distances

Short Site Distances

Straight Alignment;
Minimum Curves

Curvilinear Alignment

Flat Vertical Alignments

Varied Vertical Alignments

High Mileage

Low Mileage

Safety

Rider Safety, Excitement
& Reasonable
Challenge

The primary challenge of trail designers is to protect and
conserve natural resources while meeting users’
expectations. The principles of good trail design include:

∼ Lay lightly on the land.
∼ Use contours to advantage.
∼ Always try to be on a side slope in order to
facilitate positive drainage across and away
from the trail.

∼ Do not put trails on ridge tops or follow the fall
line, as they are easily eroded. Fall lines follow
the flow of water down a hillside.
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∼ Be careful on saddles, because those tend to
be wet areas.

∼ Avoid flat, poorly drained areas.
∼ Avoid meadows and open areas – trail
alignments should skirt the perimeter.

∼ Vary trail alignments.
∼ Use existing roads sparingly (preferred for
snowmobiles; but avoid for ATVs).

∼ Use alignment to avoid concentrating large
volumes of water and to control rider speed.

∼ Avoid disturbing the roots of mature trees by
staying beyond the drip line.

∼ Avoid sensitive resources such as wetlands,
habitats, streams, etc.

∼ Avoid long tangents adjacent to features; blend
the trail with the feature.

∼ Provide play areas to practice skills.
NINE BASIC STEPS OF DESIGN
The following 9-basic steps of design should be completed
for each and every trail project in the order they are
described. Following these steps will help insure the
objectives of the trail are met and the best solutions have
been developed from the various alternatives that normally
exist.
1 - Develop Planning Inventory Map
The planning inventory map should be completed during
the planning phase. The designer should review the map
and identify anything that may have changed since the
planning phase completion. This map or maps will show
the existing roads and trails, environmental and man-made
constraints, features to avoid, points of interest,
topography, and property boundaries. (See Figure 3.1)
2- Develop Trail Management Objective Sheet(s)
The trail management objective sheet is also developed
during the planning phase. This sheet provides the
designer with the information he needs to develop the
preliminary alignments and prepare the specifications for
each segment of trail. This information includes the basic
trail system layout, type of user, level of use, level of
difficulty, desired length of trail, and other items pertaining
to needs of the users.
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Abandoned
Strip Mine
Existing
Unimproved
Road
State
Route
(not Open
To Atv's)

Existing
Unimproved
Road

Paved
Township
Road

Field
Identified
Wetland
Area

Great View
Of Valley

Abandoned
Strip Mine

Planning Inventory Map
Figure 3.1

3 - Identify Trail Corridors
The designer will identify potential control points the trail
will pass through, destinations, general play area locations,
and general trailhead locations using the planning
inventory map as a base. Broad corridors connecting
these locations provide the area for the preliminary trail
alignments. These corridors are areas where the trail
could be placed. The widths of these corridors could vary
greatly. (See Figure 3.2)
4 - Develop Preliminary Trail Alignments
The designer will next identify the level of difficulty for each
trail segment, which will provide the maximum grade for
that segment and establish the general guidelines for the
horizontal alignment. The designer will then locate the
preliminary horizontal alignment through each trail corridor.
(See Figure 3.3)
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PLAY AREA
PLAY AREA

LIMIT OF ATV
TRAIL CORRIDOR

PLAY AREA
GOOD TRAIL
ACCESS POINT

PLAY AREA
TRAIL VISTA

TRAIL VISTA

ATV TRAIL LIMIT

Trail Corridors
Figure 3.2

5 - Flag and Recon Preliminary Alignments
The preliminary alignment is flagged on the ground. The
designer conducts a reconnaissance of that alignment and
makes adjustments to avoid obstacles and previously
unidentified constraints. The alignment is also adjusted to
take advantage of interesting visual features, such as rock
outcrops, waterfalls, habitats, and scenic views. This new
alignment is shown on the map overlay.
6 - Revise and Develop Additional Trail Management
Objective Sheet(s)
Trail management objective sheets are revised as
necessary based on the reconnaissance of the preliminary
alignment. Additional trail management objective sheets
are developed for each major section of the trail system.
7 - Adjust and Flag New Alignment
Final adjustments are made on the plans. Adjust any flags
to show the final alignment on the ground. At this time, the
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LEGEND
LEGEND
TRAILHEAD
TRAILHEAD
PLAYAREA
AREA
PLAY
VISTA

VISTA

TRAIL

TRAIL

**

*
*
*
Preliminary Trail Alignments
Figure 3.3

final alignment is recorded with backpack GPS equipment
if available, to ensure it is recorded properly on the map
overlays.
A detailed survey is not normally required for trail design
and construction. As previously discussed, a property
boundary survey may be required when it is necessary to
locate a section of trail or trail facility close to a property
boundary.
It may also be necessary to conduct a
topographic survey to show elevations and geometry
where access to a state or local road is planned, for
locating and designing trailheads, and for structures such
as bridges and retaining walls. Sub-meter GPS equipment
is suitable for locating features such as wetlands and for
locating the alignment of the trail.
Sub-meter GPS
equipment can be mounted to an ATV or worn as a
backpack.
8 - Complete Construction Plans
After completing the final alignment, the designer will
identify specific details for each section of the trail, to
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include typical cross section, horizontal and vertical
alignment, tread material, location of water control
structures, location of other structures and specific details
for non-typical facilities such as trailheads. Standard
specifications such as PENNDOT 408 may be used. An
“opinion of probable construction cost” should be prepared
to compare the estimated cost to the funding that is
available.
If the project will be competitive bid,
construction bid documents that contain such items as
technical specifications and regulatory requirements are
prepared.
9 - Layout Final Design
After completing the final construction plans, the details
must be staked in the field. Stationing flags need to be
placed no greater than every 50-feet and at any change,
such as horizontal curves, vertical grade, and cross
section. The clearing limits are also be flagged. Any tree
to be removed needs to be clearly identified. If adjacent
flags along the alignment are not visible, add more flags!
DESIGNER QUALIFICATIONS
Trail planning and design teams should consist of
experienced trail users, those experienced in trail
construction and maintenance, a Registered Professional
Engineer (PE) and/or a Registered Landscape Architect
(RLA). These professionals can prepare permit
applications, design trail alignments, design water control
structures, prepare construction drawings, prepare contract
bid specifications and oversee the project during
construction.
EQUIPMENT CHARACTERISTICS
The following characteristics of each OHV are summarized
in Table 3.1.
Speed Range
OHV manufacturers do not publish top speeds that offhighway machines can achieve, but it is evident that most
models of snowmobiles, ATVs and off-road motorcycles
can travel at speeds equal to or in excess of the
Pennsylvania highway maximum posted speed limit of 65
mph. As with highways, trail speeds can be limited by
posting the maximum speed limit acceptable on the trail.
In addition, the increase in level of difficulty of a trail should
result in an overall decrease in speed.
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Stopping Ability
Stopping ability is the ability of a user to bring his or her
OHV to a complete stop or to a lower speed upon the
braking system being deployed. Designing challenging
turns into a trail should consider if the user has enough
time and distance to slow down to a speed acceptable to
make the turn. Section 7742 of the Vehicle Code defines
the following braking requirements for snowmobiles and
ATVs:
§ 7742. Brakes
(a) Snowmobiles. It is unlawful to operate a
snowmobile which is not equipped with at least
one brake of a design approved by Department
of Transportation operated either by hand or by
foot, capable of bringing the snowmobile to a
stop, under normal conditions, within 40 feet
when traveling at a speed of 20 miles per hour
with a 150 pound driver and on hard packed
snow, or locking its traction belt or belts. The
design shall permit simple and easy adjustment
to compensate for wear.
(b) ATVs. It is unlawful to operate an ATV which is
not equipped with a braking system which may
be operated by hand or foot, capable of
producing deceleration of 14 feet per second on
level ground at a speed of 20 miles per hour,
and the design must permit simple and easy
adjustment to compensate for wear.
Turning Radius
Turning radii of off-highway recreational vehicles vary
greatly. Snowmobiles cannot turn nearly as sharply as
ATVs and off-road motorcycles. Turning radius has an
impact on the user’s perception of the level of difficulty for
the trail. The most restrictive turning radius must be
considered for design. Trails should have radii equal to or
greater than that which the OHV being considered can
maneuver in order to avoid them having to travel off the
trail to make the turn. Additionally, the designer must
understand that this most restrictive turning radius is
developed under ideal conditions on a level surface.
Dimensions
Height and width dimensions of off-highway recreational
vehicles play a role in determining required trail
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clearances. Actual dimensions vary depending on the
model and type of ATV, snowmobile, or off-highway
motorcycle. The most restrictive (controlling) dimensions
are used for planning and design.
Weight
The weight of an off-highway recreational vehicle may
influence its handling and stopping ability.
ATVs,
snowmobiles, and off-road motorcycles cover a wide range
of weights dependent on the size and model type as
shown on Table 3.1.
Table 2.1 summarizes equipment characteristics collected
from manufacturers and previously published trail design
manuals. Low-range values are representative of smaller,
less powerful models, while high-range values are
representative of the largest, most powerful machines on
the market. Assume single values to be an average
characteristic for the entire product line.
ATVs*
0-25 mph

Snowmobiles*
0-40 mph

Motorcycles*
0-50 mph

Speed Range
Stopping
14 ft/ s2
11 ft/ s2
Ability
11 ft/s2
Turning
Radius
4 ft
20 ft
4 ft
Width Range
32-48"
48" avg
20-36"
Overall Height
48" avg
48" avg
28-50"
Weight Range
(vehicle only)
250-750 lbs
350-750 lbs
75-250 lbs
* These are “typical” ranges that can be exceeded depending on vehicle and
operator.
Equipment Characteristics
Table 3.1

TRAIL DESIGN PARAMETERS
Level of Difficulty
The designer must establish the level of difficulty for each
segment of the trail system as identified in the trail
management objectives. In doing so, the designer must
consider the eight elements of difficulty identified by
Wernex and summarized below.
The combination,
quantity and severity of the elements determine the overall
rating for the trail segment.
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1. Alignment - The horizontal alignment consists
of curves and straight sections. Curves in a
trail are desirable features that add to the
pleasure of the experience. They also can be
used to direct a user’s attention to a feature or
view. As the curve radius gets closer to the
minimum turning radius of the machine and
curves become more frequent, the more difficult
the trail is to negotiate. They also add to the
difficulty level when combined with other
elements, especially grade, trail width, and
tread surface.
2. Grade - If the slope of the trail in the direction of
travel is less than 15%, there is little effect on
the level of difficulty. Grades over 30% have a
significant impact on level of difficulty,
particularly when combined with other
elements.
3. Clearing - The cleared area of the trail affects
the level of difficulty by demanding a higher
level of attention. The clearing width refers to
the clearing beyond each side of the tread
width. The width of the clearing can have an
effect on the rider’s perception of the trail width.
The degree and width of clearing can affect
sight distance and feeling of isolation.
4. Tread Width - The tread width is a major factor
in the required attention level and ease of ride.
Wider trails require a lower level of
concentration and also give the rider a chance
to avoid uneven or rough sections of the trail. A
narrow tread width can increase the level of
difficulty when combined with the other
elements.

Log Obstacles on Trail

5. Tread Surface - The physical condition of the
tread surface has an impact on the physical
stress and comfort placed on the rider. A
smooth level surface has little effect on the
rider. Whereas negotiating uneven surfaces,
rocks, logs, and other obstacles places physical
demands on the rider.
6. Obstacles - Negotiating obstacles requires skill
and places physical demands on the rider.
Obstacles are physical objects that impair
travel. Obstacles that increase difficulty and
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exposure could include logs, large rocks, and
ledges.
7. Sideslope - Steep sideslope below the rider
impacts the comfort level.
As sideslopes
become steeper, the rider’s perception of
difficulty rises.
8. Isolation - The distance or time a user is from
help or human contact has no affect by itself on
level of difficulty. However, it does have a
profound affect on comfort level. When
combined with other elements, it has an affect
on the overall level of difficulty.
Tables 3.2, 3.3 and 3.4 depict motorized recreation vehicle
trail design parameters for the various levels of difficulty.
Design Speed - Trail sections should be designed for
speeds directly corresponding to their difficulty, potential
hazards, terrain conditions, and navigability. ATV and offhighway motorcycle trails in Pennsylvania commonly carry
speed limits of 25-mph. State snowmobile trails are
sometimes marked up to 45-mph. Typically, the posted
speed limit of a trail should be 5-mph less than that used
for design.
Typical Cross Section - Typical off-highway trail cross
sections should include a standard tread width with crossslope, sufficient horizontal clearance, and satisfactory
treatment of side-slopes. Typical trail sections will need to
be applied to various types of existing terrain. Figure 3.4
shows a typical cross-section on an existing side-slope.

Slope rounding in
common material

Trail
Section
2'
2'

Existing
Sideslope

2:
1M
ax
.
2-5% Slope

3:1

Typical Cross Section
Figure 3.4
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Fill Slope

Ma
x.

Easiest

More Difficult

Most Difficult

10 ft.
2

8 ft.
6

6 ft.
11

8%
15 %
200 ft.

12 %
30 %
300 ft.

15 %
50 %
500 ft.

2 ft.
3 ft.
2 ft.
9 ft.

2 ft.
3 ft.
2 ft.
8 ft.

2 ft.
3 ft.
2 ft.
8 ft.

8 ft.
8 ft.
Relatively smooth
surface throughout, no
rocks or roots
protruding more than 3".
Sweeping curves. No
holes wider than 24” or
deeper than 6”. Avoid
sand and loose
materials.

4 ft.
8 ft.
Sections of relatively
rough surface, no rocks
or roots protruding more
than 3". Climbing turns.
No holes wider than 36”
or deeper than 6”.
Sand and loose
material is okay.

Water 6” deep up to 10
ft. long. No water bars
or logs.

Water 10” deep up to
25 ft. long. A few logs
up to 8”.

4 ft.
6 ft.
Relatively rough with
short sections very
rough, no rocks or roots
protruding more than 6".
Climbing turns and
switchbacks. Some
sections with holes
wider than 36” and/or
deeper than 6”. Long
sections sand and loose
material desirable.
Water 10” deep up to
25 ft. long. 1 to 5 logs
up to 8” per mile. Rock
ledges up to 12”
desirable on occasion.

1. Alignment
Minimum Curve
Radius
Turns per ¼ mile

2. Grade
Maximum Grade
Sustained
Short
Maximum Length

3. Clearing
Minimum Clear Width
Downslope
Upslope
Each side level
Minimum Clear Height

4. Tread Width
Minimum
Maximum

5. Tread Surface

6. Obstacles

7. Side Slope
Maximum Slope
Maximum Length

20 %
300 ft.

30 %
500 ft.

40 %
More than 500 ft.

More than 10
3 miles

4 to 10
10 miles

4
15 miles

8. Isolation
Riders per mile
Length of Trip

ATV Trail Rating System
Table 3.2
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Easiest

More Difficult

Most Difficult

6 ft.

4 ft.

6

11

8%
15 %
200 ft.

12 %
30 %
300 ft.

15 %
50 %
500 ft.

2 ft.
3 ft.
1.5 ft.
8 ft.

1.5 ft.
3 ft.
1.5 ft.
8 ft.

1.5 ft.
2.5 ft.
1.5 ft.
8 ft.

4 ft.
8 ft.
Relatively smooth
surface throughout, no
rocks or roots
protruding more than 3".
Sweeping curves. No
holes wider than 24” or
deeper than 6”. Avoid
sand and loose
materials.

3 ft.
8 ft.
Sections of relatively
rough surface, no rocks
or roots protruding more
than 3". Climbing turns.
No holes wider than 36”
or deeper than 6”.
Sand and loose
material is okay.

Water 6” deep up to 10
ft. long. No water bars
or logs.

Water 10” deep up to
25 ft. long. 1 to 5 logs
up to 6” per mile.

1.5 ft.
3 ft.
Relatively rough with
short sections very
rough, no rocks or roots
protruding more than 6".
Climbing turns and
switchbacks. Some
sections with holes
wider than 36” and/or
deeper than 6”. Long
sections sand and loose
material desirable.
Water 10” deep up to
25 ft. long. 1 to 5 logs
up to 16” per mile.
Rock ledges up to 16”
desirable on occasion.

1. Alignment
Minimum Curve
Radius
Turns per ¼ mile

8 ft.
2

2. Grade
Maximum Grade
Sustained
Short
Maximum Length

3. Clearing
Minimum Clear Width
Downslope
Upslope
Each side level
Minimum Clear Height

4. Tread Width
Minimum
Maximum

5. Tread Surface

6. Obstacles

7. Side Slope
Maximum Slope
Maximum Length

20 %
300 ft.

30 %
500 ft.

40 %
More than 500 ft.

More than 10
3 miles

4 to 10
10 miles

4
15 miles

8. Isolation
Riders per mile
Length of Trip

Off-Highway Motorcycle Trail Rating System
Table 3.3
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Easiest

More Difficult

Most Difficult

25 ft.
2

15 ft.
6

15 ft.
11

5%
10 %
200 ft.

8%
15 %
300 ft.

15 %
25 %
500 ft.

2 ft.
3 ft.
2 ft.
11 ft.

2 ft.
3 ft.
2 ft.
10 ft.

2 ft.
3 ft.
2 ft.
10 ft.

1. Alignment
Minimum Curve
Radius
Turns per ¼ mile

2. Grade
Maximum Grade
Sustained
Short
Maximum Length

3. Clearing
Minimum Clear Width
Downslope
Upslope
Each side level
Minimum Clear Height

4. Tread Width
Minimum
Maximum

5. Tread Surface
6. Obstacles
7. Side Slope
Maximum Slope
Maximum Length

8 ft.
16 ft.
Minimum 4” of snow.

