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AASHTO – American Association of State Highway and Transportation Officials.

Abney – The predecessor of the clinometer; measures percent and degrees of slope. It is larger and 
requires both hands to use, but when calibrated properly, it can be more accurate than a clinometer and it 
doesn’t require binocular vision to use.

abutment – The foundation or substructure that bears the weight of a structure.

agency – The entity responsible for managing or administering the project site. 

All-Terrain Vehicle (ATV) – A motorized off-highway vehicle designed to travel on four low pressure tires, 
having a seat designed to be straddled by the operator and handlebars for steering control.

ASA – American Standards Association

belted waterbar – A strip of conveyor belt sandwiched between two pieces of treated lumber and buried 
in the trail tread with just the belting exposed. The belting is stiff enough to direct water off the trail, but is 
flexible enough so that vehicles can easily cross it.

Best Management Practices (BMPs) – State-of-the-art techniques or philosophies to help ensure 
resource protection, sustainability, and management success.

blowdown (windfall, deadfall) – Trees, limbs, or brush blown down or broken off by an event of nature.

bollard – A short wood or metal post buried in the ground and used as a barrier to block or delimit vehi-
cle access. Some are placed and locked into receptacles so they can be removed to allow administrative 
access.

buffer zone – An area usually of a fixed width around a sensitive property where access or activities are 
restricted or prohibited.

control point – Points, lines, or polygons that affect where a trail is located. Positive control points are 
places where the trail has to go or the designer wants the trail to go (trail termini, saddles, cliffs, creek 
crossings, road crossings, viewpoints, features that will enhance the rider experience). Negative control 
points are places where the trail should not or cannot go (wet areas, flat areas, sensitive resource areas, 
fall lines, property or project boundaries, features that will detract from the rider experience).

critical vehicle – The vehicle used to design a structure or facility. Usually, it is the longest, widest, and 
heaviest vehicle expected to use the facility. Choosing the wrong critical vehicle can adversely affect the 
functionality of the facility.

curve – Any line that is bent into an arc and is not straight. Any three points not in a row define a curve.

curvilinear – A horizontal alignment that is predominately curves rather than tangents.

damp soil – Some of the voids between the soil particles contain water, but most do not. The dampsur-
face allows water to infiltrate during rain events rather than repel water like dry soil.

dense graded – A rock mixture where the voids between the bigger rocks are almost totally filled with pro-
gressively smaller particles; ie, few voids. Dense graded rock binds well, but doesn’t drain well. It is great 
for tread surfacing or hardening.

Glossary
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double track (dual track) – A trail with or wide enough for two parallel tracks. Its wider tread is 
designed for vehicles with an axle and three or more wheels. ATV, ROV, and 4WD vehicles use double 
track trails.

dry soil – None or almost none of the voids between the soil particles contain any water. The surfaces 
of some super-dry soils will repel water.

dual sport bike – A street-legal motorcycle that is built for the trail as well as the pavement. 

easy-out – A bypass or alternate route around a challenge feature. This helps protect the integrity of 
the challenge feature and allows a group of riders with different skill levels to ride together.

erosion – The removal of soil and rock particles by the forces of wind and water. It is a natural process 
that cannot be stopped but can be managed. The forces of vehicle tires can accelerate erosion,  
but sustainable design practices and techniques can mitigate those effects and decrease the rate of 
erosion.

exposure – An element in determining trail difficulty or challenge. Exposure is the risk of vehicle dam-
age, personal injury, or death if the rider fails to negotiate the trail. 

fall line – The direction or path that water takes to run down a slope. Trails located on the fall line will 
intercept water, which could lead to erosion. The steeper the grade, the more it approaches the fall 
line.

filter – A technical feature at the entrance of a trail that indicates the challenge and skill level required 
ahead. Those riders who cannot traverse the filter should ride another trail. Under-skilled riders can 
create severe impacts attempting to negotiate challenge features. A filter reduces use, protects the 
integrity of the trail, potentially increases rider safety, and helps the agency manage its risk.

flow – The rhythm of the trail created by repetitive horizontal and vertical undulations in the trail align-
ment that allow speed to be maintained without harsh braking or accelerating. It creates a smooth and 
fun trail experience.

flowmentum – Trail alignment that provides high flow and allows the rider to carry his or her momen-
tum through curves or up short grades. Flowmentum increases the fun factor and can decrease tread 
impacts and maintenance costs.

forb – a broad-leaved herb growing in a field, prairie, or meadow.

four-wheel drive vehicle (4WD) – A full sized motorized vehicle, usually wider than 60 inches. 

grade – The amount of elevation change between two points expressed as a percentage. Often 
referred to as rise over run, it is the elevation change between the two points divided by the horizontal 
distance between the two points. 

grade break – The point where there is a change in the prevailing grade to either steeper or flatter 
grade. Both are places where there could be an opportunity to drain water off the trail.

