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In this expanded Handbook, we have provided new and additional
insight on how to achieve the sometimes conflicting goals of high
quality roads and low environmental impacts. Our philosophy is that
wildland roads can be environmentally friendly, if they are located,
designed, constructed and maintained in a thoughtful manner. More

is now known about how roads can be designed, constructed and
reconstructed to minimize their adverse environmental effects, not only
during normal wet weather conditions but also during severe storm
events that have historically plagued low volume road systems.

Roads are already common across most of the wildland landscape. In this
Handbook we provide guidance on how these older roads can be updated
to achieve the same beneficial results of low impacts and reduce mainte-
nance costs. It doesn’t matter if you manage an entire network of roads, or
you have a single road leading to your rural home, everyone can benefit by
seeing the examples we present, and by employing the strategies described
here. If you don’t find precisely what you need, we have provided a listing
of the most useful publications, guidebooks and manuals available

A great deal more technical information is now widely available and acces-
sible to those who build and manage low volume roads and road systems
in various geographies, climates and cultures from around the world. New
science has been developed and new methods are being employed to
make forest, ranch and rural roads more resilient and less impacting on
the environment, while at the same time providing landowners with access
roads that have lower long terms costs and require less maintenance.
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INTRODUCTION

A. PURPORSE

If you work in a wildland area, own forest, ranch or rural land, or are concerned
about our natural resources, this book is for you. It contains guidelines for
developing and maintaining a single forest, ranch or rural road or an entire wildland
road-access system. It describes how to plan and design a stable road or road
network in mountainous lands or gentle valley bottoms, and avoid many of the
common pitfalls and environmental/pollution problems for which rural and forest
roads are noted. Nearly everything discussed in this manual is aimed at producing
efficient, low-cost, low-impact, low maintenance roads that have a minimal

Impact on the streams, water quality and aquatic resources of a watershed.

Reading and understanding this manual is not
enough. It takes the commonsense, intelligent,
practical application of the general principles
described here for each “on-the-ground” situ-
ation you encounter. Correctly applying these
“roading” concepts requires practice and
personal judgment and, in certain situations,
the expertise of a professional. The concepts
presented in this handbook are not rules

or regulations; rather, they are tools which
should serve as one of your many sources

of information and guidance. The success

you achieve will be reflected not only in the
stability of your roads, but also in the quality
of the water and the health of the streams
and watersheds through which they pass.

Forest, ranch and rural lands everywhere provide
beauty, clean water, abundant wildlife, fish
habitat, recreation, timber, livestock and jobs.
They are great places to live and to work. This
practical handbook is dedicated to the wise
stewardship of these resources. It describes how
we can and should protect our streams, water
resources and productive soils, while at the same
time provide recreational opportunities and
natural resource jobs for our local communities.

B. CONTENTS AND
ORGANIZATION

This is a practical guide and field manual, and
therefore does not cover all topics in the same
depth or detail as a textbook or a more focused
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technical manual. It is designed to be descrip-
tive and informative, yet cover the fundamen-
tals of road planning, design, construction,
reconstruction (upgrading), maintenance and
closure. The handbook is organized under
these basic topics, and they appear in the
general order that they are encountered in the
road-building and road management process.
The text, figures and photos are designed to
portray technical information in a readable
and understandable way for people who work
“on-the-ground” and who encounter and
then solve road-related problems in the field.

The text of this manual contains both simple
informational and instructional material, as

well as more detailed discussions of specific
practices. For the lay reader, some of the discus-
sions may seem technical, or contain unfamil-
iar terms and concepts. Although it is useful

for readers to have a basic understanding of
commonly used road terms (such as fill slope,
cutbank, roadbed, stream crossing, etc.) and
road management practices (such as sidecasting,
compacting and endhauling, to name a few),
we have provided sufficient descriptions to help
lay readers understand unfamiliar terms and
concepts, while still providing the more techni-
cally savvy readers with new and useful informa-
tion. Many of the more technical or uncommon
terms have been defined in the text where they
first appear, and/or in the glossary of defined
terms included at the end of this handbook.

The following summary outlines the chapter
contents of this handbook. Within each
chapter, some of the more important prin-
ciples of modern forest, ranch and rural low
volume road practices have been highlighted
in bold print to draw them to your attention.

Chapter 1 discusses how this handbook is
organized and serves as an introduction to the
concepts of what makes a good road, how a
watershed works, and what naturally affects
the quality of its water and stream resources.

It also reviews the main impacts roads typically
have on watershed process, water quality and
aquatic resources. It describes general permit-
ting requirements and how landowners can
benefit from using resource professionals to
help solve their on-the-ground problems.

Chapter 2 describes the need for, and
process of, planning for roads. It describes
road standards and route planning, using
maps and photographs, and how the com-
ponents of a road system or an individual
road need to be consistent with the types
and volumes of traffic that it serves.