8 ft.
12 ft.
Minimum 4” of snow.

5 ft.
8 ft.
Minimum 4” of snow.

None.

None.

None.

20 %
300 ft.

30 %
500 ft.

40 %
More than 500 ft.

More than 10
15 miles

4 to 10
25 miles

4
40 miles

8. Isolation
Riders per mile
Length of Trip

Snowmobile Trail Rating System
Table 3.4
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Clearances - Horizontal and vertical clearances refer to
the width and height of the trail area designed to be free of
obstructions. Tables 3.2, 3.3 and 3.4 provide required
clearance beyond the tread width.
A typical trail cross-section should include at least 2 feet of
clear width on each side of the travel path, or tread width,
for snowmobile and ATV trails. Off-highway motorcycles
should be allocated at least 1 foot of clear width on each
side of the tread width.
Designers should consider
widening the horizontal clear area on challenging sections
of trail and where needed along horizontal curves to
improve sight distance.
A vertical clearance of 8 feet is standard in trail design.
However, when designing for snowmobile use, remember
that packed snow can raise the trail elevation, requiring
clearing heights to 11-feet or more. (See Figure 3.5)

H orizontal Clearing Lim it

Vertical
Clearing
Limit

C ut

Tread W idth

Trim branches flush
w ith trunk rather
than rem ove tree

Trail Clearing
Figure 3.5

Slope Constraints - This manual refers to three types of
slopes, each critical in the design of off-highway trails. The
longitudinal slope along the direction of travel of a trail is
most often referred to as the grade or traveled portion of
the trail. Cross-slopes are perpendicular to the direction of
travel and are also called traversable slopes in many
publications. Side-slopes describe the cut and fill slopes
perpendicular to the trail outside of the traveled portion of
the trail. Each slope type, as well as any combination of
various design slopes, directly contributes to both the
desirability and the difficulty of an off-highway trail. Slopes
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can be calculated and expressed in several manners. This
manual will refer to slopes in terms of percent grade.
Table 3.5 expresses equivalent slopes in percent grade,
angle, and horizontal distance versus elevation change.
Sample calculations are included in Figure 3.6
Grade - Trail grades are an extremely important
part of planning a successful trail. Even a novice
rider may find trails without inclines and declines to
be boring. However, trails with extremely steep
grades may be too difficult for most riders. In
addition, the grade of a trail can positively or
adversely affect other design issues such as
drainage, erosion control, sight distance and
aesthetics. Tables 3.2, 3.3 and 3.4 provide the
maximum grades.
Design constraints on maximum trail grades are
developed in order to insure the safety of trail
users. Safety on longitudinal slopes is dependent
not only on the capability of the off-highway vehicle,
but also on the ability level of the rider. ATV,
snowmobile,
and
off-highway
motorcycle
manufacturers do not publish information
concerning the capabilities of their machines on
slopes.
When considering a shared-use trail,
designers should not exceed maximum grades of
the least capable machine that may use the trail.
Off-road trails should include sections for both
inexperienced and experienced riders. Wernex
finds that longitudinal grades of 15% and less add
little to the difficulty of a trail, but that grades over
30% often contribute significantly. Long sections of
extreme grades should be avoided.
Cross-Slope - Slopes across an off-road trail are
necessary to allow water to drain away from the
trail surface. A cross-slope of at least two percent
should be maintained for this purpose. Standard
sections of the off-road trail should not exceed a
cross-slope of five percent. As the cross-slope of a
trail increases, the difficulty of the trail increases
dramatically.

GR AD E ANGLE
SLO PE
(%)
(D egrees) (Horiz: Vert)
1
0.57
100:1
5
2.86
20:1
10
5.71
10:1
20
11.31
5:1
25
14.04
4:1
50
26.57
2:1
100
45
1:1
Equivalent Slope Values
Table 3.5

Example:
Slope = 100 Horizontal : 50 Vertical = 2:1
Grade = 50 / 100 = 0.5 x 100% = 50%
Angle = ArcTan (50/100) = 26.57 Degrees

Elevation
(Vertical) = 50
26.57
Horizontal Distance = 100

Example Slope Calculation
Figure 3.6

While one american manufacturer suggests that
riders should avoid side hills if at all possible, offhighway enthusiasts are taught techniques such as
traversing and side-hilling. ATV and snowmobile
owners’ manuals and safety manuals illustrate how
to traverse a hill that is too steep for a direct climb.
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Slope rounding in
common material
Amount of bench varies
with % of sideslope.
Outslope trailbed 2-5 %.

2'

2'

Full Bench

Wernex develops the concept of using
“switchbacks” and “climbing turns” as trail design
structures for the same purpose. He suggests that
special structures such as climbing turns can carry
a cross-slope between 30 and 45 degrees.
Banked, or super-elevated, turns can be used to
help the rider keep weight leaning up the grade.

C
L
25% to 30%
Sideslope

Outslope

OUTSLOPE
2%=1/4" Vertical to 1' Horizontal
5%=5/8" Vertical to 1' Horizontal

Slope rounding in
common material
2'

Side-Slope - Although side-slopes are not part of a
traveled trail path, they do play a role in trail safety
and the perception of difficulty to trail users. Sideslopes may range from nearly flat to a sheer cliff
depending on existing site conditions. Flatter sideslopes are preferable on novice trails and/or trails
with minimal horizontal clearance from obstacles.
Flatter side-slopes also aid in the establishment of
vegetation.
Tables 3.2, 3.3 and 3.4 provide
maximum side slopes.

3/4 Bench
2'

Cut and fill slopes must be constructed in a manner
so that side-slopes maintain stability throughout the
life of a trail. Retaining structures are required if
stable side slopes cannot be maintained otherwise.
Figure 2.7 shows general side-slope treatment.

15% to 25%
Sideslope

Fill Slope

Slope rounding in
common material
2'

Balanced
Section
2'

Fill Slope

5% to 15%
Sideslope

Trailbed

0% to 5%
Sideslope

Side Slope Treatment
Figure 3.7

50 Trail Design

Trail Tread Width - Tread width is the traveled portion of
the trail. Larger tread widths allow riders to choose the
smoothest path on a trail, thus making the ride much
easier. However, tread widths that are too large may ruin
the trail experience and increase speeds. Designers
should consider increasing the tread width in challenging
sections of off-road trails. Extra tread width can aid in
comfortable cornering of horizontal curves, traversing and
climbing of steep hill grades, and creating safe passing
lanes along the trail. The amount of land available for a
trail may constrain the tread width. When designers
encounter special circumstances (obstacles, two-way
travel, extreme site conditions), it may be desirable to
increase the tread trail width. See Tables 3.2, 3.3 and 3.4
for standards on tread width.
Turning Radius - Turning radius, as used in this manual,
refers to the centerline of the vehicle path. Minimum
turning radius is directly impacted by design speed of an
off-highway trail. While experienced riders can handle
relatively sharp turns, horizontal curves must be slight
when off-road vehicles are being operated at or near
design speed. The combination of additional travel width
and banking of the trail cross-slope help alleviate the
abruptness of trail bends and turns with minimal curve

radii. Trails designed for less experienced riders should
have larger radii. See Tables 3.2, 3.3 and 3.4 for
standards.
Alignments - Horizontal and vertical alignments must
always correspond to the design speed of any kind of
travel-way. Off-road trail development is unique because
the secondary function of alignments is to maximize rider
enjoyment. Unlike highways, which are designed for
maximum travel speed, ease, and safety, off-road trail
alignments must provide operators with interesting terrain
and challenges.
Horizontal - Design alignments to maximize the
time and minimize the distance a rider spends near
desirable trail features.
For example, if a
meandering stream is a trail feature, wind the
horizontal alignment along the stream instead of
running a tangent section past it. Long tangent
sections of trail should be avoided for several
reasons. Not only will the straight stretches be
monotonous to riding enthusiasts, but they can also
invite excessive speeds. Sharp turns should also
be avoided, particularly for snowmobiles. Refer to
the Turning Radius section and Tables 3.2, 3.3 and
3.4 of this manual for more information on
horizontal curve design. Horizontal alignments
should remain as far from identified conflict areas
such as state highways and residential area. Aim
to create a ride contrasting the experience of
running on public roads.
Vertical - Design vertical alignments to be a steady
mixture of uphill, flat, and downhill sections.
Breaking grade on flat terrain increases rider
satisfaction, decreases the risk of excessive
speeds, and deters erosion problems. Steep uphill
and downhill grades should not be sustained for
long trail sections, and should occur where the trail
tread is stable. Incorporate sections of moderate
grade to allow riders time to recover and relax
between trail climbs.
Refer to the Slope
Constraints section and Tables 3.2, 3.3 and 3.4 of
this manual for more information on vertical grades.
Be sensitive to the relationship between horizontal
and vertical alignments. The three-dimensional
alignment should be a crucial aesthetic and safety
concern for off-highway trails.

Gentle Curve on Snowmobile Trail

Long Tangent Sections
Promote Excessive Speed
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Surfaces
Native Materials -The type of native soil materials
available in the project area will have a large impact
on the success and cost of a project. It is
preferable to use the in place native soils as the
subbase and wearing surface for trails.
The
characteristics and suitability of use for trail
construction for a particular soil type can be found
in the County Soils Book, which is normally
available through the County Conservation District
or Natural Resources Conservation Service. If it is
felt that more detailed or further exploration of soils
capabilities is required, a geotechnical engineer
may be consulted. The geotechnical engineer can
conduct on site soil tests to obtain more accurate
information about the capability of the soils. This
may be an expensive service and should be limited
to areas that are questionable. Locations for
potential borrow pits should also be identified.
Future play areas could be considered as borrow
pits for initial trail construction.

Erosion Problem on Vertical
Grade Due to Unstable Tread

Geo-Synthetics -The development of geotextile
materials, the most common type of geo-synthetic
material available today, has greatly improved a
designer’s ability to deal with substandard
subgrade materials. In the past, substandard or
unsuitable materials had to be removed and
replaced with suitable materials. This can lead to a
considerable expense. Geotextile fabric material is
placed over poor subgrade material, anchored, and
then suitable material for a subbase and tread are
placed and compacted. The weight of the subbase
material puts the fabric in tension, providing
suitable strength for the designed loads. The fabric
also serves as a separation barrier, so that the
subbase does not migrate into the poor subgrade
materials. Proper use of geotextiles has made it
possible to locate roads and trails over areas
previously considered inaccessible. (See Figure
3.8) Geotextile material is available in woven and
non-woven types. (See Table 3.6)
Typically woven and nonwoven textiles are used for
separation or stabilization. If a woven product is
used, it should be at least 4 oz/sy and could be a
“slit-tape” or “monofilament” type for routine, noncritical situations. If a nonwoven product is used, it
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should be at least 8 oz/sy for survivability during
construction.
GEOTEXTILE TYPES
Woven

Nonwoven

Very Strong

Stronger as Thickness Increases

Does Not “Elongate” or Stretch Very Much
When a Force is Applied

Highly Permeable

Made of woven Synthetic Fabric (Usually
Polypropylene or Polyester) by Weaving
Yarns Together

Able to Stretch and Take the Shape of the
Adjacent Surface

Table 3.6

General Types of Woven Geotextile - A “slit tape”
fabric has a flat tape-like strand produced by slitting
and weaving a solid sheet of extruded film. These
fabrics are the cheapest wovens and are typically
used in road stabilization/separation applications.
A “monofilament” fabric has strands that are like
individual fishing lines. It is much higher quality
than the slip-tapes and is correspondingly more
expensive. Monofilaments are typically used for
erosion control and drainage purposes.
A “multifilament” consists of many fine continuous
filaments that are held together by twisting and/or
intermingling of the strands. Multifilament fabrics
are not commonly used for routine projects.
General Types of Nonwoven – There are 2-types of
nonwoven materials, “heat-bonded” and “needle
punched”.
Nonwoven fabrics can range in
thickness from a thin, lightweight material (4 oz/sy)
to a fairly thick felt-type material (over 16 oz/sy).
They are typically used for drainage purposes, such
as gravel underdrains.

2-5% Side Slope

Existing
Ground Line

Rock Retainer
Trail Width
Mineral Soil

Geotextile
Side Ditch
Slope 1:1

Underlying Boggy Soil

Mineral Soil
Gravel or Rock

Rock Retainer

12" Overlap

Existing
Ground Line

Underlying Boggy Soil
Geotextile

Manufactured Stone - When suitable native
materials are not available, manufactured stone
may be used. Gradations must include sufficient
fines to provide a well-compacted and cohesive
layer of soil, such as gradations suitable for use as
a subbase under flexible pavements (PENNDOT
#2A).
Gradations such as AASHTO #57
(PENNDOT #2B) are not suitable because the

12"

Side Ditch

Geotextile Uses on Soft Subgrades
Figure 3.8
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vehicles will displace the material relatively quickly.
Rip-rap materials that are typically used for erosion
control, such as R-3 or R-4, also can provide a
suitable tread surface. These materials can add to
the level of difficulty, where desired, and at the
same time provide stabilization for problem areas.
The most common mistake is to use a gradation
size that is too small to resist displacement by the
vehicles.

Concrete Pavers

New and Alternative Technology – When it comes
to “trail hardening” or “providing a stable riding
surface”, there are many new and alternative
technologies that can be evaluated.
Some
examples of these products include interlocking
concrete pavers, standard concrete blocks,
geopavers made from recycled plastics, geogrids
and geocells.
Before selecting one of these
materials for use on your trail, it is recommended
that you research these products to determine if
their use is suitable to your needs and if the costs
of these products are economical when compared
to other stabilization measures.

Using Concrete Block to Stabilize a Trail

Geo-Cell

Geo-Pavers
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Geo-Grid

Sight Distance
Adequate sight distance is necessary to ensure riding
safety. Sight distance can become hindered in instances
of horizontal and vertical curvatures on a trail. Horizontal
sight distance may be affected when objects obstruct the
sight line of riders. Crest vertical curves must also be
designed to provide ample sight distance. (See Figure 3.9)

Required Sig

ht Distance

leared
Area to be C

LINE OF SIGHT - HORIZONTAL CURVE
Required Sight Distance
Object 6" in Height

3.5'

LINE OF SIGHT – VERTICAL CURVE

Line of Site
Figure 3.9

Stopping Sight Distance
Stopping sight distance is the most restrictive sight
distance design element, allowing a competent operator
enough time to stop his or her vehicle to avoid an
unexpected obstruction. Stopping sight distance is a sum
of the distance traveled during the brake reaction time and
the braking distance.
The distance traveled during the brake reaction time is a
function of the vehicle speed and the operator’s reaction
time once an obstacle is recognized. The braking distance
is a function of the vehicle speed and the rate of
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deceleration. The rate of deceleration can be affected by
vehicle braking system, weight of the vehicle, friction of the
trail surface, and grade of the trail. Traveling up a grade
will shorten braking distance and likewise traveling
downhill will lengthen braking distance. Please refer to the
PENNDOT Design Manual for stopping sight distance
calculations. Table 3.7 shows typical values for an ATV.
Design
Speed
(mph)
5
10
15
20
25
30
35
40
45

Brake
Reaction
Dist. (ft)
18.4
36.8
55.1
73.5
91.9
110.3
128.6
147
165.4

Braking
Distance
(ft)
2.4
9.6
21.6
38.4
60
86.4
117.7
153.7
194.5

Flat
Surface
21
46
77
112
152
197
246
301
360

5
20
45
74
107
144
186
231
281
335

Stopping Sight Distances (ft)
Uphill Grade (%)
Downhill Grade (%)
10
15
20
30
5
10
15
20
30
20
20
20
20
21
22
23
24
36
44
43
43
42
48
50
54
59
106
72
70
69
67
80
85
93 106 212
103 100 98
94 118 127 141 164 352
138 134 130 124 162 176 197 233 527
177 171 165 157 211 231 262 313 738
220 211 203 192 266 293 335 405 982
266 254 244 229 326 362 417 508 1262
316 301 289 270 392 438 507 622 1577

All Stopping Site Distances shown in this table are based on a deceleration rate of
11.2 ft/s^2 and a break reaction time of 2.5 s.
Stopping Site Distance
Table 3.7

Turnouts and Passing Sections
Turnout sections and passing sections can be used
to allow passing by both oncoming and samedirection ATVs, snowmobiles, and off-highway
motorcycles.
Each provides riders with an
opportunity to pull-off the main trail section. The
turnout section should be at least 20-feet long.
(See Figures 3.10 and 3.11)

Tread
Tread
Edge
Edge
4' 4'

Full Bench
Construction

Tread Edge
Main Trail

Main
Main
Trail
Trail
Turnout
Turnout

Passing

n
Sectio

20'20'

Passing Section
Figure 3.10
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STOP

Turnout Section
Figure 3.11

Intersections with Roads
The Pennsylvania All-Terrain Vehicle Law states that an
ATV may make a direct crossing of a street or two-lane
highway provided:

∼

∼
∼

The crossing is made at an angle of
approximately 90 degrees to the direction of the
highway, and at a place where no
obstruction prevents a quick and safe crossing.
The ATV is brought to a complete stop before
crossing the highway.
The driver yields the right-of-way to all
oncoming traffic that constitutes an immediate
hazard.