grade reversal – Changing the vertical alignment of the trail from negative to positive grade for a suf-
ficient distance and elevation to force water off the trail. As used in this book, a grade reversal is a 
natural feature designed into the trail layout. It does not refer to a drain dip or rolling dip constructed 
into the trail.

high-density polyethylene (HDPE) – A tough plastic used in plastic culverts, arches, and other materi-
als. It is also a common substrate for signs.

horizontal alignment – The series of tangents and curves that form the plan view of the trail.

knick – A section of trail that is removed to allow water to drain from the trail tread.
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line – A line is a connection between any two points. A line may also be the path of a trail or the path 
a rider takes (i.e. riders’ eyes scan for the easiest line to follow in rough terrain). 

linear – A horizontal alignment that is predominately tangents rather than curves.

Maintenance Level 2 (ML2) road – USDA Forest Service roads open for use by high-clearance vehi-
cles and not suitable for passenger cars. Low traffic volume and low speed roads; surface smoothness 
is not a consideration.

Maintenance Level 3 (ML3) road – USDA Forest Service roads open and maintained for travel by pru-
dent drivers in standard passenger cars. Subject to the requirements of the Highway Safety Act.

mitigation – An action taken to lessen or eliminate potentially adverse impacts from a management 
action, recreation use, or design choice.

mixed-use road – A road that is open for use by highway legal and non-highway legal motor  
vehicles.

motocross (MX) track – A closed course consisting of a compressed winding dirt track with hills, 
jumps, hairpin turns, and whoops.

NEPA – National Environmental Policy Act. The process of analyzing and evaluating the environmen-
tal effects of a ground-disturbing project on federal land.

NMS – NOHVCC Management Solutions. A consulting service of NOHVCC.

NOHVCC – National Off-Highway Vehicle Conservation Council.

OHM – Off-Highway Motorcycle. A motorcycle designed to be used off-highway. Also referred to as 
trail bike, dirt bike, or enduro bike. Can also be a dual-sport bike or a trials bike.

OHV – Off-Highway Vehicle. For the purposes of this book, OHV refers to an ATV, 4WD, OHM, or 
ROV.

OHV specialist – A person with knowledge and experience in OHV recreation, management, planning, 
project implementation, and operations and maintenance.

open graded – A rock mixture where the voids between the larger rocks are not filled with smaller 
particles. Being of fairly uniform size, open graded rock does not bind well, but does drain well so it is 
good for drainage structures like French drains.

Optimum Moisture Content (OMC) – The point where just enough of the soil voids are filled with 
water to make the soil bind together very well. The OMC will vary by soil type.

pistol-butted – A tree that is curved at the base similar to the curve of a pistol handle. This indicates 
unstable ground that has or is moving due to poor soils, high water content, or a combination of the 
two.

plasticity – Cohesive and able to be molded into a shape. In soils, plasticity relates to the clay content. 
The higher the clay content, the more plasticity the soil has.

poorly graded – A rock mixture that usually has a maximum size, but the percentage of smaller sizes 
is uncontrolled and inconsistent so some voids may be filled and others may not. Pit run material 
which is rock taken directly from the source and is not crushed or mixed is generally poorly graded.

PTBA – Professional Trailbuilders Association.

radius – The distance from the center of a circle to any point on the circle. The radius of a circle is half 
of the diameter.
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Recreation Off-highway Vehicle (ROV) – often referred to as side-by-side or UTV (Utility Type Vehicle). 
Motorized off-road vehicles designed to travel on four or more tires, intended by the manufacturer primar-
ily for recreational use by one or more persons and having the following characteristics: a steering wheel 
for steering control; a Roll Over Protective Structure complying with ANSI/ROHVA-1, an Occupant Reten-
tion System complying with ANSI/ROHVA-1; non-straddle seating; maximum speed capability greater 
than 30 mph; less than 80” in overall width, exclusive of accessories; engine displacement of less than 
1,000cc; identification by means of a 17 character PIN or VIN.

Recreation Opportunity Spectrum (ROS) – A recreation planning land classification system that defines 
an area by the probable recreation experience it provides in terms of setting and level of development. 
The setting is measured by the number of people expected, producing different levels of solitude and the 
evidence of human use as shown by management activities and degree of development. There are six 
settings ranging from Primitive to Urban.

retroreflective – The ability of a surface to return light back to its original source. Retroreflective signs and 
pavement markings bounce light from vehicle headlights back toward the vehicle and the drivers’ eyes, 
making signs and pavement markings more visible, brighter, and easier to read for the driver.

rill – An eroded groove or channel created by moving water. Their size can vary from being barely visible 
to being several feet deep.

riparian – Relating to a habitat rich in flora and fauna that is adjacent to lakes, streams, and other bodies 
of water.