Included in Chapter 3 are discussions of what
on-the-ground obstacles to look for when
you are scouting for a new road alignment or
an alignment for rerouting an existing road,
laying out curves and switchbacks, avoiding
obstacles, and a description of the tools that
are useful in locating a road in the field.

Chapter 4 covers the important topics of
designing road prisms, road surfaces (drainage)
and stream crossings. It describes the impor-
tance of designing road drainage to reduce
the road'’s impact on water quality, by reducing
hydrologic connectivity and sediment delivery
to nearby streams. Chapter 4 describes stream
crossing designs, including bridges, culverts,
arches, armored fills, fords and temporary
stream crossings, which are used to carry
flood flows, and introduces design consider-
ations for fish passage. Because they are most
common, the design of culverted crossings is
described in detail. Finally, Chapter 4 covers a
variety of special designs including stable road
cuts and fills, operations on wet and unstable
soils, through cuts and berms, as well as the
most common uses of geotextiles and rock
materials for armoring and road surfacing.

Chapter 5 covers the construction process,
including clearing and grubbing, grading,
stream crossing and bridge installation,



surfacing, erosion control and spoil disposal.
Protecting water quality during construction
and biotechnical measures for revegetation
are also addressed. The special but increas-
ingly common activity of road reconstruc-
tion (upgrading) is discussed in detail.

Chapter 6, where the topics covered include
road relocation, road redesign, drainage
structure upgrading and replacement, road
shape conversions, and erosion control. Road
upgrading, often called storm-proofing, is
conducted to make the road more resilient

to storms and floods, and less impacting to
downstream water quality and stream habitat
during even the smallest runoff events.

Chapter 7, road maintenance, introduces
the concept of identifying and address-

ing the various types of threats and road
maintenance requirements that occur along
existing and abandoned roads. It covers tech-
niques for identifying hazards along road
alignments, including potentially unstable
road fills, high hazard stream crossings and
culverts that are under-designed and likely to
fail during storms events. It also reviews the
topics of routine road surface maintenance,
stream crossing maintenance, maintenance
of fills and cuts and winterizing roads. A
simple method for developing and prioritiz-
ing storm maintenance schedules is outlined.

Road abandonment and road closure are now
important components of proper transporta-
tion planning and road system management
because of their potential long-term effects on
water quality and aquatic resources. Chapter
8 describes techniques by which roads that
are to be temporarily closed or permanently
decommissioned (purposefully abandoned)
can be “storm-proofed” to eliminate the

risk of future failure, prevent subsequent

soil loss, protect water quality and valuable
aquatic resources, and put land back into
timber or ranch production and other uses.
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Finally, the appendices to this handbook
contain information on specific topics, such as
culvert sizing methods, methods for estimating
stream crossing fill volumes, and curve layout,
and regulatory requirements, as well as other
sources of information you may find helpful.

C. CHANGES FROM THE
1994 HANDBOOK

Why revise the original Handbook? It's not that
the original linkages between road construction,
road management and water quality protection
are no longer valid. They are still considered best
management practices (BMPs). In fact, in the 20
years since the 1994 Handbook was originally
published the importance of roads in watershed
processes has been more widely described and
uniformly affirmed, and many of the practices
needed to reduce those impacts have become
widespread, standard practices. Roads are

now universally understood to be one of the
most important human-caused contributors to
degraded water quality and aquatic habitat con-
ditions in managed watersheds. Environmentally
protective road practices that were considered
“new” and innovative in the 1990s now take
front seat in road planning, design, construction
and maintenance practices everywhere. New
and newly described and adopted road construc-
tion and management practices have found their
way not just across the U.S. but are increas-
ingly found in international handbooks and
guides written for developing areas elsewhere.

Changes that are incorporated into the 2014
Handbook edition include new science, new
technology and expanded content on topics
that were only broadly covered in 1994. A
great deal more technical information is now
widely available and accessible to those who
build and manage low volume roads and road
systems in various geographies, climates and
cultures from around the world. New science
has been developed on several topics, ranging
from the impacts roads have on ecosystems
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FIGURE 1.
Watersheds pres-
ent a diversity of
opportunities and
challenges for
water, land and
resource man-
agement. Roads
provide access

to areas within

a watershed and
thoughtful plan-
ning, design,
construction and
maintenance of
road systems are
important to pro-
tect water quality,
sensitive stream
habitats and sensi-
tive aquatic life.

to the physical processes that link roads,
drainage networks, and aquatic ecosystems
together. More is now known about how
roads can be designed, constructed, recon-
structed, maintained and eventually closed to
minimize their adverse environmental effects,
not only during normal wet weather condi-
tions but also during severe storm events
that have historically plagued low volume
road systems. Finally, there is a much greater
wealth of road management literature avail-
able covering all aspects of road construction,
road upgrading and road decommissioning
that can reduce the environmental effects

of roads while making them more resilient

to storms and less costly to maintain.