While it is legal for off-highway vehicles to cross a street or
highway, contact with vehicular traffic is to be avoided
when at all possible. When crossing a street or highway is
the only option for an off-road trail, design the intersection
for a stop condition. Take steps such as placing warning
signs and avoiding long straight trail sections leading up to
the intersection. Design intersections as close to 90
degrees as possible and design to maximize sight distance
for the operator. Local and/or state officials may need to
be contacted to obtain approval. (See Figure 3.12)

Public Road
R/W

STOP

Refer to Pa Code, Title 67
Chapter 441 for required sight distances

10'
Trail

10'

Trail

STOP
Intersection with Public Road
Figure 3.12
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Sound Levels
Pennsylvania Code Title 17 defines the following noise
level requirements for snowmobiles and ATVs.
§ 51.91. Snowmobile noise level requirements.
Snowmobiles manufactured after January 1, 1976,
may not be sold or offered for sale by a
manufacturer, distributor or dealer in this
Commonwealth unless they are constructed so as
to limit total vehicle sound to not more than 78decibels of sound intensity at 50-feet on the A scale
as
measured
in
accordance
with
SAE
Recommended Practice J-192a.
§ 51.92. ATV noise level requirements:
It is unlawful to operate an ATV in this
Commonwealth that produces a sound level in
excess of 99-dbA, or decibels, when measured at
20-inches in accordance with American National
Standards Institute / Society of Automotive
Engineers Recommended Practice J 1287 (March
1982).
Whether on public or private land, excessive noise from
off-road machines becomes a nuisance to others. State
snowmobile and ATV associations, as well as the
Department of Conservation and Natural Resources,
closely monitor noise pollution. For reference, 100-dbA is
the approximate sound level of a diesel truck. Trail
designers should consider the following conditions when
sound is an issue:
Terrain - Use natural sound barriers such as hills to
help contain off-road machine noise. Walls and
earth berms can also serve as invaluable sound
attenuators.
Vegetation - Do not clear and grub outside of the
horizontal clear areas. A vegetative buffer can be
used to help screen noise sensitive areas. A 200’wide strip of dense vegetation can decrease noise
up to 10-dbA.
Distance - When aligning a trail, the designer
should be sensitive to the location of surrounding
residents and communities. Trail alignments should
remain as far away as possible from noise sensitive
areas.
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In highly sensitive noise areas, additional studies may be
required to determine what noise mitigation measures
should be incorporated into the trail design.
ELEMENTS OF DESIGN
Erosion Control
By definition, soil erosion can be described as the
movement of soil by the actions of water, wind, ice, or any
other natural means. Sedimentation is the end result of
erosion, described as the settling of soil in a new location
after being transported by erosion. Both soil erosion and
sedimentation are natural processes that have been
occurring for millions of years, and will most assuredly
continue. The role of a trail designer is not to eliminate
erosion and sedimentation entirely, but rather to prevent
additional erosion and sedimentation caused by the
construction or maintenance of a new trail, play area, or
trailhead.
The most effective way of preventing erosion from
occurring along a trail is to avoid modifying slopes. Trails
that follow the existing grades in nature and that do not
require extensive cuts and fills into the side slopes
generally do not erode as quickly as trails that are formed
into the sides of steep embankments. Good planning by a
designer can result in an enjoyable trail that predominantly
follows the existing contours of the land. The potential for
erosion is greatly increased when it becomes necessary to
sculpt a trail into a slope.
There are three elements (trailheads, play areas, and
trails) that are the most common features of a trail design.
Dividing a trail design into these three elements will help to
ensure that adequate erosion control measures will be
implemented to protect an area without feeling the need to
pave everything. All of the erosion control measures
described below have been taken from the Pennsylvania
Department of Environmental Protection (DEP) “Erosion
and Sediment Pollution Control Program Manual” and from
the “Pennsylvania Handbook of Best Management
Practices for Developing Areas”. Refer to these two
manuals for design techniques and state requirements
when designing erosion control measures for a trailhead,
play area, or along a trail.
Erosion Control for Trailheads - Trailheads will
most likely be located in areas with somewhat level
ground, and will be constructed with a combination
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Stormwater
Pipe
Z
Pipe End
Section
Rock
Apron

Y

Y

Z

PLAN VIEW

<0% SLOPE>
Depth

SECTION Y-Y

GEOTEXTILE

<0% SLOPE>

SECTION Z-Z

GEOTEXTILE

Rip-Rap Aprons
Figure 3.13

Using geotextiles for erosion protection
and a natural appearance after
vegetation is re-established.
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of a pavement or stone parking area with grass or a
vegetated area around any buildings. For the most
part, a well maintained natural filter strip or installed
filter fabric fence would be sufficient protection for
temporary control during construction. In some
areas, such as at culvert outlets or in swales,
depending on the slope, soil type, and volume of
water flowing, additional protection may be
necessary, such as rip-rap rock (See Figure 3.13)
or geo-synthetic linings to hold the soil in place.
Whenever possible, in the interest of maintaining
attractive, natural looking projects, the use of geosynthetic liners is the recommended means for
controlling erosion at culvert outfalls and in swales.
Once a vegetative cover is established on any bare
soil around buildings or parking areas, it is usually
safe to remove any temporary silt fence installed
during construction. On the other hand, extra
erosion control required at culvert outlets or in
swales during construction may or may not be
required as a permanent control measure.
Determining this early in design will allow for the
installation of biodegradable geo-synthetics in
areas that do not require permanent stabilization or
long-life geo-synthetics or rip-rap in areas that do
require permanent stabilization.
Manufacturers
offer a wide variety of stabilization products, from
straw and fiber meshes that decay in a matter of
weeks to plastic meshes that last for many years.
Erosion Control for Play Areas - The purpose of a
play area is to provide riders an area where they
can spin donuts, pop wheelies, hit jumps, and do
any other fun things that are generally frowned
upon on the trail. Although water can wreak havoc
on a trail or trailhead, it is one of the key elements
that riders look for in a play area. To intensify the
problem, it is extremely hard to keep a play area
well vegetated because of constant exposure to
riders. While under construction, the same basic
erosion control methods used for trailheads can be
used to stabilize play areas. Natural filter strips or
silt fence can be placed downhill of the disturbed
areas, culvert outlets can be protected, and swales
can be lined. Permanent stabilization within the
play area is not required or even desired. The key
is to divert stormwater from above the play areas
and contain sediment within the play areas. The
most effective way to keep sediment in a play area
is to direct stormwater runoff into sediment basins
and allow the sediment to settle out of the water

before releasing it. Any sediment trapped in the
sediment basins can be removed during routine
maintenance and placed throughout the play area.
In its simplest form, grading the site to direct
stormwater into a depression in the ground can
accomplish the goal. This has two benefits: the
sediment has time to settle out of the water and
riders are provided with an enjoyable water
obstacle. The only concern with this system is
what happens when a major storm hits and the
sediment basin fills and overflows, sending a
torrent of muddy water off-site? To solve this
problem, any sediment basin constructed to collect
stormwater runoff should be equipped with an
emergency spillway that leads to a level-lip
spreader (See Figure 3.14) or other safe means of
releasing water over a vegetated filter area.
Providing a spillway that is capable of handling the
flows from larger storms will ensure that the water
that overflows the sediment basin goes where
desired. Once out of the basin, running the water
into a level-lip spreader will allow for the release of
the water in much lower quantities over a larger
area, reducing the chances of additional erosion.
UNDISTURBED SOIL

6" MIN.
2:1 OR
FLATTER

.
6' MIN

SECTION A-A
A

0% CHANNEL GRADE

.
6' MIN

MAXIMUM GRADE OF 1% FOR A
TRANSITION OF 20' MINIMUM
A
L

DIVERSION OR DIKE

PLAN
VEGETATED
DIVERSION

TRANSITION
TO 0 GRADE

STABILIZED
SLOPE
STABLE
UNDISTURBED
OUTLET

Level Lip Spreader
Figure 3.14
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RULES OF TRAIL DESIGN
1. Keep water off Trails.
2. Keep water off Trails.
3. Keep water off Trails.

Erosion Control for Trails - The methods discussed
above, (vegetated filter strips, silt fence, vegetated
channel linings, rip-rap rock aprons), are ideal for
stabilizing hillsides, channels, and culverts along
trails.
During construction, trails should be
stabilized as construction progresses.
Each
section of new trail constructed should be stabilized
by the end of the work day. The key to permanent
erosion control is controlling stormwater through
proper trail design. A discussion of water control
and best management practices follows.

Trail on Fall Line leads to Erosion

Improper Drainage on Climbing
Turn Results in Trail Erosion

Water Control
Water is the most influential factor in design and layout of
trails. Stormwater runoff, and to a lesser degree snowmelt,
can have a significant impact on the trail tread way. When
surface water flow becomes concentrated, erosion will
occur. Erosion of the trail tread affects user comfort and
satisfaction, increases level of difficulty, increases
maintenance effort and cost, and pollutes the environment.
The basic principle in managing stormwater runoff is to
avoid concentrated flows, collect and divert concentrated
flows before they reach erosive volumes and velocities and
armor areas where concentrated flows cannot be avoided.

Absence of Water Control Leads to This
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Designers can learn a lesson from nature. Although
erosion occurs continuously in nature, the topography
slowly changes towards stability as the land matures.
Catastrophic events, such as flooding and hurricanes, and
man disrupt this cycle. One goal of good trail design is to
“lay lightly on the land.” Following the contour when
practical and avoiding running the trail on the fall line can

minimize water problems. By observing heavily traveled
deer trails, you can see how a trail can be aligned to take
advantage of natural contours following the lay of the land,
while at the same time going from one key point to
another.
These trails rarely have runoff or erosion
problems, or the deer would soon abandon them.
By maintaining a cross slope of 2 - 5%, runoff can naturally
sheet flow or out slope across the trail into a vegetated
downhill slope. During design and construction, we must
avoid the tendency to slope the trail into the hill, i.e. with
the downhill edge of the tread way at a higher elevation
than the uphill edge. This creates a v-shaped channel
which collects all the water from the upslope area and
concentrating flow down the trail where excessive
velocities can have a catastrophic erosive effect. This is
even more prevalent on steeper grades where the downhill
cross slope becomes steeper. This is often done to make
the rider feel safer. Even on a properly constructed trail,
riders will have a tendency to lean into the hill, which
overtime will result in moving material from the inside to
the outside edge of the tread way. This needs to be
corrected through preventive or corrective trail
maintenance, by re-grading material that accumulates on
the outside edge across the tread width and compacting.

Creating Natural Dips by Following
the Lay of the Land

In instances where runoff is collected in ditches along side
the tread way, divert the water off the trail with water
control structures and safely outlet to a watercourse or
natural swale before concentrated flow obtains erosive
velocities.
Level lip spreaders can be used to return
concentrated flow from a water control structure to a sheet
flow condition. The preferred water control structure is
“terrain dip.” Other structures include: broad base dip,
water bars, channels, culverts, and bridges.
Where concentrated flows cannot be avoided, channels
should be properly designed to resist erosion. The PADEP
Erosion and Sediment Pollution Control Manual provides
procedures for design of channel linings.
Water Control Structures
When water puddles on a trail, it is a mistake in design
and/or construction. Users enjoy riding through water, but
this should be restricted to play areas. The natural lay of
the land has been shaped over the years to achieve a
more stable condition. By following the natural change in
grade and rolling dips, the designer can effectively deal
with runoff and erosion problems. Unfortunately, there are
times when the trail alignment makes it necessary to

Water Puddles on Trails Require
Correction
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design structures to collect, transport, and safely discharge
stormwater. Typical structures such as culverts and
bridges can be used, but they are expensive and take
away from the natural beauty of the terrain. More natural
structures such as water bars and dips should be
used whenever possible.
Grade Dips – Aside from maintaining a constant
outslope to direct sheet flowing water off the trail,
the next best method of controlling runoff is through
grade dips. Grade dips use a reversal in grade to
collect and force water off the trail. The biggest
problems with grade dips occur when flow is
directed across where the trail is not armored. If
positive outslope is not maintained, this area
puddles water and becomes unstable.
Using
coarse aggregate, that is large enough to not be
displaced by the vehicles, at the flow line helps
alleviate this problem. The outlets of grade dips
need to be protected to prevent erosion.

Grade Dip

Grade Dip

Grade dips should be placed frequently enough to
prevent water from building up enough volume and
velocity to cause erosion problems along and
across the tread. They are preferred over water
bars due to their unobtrusive nature and less
maintenance being required.
Terrain Dips – Terrain dips use grade reversal to
take advantage of natural dips in the trail and
should be planned into the trail when it is first laid
out. The grade of the trail is increased slightly to
create an approach of 10 to 40 feet to the bottom of
the dip. The dip should be 2 feet or more deep.
The grade is then reversed at a reasonable grade
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back to the prevailing grade. Coarse material that
won’t be displaced by vehicles should be placed in
the low part of the dip to prevent erosion. Terrain
dips require little maintenance and are effective in
allowing water to cross a trail at natural dips in the
landscape. (See Figure 3.15)

Prevailing

Grade

Typical
10'
Trail Tread

Preva
iling G
rade p
lus 10
%

Coarse material that
won't scour

Varies
with
Prevailing
Grade

10%

Trail tread outsloped
2% through this area

Terrain Dip
Figure 3.15

Broad Base Dips – Broad base dips, also called
rolling dips, are constructed as a short reversal of
grade on a trail. Unlike a terrain dip that takes
advantage of natural dips in the landscape, broad
base dips can be designed into most side hill trails.
On a downhill grade, the tread is raised up for 1020 feet at a positive slope, then returned at a
reasonable rate to meet the existing grade further
down the hill. The basic idea is that water won’t be
able to flow over the short rise and will run off the
outsloped tread at the bottom of the dip.
Consideration should be given to placing a coarse
material in the low part of the dip, as done with
terrain dips, to help prevent erosion. (See Figure
3.16)

Trail G
rade

Length, as
required to
obtain reasonable
slope

Typically
10-20'
Slope
Fill
Material

Coarse material
that won't scour

Broad Base Dip
Figure 3.16
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Extend rock 12"
minimum beyond
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Outs
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6% to
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al %
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Skew waterbar
45° to 60°
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Excavate for
outslope
10' minimum
PERSPECTIVE VIEW
Rocks
4" minimum
Tread

Embed rocks
2/3 minimum
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Water Bar
Figure 3.17

Tread

Water Bars - Water bars are usually rocks or log
barriers that are constructed into trails running at an
angle from one side of the trail to the other. (See
Figure 3.17) They act as channels to safely convey
water across the trail. The addition of the rock, or
log makes that particular place in the trail more
capable of withstanding the erosive forces of the
water. A typical mistake when installing water bars,
is not using large enough rocks or logs and then
not embedding them properly. Water bars do have
a few drawbacks. It is crucial to install them at
places where water will cross the trail. If installed
elsewhere, the water will cross where it chooses
and erode the trail anyhow. The water bars also
add a bump to what could be a smooth riding trail.
Typically this is not a problem, but if encountered
by a novice, the bar can easily jar the rider.
Options to water bars include dips and culverts,
which create a defined channel for water to flow
across the trail without causing an erosion problem.

Shown is an improperly constructed broad base dip, using coarse material that is too small.
Traffic pushes material to the sides of the trail and the outlet becomes blocked.
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Underdrain - When small volumes of water are
encountered that will affect the stability of a trail
system, it must be carried away from the trail so as
not to create soft and unstable trails. The use of
underdrain can prevent trail problems by collecting
this water and transferring it to a location off the
trail. Encountering a spring seep while constructing
a trail is one example where the use of underdrains
could be beneficial.
A stone (or french) underdrain is a relatively easy
way to control small volumes of water. This would
simply be a trench excavated to the depth
necessary to collect the water that is encountered,
sloped to drain, wrapped in geotextile and filled with
native stone (larger stones at the bottom and
topped off with smaller aggregate). In the absence
of suitable native stone, AASHTO #57 (PENNDOT
#2B) stone should be used.
French mattresses, as described in Penn State
University (Center for Dirt & Gravel Road Studies)
Technical Bulletin D-002, is a type of underdrain
used in place of cross pipes or culverts to safely
convey water under roads or trails. A trench is
excavated the width of the trail, lined with
geotextile, filled with stone (preferably with larger
stone at the bottom), and covered with geotextile.
French mattresses can be used in areas where
concentrated flows from pipe culverts are not
desirable, or in areas where there is insufficient
depth to install cross-pipes. (Figure 3.18)

Overlap geotextile
12" on top
6" Minimum
Wrap in
geotextile

1" to 4"
Filter Rocks
3' Minimum
END VIEW

Trail

Water Flow

TOP VIEW

French Mattress
Figure 3.18

The most common type of pipe underdrain is 4”
diameter perforated polyethylene (PE) pipe. This
pipe is commonly used around building foundation
walls. The pipe should be set in an excavated
trench approximately 12” wide, with the depth
sufficient to collect the water that is encountered
and sloped to drain. The trench should be wrapped
in geotextile material to keep finer materials out of
the stone blanket placed between it and the pipe.
The stone blanket should consist of AASHTO #57
(PENNDOT #2B) stone or equivalent diameter
natural material from onsite. (See Figure 3.19) The
pipe should outlet to an appropriate location, with
appropriate erosion control measures placed at the
outlet to prevent erosion from occurring there.
The length of any underdrain used must consider
the amount of water it is collecting and the available
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capacity of the underdrain system constructed. In
lieu of any detailed engineering studies, it is
recommended that any underdrain system not
exceed 50’ in length before being terminated by an
outlet. Underdrain outlets can extend across a
tread way to an outlet.
Ground Line or Tread
12"
AASHTO #57 Coarse
Aggregate (PennDOT 2B)
or equivalent size native
stone

Backfill

6"
Overlap geotextiles
across top

*"

Line trench with
geotextile before
placing rock

Tread
Filter rock
Drain Pipe

Fill slope 3 to 1
Ground slope to
side of ditch
Bed pipe with
filter rock
Ditch
12"
Drain to
Minimum
daylight

ELEVATION

2"
4" Perforated Polyethylene
(PE) Drain Pipe

UNDERDRAIN
SECTION

NOTE
* 24" or deeper, as required, to collect water

Underdrain
Figure 3.19

Culverts - Culverts, or pipes, are used to carry
larger volumes of water across a trail. Often times,
a natural draw will only carry water during the
wetter seasons. Do not mistake a dry area as one
that never sees any water flowing! Pipes come in
different shapes (circular, elliptical, square, arched)
and in different materials (plastic, metal, concrete).
An engineering study should be performed to
insure the proper size is selected that considers the
site constraints that exist. Most manufacturers of
prefabricated culverts have specifications for their
installation.
These specifications should be
obtained and adhered to during construction to
insure the culvert will function as planned and will
last. Rock culverts can add some real aesthetics to
a trail if suitable flat stones are available on site.
Large flat stones are laid in a deep trench to form
the bottom of the culvert. If water velocities are
low, these bottom stones may not be necessary.
Then large, similarly shaped stones are placed on
both sides of the trench and spanned over top with
more large flat rocks placed tightly together. The
rocks should not wiggle. Tread material is placed
over the rock culvert to protect the culvert and
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Trail
C
L

provide the riding surface. (See Figure 3.20) In
some cases, a permit will be required to be
obtained from the PADEP.
They should be
consulted during the planning stages.