riparian zone – The vegetated area along water bodies that generally consists of trees, shrubs, and 
grasses that are the interface and transition between the upland and water environments. In some areas, 
policy and legislation set the width of the riparian zone.

road authority – The agency or entity who either owns the road or is responsible for its operation, mainte-
nance, and management.

rock garden – A section of trail composed almost entirely of loose or embedded cobble rock or boulders. 
Removing one rock only exposes another rock so the rocks keep coming to the surface like flower buds 
in a garden.

rock gradation – The maximum size and the percentage of progressively smaller particle sizes in an 
aggregate mix. For example, a 2” minus aggregate will have a maximum  size of 2” with a mix of 
smaller sizes. The percentage of each smaller size is often spelled out in the specifications for the mix.

rolling dip – A drainage structure usually added to an existing trail to reduce the size of the tread water-
shed. It involves excavating a sag and building up a crest to create a flattened or reversed grade to help 
drain water off the trail. To stay functional, a rolling dip requires regular inspection and maintenance. 

saturated soil – All of the voids between the soil particles are filled and the soil is incapable of holding 
any more water. The soil is at its weakest point, has no bearing capacity, and turns into mud. Additional 
water can no longer infiltrate the soil, causing water to flow off or of pond on the surface. Since soil par-
ticles are in suspension, they can be carried off and lost.

scour – The removal of soil particles due to the velocity and volume of water.

serpentine (curvy, snaky) – Trails with back-to-back curves with short or no tangents. A serpentine align-
ment contributes to flow and fun factor.

single track – A narrow trail with only one track or tread to ride. Designed and intended for single-file 
motorcycle use.

slick rock – A term used to describe the red smooth slab rock in the canyon country of the southwestern 
United States. It is generally sandstone and it is not slick, even when wet.

splash erosion - Soil particles displaced by the impact of a drop of rain hitting unvegetated ground. These 
small displaced particles are then easily washed away during the rain event.
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staging area – Similar to a trailhead except that in addition to providing access to trails, it can also pro-
vide access to other activities like MX, endurocross, training areas, and concessions. A staging area has a 
large parking area and is used to conduct events so there may be a pit area, starting area, gas row, spec-
tator area, etc.

stakeholders – Individuals, groups, or entities that have a direct and active interest in the project site. This 
could include riding clubs, private inholders, range permittees, timber interests, mining interests, irrigation 
districts, other tenure holders, neighboring residents, utility companies with corridors through the project 
site, etc.

substrate – The base material used for signs; usually wood, plywood, fiberglass, polyplate, high-density 
polyethylene plastic, or aluminum.

superelevated turn – A curve where the outside of the tread is higher than the inside; banked or insloped. 
It offsets centrifugal forces and allows riders to carry their speed through a turn. It can reduce tread 
impacts from braking and accelerating and increase flow and fun factor.

tangent – A straight line or straight trail alignment. The line between any two points is a tangent.

TES – Threatened, endangered, and sensitive plant or animal species.

trailhead – An access point to a trail or trail system. Used predominately for casual or recreation use 
rather than competitive or event use. Common amenities include a parking area, kiosk, and toilet. Some 
have an adjacent campground or area for dispersed camping.

trail log – A list of construction details or work items that a designer prepares for the construction crew or 
contractor. The items are usually listed by mile point, GPS waypoint, or station (one station = 100 feet, so 
station 13+50 is 1350 feet in from the beginning of the project).

tread watershed – The area between tread drainage points that collects water onto or drains water into 
the trail. This includes the area of the trail itself and the area above the trail that topographically drains 
into this trail segment.

turnout – A designed and constructed area wide enough for two vehicles to pass. A turnout can be any 
length, but the minimum length is that which accommodates one designed vehicle. A turnout usually has 
ingress and egress transitions called tapers. A turnout can be desirable in areas of thick vegetation or 
steep topography.

vertical alignment – The series of tangents and curves that form the profile view of the trail.

waterbar – A drainage structure used to divert water off the trail tread. The trail is outsloped at a 30 to 45 
degree angle followed by a barrier of dirt, rock, logs, or rubber belting material. Waterbars are high main-
tenance and are not recommended on OHV trails.

wet soil – The voids between the soil particles are filled beyond the OMC and there is too much water for 
bonding. The tread surface is easily rutted and surface ponding will occur.
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4Es, 8–11, 16–17, 29–30, 68, 127, 138, 141–142, 
161, 177–179, 181, 184, 186–187, 191, 193-194, 
318, 322, 326-327, 330, 331, 333
education, 8–9, 16, 161, 178-179, 186, 197–198, 
318
enforcement, 8, 10, 16, 186, 193, 318
engineering, 8–9, 16, 80–82, 141-142, 178, 186,  
193, 318
 and the natural environment, 51–82, 91-92
evaluation (or monitoring), 8, 16, 10, 29, 68, 186-
187, 191, 318