It was clear to us when researching and pre-
paring this revised, updated edition that a lot
of new and expanded information was avail-
able, and that much of this material was now
readily accessible on the internet. In fact,

the amount of internet information on low
volume roads can seem overwhelming. This

Handbook was developed as one way to sift
through and focus on topics that may be of
particular interest. In addition, and because
the Handbook is a practical guide and not a
comprehensive technical manual, we have
included an expanded reference section and
suggested reading materials on various topics.

D. WATERSHEDS

Wildlands act as the collectors of pure water.
Watershed areas collect precipitation and
funnel it to downslope and downstream
areas across slopes and through a network
of swales and stream channels carved into
the landscape (Figure 1). Some water
flows as surface runoff and some enters the
soil as subsurface and groundwater flow.
Logging, mining, road construction and
other earthmoving and construction activi-
ties can disturb soils and drainage patterns,
thereby displacing drainages, increasing
surface runoff and causing erosion and the
release of sediment into stream systems.



Watershed hillslopes are carved into broad
ridges and intermediate depressions called
swales. Swales are sloping geologic depres-
sions in which rainfall infiltrates into the soils
and moves downslope through the soil mantle
and along the axis of the swale. Swales may or
may not show evidence of occasional surface
runoff during extreme rainfall events and may
go for decades without showing any evidence of
channelization. Swales are not streams, but their
subsurface flow eventually emerges lower in the
swale to form a stream that displays evidence of
more regular surface flow and channelization.

Although they do not generally carry surface
runoff, swales are important features in a
watershed and roads must be well planned,
properly located and constructed in these areas
so as to avoid future road failure. For example,
if you cut into a swale to build a road you may
intercept subsurface water and bring it to the
surface, thereby causing increased mainte-
nance problems. Alternatively, if you build a
road on top of a steep swale, you will alter the
subsurface hydrology and increase soil pore
water pressures, thereby potentially trigger-
ing a damaging slope failure. Care should

be taken when constructing roads across
steep hillslopes and swales and the advice
of a qualified geologist may be needed.

Streams are classified as ephemeral (flowing
only during periods of extended rainfall), inter-
mittent (flowing during and for an extended
period following significant rainfall), or peren-
nial (flowing most of the year, with base flow
coming from emerging groundwater). Ephem-
eral streams often drain water into either
intermittent and/or perennial watercourses as
they flow downslope, collect additional runoff
and intersect other streams. It should be noted
that only the largest streams of a watershed
are shown on a topographic map, and that
many more watercourses, particularly intermit-
tent and ephemeral streams, will be found on
the ground. Those “unmapped” streams and
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stream channels also transport sediment and
can impact downstream water quality and
habitat. Don‘t rely solely on map infor-
mation to find and identify streams.

Stream channels are landforms created by
flowing water and having a bed and bank
or showing evidence of, or capability for,
sediment transport. Streams and stream
channels are much like conveyor belts, inexo-
rably transporting water and sediment down-
stream to larger and larger stream channels,
where water quality is often more critical. The
larger the stream and the more flow it carries,
the faster the conveyor belt of sediment moves.
Small streams may move sediment downstream
more slowly, but the sediment still moves during
runoff events and floods and it can pollute
streams and damage habitat. Sediment impacts
water quality and aquatic ecosystems regard-
less of how it got there or what size stream it
came through. Because streams of all types
carry and deliver both water and sediment
to downstream areas, care must be taken
to minimize disturbance to all stream
channels (regardless of their size) and the
slopes which drain directly into them.

For some forestry operations, the term
"watercourse” or “water” is often used
instead of stream. For example, California’s
Forest Practice Rules (CFPR) describe water-
courses as “any well-defined channel with dis-
tinguishable bed and bank showing evidence
of having contained flowing water indicated by
deposit of rock, sand, gravel or soil, including
manmade watercourses.” Here, watercourses
are categorized into Class I, Class ll, Class Ill or
Class IV. Other states and countries may use
different language, but this type of classifica-
tion is sometimes used to describe the benefi-
cial uses or ecological values of those waters;
not just the frequency with which they flow.

In California, Class I watercourses contain

fish or provide domestic water supplies,

Class Il watercourses have fish present within
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1000 feet downstream or contain habitat for
non-fish aquatic species (e.g., vertebrates

or aquatic invertebrates), Class Il water-
courses have no aquatic life present, but show
evidence of being capable of sediment trans-
port to downstream locations (and can there-
fore impact downstream resources) and Class
IV are man-made watercourses (e.g., canals
and diversion ditches). Class | streams are
usually perennial, but some intermittent Class
[l streams may support fish during part of the
year. Class Il streams are usually intermittent
or perennial. Class lll streams are most often

ephemeral, but can sometimes be intermittent.