Edge rocks
44 pounds
minimum

In designing culverts, the following items should be
considered:

∼
∼
∼

∼

∼

∼

∼
∼

The drainage area that the culvert will serve.
Flat cover rocks
3" thickness and
66 pounds minimum

The amount of runoff expected. This is called a
hydrologic study.
The size of pipe and end section details that will
be needed to adequately control the water
without adversely affecting the trail.
An
undersized pipe that cannot handle the amount
of water calculated will inevitably be overtopped
and wash out the trail!
Slope of the pipe. Note that a pipe should be
sloped at least 3% to insure that sediment does
not collect in it and plug it up. Another way to
prevent a pipe from clogging is to construct a
settling basin at the inlet to the culvert. This
“pit” should be at least 1’ deeper than the base
of the culvert and can be lined with rock if
needed to control erosive velocities or simply
vegetated. This will help settle out sediment
before it enters the pipe and will be in an
accessible area for sediment to be easily
removed later on.
Length of pipe needed. A culvert without
headwalls will need to be longer than a culvert
with headwalls in order to extend past the toe of
fill slope.

END VIEW

6"
minimum

Edge Rocks

Tread

Flat Rocks

Embed
Streambed
Rock sidewalls
66 pound minimum
3" minimum thickness
SIDE VIEW

Edge Rocks
44 pounds
minimum

Trail
C
L
Tread
Rock sidewalls
single rock high
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Rock Culvert
Figure 3.20

Manufacturer specifications regarding bedding
material to be used, backfill material around the
pipe and amount of material placed over the
pipe before it can be driven over.
Outlet protection to prevent erosion from
occurring on the downstream end.
Use of rock headwalls or tapered end sections
provides a more natural appearance. (See
Figures 3.21 and 3.22.)
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C
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Edge Rock

Tread

Tread Width
Tread
1

Edge rock
44 pounds
minimum
2 or flatter

Flow
Bedding

Embed rocks a minimum
of 6" into side of stream
bank and 6" into streambed

Culvert Length

Headwall
Pipe Bedding * "

* Refer to manufacturer specifications

END VIEW
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Culvert with Stone Headwalls
Figure 3.21

Tread Width
C
L

Tread

1
3(typ.)
Tapered End Section
Flow

Bedding
Culvert Length

Culvert with Tapered End Sections
Figure 3.22

Bridges - Bridges are normally constructed over
water where culverts will not be large enough to
adequately carry water through them. They can
also be constructed over ravines or other areas that
cannot be filled in such as wetlands. Bridges can
be built from various types of materials, including
wood, concrete, steel, or other material where
research has proven them strong enough to handle
the loads expected. (See Figures 3.23, 3.24 and
3.25) Prefabricated bridges are available that can
be simply erected on a suitable foundation at the
site.
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A Professional Engineer who has experience in
this type of work should design bridges.
Consideration needs to be given to the structural
integrity of the bridge to function under the dead
load and anticipated live load it will carry. Normally,
a permit from the PADEP will be required. They
should be consulted during the planning stages. In
designing bridges, the following items should be
considered:

∼

∼

∼
∼

∼

∼

For bridges over streams, the waterway
opening underneath should be sufficient to
allow the water to pass through without
adversely impacting the bridge or the
surrounding area. In areas where no bridge
exists, it should be expected that the bridge
would have to span from top of bank to top of
bank with the bottom of the beams at or above
the top of bank elevations. A hydrologic and
hydraulic study should be performed to verify
the opening required.

CLEAR SPAN
Guide Rail

Riprap Scour Protection
Streambed

ELEV. *

TYPICAL BRIDGE ELEVATION
NOTE
* Elevation of bottom of footing should be
placed 4-6' or deeper below streambed
to prevent damage from scour

Typical Bridge Elevation
Figure 3.23

Guide Rail

Curb-to-Curb

Surface

The superstructure must be strong enough to
handle the dead load and anticipated live
load(s) it will carry.
The width of the
superstructure should be wide enough for
emergency and rescue vehicles to pass.
The material to be used for the superstructure.
A bridge is an opportunity to provide an
aesthetically pleasing feature to a trail!

Wingwall Stem
Footing

Deck

Deck Overhang

Typical Bridge Section
Figure 3.24

The allowable soil bearing capacity that the
bridge will be founded on. Certain soil tests
should be conducted to verify the suitability of
the native material or provide recommendations
for additional measures to be incorporated
(such as over excavating and backfilling with
more suitable material).
The type of foundation to be used. Normally
reinforced concrete is the material of choice for
foundations. In more remote areas, the use of
timber cribbing or laid stone can be considered.
Depth to the bottom of the foundation should
consider potential scour caused by flowing
water underneath. Normally, rock riprap is
placed along the front of the foundations to help
minimize this concern.
Bridge Crossing
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Beam
Spacing

∼

Future maintenance. One can expect timber
bridges to require more periodic maintenance
than other materials under consideration due to
the need to preserve the timbers to keep them
from decaying. Pressure-treated timber should
be used if timber is selected as the material.

Bridges are normally one of the most expensive
and high maintenance components of any trail and
should be avoided, where possible. Bridges should
be inspected no less than every 4-years by a
qualified bridge inspector or more frequently if
deemed appropriate.
Wing Angle
(30° Typical)
Wing Angle
(30° Typical)

Normal Span

Wing C

Wing B
Rip Rap
Scour Protection

Wing Wall Length

4'-0" (Typ. All)

Bearing
Sta.

Bearing
Sta.

Begin Structure

CL Trail

Structure
Sta.
Abut. 1
(Near)

End Structure
Sta.
Abutment
Abut. 2
(Far)

Out-to-out

Bridge Skew Angle
Rail-to-rail

Sta. Ahead

Wing (typical)

Wing D
Wing A

Wing Angle
(30° Typical)

Wing Angle
(30° Typical)

Typical Bridge Plan View
Figure 3.25

Low Flow Crossings - A low flow crossing can be
used to cross a small stream during normal flows.
It is normally constructed of rock riprap keyed into
the streambed and banks to provide stability. A
permit will be required from the PADEP. They also
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have guidance available on the construction of
these crossings and should be consulted during the
planning stages.
Low flow crossings have a distinct disadvantage in
that they should only be used during normal flows
where the water can be traversed without causing
harm to the vehicles being used. There is risk of a
driver losing control of the vehicle and potentially
drowning can occur. Proper signing should be
used at the approaches to these types of crossings
warning of the dangers ahead. Be expected to
close trails frequently due to these crossings
becoming impassable!
Be aware of the
potential liability that can arise if these
crossings are used!
Retaining Structures
Rock Walls - When available onsite, rock can be
successfully used as a retaining wall. It will prove more
durable and longer lasting than a timber crib wall. Rock
walls are often called “dry masonry” walls because no
mortar is used between the stones. (See Figure 3.26)
Rock walls are typically constructed by excavating a
footing in soil or to solid rock. The footing should be insloped to match the designed batter angle and be deep
enough so the first layer of larger stones is buried below
the surface. Ideal rocks are rectangular with flat surfaces
on all sides. Round rocks should be avoided. Ideally, the
stones should weigh at least 45 lbs. At least half of the
stones should weigh more than 130 lbs.
Wall width is 24" or
1/2 the wall height
whichever is greater

2"

A

Tread 2-4%
Outslope

130 pound Edge Rocks
.25
.25 to .5
Embedded 12"

Tread

Header Rock
Embed wall 12"
sides and bottom

Width

A
FRONT VIEW

Prepare footing in earth
or solid rock. Inslope
foundation 20% to 30%
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Typical Rock Wall Detail
Figure 3.26
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The batter should range from .25:1 to .50:1. Factors
determining this angle include the size and regularity of the
rock, the depth of header stones, and the steepness and
stability of the slope. At batter angles steeper than .25:1 or
so, internal anchors, or cement (or both) may be needed
for stability.
After the foundation course of larger stones are laid, the
successive face tiers should be staggered slightly into the
hill to create the desired amount of batter. Joints should
not coincide with any adjacent joints, but should be
staggered. Tie stones are longer stones that should be
staggered through the construction and extend into the fill
material behind the wall for added stability.
Stones should be set so they have at least 3 good points
of contact with the stones below, which can be determined
if they have no wobble when a load is placed on them.
Shims should be avoided as they can fall out over a period
of time. Capstones are used as the top layer and should
be larger stones to help tie the entire wall together. Backfill
material can be native mineral soil and/or small rocks.

1.5' Min.

Existing Slope

Cap Rocks
Trail Width

Geotextile
1
12

AASHTO
No. 57 Stone

4" AASHTO
No. 10 Stone
Slope

Designer shall
determine warrant
for safety protection
for vehicle leaving trail
Gabion baskets or
log crib wall

4" Perforated
HDPE Pipe

Hand place and
key in outer rocks

Dry Stone Retaining Wall and Gabion Basket
Figure 3.27

Gabions - Gabions consist of rectangular units fabricated
from wire. Filled with stone and stacked together, they
form a gravity retaining wall that can be used to hold in
place trail fill slope areas or provide support for an unstable

74 Trail Design

cut slope. (See Figure 3.27) Gabions can also be used, in
certain instances, for bridge abutments and wing walls and
culvert headwalls.
To provide additional protection against corrosion, gabions
can be manufactured with wire mesh coated with a
continuous PVC (polyvinyl chloride) sleeve.
The design of gabion walls should be performed by a
Professional Engineer to insure they meet certain stability
requirements. Manufacturers of these types of structures
can also be consulted regarding the design and
construction techniques to be used.
Soldier-Pile Walls - This type of retaining wall is comprised
of two basic elements:

∼
∼

Vertical beams driven into the ground or set into
predrilled holes in the ground.
Horizontal lagging that is attached to the
vertical beams.

These walls should be designed by a Professional
Engineer to insure they meet certain stability requirements
and are structurally adequate to withstand the applied
lateral forces from the earth and any live load surcharge
behind the wall.
Materials used for these walls can be native timber,
pressure treated timber, steel, or a combination of all.
These types of walls present difficulties in constructing in
remote areas due to the equipment required and can be
very expensive. It is recommended that other alternative
methods be considered, if a retaining structure is needed.
Cribbing - Cribbing, or “crib walls”, is another type of
retaining wall that utilizes interlocking members that are
tied into the fill material behind it for stability. The most
common type of crib wall is made from timbers, either
native or pressure treated. (See Figure 3.28) Native
timbers, if left untreated, will decay in a very short period of
time and should be avoided.
Cribbing is constructed by interlocking logs or beams,
pinned or notched (if logs) at the joints. Sill logs are laid at
right angles to the direction of travel and alternate tiers of
face logs and header logs are then laid. Each successive
tier is set to provide enough batter to resist lateral earth
pressure and to reduce pressure from on the face logs
from the fill. The ends of the header logs are seated
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against the back slope of the excavation for stability. As fill
is tamped in place, filled logs are placed inside the
structure to plug the spaces between the face logs, and
are held in place by the fill. Crib walls can also be used, in
some instances, as bridge abutments.

Maximum Spacing
8'

Filler Logs
(Not Notched)

Header Logs
(Notched)
Tread

See Note 1

1/2" Drift Pins
to penetrate 3
logs minimum

Face Logs
Filler Logs

Rear Logs
(Notched)

Height
1/2" Drift Pins
to penetrate 3
logs minimum

Face Logs
(Notched)

Sill Logs
(Not Notched)
Height + 2'

FRONT VIEW
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Typical Timber Crib Wall Details
Figure 3.28

Geocell - There are many manufactured versions of
retaining walls on the market that rely on cells stacked
together and filled with soil or stone to achieve stability.
These “geocell” units are normally light in weight and can
be transported easily to remote areas. Manufacturers
should be consulted in regards to design and construction
techniques to be used if they are being considered.

Geo-Cell Retaining Wall

76 Trail Design

Pullovers and Vistas
To keep the user’s interest, a trail must provide a
continuous experience with destinations and points of
interest. It is important that the designer directs a rider’s
attention to things of interest and then gives him the
means to go there. It would be almost criminal if a rider
took the trail least traveled to the top of the hill and there
was no place available to view the valley below. The
designer needs to include pullovers to give users a place
to stop and look at points of interest, such as a waterfall or
stream, a unique rock outcropping, native flora, or wildlife
areas. Scenic vistas can be at a pullover or specifically
located at a turnaround.
Turnarounds should be
sufficiently large enough to allow riders to pass stopped
vehicles. Providing a circular turnaround radius of 26’ for
ATV’s, 16’ for motorcycles and 43’ for snowmobiles should
allow for safe passage at these sites.

Vista

Speed Control Structures
Control of speed is an important factor in trail alignment.
The designer needs to add features that will naturally
cause users to slow down. The most important feature to
add is interesting things to see. When you capture the
user’s attention, they will slow down. Other features that
can be used to slow speed include curves, change in
grade, narrowing of the trail, making the trail tread rougher,
and installing obstacles. Water control structures, such as
water bars and dips, also slow down riders.
Banked Turn

Banked Turns, Climbing Turns, and Switchbacks
These special structures for changing direction and
negotiating steeper terrain are commonly used for
motorized trails. Next to water control structures, they
demand the most attention in design and are most likely to
be improperly constructed. When there are problems with
these structures, it is often expensive to correct. The old
adage “do it right the first time” is particularly applicable to
climbing turns and switchbacks. Attention must be given to
water control. Natural barriers must be provided to prevent
trail users from cutting the turns short. Techniques for
preventing riders from cutting across include natural
vegetation, placement of boulders or rock walls, and
shaping the uphill leg of the turn as a thru-cut. When
properly designed and constructed, these features add
interest and enjoyment to the trial riding experience.

Cut Slope
Upgrade
Maintain constant
grade through turn
Points of curve

A

Turn
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Upgrade

Fill Slope
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Outslope toseins
A Centerline of climbing turn
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PLAN
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Transition
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ON THE GROUND
Through cuts are
permitted through
climbing turns
Slope
Inslope

SECTION A-A

Climbing Turn
Figure 3.29
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Banked Turns - Banking the turns, i.e. raising the outer
section of the turn, assists operators in negotiating the turn
and enables them to negotiate turns with a smaller turning
radius. The width of the trail should be widened for
banked turns. For example, on a 4 foot wide ATV trail, the
banked turn should be widened to 6 feet. The radius of
curve and length of curve will dictate the amount of superelevation. The slope can be as much as 50 percent. Dips
can be placed before and after the turn for water control.
Banked turns do add maintenance to a trail, as there will
be a tendency to push the trail treads up the inslope.

Climbing Turns - Climbing turns are used to change
direction and gain elevation at an acceptable grade on side
slopes of less than 20 percent. A climbing turn maintains
grade through the turn, whereas a switchback is level or
nearly level through the turn. (See Figure 3.29) Climbing
turns are preferred over switchbacks, but the side slope
and terrain must be the deciding factor. Water can be
controlled by shaping grade dips before and after the turn.
Diversion ditches on the uphill side can be used to divert
water away from the trail. All climbing turns should be
banked.
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Switchback
Figure 3.30
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Switchbacks - Switchbacks are used to change direction
and gain elevation when side slopes are greater than 20
percent. (See Figure 3.30) They are more difficult and
expensive to construct than climbing turns. The methods
to control and manage water in switchbacks are the same
as for a climbing turn, however water control is easier and
more effective because of the level area through the turn.
It is important to select the location of the switchback(s) on
the ground during reconnaissance. Contours, particularly
those used during trail design, do not always show the
subtle changes in elevations that are important in selecting
a proper location for a switchback. The designer should
first look for a level bench. If a level bench cannot be
located, then the designer should locate an area with a
reduced side slope. Locating the switchback on a crossslope greater than 20 percent is very costly and has a high
probability of producing an unsatisfactory structure.
Switchbacks can have a continuous curve or can have a
landing/turning area.