A
accessibility, 279, 281–282
accidents, 192, 303, 306
adaptive management, 7-8, 10, 17, 26, 31-32, 68, 80, 

177, 180, 182, 188, 326
administrative tools, 184–186
Agriculture and Agri-Food Canada, National Soil Data-

Base (NSDB), 71
anchors, 210-211, 213, 216, 218-220, 222, 230, 232, 

260
arches, 120–121, 124
architectural theme, 27–28, 32, 162
Areas of Critical Environmental Concern (ACECs), 36
assessments, 191–204
 condition, 194

formal, 192–194
routine, 191–192

B
backslopes, 52
bald eagle management areas (BEMAs), 36
bales, straw, hay or other, 134–136, 140
barriers, 27–28, 32, 139–140, 316
Bear Creek OHV, 4, 10, 281
boardwalks, 124, 180
bridges, 35, 120–121, 240, 262
buffer zone, 36

C
campground design considerations, 275, 283–289
catch basins, 120, 123
categorical exclusion (CE or Cat Ex), 24, 32
cattle guards, 137, 143, 180, 197
causeway, 128
challenge features, designing for, 255–274
check dams, 134, 136
chicanes, 256–257
chokes, 259-260
clearing, 49
climbing turns, 92, 106, 242–243
closure, 177–178, 309–322, 335
 installing signs and barriers, 317-318
communicating with the public, 9, 161–176

community kitchen, 282–283
compaction, 59–63, 67, 71–73, 75, 80, 82, 153, 156, 

253, 307, 334
 equipment, 153
condition survey or assessment, 80, 192-204
construction, 297–308
control points, 34-36, 50, 224
conversion and closure techniques, 309–322
corduroy, 124–125
creek crossings, 34, 239
cross-section view, 52, 54-55, 62
crowned trailbed, 61–62
culverts, 35, 120–124, 250, 301, 310, 334
curve radii, 56, 93
curves, 53-58, 62-64, 82, 92-94, 116, 138, 143, 216, 

219, 242, 256, 258, 290
 camping access road, 285-287
 circular, 56, 92
 how to layout, 92–93
 how to measure, 91–92
 non-circular, 56
curvilinear trail, 54, 82, 216-217
cut and fill prism, 52-53
cut slope, 51-52, 238, 302

D
demographics, 6, 18, 186, 188
design for sustainability, see resource sustainability
difficulty levels, 5, 16–17, 43-45, 48, 56, 69, 138, 144, 

183, 261, 330
disguising a corridor, 178, 317
dispersal, 11, 16, 19, 43, 46, 244, 277
displacement, 59–75, 82, 95-96, 98-108, 181, 246, 

253, 256, 258, 269, 307, 328, 330
ditches, 67, 124, 127-128, 131-132, 134, 269, 315-

316
dozers, 8, 146-147, 149-150, 155-156
drainage, 7, 38, 58, 62, 67-68, 71, 75-77, 80, 82, 

95-96, 98, 102, 114, 116-124, 129-131, 225, 
230, 236, 241-242, 246, 260, 266, 268-270, 309-
311, 314-316, 322

drains, 129–130, 225

E
easy-outs, 45, 73, 271, 274, 334
edges, 39, 210, 213, 216, 218-220, 222, 230, 241
education, see 4Es
elements for success, 5-8, 16-17, 51, 115
emotional responses to trail shapes, 218-219
energy dissipaters, 134
enforcement, see 4 Es
engineering, see 4s
entrance management, 69, 115, 137–141, 144, 161,  

183–184, 188, 261, 266
environmental analysis or review, 22-26, 32
Environmental Assessment (EA), 24, 32

Index
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Environmental Impact Statement (EIS), 24, 32
equipment, 145–160
 characteristics, 155
 field, 84-85 
 functions, 156
 hand tools, 156–159
 mechanized tools, 156–159
 operating, 155
 types, 145–160
erosion, 7, 30-32, 57-60-62, 66-82, 101, 108, 134-

136, 236, 250-251, 268–269, 307, 315-316, 318, 
322, 330

 control plan 30-32 
 control structures, 134–135
 runoff, 77
 splash, 77
ESRI ArcGIS, 91
evaluation, see 4s
events, 19, 37, 80, 185, 264, 275-276, 307
excavators 8, 146-148, 149-150, 155-156, 311, 316, 

322
exposure, 49, 256, 261-262

F
facility needs and design, 275–294
fall-line trails, 13, 38, 119, 251, 270, 315
fee stations, 283
fences, 137, 141
 silt, 134
field instruments, 84

batteries, 85
clinometer, 84
cloth tapes, 85
digital camera, 85
multi-function tool, 85
voice recorder, 84

field inventory data, 20-22
fill slopes, 51-52, 238, 302
filters, 137,–139, 183, 251, 261, 266, 271 
Finding of No Significant Impact (FONSI), 24-25
fire as a tool, 317
fire rings, 282
flagging, 85–86, 94, 302
flat ground, 36-38, 52, 75-76, 91-92, 94, 131-132, 

235-236, 250
flat trailbed, 52-53, 61–64, 261
flow, 7, 15-16, 47, 53-58, 63, 82, 150, 205, 216, 219, 

222, 230, 237, 254, 256, 309-310
flowmentum 205, 216, 222, 233, 237, 242, 248
 horizontal 7, 82

food, 40, 220, 282
ford, 35, 129–131, 133
four-wheeled vehicles, special considerations, 65-66
full bench section, 52–53

G
gabions, 136
gates, 137, 141–143
gateways, 210, 212, 216, 218-220, 222, 230, 260, 

335
geo-coding, 173 
geographic information system (GIS), 20, 87-88, 91, 

224
geosynthetics, 95–99, 103-105, 114
geotagging, 91
global positioning system (GPS), 20-21, 84, 86–91, 

94, 168, 171-173, 176, 191-193 
Google Earth, 88-89
GPS unit, 20–21, 84, 86, 88–91, 172, 193
GPS Bable tool, 91
grade, 7, 49, 54-55, 57-58, , 61-63, 65-66, 69, 75-76, 

79-80, 82, 88, 91-92, 94, 106, 108, 116-117, 
120, 134, 144, 219,225, 235, 246-247, 254, 256

 5% outslope rule, 58-59
10% rule, 59
camping and trailhead areas, 284, 294
finding lowest point, 92
half rule, 59 

grade break, 7, 53, 57
grade reversal, 7, 53, 55, 57–58, 61, 67, 80, 82, 116, 

131, 234, 246-247, 254
grade sag, 75, 92, 
Great Trail Continuum, 5, 15, 17-32, 307
Gypsum City OHV Park, 20

H
Hatfield-McCoy trail system, West Virginia, 19
headwalls, 120, 123
historic and interpretive sites, 12, 39, 220
horizontal run, 51, 55
human element, understanding and designing for, 39, 

50, 205, 210–222

I
impassable terrain, 34-35, 39
infrastructure, 6, 13, 16, 132–133, 177, 182–183, 187, 

204, 276, 314, 329
insloped trailbed, 52-53, 61–62, 261
integrated resource management, 185-186, 325
Interpretation, 6, 29, 39, 166, 179-180
interpretive plan, 27, 29, 32

K
kiddie effect, 283, 288-290, 294
kiddie play areas and tracks, 12-13, 289–291, 294
kiosks, 5, 9, 16, 29, 166, 276, 280, 294

L
landscape, 7, 17, 26, 33, 39, 88-89, 206-218, 220, 

225-226, 229-232, 253-254
working with, 225-232

layout and design fundamentals, 235–238
lead-off ditch, 67-68, 128, 131, 250, 316
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liability, 115, 138, 142, 144, 193, 214, 262, 266
limiters, 138-139, 161, 
loading ramps, 276, 278, 281, 294
location, see trail location
loops, 11, 15, 19, 33, 43-45, 50, 205, 220, 244
learner loops, 13, 289–290, 294 
Lost Ox OHV Trail System, Ely, Nevada, 25, 27

M
Maintenance Level roads, 43
maintenance, 7-8, 17, 23, 49, 53, 58, 61, 68, 82, 112, 

114, 116, 120, 128, 144, 165, 176, 182, 184, 188, 
191, 193, 204, 253-254, 266, 271, 274, 285, 297-
298, 325, 328–338

 frequency, 331
operations and maintenance, see operations and 
maintenance (O&M) program 5, 8, 145
process, 329–330

 required skills for personnel, 23, 267, 330–331
 tips, 332-336
management, 3-5, 8, 10-11, 15-17, 23-24, 27, 49-50, 

53, 82, 112, 114-115, 128, 173, 177–188, 191, 
297, 318, 322, 325–328, 338
constraints, 34, 223, 254
construction, 302-305, 308
post construction, 306-308
implications of the trail prism, 53
implications of water dynamics, 79 
managing the program, 326
managing the riders, 325, 334
managing the trail, 325
trail objectives, see trail management objectives

management plan, 8, 27–28, 30, 32
Manual on Uniform Traffic Control Devices (MUTCD), 

142
manufactured design features, 255, 264, 274
mapping, 5, 9, 15-16, 22, 28, 32, 87–89, 91, 94, 161,  

171-173, 176
 aerial, 88–89
 resource map, 17, 20-22, 32
 trail maps, 171–172
Maryland Department of Natural Resources, 48
meadows, 37, 241–242, 254, 267
message board, 281

Minnesota DNR Garmin GPS tool, 91
mitigation, 177, 179–181, 251
 sound, 245-246, 254
moguls, 73, 151-52, 215, 235
monitoring plan, 28–29, 32, 179
multiple approach lines, 273–274