Play Areas
As stated previously, play areas provide an area where a
rider can have less restrictive fun and a novice rider can
practice advanced skills and become comfortable in riding
trails of a higher level of difficulty. Often times, a borrow
area for a trail project is an ideal location to groom the
terrain while removing the necessary material needed
elsewhere for the trail construction.
Locating the play area near a trailhead with access to an
easier part of the trail system will allow novice riders to
participate in the adventure. Play areas can include, in
various levels of difficulty:

∼
∼
∼
∼

Mudholes
Hill Climbs
Jumps
Uneven Sloping Sections of Trail

Play areas - A place to get
down and dirty!

Safety cannot be stressed enough in designing the layout
and traffic flow through a play area. Keeping in mind that a
play area could be heavily used, pay particular attention to
keeping traffic flowing in one direction so collisions do not
occur. Signing the play area to direct the flow of traffic and
identify the various levels of difficulty that exist will play a
big role in ensuring safety stays in the minds of those who
enter.
TRAILHEAD DESIGN PARAMETERS
Introduction
Trailheads are hubs on or adjacent to a trail alignment that
provides access to the trail system, parking and unloading
areas, and other amenities beneficial to trail users. Figure
2.31 shows an example of a trailhead layout. The design
of trailhead facilities is based upon the capacity of the trail
or trails that the facility serves. Trail capacity is measured
in units of machines per mile of trail. It is generally
accepted that each haul vehicle will carry approximately
two machines to the trailhead.
Using the design guidelines listed above, it may be useful
to work through a sample calculation of trailhead capacity.
Assume a single trailhead serves a trail that is 10 miles
long. At a capacity of four machines per mile, the trailhead
should be designed to accommodate 40 machines. Since
each haul vehicle will carry approximately two machines,
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the trailhead facility should be able to accommodate 20
haul vehicles. This example assumes that only one
trailhead serves the entire trail. Trail networks may have
several trailheads along their alignment. For multiple
trailheads, the designer should attempt to determine the
approximate trail “corridor” served by each trailhead and
calculate capacity accordingly. The sum of the capacities
of all individual trailheads on a trail network should be at
least equal to four machines per mile times the total length
of the entire trail network.
Keep in mind that anything worth doing, is worth doing
right with quality materials and craftsmanship. First-rate
facilities will be a benefit to users throughout their lifecycle.
Studies have also shown that high quality facilities typically
experience lower rates of vandalism than those of lesser
quality.

Unloading Area
Kiosk
Comfort
Station

Loading Area

Schematic Trailhead Layout
Figure 3.31

Parking

If someone were asked what the purpose of an ATV or
snowmobile trailhead was, the answer would most likely be
to load/unload your machine and to park while you ride the
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trail. The proper design of parking areas is critical to the
layout of a successful trailhead facility.

Haul vehicle parking spaces should be 12’ wide by 45’
long. Standard parking stalls have preferred dimensions of
10’ wide by 20’ long, but in no circumstances should be
smaller than 9’ wide and 18’ long.

30
°

As discussed above, the length of the trail determines the
capacity requirements of the trailhead and the number of
haul vehicle parking spaces to be provided. In addition to
haul vehicle spaces, one standard parking space should
be provided for every four haul vehicle spaces required in
order to accommodate families, friends and additional trail
users.

°
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Haul vehicle parking stalls should be angled to the travel
lane to facilitate turning maneuvers. Standard parking
stalls can be either angled or 90 degrees to the travel lane
as conditions permit.

15 ft
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180°

The layout of parking stalls is dependent on the turning
radius of the design vehicle, in this case a passenger car
or truck, with a trailer attached. (See Figure 3.32)
AASHTO states that the minimum inside turning radius is
approximately 6’ 6”, and the maximum outside turning
radius is 25’.

Haul Vehicle Turning Radius
Figure 3.32

Two-way lanes should be at least 24’ wide, but may need
to be wider depending upon the orientation of the haul
vehicle spaces and horizontal alignment of the travel
lanes. (See Figures 3.33 and 3.34) One-way parking lot
travel lanes should be a minimum of 12’ wide. (See Figure
3.35) The turning path template should be overlaid onto
the parking lot layout to verify required lane widths. Wider
lanes may be necessary in front or behind of haul vehicle
parking stalls and at bends in the travel lane layout to
prevent encroachment onto adjacent lanes.
Parking area surfaces are a point of contention. Many
complaints arise from users regarding stone or gravel
surfaces. The lots quickly become rutted, and are either
dusty or muddy, depending on the weather. It is difficult to
properly mark parking stalls, so parking becomes a free for
all with little organization and the lots often become play
areas for ATVs.
Paving can limit these activities.
Whenever possible, parking lot surfaces should either be
asphalt or concrete. Parking is easily marked on these
surfaces, and the added lifespan can make it worth the
added cost of installation.

Snowmobile Trail Parking Area
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Figure 3.33
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Figure 3.34
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Figure 3.35
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There may be times when the initial cost, location or the
anticipated volume of use of a particular trailhead does not
justify paving the parking area. In this case, wheel stops
should be provided to indicate to users proposed parking
patterns.

ADA Accessibility

While designers must become familiar with all provisions of
the ADAAG, certain aspects may dictate the layout of
trailhead facilities. Primary concerns include providing
appropriate parking for persons with disabilities, an
accessible route from the designated parking location to
other facilities at the trailhead, and accessible facilities at
buildings, comfort stations, showers, and kiosks.
The ADAAG outlines requirements for the number and size
of parking stalls and access aisles that must be provided,
as well as the ground surface conditions and slopes for the
parking areas. (See Figure 3.36) Accessible standard and
vehicle haul spaces should be provided at rates identified
in the ADAAG. At least one accessible route must be
provided from accessible parking stalls to all accessible
facilities. These routes must be designed with proper
longitudinal and cross slopes, ground surface conditions
and widths to allow safe and unimpeded travel of persons
with disabilities.
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Accessible Sign
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Among its many provisions, the Americans with Disabilities
Act of 1990 (ADA) prohibits discrimination at public
accommodations on the basis of disability.
Public
accommodations include privately owned facilities that are
open to access by the general public.
These
accommodations must comply with basic nondiscrimination
requirements that prohibit exclusion, segregation and
unequal treatment, architectural standards for new and
renovated buildings and effective communication with
people that have hearing, vision or speech disabilities.
The Federal Government has compiled a document
entitled ADA Accessibility Guidelines for Buildings and
Facilities (ADAAG) that details technical requirements for
providing accessibility by individuals with disabilities as
classified under the ADA.

Accessible
Symbol
Accessible Haul Vehicle Spaces
Figure 3.36

Note: Accessible Haul Vehicle Spaces
must be designed on a case-by-case
basis. Factors such as direction of
travel and the angle of parking can
affect the number of striped isles and
the overall dimensions.

Buildings and facilities must be designed and configured
such that accessible routes are provided throughout.
Doors and hallways must be certain widths and floor
finishes must be such that travel and access is not
restricted.
If comfort facilities are provided, fixture
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locations and orientations must comply with the guidelines
outlined in ADAAG.
Loading/Unloading Areas
Although an optional item, loading/unloading areas are a
nice addition to any trailhead. As discussed earlier,
parking spaces for vehicles with trailers should be
approximately 12’ wide by 45’ long.
Add to these
dimensions the length of a ramp and an ATV or
snowmobile, plus aisles around both sides of the vehicle
and trailer to allow unimpeded travel, and you have a
required loading/unloading area of approximately 20’ wide
by 65 feet long. This area should be separate from other
areas of the parking lot, i.e. no section of the
loading/unloading area should also be a portion of a
parking space or travel lane.
The area should be relatively flat and close to the trail
entrance. While a majority of the area could be concrete
or asphalt, the area where the ATV or snowmobile is
loaded/unloaded should be a crushed stone surface.
Providing ramps at trailheads is an unnecessary expense
and maintenance item.
Some existing ATV and
snowmobile trailheads in Pennsylvania have ramps to
assist with loading/unloading. Their usefulness to trail
users is questionable, as riders normally have trailers or
trucks with ramps.
Comfort/Shower Facilities
Some type of comfort facility should be provided at every
trailhead location. This may vary from portable latrines at
more primitive and remote locations to more elaborate
facilities with sinks, urinals, toilets, drinking fountains and
showers.

Comfort Shower Facility

A registered architect should design any comfort facility,
with the exception of portable latrines or simple pit
latrines/privies. They have the training and experience to
determine the best floor plans for the facility, as well as the
correct number and size of fixtures based upon the
estimated capacity of the trailhead facility. Well-designed
comfort facilities should employ “green” technologies that
reduce water usage and electricity consumption.
All comfort facilities must be permitted through PADEP.
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Landscaping
Landscaping is a beneficial addition to any trailhead site. It
softens the appearance of large impervious parking areas,
helps to blend the facility into the surrounding natural
setting, and can screen the trailhead from adjoining
properties.
Well designed landscaping also reduces
stormwater runoff and encourages infiltration and
groundwater recharge. Landscaping can be provided in
many forms including islands in the parking area, lawns or
planted and mulched beds.
Whenever possible, native plants should be incorporated
into the design of landscaping around trailhead facilities.
Most trailheads will be located in remote areas and will see
only periodic maintenance. Once established, native
plants do not require fertilizer, herbicides, pesticides or
watering, thus benefiting the environment and reducing
maintenance costs.
Properly designed native plant
communities will not only be visually appealing to trailhead
users, but will also provide food, shelter and nesting
opportunities for many species of wildlife. Plant species
should be chosen based on their compatibility with existing
plant communities in the area. Both DCNR and PADEP
have listings of native plant species for use in landscaping
designs. Refer to Appendices A and C.
Preservation of existing vegetation outside of the
construction area is of paramount importance. Adequately
flag the necessary clearing limits and keep within these
boundaries during construction.
Kiosks
Kiosks are typically small gazebo or pavilion type
structures that are open in nature and can house a variety
of facilities including vending machines, telephones,
billboards, trash receptacles, and bins for trail guides and
other informational brochures.
The decision on whether or not to install a kiosk, and what
types of facilities to provide will be dictated by the trailhead
location. For trailhead locations in close proximity to
developed areas with access to electrical and telephone
service, it may be advantageous to provide a more
elaborate kiosk with vending machines, a pay telephone,
billboards and informational brochures. At more remote
locations, it may be beneficial to provide a simple kiosk
with just a billboard, trash receptacles and possibly
informational brochures. At a minimum, provide a trail map

Kiosk
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covered with lexan or Plexiglas for protection from the
elements.
Things to keep in mind when choosing facilities for a kiosk:

∼
∼

∼

∼

Telephones should be provided whenever
possible so that emergency services can be
alerted in the case of an accident.
Kiosks with vending facilities and informational
brochures will require additional time on the
part of maintenance personnel to replenish
vending machines and informational brochures,
and to empty trash receptacles.
Additional trash receptacles and/or recycling
bins should be provided at locations with
vending machines to encourage proper
disposal of cans and wrappers in order to
reduce litter along the trail and around the
trailhead area.
Kiosks with concrete or asphalt concrete floors
and large roof overhangs to shelter trail users
are beneficial.

Utilities
Possible utilities to provide at a trailhead facility include
electricity, telephone, water and sewage disposal services.
Their availability and cost of acquisition will most likely
dictate what facilities will be provided at various trailhead
locations.
Electricity

∼
∼

Necessary for lighting, on-site water supply,
and on-site sewage treatment facilities.
Not required for primitive trailhead locations.

Telephone

∼
∼

Should be provided whenever possible to notify
emergency personnel and for general user
convenience.
Cellular/satellite service may now be an option.

Water

∼
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Necessary for comfort facilities
exception of pit latrines/privies.

with

the

Sanitary Sewer

∼

Should be provided in some form at all
trailheads, as either portable latrines, pit
latrines/privies with holding tanks, or comfort
stations with on-site sewage treatment facilities.
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CHAPTER 4 – TRAIL SIGNING
INTRODUCTION
These trail signing guidelines are intended to provide
standardization for signs and uniformity in sign use.
Installing trail signs will assist in regulating traffic flow, warn
trail users of trail conditions or characteristics, locate the
trail, and provide general information to trail users.
Regulatory and warning signs promote safety of users,
vehicles and property. Trail markers and informational
signs enhance the trail user’s comfort level and add to the
enjoyment of the overall experience.
Standardizing the size, shape, color, and content of signs
as shown in these guidelines will add to the
professionalism of trail building and management
throughout the state. Standard signs improve safety
through trail user familiarity no matter what trail is visited.
These guidelines are consistent with the International
Association of Snowmobile Administrators (IASA). Sign
standards for signs placed in highway rights-of-way or for
the control of motor vehicles shall conform to the
requirements of 67 Pa. Code Chapter 211 (relating to
official traffic control devices).
Uniformity in application of signs is just as important as
standardization of sign design and placement. Identical
conditions should always be marked with the same type of
sign, regardless of where those conditions occur.
Uniformity also enhances safety and trail user comfort
levels.
MULTI-USE HIGHWAYS OR STREETS
Posting signs for any street or highway that allows
snowmobiles or ATVs and other vehicle traffic shall comply
with the provisions of 17 Pa. Code § 51.83 (Posting signs
for snowmobile or ATV roads). Signs shall conform to the
requirements of 67 Pa. Code Chapter 211 (relating to
official traffic control devices).
An official ‘‘SNOWMOBILE ROAD’’ or ‘‘ATV ROAD’’ sign
as shown on page 95 shall be installed on the right side of
the street or highway at the beginning of the posted
snowmobile or ATV road and on the right side of the
snowmobile or ATV road within 100 feet beyond each
intersecting street or highway and at locations thereafter
which will afford notice to all users of the road that it is a
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snowmobile or ATV road. The ‘‘END’’ plaque shall be
used in conjunction with the ‘‘SNOWMOBILE ROAD’’ or
‘‘ATV ROAD’’ sign to indicate the end of a posted
snowmobile or ATV road.
On each street and highway intersecting the posted
snowmobile or ATV road, an official ‘‘SNOWMOBILE
CROSSING’’ or ‘‘ATV CROSSING’’ sign may be installed
on each approach of the intersecting street or highway.
See Figure 4.2 on page 99.
STANDARD TRAIL SIGNS
The key to establishing a standardized and uniform signing
system is developing a list of standard signs. The
following tables of regulatory and warning signs provide
guidance as to size, format, appearance and color. It is
expected that there will be some variation between
manufacturers. The intent is to provide a consistent
message to trail users and maintaining uniformity
throughout the trails of Pennsylvania.
Reflectorization and Illumination
All regulatory and warning signs, unless otherwise
indicated, shall be reflectorized or illuminated to show the
same shape and color both by day and night.
Informational signs need not be reflectorized or illuminated.
Signs may be reflectorized by reflector ‘‘buttons’’ or similar
units set into the symbol or message, or by applying
reflecting coatings, either on the sign background or when
a white legend is used on a black or colored background in
the symbol or message and border.
Signs may be illuminated by placing a light behind the face
of the sign, illuminating the main message or symbol, or
the sign background, or both, through a translucent
material. They may also be illuminated by attaching or
independently mounting a light source to direct illumination
over the face of the sign.
Regulatory Signs
Regulatory signs regulate movement of off-highway
recreation vehicles along the trail in a safe and orderly
fashion. Failure of trail users to obey these signs can lead
to legal consequences. Signs are placed according to the
section on Trail Sign Placement and located where the
desired action is to take place. Table 4.1 provides a list of
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potential regulatory signs, but should not be considered all
inclusive.

Typical Design

Name and Use

Usual Characteristics

STOP Instructs riders to
bring their vehicle to a
complete stop before
proceeding with caution.

12” x 12 “ Octagon. Red
background with white
reflective lettering.

YIELD Instructs riders to
yield the right-of-way to
vehicles traveling on the
other trail.

12” x 12” Triangle. Red and
reflective white background,
with red lettering.

SNOWMOBILING ALLOWED
Identifies areas where
snowmobiling is allowed.

12” x 12” Square. White
background, black graphic,
green circle – not reflective.

NO ATV’S or TRAIL BIKES
Identifies areas where ATV’s
or Trail Bikes are not
allowed.

12” x 12” Square. White
background, black graphic,
red circle – not reflective.

SPEED LIMIT Reminds
riders not to exceed the
speed limit as indicated.

8” x 12” Rectangle. White
background, black graphic
and black lettering.

ONE WAY Identifies
sections on the trail where
vehicles may travel in one
direction only.

8” x 12” Rectangle. White
background, black graphic
and black lettering.

OTHER REGULATORY
SIGNS Other regulatory
signs may be developed as
necessary.

8” x 12” Rectangle. White
background and black
lettering.

Regulatory Signs
Table 4.1
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Warning Signs
Warning signs are intended to protect trail users by alerting
vehicle operators to hazards or conditions requiring special
attention. Signs are placed according to the section on
trail sign placement and located at a distance suitable to
provide ample time for the trail user to react. The section
on trail sign placement provides guidelines for determining
the proper distance to place a warning sign before a
hazard or condition requiring special attention. Table 4.2
provides a list of potential warning signs, but should not be
considered all inclusive.
Typical Design
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Name and Use

Usual Characteristics

STOP AHEAD Informs
riders they are approaching
a stop sign.

12” x 12 “ Diamond. Yellow
background, red octagon
and black arrow.

CAUTION Use this sign to
warn of a hazard when no
specific sign is available for
that purpose.

12” x 12 “ Diamond. Yellow
background and black
lettering.

SLOW Instructs riders to
temporarily slow their
vehicles.

12” x 12 “ Diamond. Yellow
background and black
lettering.

RIGHT OR LEFT TURN
Informs the rider that the trail
ahead makes a significant
change in direction.

12” x 12 “ Diamond. Yellow
background and black
graphic.