N
National Environmental Policy Act (NEPA), 24–26, 

31-32, 181, 192
natural surface roads, 182–183, 249–250, 309–312
Nevada ATV Association, 22
new construction, 33-34, 181
no-go areas, 36, 41
noise sensitive property (NSP), 245

O
OHV management, 3–16
Okanagan Trail Riders Association, 4, 26
one-way trails, 12-13, 16, 235, 289
operations and maintenance (O&M) program, 5, 8, 16, 

116, 144-145, 326
outslope, 52-53, 57-59, 61–62, 116–118, 261
over-snow, 51, 179

P
Paiute trail system, Utah, 19, 180
parking, 6, 205, 276–279, 281, 283, 286, 294
partial-go areas, 34, 36
perimeter trail, 43, 45–46, 50
personal protective equipment (PPE), 83, 94, 159, 160, 

174
picnic tables, 282–283, 290-291
plan view, 54–55
planning, 3, 6, 17-32, 47-48, 50, 82, 114, 177, 185, 

191, 275, 297, 325
 strategies, 31
 transportation, 192
points of interest, 21, 34
politics, 22, 25, 32–33, 50, 185, 188, 223, 254
profile view, 54–55
prohibited areas, 36, 43
puncheon, 124, 126, 180, 250
purpose-built trails, 31, 76, 267

R
rail to trail conversions, 183, 309-322
reconstruction, 24, 41, 47, 177, 182, 188, 193, 204, 

300, 328, 334
Record of Decision (ROD), 24
Recreation Sites & Trails BC, 4
red flags, 251, 331, 336, 338
rehabilitation and erosion control plan, 27, 30-32
relocation, 24, 57, 177, 181–182, 188, 193, 204, 300
resource map, 17, 20-22, 32
restricted areas or zones, 35-36, 43
restrictions, 10, 161, 177-178, 180–181, 188, 325
 equipment, 181
temporal, 178
 vehicle, 180-181
rest room, see toilets
retaining structures, 136–137, 243
retaining walls, 104, 136, 153, 193, 243
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rider experience, 9, 31, 39, 47, 53-54, 56, 58, 64, 79, 
192, 232, 254, 332

riders’ needs, providing for, 5–7, 12-13, 15–19, 33, 48, 
51, 56, 79, 82, 115, 175, 183, 186, 205, 215, 220, 
222, 254-255, 276, 332

rider speed, 12, 38, 47, 53, 56-58, 63, 138, 168, 182, 
215, 219, 235-238, 244-245, 254, 259, 263, 290, 
332

ridges, 13, 35, 38, 75, 87-88, 216-217, 237, 241, 254
ridgetop trails, 38, 241
riparian, 20, 35-37, 179,   
ripping, 178, 316-318
risk management, 83–84, 184, 188, 192-193, 202, 204, 

214, 238, 247, 258-259, 262, 266, 333
road crossings, 34, 238–239, 254
road inventory, 42–43, 45–46, 60
road to trail conversions, 43, 79, 127, 183, 249, 309-

322
rock, 33, 35-36, 38-39, 69, 72–73, 79, 82, 102, 123, 

129-130, 232, 237, 248, 253-257, 261-262, 266, 
271, 281, 310, 316
crushers, 150
existing road infrastructure, 35-36, 133, 223
hardening, 96-99, 126, 131-132, 135, 269, 281
 cobble, 102, 131-132
 gravel and stone reinforcement, 101-102
 slab rock, 106-107
 rakes, 151-152
retaining structures, 136-137
 types, 
     decomposed granite, 73
     igneous, 72
     metamorphic, 72 
     sedimentary, 72
     volcanic, 73

roll (grade),  7, 15-16, 49, 55, 57, 75-76, 79-80, 82, 
250, 310

rolling dip, 53, 57–58, 61, 67, 76, 116–120, 248, 250–
251, 270, 310

S
saddles, 35, 87, 241, 245
safety, 12-13, 53, 83, 115, 120, 142, 144, 171, 183, 

194–196, 198–204, 213–214, 222, 244, 247, 266, 
271, 274, 328, 332, 338

 awareness, 303
cable barriers, 140
flags, 181
kiddie, 289
parking, 278, 286
perception, 258-259, 273-274
training, 289-291

safety assessments, 191–194
sausage (or burrito) technique, 128
scarifying, 316-317
scoping, 24-26
serpentine alignment, 12, 38, 54, 58, 218-219, 241, 

310, 335
Shoshone OHV Trail System, Nevada, 22
side ditch, 124, 127
sideslope, 7, 38-39, 49, 52, 59, 62, 76, 80
sign plan, 27-28, 30, 32, 161-162, 176
signing, 9, 13, 15-16, 28, 69, 133, 137, 142, 161–171, 