GATE AHEAD Informs
riders they are approaching
a gate across the trail.

12” x 12 “ Diamond. Yellow
background and black
lettering.

JUNCTION AHEAD
Informs riders they are
approaching a trail
intersection.

12” x 12 “ Diamond. Yellow
background and black
lettering.

Typical Design

Name and Use

Usual Characteristics

WINDING TRAIL Informs
riders they are approaching
a series of curves.

12” x 12 “ Diamond. Yellow
background and black
graphic.

OBJECT MARKER
Identifies a fixed object at
the side of the trail. Stripes
slope down toward the trail.
Used when any object
narrows the normal width of
the trail. See Figure 4.3 on
page 100.

12” x 12 “ Diamond. Yellow
background and black
graphic.

CHEVRON ALIIGNMENT
SIGN Identifies a sharp turn
and provides additional
guidance.

12” x 12 “ Diamond. Yellow
background and black
graphic.

BRIDGE AHEAD Informs
the rider that they are
approaching a bridge that is
narrower than the trail

12” x 12 “ Diamond. Yellow
background, black graphic
and black lettering.

BUMP Informs riders they
are approaching a spot that
is abruptly higher or lower
than the rest of the trail.

12” x 12 “ Diamond. Yellow
background, black graphic
and black lettering.

STEEP HILL Informs riders
they are approaching a
section of the trail with an
exceptionally steep grade.

12” x 12 “ Diamond. Yellow
background, black graphic
and black lettering.

RIGHT HAIRPIN TURN
Informs riders they are
approaching a sharp right
hand turn of or close to 180
degrees.

12” x 12 “ Diamond. Yellow
background and black
graphic.

Warning Signs
Table 4.2
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Trail Markers and Informational Signs
Trail markers reassure riders that they are still following the
trail. Informational signs can inform trail users about a
variety of items. Some examples include:

∼
∼
∼
∼

trail difficulty
location
trail name or number
location and direction to facilities and services,
such as:
o rest rooms
o food
o camping
o lodging
o gasoline
o repair

Each trail system should establish uniform trail information
signs. Trail side businesses may be permitted to place
signs on the trail, but should conform to the uniform size,
color, and shape. Other informational signs may be placed
in kiosks. Table 4.3 provides examples of trail markers
and informational signs.

Typical Design
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Name and Use

Usual Characteristics

SNOWMOBILE TRAIL
MARKER Informs the rider
they are on a designated
snowmobile trail.

5” x 7“ Diamond. Orange
background with silver-gray
reflective diamonds.

ATV TRAIL MARKER
Informs the rider that the
ATV trail makes a significant
change in direction ahead.

5” x 7“ Diamond. Green
background with silver-gray
reflective diamonds.

ATV TRAIL Identifies the
trail as a Bureau of Forestry
officially designated ATV
trail.

Standard Size Bureau of
Forestry Sign.

Typical Design

Name and Use

EASIEST

MORE DIFFICULT

MOST DIFFICULT

Usual Characteristics

CORRIDOR TRAIL SIGN
Used to identify the trail
section and provide other
information.

Stained wood sign with
engraved white letters.

SNOWMOBILE ROAD
Informs vehicle operators
that this is an officially
designated Snowmobile trail
with other motor vehicles
also permitted.

Standard Size Bureau of
Forestry Sign.

EASIEST TRAIL Identifies
the trail as “Easiest” as
characterized by the
standard trail rating system.

5” x 7” or 8” x 12” Rectangle.
White background, green
graphic and green lettering.

MORE DIFFICULT TRAIL
Identifies the trail as “More
Difficult” as characterized by
the standard trail rating
system.

5” x 7” or 8” x 12” Rectangle.
White background, blue
graphic and blue lettering.

MOST DIFFICULT TRAIL
Identifies the trail as “Most
Difficult” as characterized by
the standard trail rating
system.

5” x 7” or 8” x 12” Rectangle.
White background, black
graphic and black lettering.

Trail Markers and Informational Signs
Table 4.3

TRAIL SIGN PLACEMENT
This section provides basic information on where and how
signs are to be placed.

Sign Orientation
Place signs at eye level, perpendicular to the direction of
travel of the trail. This orientation makes the sign visible to
the trail user over the longest possible period, so that the
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rider has a chance to understand the message and to
react accordingly. Night time visibility is also maximized by
reflecting the headlight beams. Placing signs within a 5.0
ft x 5.0 ft area which starts 3.0 ft from the trail edge and 2.0
ft above the trail provide satisfactory results. Figure 4.1
graphically portrays this imaginary window
Signs
mounted outside the window will not perform as well.

Sign Location Window
Figure 4.1

Height. Signs should be mounted at a height of at least 5
feet, measured from the bottom of the sign to the near
edge of the trail tread surface. Depth of snow must be
considered when placing signs for snowmobile trails. If a
secondary sign is needed, it should be placed below the
primary sign, with a height of at least 5 feet to the bottom
of the secondary sign. In and near trailheads where a sign
mounted at typical height may obstruct a rider’s vision or
make pedestrian movement unsafe, the sign should be
raised. Signs placed too high are difficult to read and do
not reflect headlight beams back to the rider.
Lateral clearance. Signs should have the maximum
practical lateral clearance from the edge of the traveled
way for the safety of motorists who may leave the roadway
and strike the sign supports. Normally signs should not be
closer than 3 feet to the trail tread surface. Under special
circumstances, they may be placed closer if protection of
the rider is accounted for. Signs placed further than 8 feet
from the trail edge are difficult to read and reduce the
distance that a sign may be within the riders view.

Posting Distances for Warning Signs
There are several factors involved in calculating the
minimum posting distance or spacing for warning signs.
These factors include:

∼ Speed of the vehicle when the sign first
becomes visible to the rider.

∼ Legibility or recognition factor for the sign.
∼ Decision-making time.
∼ Braking or stopping distance to achieve
required action.
Table 4.4 offers simplified guidance with a minimum
distance and an acceptable range. Although in some
instances it is not necessary to bring a vehicle to a
complete stop, this simplified guidance considers the
distance necessary to bring a vehicle to a complete stop
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should it be necessary. The factor with the greatest effect
is the speed of the vehicle when the rider first sees the
sign. This should not be arbitrarily taken as the posted
speed limit, but should be estimated as to the realistic
speed expected on that portion of the trail.

Average Anticipated Speed
on the Trail

Recommended Minimum
Distance from Sign to Hazard or Stop

25 mph

150 to 200 feet

35 mph

250 to 300 feet

45 mph

350 to 400 feet

55 mph

500 feet

Warning Sign Placement
Table 4.4

Mounting Considerations
The methods used to mount trail signs vary greatly
depending on the intended permanence of the installation.
The following points provide guidance in selecting an
appropriate mounting method to suit your circumstance.

∼ Place signs to the right of the trail to conform to
the rider’s familiarity with highway signs.

∼ Clear the sightline from the driver to the sign for
the entire distance through which the sign is
intended to be viewed. Routinely monitor the
cleared area.

∼ Use durable materials for permanent
installations, i.e. flexible plastic, fiberglass, steel
(breakaway design), or pressure treated
wooden post.

∼ Steel or wood posts are preferred for regulatory
and warning signs.

∼ Avoid mounting signs on living trees. If it is the
only alternative, use aluminum nails or screws.
Ensure that all nails or screws are removed
when the signs are removed.

∼ Use bolts or screws on posts, instead of nails to
reduce vandalism and theft. A cordless drill is
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an ideal tool to drive screws. Carry spare
battery packs, screw bits, and drill bits for predrilling signs.

∼ Use an existing mounting object such as a
fence post only if it is within the recommended
sign location window.

∼ If more than one sign is used at the same
location, place them vertically with the most
important sign on top.

∼ In most instances, trails will be used in both
directions. Separate and often different signing
is required for each direction of travel.

∼ Signing should be done by persons who are
familiar with the trail and who know where they
are and where they are going. When putting up
signs, imagine that you have never been in this
area or on this trail before. Try to picture what
signs would be necessary to get you safely to
your destination.

∼ Use a small group of people for placing signs,
who are familiar with trail signing guidelines, to
retain as much uniformity as possible.

∼ Have someone less familiar with the area
review signage to identify locations that need
improvement.

∼ Avoid overuse of signs, especially regulatory
and warning types which, if used to excess,
tend to lose their effectiveness. A conservative
use of regulatory and warning signs is
recommended. However, a frequent display of
route markers and directional signs to keep the
driver informed of his location and his course
will not lessen their value.

∼ Extra regulatory and caution signs should be
carried by patrollers and maintenance
personnel to replace those which have been
vandalized.

∼ Maintaining visibility of signs in areas of heavy
snowfall accumulations poses additional
challenges in terms of sign mounting
techniques and materials. These signing
situations will require periodic inspections and
adjustment of sign poles or stakes throughout
the winter to keep signs from being obliterated
by snowfall.
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EXAMPLES OF SIGN USE
The following illustrations are intended to give signing
crews an example of a few of the basic situations they will
encounter on trails. Only a few of the signs are shown in
these illustrated examples.
These illustrations serve as simplistic guidelines for use on
trails. It is understood that unusual situations may be
encountered relating to trail conditions, topography, man
made objects, or other circumstances that will require
some modifications to typical sign placement. The most
suitable placement of each sign must be determined at the
site where all variables are visible. In the case where sign
placement is outside the range indicated in this manual,
document the reason by placing a written explanation and
sketch in the trail files.

Road Crossing
Figure 4.2
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Bridge
Figure 4.3

Bump
Figure 4.4
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Trail Intersection
Figure 4.5
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Curve
Figure 4.6
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Tight Turn
Figure 4.7

CORRIDOR SETTING
Following the trail may be fairly obvious and
straightforward in some forested areas. However, when
trails cross open areas such as fields, lakes, meadows, or
play areas, trail routing may not be at all obvious.
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A simple method of identifying the trail corridor in open
areas is to use stakes or poles that are mounted into the
ground adjacent to the trail. These stakes or poles should
have reflective material.
Stakes/Poles
Flexible plastic or fiberglass stakes such as standard
highway markers may be used. The white or silver stakes
are not suitable for trails to be used in the winter.
U-shaped steel stakes provide a sturdy and permanent
mounting. They should be installed as a breakaway stake.
See PENNDOT 408 for specifications.
Wooden sign posts offer a less expensive option. A 4” x 4”
post should be used for permanent mounting.
For
temporary mounting, such as winter time snowmobile
trails, a 2” x 2” wooden stake sharpened at one end and
driven into the ground may be sufficient.
A minimum of 12” at the top of the stake is painted a color
that offers high contrast to the background, e.g. blaze or
fluorescent orange. At least 3 square inches of reflective
material should be attached on both sides of the stake at a
point 4 inches down from the top of the stake. This will
make the stake more visible at night from both directions of
travel. The length of the stake is selected so that when it is
driven into place, a minimum of 40” of stake remains
visible above ground or the top of the snow, with the
reflective material being as close to eye level as possible.
Large seasonal snow depths may dictate the use of height
extenders or other alternatives to adjust for changes in
snow depth.
Setting the Trail Corridor
There are two generally accepted methods of establishing
a corridor: (a) placing stakes or poles in pairs at right
angles to the trail to set a “gate” through which a rider
passes or (b) setting a single line of stakes or poles with
periodic pairs of stakes or poles to reinforce which side of
the stake or pole line is intended for the flow of traffic.
The spacing between a stake/pole or stake/pole pair will
vary on the nature of the terrain being marked. In open
terrain, the spacing to the next stake/pole or stake/pole
pair should be easily visible after passing by a stake/pole
or stake/pole pair. The frequency of stake/pole sets should
be increased significantly to indicate a turn.
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CHAPTER 5 – TRAIL CONSTRUCTION
INTRODUCTION
The construction process consists of staking out the trail,
managing the process, and sculpting or shaping the trail to
achieve the intent of the plans. The final phase in trail
development differs from typical construction in that much
of the final alignment may occur in the field. Although the
trail alignment, standards, details and specifications are
established in the plans, the decisions that ultimately
determine the character of the trail occur as construction
proceeds. In this regard, it is critical that a construction
manager, experienced in trail construction, be assigned
on-site for the duration of construction.
INITIATING CONSTRUCTION
An on-site pre-construction meeting which includes
representation from the design team, the construction
management team, and the contractor should be
conducted to review the plans and specifications.
Although other members may attend, the key personnel
involved in this construction kick-off include the design
team professional (registered landscape architect or
professional engineer), the on-site construction manager,
and the foreman for the contractor’s field crews. During
the walk of the final trail alignment, the design team will
identify any areas of special concern, identify
environmentally sensitive areas, and represent their intent
for the character of the completed trail.
FIELD LAYOUT
Trail Alignment
The on-site construction manager is responsible for
flagging and staking prior to the start of construction. After
the pre-construction meeting, additional flagging and
stakes are added to show grade and final alignment.
Initial trail alignment and flagging identifies the trail route
sufficiently to ensure proper grades, avoidance of
environmentally sensitive areas, location of structures, and
location of natural and constructed drainage features.
Final alignment will establish the trail character, while
shaping the trail to follow the natural undulations of the
terrain. The extent of flagging and staking required will
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depend on the experience of the construction crews,
complexity of the project, and the nature of the terrain.
Location stakes that establish trail elevation and alignment
should be placed at a maximum interval of 50 feet.
Additionally, location stakes are used to locate any
structures or facilities, such as bridges, culverts, retaining
walls, vistas, and turnouts. Grade dips, terrain dips,
switchbacks and climbing turns also need more detailed
location stakes.
While the design alignment took advantage of visual
features, such as rock outcrops, waterfalls, habitats, and
scenic views, the final alignment will provide greater detail.
Anchors will be defined and the alignment will gently curve
around large boulders, trees, or other objects that are not
necessary or desirable to remove. In addition to the
location stakes that establish elevation and alignment,
flagging may be used to show the field crews specifically
where the trail is to be shaped, such as identifying
anchors. The field crew must know how much latitude they
have in adjusting the alignment.
Play Areas
Depending on their complexity, play areas may require
more extensive staking than trail alignments. Drainage
features and structures to protect the environment must be
staked in detail. Other features may also require detailed
staking. However, it should be remembered that play
areas are more artistic than architectural. The shaping of
the terrain within the play area should be left to the
imagination and artistry of the construction manager and
field crew foreman.
STANDARD DRAWINGS AND SPECIFICATIONS FOR
CONSTRUCTION
As indicated above, the level of detail provided in the
design plans and specification will vary based on the size
and complexity of the project. A satisfactory project can be
completed by using a general alignment, a straight-line
diagram for specific structures, and reference to standard
details and specifications.
The USDA Standard Drawings for Construction and
Maintenance of Trails contains detail drawings specifically
for trail construction. See Appendix A. Many of these
details are available as CADD drawings and can be
selected and printed on detail sheets for the final plans.
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The USDA Standard Specifications for Construction
provide standard specifications tailored specifically for trail
construction.
See Appendix A.
These standard
specifications can be referenced, with any additions or
exceptions noted on the plans. PENNDOT Publication 408
also provides standard specifications that can be
referenced. Publication 408 is available online. See
Appendix C. Publication 408 specifications are most
useful in providing specifications for trailhead facilities and
trail structures, such as bridges and culverts.
Any
structures within the PENNDOT right-of-way must
follow Publication 408 specifications. Publication 408 also
is useful in specifying materials used in trail construction,
such as screened or crushed aggregate material,
concrete, culverts, fencing, rip rap material, topsoil, and
seeding, fertilizing and mulching.
An advantage to
referencing Publication 408 specifications is the familiarity
that general contractors who practice in Pennsylvania have
with these specifications.
CONSTRUCTION MANAGEMENT
A construction management team is essential for a
successful trail building project. This is particularly critical
when the construction plans are not overly detailed. The
construction management team may consist of one
individual or a team specifically tailored to meet the special
inspection needs of a project.
The construction manager should have considerable
experience in trail building. Additionally, the team should
have an individual with strong skills in field soil
identification and experience in soil preparation and
compaction.
The construction management team represents the trail
developer and serves as a liaison between the design
team and the contractor. The construction manager is
responsible to ensure that the materials, procedures and
workmanship conform to the standards and specifications.
The construction manager should also ensure that the
contractor maintains a clean safe work place. Safety
concerns on trail projects include:
∼
∼
∼
∼
∼

Proper personal safety equipment.
Proper procedures for workers in trenches.
Use of ground safety guides while using equipment
on steep slopes.
Means and plan for medical evacuation.
Adequate emergency medical supplies on-hand.
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Inspection / Quality Assurance
The objective of quality control is to provide a safe,
functioning and lasting project, with an acceptable
appearance. The on-site construction manager should
provide continuous inspection as necessary to ensure the
field crews performance of work meets the standards
required. The degree of inspection will depend on the
experience of the crew, the complexity of the job, and the
specific task being accomplished.
Permit Compliance
The construction manager should have a copy of all
permits that have been issued for the project. In addition
to ensuring compliance, the construction manager should
monitor completion of reporting requirements.
The
construction manager should also coordinate and facilitate
inspection by permit issuing agency personnel, such as
Conservation District personnel, DEP staff, and local
municipal code enforcement officers.
Erosion Control
Proper installation of erosion control measures not only
protects the environment, but also protects new
construction until permanent measures have been
established. The construction manager must frequently
inspect temporary control measures to ensure they are
functioning properly, particularly after storm events.
Conservation District personnel will periodically inspect the
project site to determine if selected best management
practices are effectively controlling soil erosion. Best
management practices that have failed or are not
effectively controlling erosion as intended, must be
replaced or repaired.
Alternative measures may be
required.
Final Inspection
When construction is nearly complete, the professional
from the design team (registered landscape architect or
professional engineer), the on-site construction manager,
and a representative of the contractor should make a final
inspection. The inspection party should walk the trail on
foot and ride the trail. A “final punch list” of items to be
completed or corrected shall be prepared and agreed upon
by the inspection party. Upon correction of the items on
the punch list, the contractor shall complete and submit “As
Constructed” plans.
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CONSTRUCTION PROCESS
The construction process consists of clearing, grubbing
and stripping, excavation, placement of materials, and
compaction. In some instances the in-place materials can
be shaped and compacted. In other instances, select
material, such as suitable borrow or manufactured
aggregates, may need to be imported, placed and
compacted to create a trail structure that will stand up to
the forces of snowmobiles, ATVs, and motorcycles.
Equipment
The demands of trails used by motorized off-highway
recreational vehicles require the use of mechanical trail
building equipment. Down-sized conventional construction
equipment, such as mini-excavators and mini-dozers, has
significantly improved trail building capability. Equipment
specifically designed for trail construction, such as the
Sweco Trail Dozer, is more efficient than conventional
construction equipment. This newer line of equipment has
attachments designed specifically to enhance trail building
capability.
Manual equipment and hand directed power equipment
still has a place in trail construction to assist in performing
tasks, such as in clearing and near sensitive areas or
features requiring more delicate and deliberate hand work.