176, 178, 183, 193, 205, 261-263, 266, 276-277, 
289, 294, 311, 314, 317-318, 322, 335
clarity, 162-163
colors, 167

common mistakes, 169-170
consistency, 162, 164
good ideas, 170-171
maintenance, 162, 165
monitoring, 162, 165
need, 162
placement, 162, 164
quality, 162-163
recommended guidance, 168-169
 shapes and sizes, 167–168
simplicity, 162-163
 things that harm signs, 169
types of, 166–167
USDA Forest Service Sign and Poster Guidelines, 
168

silt fences, 134–135
single track equipment, 149-150
site assessment, 17, 19–20, 32, 192
site hosts, 9, 161, 174, 176
skid steers, 146, 148-149, 154
skill development areas, 289–294
slope, 7, 35, 37-39, 42, 49, 51-53, 57-59, 61-62, 76, 

79-81,87-88, 91-92, 116-118, 129, 131, 135-136, 
144, 156, 235, 242, 246, 261

 changes in aspect, 228-230, 314
smartphones, 84, 90–91, 173
snowmobile routes as trails, 314–315
social media, 161, 173, 176, 318, 335
soil mapping, 71
soil stabilization, 95, 98–100, 114, 236, 317
soil type, 19, 21, 33, 52, 62-63, 65, 67, 69–71, 73, 77, 

79, 182, 192, 225, 255-256
sound, managing, 245–246
spatial database, 20-21
speed, see rider speed
staffing, 174-176, 193, 326
statutory requirements, 33, 50
structures, 7, 9, 31, 38, 68, 106, 115–144, 179-180, 

182, 193, 215, 225, 236, 243, 250, 254, 301, 308, 
311, 318, 325, 328, 334

 control and direct use, 137-144
erosion control, 134–135
existing structures, 31, 133-134, 182
miscellaneous, 282-283, 294
retaining, 136–137
terrestrial control, 136-144
water control, 116–135, 144

sumps, 131-132, 250, 301
superelevation, 63-64, 144
sustainability 5-8, 13, 17, 23, 26, 41, 51, 59, 66, 72, 

80-82, 115, 175, 181, 183, 188, 204, 250-251, 
253-254, 267, 274, 314, 331 
challenge versus, 255-266
design for, 5–8, 16, 51, 59, 72, 82, 115, 175
four components of, 
 experience, 6, 267, 274
 managerial, 6, 267, 274
 political, 6, 267, 274
 resource, 6–8, 267, 274

switchbacks, 242–243, 254, 290

T
tangents, 7, 54, 56–57, 59, 65-66, 81, 250
 point of tangency, 93
tank trap, 137, 139, 317
technical options, 271–272, 274
technical terrain courses, 276, 289, 291–294
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terra firma trails, 51
terrain diversity, 19, 39
threatened, endangered, or sensitive (TES) plans or 

animals, 21, 33
through cut, 52
through fill, 52
toilets, 5, 15-16, 276, 279, 294, 334
topographic maps, 87–89
topography, 15, 19, 52, 75-76, 82, 87, 172, 223, 225, 

230, 235, 241, 245, 254, 263–264, 310 
tot lots, 289, 290-291, 294
tractors, 146, 149
trail access point, 276, 277
trail concept map or plan, 17, 21–23, 25, 32–50, 191,  

224–225, 254, 298
trail flow, see flow
trail grade, see grade
trail hardening, 63, 95, 98, 101–114, 180, 193, 250–

251, 
 cobble reinforcement, see rock, hardening

geocell, 102, 104-105
geotextile fabric, 102-103
gravel and stone reinforcement, see rock, harden-
ing
grass pavers, 102-104
other, 102, 107
pavers, 102, 106

 slab rock armoring, see rock, hardening
 tire mats, 102, 107
trail inventory, 41-42, 49
trail junctions, 11, 45, 171, 244–245, 254, 333
trail location and design, 191, 205, 213, 223–254
 fundamentals, 234-238, 254

process, 224–225, 254
 special design considerations, 238-248, 254
 tips, 251-254
 troublesome spots, 248-251, 254

work with the landscape, 225-233, 254
trail log, 225, 299, 308
trail management objectives (TMO), 17, 23, 32, 48, 

50, 191, 193, 204, 213, 223-225, 250, 252-254, 
257, 259, 266, 274, 297-298, 326, 328, 333

trail maps, see mapping
trail prism, 52–53, 261, 302 
trail termini, 34, 224, 254
trailbed configurations, 52, 61-62

crowned, 52–53, 61-62
flat, 52–53, 61-62, 261
insloped, 52–53, 61-62, 261
outsloped, 52–53, 61-62, 261

trailers, 154
trailhead design considerations, 276–283
trailway, 51-52
trash racks, 120, 124
travel management, 138, 141, 161, 166, 171, 183
tread, 7, 12, 49, 56-67, 69, 71–73, 79–80, 82, 95, 

98-99, 101-102, 106, 132, 181, 193, 235-236, 
246, 253, 259–261, 273, 314, 325, 331-332

 construction, 301-302, 307
design elements, 259-261
elevating, 124-129
materials, 69-74
TreadLightly!, 181, 290
tread watersheds, 31, 75–76, 79, 82, 116-117, 120, 

235-237, 246, 250, 269, 309-310, 314, 330-332, 
338

trials riding, 264, 
turnouts, 225, 247-248, 254

turnpike, 124, 128–129, 250
two-way trails, 12-13, 247

U
U.S. Department of Defense, 89
U.S. Geological Survey, 87
undesirable ground or terrain, 35–38
unstable terrain, 35
USDA Forest Service road classifications, 42-43
USDA Forest Service sign and poster guidelines, 168 
USDA National Resources Conservation Service 

(NRCS), 71
user-created trails, 3-4, 6, 13, 20, 42, 48, 183, 204, 

267

V
variety, as planning and designing tool, 5-6, 13, 15-16, 

19, 43, 56, 73, 95, 115, 182, 185, 205-206, 219-
220, 222, 224-225, 229, 237, 241, 244, 250, 
256-257, 259, 266, 274, 292, 

 campgrounds, 283, 294, 309 
vegetation, 15, 19, 36, 38-39, 67, 77, 79, 82, 124, 

140, 157, 192, 223, 229-230, 232, 235-236, 254, 
284, 310

 grass pavers, 103
 management, 178, 186, 232, 279, 326, 332

protecting, 288-289
re-establishing, 302, 308, 310-311, 316-318, 335
signing, 164-165

vertical rise, 7, 51, 55
viewpoints, 5, 12, 16, 21, 39, 42, 45-46, 219, 232, 

250
vision, 17–20, 22-23, 27, 32-34, 48, 50-51, 146, 149-

150, 191, 223, 254, 297, 299, 327, 329-330
volunteer trail ambassadors and rangers, 161, 174–

176, 184, 332

W
water, 33, 39, 69, 236, 239, 241, 251, 254, 270, 309, 

314
 dynamics, 75–82,

features, 5, 12, 16, 20, 39, 41, 220
flow, 7, 36-38, 52-53, 55, 57-64, 131, 239, 241, 
244-245, 248, 250-251, 268-269, 315-316, 330
quality, 29-30, 33, 36, 180
resources, 23, 33, 69, 225

 speed, 54, 73, 75-77, 82, 108, 232, 315
water-control structures, 58, 96-97, 116–135, 144, 

235, 246
waterbars, 57–58, 76, 116, 119–120, 234, 248, 250, 

253, 316
watershed, see tread watershed
wattles, straw or coir, 134–135, 316
websites, 9, 161, 173
wildlife, 21, 33, 179, 185, 225, 303, 316,  328
 sign damage, 168-169
 viewing, 5, 12, 16, 21, 39, 220, 241,
WOW factor, 7, 39-40, 180, 183, 205–222, 224, 232, 

237, 241, 255, 275

Y
youth training areas, 15, 242, 282, 289, 291, 294
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Dick Dufourd has been an avid motorized recre-
ationist for more than 40 years and participates in 
every OHV segment from motorcycles to ATVs to 
snowmobiles to 4-wheel-drive vehicles. He has a 
strong recreation engineering background and spent 
35 years with the USDA Forest Service where he 
gained extensive experience designing and build-
ing roads, trails, parking areas, and campgrounds. 
He became the Central Oregon Interagency OHV 
Program Manager where he was responsible for 
developing and managing summer OHV opportuni-

ties for the USDI Bureau of Land Management and the USDA Forest Service. This 
included implementing seven OHV trail systems with 640 miles of trail and eight 
designated play areas. He secured more than $3 million in grants, developed vol-
unteer programs and trail patrol programs, designed an OHV specific cattle guard, 
and developed trail grooming drags and other equipment. As the OHV Master Per-
former for the USDA Forest Service in the Pacific Northwest Region, he was able 
to consult widely and gain additional experience.

In 2005, Dick retired and formed an OHV consulting business with his wife and 
partner of 40 years. Through RecConnect LLC, he has gained broad experience 
in feasibility studies, site assessments, safety assessments, signing, planning, trail 
and facility design, location, construction oversight, and project management and 
has now implemented more than 1,500 miles of OHV trails in the United States 
and Canada. That experience plus the ability to successfully identify and mitigate 
issues, work with multiple agencies, and work positively with stakeholders and the 
media has made Dick one of the top OHV authorities in North America.
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A great trail lies lightly on  
the ground and flows and  
harmonizes with the landscape.

It is the path that takes us into 
the natural world and the  
pathway that links that world  
to our inner selves.

The End of a Great Trail