Mini Front Loader

Clearing, Grubbing, and Stripping
Clearing is the removal and disposal of all vegetation,
rubbish, and surface boulders as required for trail
construction. Grubbing is the uprooting and removal of
roots and stumps. Stripping is the removal, stockpiling for
later use, or disposal of unwanted soil and sod. Clearing,
grubbing, and stripping can be accomplished with engineer
equipment, hand tools or power tools. Terrain, type and
density of vegetation, environmental impact, and safety
determine the methods and equipment used for clearing,
grubbing, and stripping.
Normally a combination of
methods and equipment is required.

Pionjar with Rock Breaker Attachment

The Trail Construction and Maintenance Notebook lists
types of hand tools and their use. Power tools useful in
clearing, grubbing and stripping include chain saws,
gasoline-powered stump grinders, and gasoline powered
rock drills and breakers, such as the Pionjar. In addition to
down-sized construction equipment, some of the
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specialized trail construction equipment is ideal for
clearing, grubbing and stripping operations.

Mini Excavator

Sweco 480 Trail Dozer

Clearing, grubbing, and stripping operations may differ
from project to project because areas have different forest
and vegetation types. Forests are not uniform in type,
growth, and density even within the same area. Soils,
water availability, and other factors may vary widely within
the project area. The majority of Pennsylvania forests are
temperate. Temperate forests contain both softwood and
hardwood trees. Hardwoods dominate where soils are
deep, and fertile. Softwoods dominate where soils are
shallow, and less fertile. Density in our forests varies with
topography, climate, and recent timber or forest
management activity. The type of root systems will have a
significant impact on the amount of grubbing that will be
required. Root systems vary according to conditions and
tree species. Although easier to remove, shallow roots
with wide spreading laterals pose the greater challenge for
complete grubbing of the trail. Areas with shallow soils
and wet areas are more likely to have shallow roots with
wide spreading laterals. Wet areas should be avoided
whenever possible.
The construction specifications will dictate the extent of
clearing, grubbing, and stripping for various sections of the
trail system. The size and amount of protruding rocks and
roots may vary for different sections of the trail, as this
affects the tread surface and level of difficulty. The on-site
construction manager will identify unsuitable native
materials that must be removed. Any timber salvage
operations should be completed prior to trail construction.
Initial development of the drainage system during clearing,
grubbing, and stripping is needed to ensure uninterrupted
construction and prevent erosion. Careful development of
the drainage system before and concurrent with
construction will prevent unnecessary delays and protect
the environment.
Protect and preserve the natural
drainage features and maintain vegetation as much as
possible during construction. Planned drainage features
that augment the natural drainage features should be
constructed as early as possible in the construction
sequence.
Soil Preparation
Trail construction projects use a variety of soil types. The
suitability of these materials depends on their gradation,
physical characteristics, and load-bearing capacity. While
some soil types are suitable in their natural state, others

110 Trail Construction

require preparation such as adjusting the moisture content
by mixing and blending. Because there is a direct
relationship between increased density and increased
strength and bearing capacity, the engineering properties
of most soils can be improved simply by compaction.
Appendix E provides characteristics for the USDA soil
classifications.
The amount of water present in a soil affects the amount of
compaction effort required and capability to achieve the
highest soil density possible. The water-content ratio is the
standard measure of water in a soil mass. Each soil has a
particular optimum moisture content at which a
corresponding maximum density can be obtained. Trying
to compact a soil at a water-content ratio either higher or
lower than optimum can result in less than satisfactory
results. The optimum moisture content varies from about
12 to 25 percent for fine-grained soils like “loam”, “silt
loam” and “sandy clay loam” and from 7 to 12 percent for
well-graded granular soils like “gravel” and “sand.”
Determining optimum moisture content is a laboratory test
procedure. However, there are several field test methods
to determine moisture content that produce acceptable
results.
If the moisture content of the soil is below its optimum
moisture range, water must be added before compaction.
Excess water also makes achieving the desired density
very difficult. Under these circumstances, take action to
reduce the moisture content to within the optimum range.
Drying actions may be as simple as delaying compaction
or aerating the soil. However, they may be as complicated
as blending a drier soil or adding a soil stabilization agent.
Excess moisture caused by the water table will require
installation of subsurface drainage.
Regardless of whether water has been added to increase
the soil’s moisture content or drying actions undertaken to
reduce it, it is essential to thoroughly and uniformly mix the
soil to achieve consistency.
Compaction
Compaction is the process of applying a mechanical effort
to increase the density of a soil. When controlled properly,
compaction increases a soil’s capacity to withstand the
dynamic loads and forces from motorized vehicle traffic.
Compaction affects different soils to varying degrees.
However, the advantages obtained by compaction make it
one of the most important aspects of trail construction.
Compaction equipment uses one or a combination of static
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weight, kneading, or vibration to increase soil density.
Different soil types respond differently to compaction
methods. Appendix E provides recommended compaction
methods and equipment for various soil types.
For trail construction, test strips are used to select the test
strip is located adjacent to the project site. The test strip
provides an evaluation of the proposed compaction
construction procedures. To make the initial selection of
equipment, place a 6-inch lift of the soil and direct each
piece of equipment over a specific length of the strip an
equal number of passes. After compacting all of the
lengths, perform a density test to determine the
compaction equipment which achieved the best results.
Density tests can be performed by qualified engineers
available
through
engineering
consulting
firms,
construction management firms, and certified soils
laboratories. Once the best compaction equipment is
selected, perform additional test strips to determine the
best lift thickness, the required number of passes, the
optimum equipment speed and, if using a vibratory roller,
the resonant frequency. During construction, proof rolling
methods can be used by the construction manager to
ensure the quality of the method of compaction being
used. Proof rolling methods consist of observing deflection
of the soil under a heavy dynamic load, such as a wheeled
trailer loaded to a weight that far exceeds the weight of the
vehicles using the finished trail.
Compaction Equipment

Sheepsfoot Roller

Sheepsfoot Roller. The sheepsfoot is a towed roller with a
series of feet attached to the drum. This configuration
allows the feet to penetrate through the lift. This roller
compacts the material from the bottom of the lift to the top.
Through consecutive passes, the roller walks out of the lift
as the desired density is achieved.
It is used for
compacting fined-grained soils, such as silts and clays. It
is not suitable for compacting granular materials, such as
sands and gravels. The lift thickness for the sheepsfoot
roller is limited to 6 inches in compacted depth. The
sheepsfoot roller does not adequately compact the upper 1
to 2 inches of a lift. Therefore, follow-up with a pneumatictired or smooth-drum roller is required to complete the
compaction or to seal the surface if not placing an
additional lift.
Tamping-Foot Roller. The self-propelled, tamping-foot
roller has feet that are square or angular and taper down
away from the drum. This roller compacts the material
from the bottom of the lift to the top. Through consecutive
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passes, the roller walks out of the lift as the desired density
is achieved. This configuration allows the feet to penetrate
the soil on the initial pass, resulting in a thorough, uniform
compaction throughout the lift. It is used for compacting
fined-grained soils, such as silts and clays. It is not
suitable for compacting granular materials, such as sands
and gravels. The lift thickness for the tamping-foot roller is
limited to 8 inches in compacted depth. The tamping-foot
roller does not adequately compact the upper 1 to 2 inches
of a lift. Therefore, follow-up with a pneumatic-tired or
smooth-drum roller is required to complete the compaction
or to seal the surface if not placing an additional lift.
Pneumatic-Tired Roller. Pneumatic-tired rollers can be
either towed or self-propelled. Pneumatic-tired rollers
compact using static-load and kneading. The soil contact
pressure is controlled by adjusting the tire pressure and
the weight of the static load. The wheel arrangement and
the tire deflection determine the surface coverage. Most of
the pneumatic-tired rollers use two rows of tires, with the
tires of one row filling the gaps between the tires of the
other row. Heavier rollers have only one row of tires and
require two or more passes for complete surface coverage.
The lift thickness for the pneumatic-tired roller can be up to
18 inches in compacted depth for the heavy rollers.
Pneumatic-tired rollers are suitable for compacting
granular materials, such as sands and gravels. They are
not effective in compacting fine-grained clays.
Smooth Drum Vibratory Roller. The self-propelled smooth
drum vibratory roller has a smooth steel drum. It may have
a single steel drum with rubber tired rear wheels, or it may
have dual steel drums. This roller has a relatively low unit
pressure and compacts from the top down. It uses a
vibratory action in conjunction with the ballast weight of the
drum to rearrange the soil particles. Vibratory compaction,
when properly controlled, can be one of the most effective
and economical means of achieving the desired density.
This vibratory roller is very effective in compacting
noncohesive/nonplastic sands and gravels.
The lift
thickness is limited to 4 to 9 inches in compacted depth. It
is very effective in creating a smooth, dense, and
watertight surface finish.

Self-propelled Pneumatic Tired Roller

Sweco Trail Dozer with Smooth Drum
Roller Attachment

Flexible Pavements
A trail is a flexible pavement. Subgrade and subbase
materials are typical of flexible pavement structure. The
tread material is atypical of flexible pavements, with soil or
gravel material used, as opposed to the typical bituminous
structure of a modern road. Any distortion or displacement
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of the subgrade is reflected in the subbase and the tread
material. Flexible denotes the tendency of all courses to
function as a structure and conform to the same shape
under traffic.
Design of this flexible structure is based on the principle
that the magnitude of force applied by a wheel load
decreases with depth below the surface. Consequently,
the forces on a subgrade material can be decreased by
increasing the thickness of the overlying layers (subbase,
and tread materials).
Subgrade and Subbase Materials
Appendix E provides characteristics of soils and their
suitability as a subgrade and subbase material. The
County Soils Books provide information and mapped
locations on specific soils and their suitability for use under
various circumstances. Consider the following factors
when determining the suitability of a soil as a subgrade or
subbase:
∼
∼
∼
∼
∼
∼

General characteristics of the soils.
Depth to bedrock.
Depth to the water table.
Compaction that can be attained.
Presence of weak, soft layers, or organics in
the subsoil.
Susceptibility to frost action or excessive swell
(k factor).

In questionable situations, the recommendation of a
geotechnical engineer may be required.
The excavation gradeline to the subgrade must consider
the depth of subbase required for that particular subgrade.
Geotextiles may be used to add strength to the subgrade.
Compaction normally increases the strength of soils,
however there are some soils that lose strength during
compaction. The types of soils that decrease in strength
when remolded are fine grained plastic soils such as,
“clay”, “silty clay”, and “sandy clay.” They are soils that
have been consolidated to a very high degree, either under
an overburdened load by alternate cycles of wetting and
drying or by other means, and they have developed a
definite structure. They have attained a high strength in the
undisturbed state. Scarifying, reworking, and rolling these
soils in cut areas may reduce the soil’s load-bearing
capacity. If these types of soils are encountered during
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construction, disturbed subgrade materials may need to be
removed and replaced with suitable materials.
Using suitable in-place soils as subbase is preferred for
trail construction. If the in-place soils are not suitable for
the subbase, locally available borrow materials or other
inexpensive materials should be used.
Tread Materials
Appendix E provides characteristics of soils and their
suitability as a tread material. The tread material selected
for a particular section of trail will depend on the level of
use for that section. Natural, processed, and other
materials are used for tread materials. A wide variety of
gravels, sands, and gravelly and sandy soils can be used
alone or blended as a suitable tread material. Some
natural materials may be made suitable for use by mixing
or blending them with other materials. For example, a
“sandy clay” soil may be added and blended to a “poorly
graded gravel” soil to provide a desirable tread surface.
Natural in-place materials or locally available borrow
materials are preferred.
Processed materials are made by screening, or crushing
and screening rock and gravel. A properly graded,
crushed rock material meeting the specifications of
PENNDOT 2A or 2RC makes a high quality tread material.
Refer to PENNDOT Publication 408.
Natural rocks or boulders and processed rip-rap material
provide a satisfactory tread material for sections of “More
Difficult” and “Most Difficult” trail.
A grass vegetated tread is suitable for low volume trails
and single use snowmobile trails. Vegetation helps protect
the tread surface from erosion and is highly desirable
where appropriate.
Preparing the Subgrade
The subgrade must be prepared to the depth that it is
affected by traffic on the tread material and subbase. The
quality and natural density of the in-place material
determine what action is needed to prepare the subgrade.
Unsuitable material will have to be removed and replaced
with higher quality, select material. However, in most
situations the in-place material is suitable, but requires
some degree of compaction to achieve the required
bearing capacity. A vibratory roller provides the most
effective compaction if the subgrade material is sand.
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Heavy, pneumatic-tired rollers are frequently used for
subgrade compaction because of their capability to
compact the soil to depths up to 18 inches. Where it is
necessary to adjust the moisture content of the in-place
soil, the top 6 inches of the material is scarified. Then the
material can be re-compacted to a higher density than
could be achieved at the soil’s natural moisture content.
This process is known as scarify and compact in place.
The tamping-foot roller is good for this operation since it
loosens the material and then compacts it as it walks out.
Placing and Spreading Subbase and Tread Material

Dump Trailer Accessory for ATV
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After preparing the subgrade, bring in fill material to form
the subbase. When placing fill, it is important to spread the
material in uniform layers and to maintain a reasonably
even surface. The thickness of the layers and compaction
equipment is as determined by the method compaction test
strips. Additional layers are placed and compacted to
achieve the desired depth of the subbase. The tread
material is placed and compacted in the same manner as
the subbase material. The top 1 to 2 inches of the tread
material should be compacted using a pneumatic-tired or
smooth-drum roller to seal the surface. Shaping and
sealing the surface protects the subgrade from the
damaging effects of water infiltration and erosion.

CHAPTER 6 – TRAIL MAINTENANCE
INTRODUCTION
Trail maintenance starts with quality planning, design, and
construction. Annual trail maintenance costs will range
between ten and twenty percent of the construction cost.
Proper planning and design, along with quality materials
and workmanship during construction will keep the
maintenance costs on the lower end. Conversely, trail
degradation will occur quickly without an effective
maintenance program, no matter how well you plan, design
and construct a trail. Overall maintenance costs will rise
dramatically if routine maintenance is not performed.
Motorized trail users are coming under significant and
increasing criticism for damaging trails and negatively
impacting the environment. Illegal riding is a major cause
of this criticism and negative impacts on the environment.
Although some of the criticism is deserved, much of the
visible effects that are the focus of this criticism, are
beyond the control of the users. The degradation of trails
and negative impact on the environment can also be
directly linked to insufficient trail maintenance.
The number of motorized trail users is increasing at a rapid
rate. In 2003, there were more than 180,000 registered
ATVs in Pennsylvania. Lined up end-to-end, they would
span more than 230 miles. In 2003 there was a total of
193 miles of State ATV trails, plus an additional 100 miles
in the federally-operated Allegheny National Forest. The
demand for new trail construction is obvious. But more
significantly, this potential density of ATV riders increases
the use and pressure on the existing trails.

MONITORING USE
The level of use for the trail will have a direct correlation to
the frequency of maintenance required. Monitoring the
type and volume of use, and evaluating the effect that level
of use has on the trail, provides the trail manager
information he needs to schedule inspections and routine
maintenance. Monitoring the type and volume of use can
be done by several methods. Type of use can be
determined by monitoring trailhead use and observing
riders on the trail. Volume of use can be determined with:
∼

Mechanical counters
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∼
∼
∼

Sampling of trailhead parking
Visual counts
Trail registers

The purpose of monitoring
use on the requirement
Continued monitoring will
change in the level of use,
the maintenance schedule.

is to determine the impact of
for scheduled maintenance.
alert the trail manager to a
which will require a change to

TRAIL MAINTENANCE RECORD
A maintenance record should be maintained detailing the
history and schedule of maintenance. The length and
complexity of the trail system will determine how
maintenance records are organized. As an example,
multiple loop trails may have a separate record for each
loop. Long trails may have a separate record for various
reaches of the trail. The maintenance record should
include:
∼
∼
∼
∼
∼
∼
∼
∼

Trail management objective sheets
Detailed trail map
Scheduled maintenance and trail improvements
Deferred maintenance or trail improvements
Inspection reports and checklists
A history of maintenance
Documented type and level of use
Trail design and construction plans

Review of maintenance records will help identify areas or
sections of trails that require more maintenance than
expected. These areas should be evaluated for a design
or construction problem. Trail re-design or improvements
may be needed in instances where the level of
maintenance required is unacceptable or too costly.

TRAIL INSPECTION
A complete inspection of the trail should be a scheduled
event, performed by trained personnel familiar with the
trail. Trail inspection can be performed in conjunction with
scheduled maintenance by the maintenance crew or as a
separate action to determine the need for additional
maintenance.
Inspectors should review the Trail
Management Objective for the section of trail prior to
performing the inspection. It is also helpful to review the
previous inspection results and any maintenance
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performed since that inspection. The inspector shall
determine the current condition of all of the physical
features of concern and document any deficiencies,
change of conditions, and any need for corrective
maintenance.
Inspection Procedures
Trail inspectors should carry a trail map, inspection
checklists, and tools for minor maintenance relating to
safety. Use of photographs is an excellent way to
document and monitor a change in conditions. Inspectors
should be alert for: safety issues, erosion, failure of water
control structures, trail degradation, vandalism, and
damaged or missing signage.
Primary attention should be given to safety concerns.
Items to look for include:
∼
∼
∼
∼
∼

Vegetation or materials extending into the
horizontal or vertical clear area.
Deadfalls, dead limbs, or standing dead trees that
could fall within the clear area.
Loose impediments on the treadway (that exceed
the level of difficulty).
Sloughing or erosion of embankments.
Missing or damaged regulatory or warning signs.

After safety, damage from improperly functioning drainage
is the highest maintenance priority. The inspector should
inspect the inlets and outlets of all culverts, ditches and
swales, to ensure they are free of debris and functioning
properly. Evidence of a breakdown of drainage includes
erosion, ponding of water, wet areas, and rutting of the trail
tread. Correction of improperly functioning drainage may
be a matter of maintenance or may require trail
improvements or re-design.
Allowing continued
degradation from poor drainage will lead quickly to costly
corrective maintenance or trail closure.
The inspector should also be attentive to evidence of
heavy use and trail tread condition requiring immediate
maintenance.
The general condition of the tread
throughout various sections of the trail should be recorded.
This information can be used to schedule the frequency of
normal maintenance, such as re-grading and compaction
of the treadway.
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Patrolling
Patrolling may be necessary for certain high use trails.
Patrolling of the trail can serve many purposes to include:
security, protection from vandalism, promoting safe riding,
handling conflict, trail safety inspection, and emergency
assistance. Persons assigned to conduct patrols should
also be trained in trail inspection.
Frequency of Inspection
The frequency of inspection depends on the maintenance
history of the trail, sustained level of use, and special
events. Special events include acts of nature, as well as
planned events such as organized club events or poker
runs. Inspections should be frequent enough to correct
potential problems before they become a safety issue or
lead to more costly corrective maintenance.
Trails should be inspected immediately after significant
storm events. Emphasis should be given to safety issues
and evidence of a failure of drainage systems or
structures.
Trail Mapping
Good trail maps play an important role in the maintenance
program. Maps should include an inventory of the physical
features of the trail. They must be of appropriate scale and
detail to enable personnel to record information regarding
maintenance directly on the maps or reference physical
features. A scale of 1” = 500’ is a reasonable scale for an
overall maintenance map; generally permitting each mile of
trail to be displayed on a single 8-1/2” x 11” map. Detailed
maps at a scale of 1”=50’ may be necessary to show
details and location of specific maintenance required or
performed. Trail maps should be used to document any
maintenance requirements identified through inspections
and to record all maintenance performed.
Inspection Checklists
Use checklists to insure that inspections are consistent and
complete. General checklists can be developed for normal
trail inspection. Specific checklists may be developed for
trailheads, play areas, and physical features such as,
culverts, bridges, and retaining walls.
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Structural Inspection
An experienced and licensed professional engineer must
be used to inspect structural facilities such as bridges and
retaining walls. Structural inspections should be scheduled
based on the age and condition of the structure.

PERFORMING MAINTENANCE
Maintenance can be categorized as scheduled or
corrective.
Scheduled maintenance is the normal
maintenance needed to restore the trail to the intended
standard after sustained wear and tear of normal use and
exposure to the elements. Corrective maintenance is
needed to restore areas or structures that have been
severely damaged or destroyed due to overuse,
inadequate scheduled maintenance, abuse, vandalism, or
unexpected natural events.
Scheduled Maintenance
An annual trail maintenance schedule should be
developed using historical maintenance requirements and
known maintenance requirements from previous
inspections or deferred maintenance. This should be a
living document that can be adapted to changing
conditions such as a change to level of use.
Scheduled maintenance includes
∼
∼
∼
∼
∼
∼

Trimming or removing vegetation, dead limbs, or
standing dead trees.
Removing debris, deadfalls, or loose impediments.
Cleaning out ditches, swales and culverts.
Repairing and re-vegetating minor erosion on
slopes or embankments.
Grooming the tread surface.
Minor repairs such as replacing missing or broken
posts or signs.

Periodic Grooming. Grooming of the tread surface for
ATVs and motorcycles may simply require re-grading and
compaction of the in-place tread surface materials. More
intensive grooming may require placement and compaction
of additional tread surface materials to address minor
rutting or erosion.
In addition to normal snow grooming during operation of
snowmobile trails, the trail should be groomed prior to the
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fall of snow. For trails used only for snowmobiles, this may
only involve minor hand grading and reseeding of eroded
areas, and removal of undesirable vegetation.
Play areas by design may require extensive grooming
throughout the season. The frequency and nature of
grooming depends on the objective for the play area and
the level of use. The very nature and intent of play areas
places more pressure on surface materials. Surface
rutting, uneven tread, loose materials, mud areas, and
standing water are all desirable conditions for play areas.
The purpose of grooming for play areas is to protect the
character of the play area, correct any potential safety
concerns, and protect the environmental integrity of the
areas adjacent to the play area.
Seasonal Opening and Closure. A significant maintenance
effort should be scheduled for seasonal opening and
closure of trails. For ATV and motorcycle trails, the initial
maintenance effort in the spring should focus on correcting
the effects of the winter weather and snow melt. The tread
surface should be graded and compacted in preparation
for an increased level of use during wet conditions of the
spring season. Eroded areas on snowmobile trails should
be graded and re-seeded in the spring.
The fall
maintenance effort should focus on clearing and trimming
of vegetation sufficiently to account for the next growing
season. Eroded areas should be repaired and hardened.
For trails that will be used during the winter months, the
tread surface should also be graded and compacted.
Dust Control. Dust control for ATV and motorcycle trails is
an extremely difficult maintenance issue to address. Use
of dust control agents or water is generally too expensive
for the trail as a whole. Consideration should be given to
using dust control agents for safety at significant locations,
such as intersections and sharp curves. User advisories
may be the only available means to address dust control.
Reducing speed and constructing trails in the shade when
possible will help control dust and thus could improve
safety.
Corrective Maintenance
Corrective maintenance is usually unexpected and may
require more planning or design than scheduled
maintenance. Corrective maintenance includes:
∼
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Reinforcement and replacement of trail subbase
and tread surface.

∼
∼
∼

Stabilization of severely eroded or sloughed
embankment.
Reconstruction of grade dips, or other water control
structures.
Replacement or major repair of culverts, bridges, or
retaining walls.

Regardless of the level of planning and effectiveness of
the scheduled maintenance program, the unexpected will
occur. A contingency item in the maintenance budget
should
be established
to
address
unexpected
emergencies. Ideally, a long-term capital improvement
budget will be in-place to repair/replace major structures.
Regardless, the need will arise at some time where
corrective maintenance must be deferred pending
availability of financial resources.
Deferred Maintenance
Deferring maintenance is a deliberate decision to delay
maintenance due to a lack of manpower, budget
considerations or specific conditions.
Routine or
scheduled maintenance might be deferred in order to
make funds, maintenance personnel, or equipment
available to perform corrective maintenance.
As an
example, scheduled maintenance fro general grading and
re-compacting may be deferred in order to make a
maintenance crew available to perform a major
replacement of subbase and tread surface for a section of
trail that has become severely rutted due to wet conditions
and higher than expected use during the Spring season.
Deferred maintenance is then rescheduled when resources
become available. Corrective maintenance that is safety
related is never deferred, unless that section of trail can be
bypassed or closed.
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TRAIL MANAGEMENT OBJECTIVE
Trail Name

Stations

Location:
(USGS Quadrangle)

Type of User:

ATV

Motorcycle

Season of Use:

Year Round

Snowmobile

Winter

Other

Spring

Summer

Fall

Seasonal Closure Dates:
Level of Difficulty:

Easiest

%

Level of Use:
(Users per Mile)

Light (4 to 6)

System Layout:

Linear

More Difficult

Most Difficult

Moderate (7 to15)
Single Loop

Spoked Wheel
Trail Specifications:

%

Heavy (>15)

Stacked Loop

Multiple Loop

Primary & Secondary Loop

Maximum Grade (%) -

Maze

Sustained
Short
Width
Height

Minimum Clearances -

%

%
%
feet
feet
feet
feet

Minimum Curve Radius Tread Width Tread Surface -

Smooth

Moderate

Rough

Tread Material -

In-place

Borrow

Manufactured

(Locate Borrow Areas on 7-1/2 minute USGS Map excerpt)

Sideslope (Exposure) -

%
feet

Length
Turns per ¼ mile Sensitive Areas:

Wetlands

Wet Areas/Seeps

Cultural/Historical

Habitat

EV/HQ Streams

Species

Adjacent Land Use

(Locate Sensitive Areas on 7-1/2 minute USGS Map excerpt)

Destinations:

Vistas

Scenic Areas

Stream Crossings

Wildlife Areas

Trailheads

Play Areas

Control Points
Camping

(Locate Destinations on 7-1/2 minute USGS Map excerpt)

Structures:

Culverts

Bridges

Other Retaining Walls

Prepared by:

Rock Walls

Gabion Walls

Other Structures

Date:
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USEFUL INTERNET WEB SITES
www.access-board.gov

United States Access Board’s guidelines (ADAAG), standards, and other information
about accessible design.
www.dcnr.state.pa.us

Information concerning state parks, state forest lands, current initiatives, trails, and
greenways. There is also a listing of native plants at this site.
www.dcnr.state.pa.us/forestry/atv/

Information and links pertaining to ATV use. Provides maps and other information on
Bureau of Forestry ATV trails.
www.dcnr.state.pa.us/forestry/snowmobile/

Information and links pertaining to snowmobile use. Provides maps and other
information on Bureau of Forestry snowmobile trails.
www.dep.state.pa.us/dep/efacts/

Information pertaining to permitting under the purview of the PA Department of
Environmental Protection. Most Conservation Districts have a home page at this site.
www.dot.state.pa.us

Information pertaining to PENNDOT permits and programs. This site also has online
manuals, to include Publication 408 which contains standard specifications.
www.fs.fed.us/

Access to publications by the USDA Forest Service.
www.fs.fed.us/.ftproot/pub/acad/dev/trails/trails.htm

Trail construction related CADD drawings and specifications.
www.nohvcc.org/html/clubs/paclub.htm

A listing of Pennsylvania Off-Highway Vehicle contacts, to include clubs and links to
additional web sites.
www.paatving.com/trails.htm

Great source of on-line ATV trail maps and other information pertaining to ATVs.
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www.pacd.org

This site has a listing of and information concerning all the County Conservation
Districts.
www.pacode.com

This site contains the current Pennsylvania Code with rules and regulations pertaining to
recreation and off-highway recreation vehicles.
www.paohv.org

The Pennsylvania Off-Highway Vehicle Association promotes research pertaining to the
most desirable maintenance and trail construction techniques that are sustainable and
compatible with the environmental resources. Seeks and provides educational and
programming opportunities for the proper riding procedures, intelligent safety choices,
and the execution of appropriate environmental decisions.
www.pasdc.hbg.psu.edu/

The Pennsylvania State Data Center is a source of demographic and economic data.
www.pasda.psu.edu/home.shtml

This site is Pennsylvania Spatial Data Access (PASDA) which is Pennsylvania’s official
geospatial information clearinghouse. There is a significant quantity of GIS data
available at this site.
www.pasnow.org

The Pennsylvania State Snowmobile Association maintains a continuing effort to provide
high-quality trails throughout the Commonwealth by promoting the proper recreational
uses of snowmobiles, maintaining environmentally-friendly relationships, sponsoring
safety classes to encourage safe, courteous and lawful use of snowmobiles.
www.phmc.state.pa.us

Information pertaining to identification and procedures for addressing historical and
archaeological significant items.
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CONTACT INFORMATION
DEP REGIONAL OFFICES

COUNTY RESPONSIBILITY

Southeast Office

Norristown, PA
(484) 250-5900

Northeast Office

Wilkes-Barre, PA
(570) 826-2511

Southcentral
Office

Harrisburg, PA
(717) 705-4704

Carbon, Lackawanna, Lehigh, Luzerne, Monroe,
Northampton, Pike, Schuylkill, Susquehanna, Wayne, and
Wyoming
Adams, Bedford, Berks, Blair, Cumberland, Dauphin,
Franklin, Fulton, Huntingdon, Juniata, Lancaster, Lebanon,
Mifflin, Perry, and York

Northcentral
Office

Williamsport, PA
(570) 327-3695

Bradford, Cameron, Centre, Clearfield, Clinton, Columbia,
Lycoming, Montour, Northumberland, Potter, Snyder,
Sullivan, Tioga, and Union

Southwest Office

Pittsburgh, PA
(412) 442-4181

Allegheny, Armstrong, Beaver, Cambria, Fayette, Greene,
Indiana, Somerset, Washington, and Westmoreland

Northwest Office

Meadville, PA
(814) 332-6946

Butler, Clarion, Crawford, Elk, Erie, Forest, Jefferson,
Lawrence, McKean, Mercer, Venango, and Warren

PENNDOT DISTRICT OFFICES

Bucks, Chester, Delaware, Montgomery, and Philadelphia

COUNTY RESPONSIBILITY

District 1

Oil City, PA
(814) 678-7085

Erie, Crawford, Forest, Mercer, Venango, and Warren

District 2

Clearfield, PA
(814) 765-0400

Cameron, Centre, Clearfield, Clinton, Elk, Juniata, McKean,
Mifflin, and Potter

District 3

Montoursville, PA
(570) 368-8686

District 4

Dunmore, PA
(570) 963-4061

Lackawanna, Luzerne, Pike, Susquehanna, Wayne, and
Wyoming

District 5

Allentown, PA
(610) 798-4116

Berks, Carbon, Lehigh, Monroe, Northampton, and
Schuylkill

District 6

Bradford, Columbia, Lycoming, Montour, Northumberland,
Snyder, Sullivan, Tioga, and Union

King of Prussia, PA
Bucks, Chester, Delaware, Montgomery, and Philadelphia
(610) 205-6700

District 8

Harrisburg, PA
(717) 787-6653

District 9

Hollidaysburg, PA
(814) 969-7250

District 10

Indiana, PA
(724) 357-2800

Armstrong, Butler, Clarion, Indiana, and Jefferson

District 11

Bridgeville, PA
(412) 429-5000

Allegheny, Beaver, and Lawrence

District 12

Uniontown, PA
(724) 439-7315

Fayette, Greene, Westmoreland, and Washington

Adams, Cumberland, Dauphin, Franklin, Lancaster,
Lebanon, Perry, and York
Blair, Bedford, Cambria, Fulton, Huntingdon, and Somerset
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SOIL CHARACTERISTICS
CLASSIFICATION SUITABILITY
FOR SUBGRADE
OR SUBBASE
Good to excellent
Gravel

SUITABILITY
FOR TREAD
MATERIAL

COMPACTION
EQUIPMENT

Fair to good

Smooth drum
vibratory, pneumatictired
Smooth drum
vibratory, pneumatictired

Poorly Graded
Gravels

Fair to good

Fair to good

Silty Gravel

Fair to excellent

Fair to not suitable

Clayey Gravel

Poor to Good

Fair to not suitable

Sand

Fair to Good

Poor to Fair

Loamy Sand

Poor to Good

Not suitable

Sandy Loam

Poor to Good

Not suitable

Loam

Poor to Fair

Not suitable

Silt Loam

Poor to Fair, Not
suitable for subbase

Not suitable

Silt

Poor to Fair, Not
suitable for subbase

Not suitable

Sandy Clay Loam

Poor to Fair

Not suitable

Clay Loam

Poor to Fair

Not suitable

Tamping-foot,
sheepsfoot

Silty Clay Loam

Poor to Fair, Not
suitable for subbase

Not suitable

Tamping-foot,
sheepsfoot

Sandy Clay

Poor to Fair

Not suitable

Tamping-foot,
sheepsfoot

Silty Clay

Poor to Fair, Not
suitable for subbase

Not suitable

Tamping-foot,
sheepsfoot

Clay

Poor to Fair, Not
suitable for subbase

Not suitable

Sheepsfoot

Smooth drum
vibratory, pneumatictired, tamping-foot
Pneumatic-tired,
tamping-foot,
sheepsfoot
Smooth drum
vibratory, pneumatictired,
Smooth drum
vibratory, pneumatictired, tamping-foot,
sheepsfoot
Smooth drum
vibratory, pneumatictired, tamping-foot,
sheepsfoot
Pneumatic-tired,
tamping-foot,
sheepsfoot
Pneumatic-tired,
tamping-foot,
sheepsfoot
Pneumatic-tired,
tamping-foot,
sheepsfoot
Tamping-foot,
sheepsfoot
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