Although not included in the definition of
watercourses, road ruts, road-side ditches and
gullies can sometimes act as man-made drain-
ages which carry water and sediment into
natural streams. Care should be taken to
disperse surface runoff so these “man-
made” drainage ways do not impact water
quality in natural stream channels.

Wetlands are also ecologically valuable
watershed features that, like streams, require
environmental protection. Wetlands may
occur wherever groundwater emerges onto
the land’s surface, such as at a spring, a
seep, a marsh or a bog, or where water
ponds or pools for some time during the
year. Even when dry, many wetlands can be
recognized by the presence of certain water-
loving plants. Wetlands are primary habitat
for hundreds of species of waterfowl as well
as many other birds, fish, mammals and
insects. Some wetlands drain into streams,
while others do not. They naturally filter
and recharge water and act to slow the
flow of surface water and reduce flooding.
Wetlands can also buffer water bodies from
potentially damaging land use activities.

Wetlands should be avoided during road
construction and related activities, as they

result in special problems that often require
expensive construction techniques and may
cause continuing land stability problems.
More importantly, wetlands require special
protective measures and are highly sensi-
tive to disturbance. Fish and wildlife agencies
(e.g., the California Department of Fish and
Wildlife or the US Army Corps of Engineers)
can provide assistance on wetland delinea-
tion and protection measures, and can advise
you concerning which agency to contact
about applicable wetland regulations.

Roads need not threaten the biological pro-
ductivity and water quality of lakes, streams
and wetlands in a watershed if they are
properly located, constructed and maintained.
Poor road building and maintenance prac-
tices can cause excess runoff and erosion,
leading to sedimentation in downstream
areas. Sedimentation can pollute water
supplies, increase flooding potential, acceler-
ate stream bank erosion and trigger landslid-
ing. Salmonid eggs laid in stream gravels can
become buried and suffocate, fish habitat
can be lost, and other aquatic life may be
threatened or killed. Riparian and wetland
vegetation may be impacted, resulting in
increased summer water temperatures and
loss of food and cover for fish and wildlife.

E. TYPICAL EROSION AND
SEDIMENTATION PROBLEMS
CAURSED BY ROADS

Roads are a major source of erosion and sedi-
mentation on most managed forest and ranch
lands. Compacted road surfaces increase the
rate of runoff, and road cuts intercept and bring
groundwater to the surface. Ditches concentrate
storm runoff and can transport sediment to
nearby stream channels. Culverted stream cross-
ings can plug, causing erosion of the fill (Figure
2) or gullies where the diverted streamflow runs
down nearby roads and hillslopes (Figure 3).
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FIGURE 2. This stream crossing “washed out” (eroded) when the culvert plugged and streamflow over-
topped and scoured through the road fill. Sediment was delivered directly to the stream system as the fill

eroded. Stream crossings and culverts need to be properly designed, constructed and maintained to mini-
mize the potential for such failures.

FIGURE 3. When a stream crossing culvert plugs, or its capacity is exceeded, flood waters can either
buildup and flow over the road, washing out the stream crossing fill (see Figure 2), or it can be diverted
down the adjacent road or road-side ditch, creating a gully on the road and adjacent hillslope. Diverted
flow from this plugged culvert has created a large gully on the road fill slope and a gully is beginning to
migrate up the roadbed. Note the person for scale at plugged culvert inlet.

HANDBOOK FOR FOREST, RANCH AND RURAL ROADS
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FIGURE 4A.
Sidecast road
construction on
steep or unstable
stream-side slopes
and canyons has a
high potential for
causing landslides
which deliver
sediment to
downslope stream
channels.

FIGURE 4B. Ata
smaller and more
common scale,

fill slope failures
on roads built on
steep slopes near
stream channels
have a high likeli-
hood of delivering
sediment directly
to the stream
channel.

Roads built on steep or unstable slopes may
trigger landsliding which deposits sediment in
stream channels (Figures 4a and 4Db). Filling
and sidecasting increases slope weight, road cuts
remove slope support, and construction can alter
groundwater pressures, all of which may trigger
landsliding. Unstable road or landing sidecast
materials can fail, often many years after the
materials were put on steep hillslopes. Lack of
inspection and maintenance of drainage struc-
tures and unstable road fills along old, aban-
doned roads can also result in soil movement
and sediment delivery to stream channels.

F. HYDROLOGIC
CONNECTIVITY OF ROADS

Roads are corridors not only for vehicles and
wildlife, but for water and sediment too. Roads
and their drainage systems are frequently inter-
connected or linked with the natural stream
network and surface waters of a watershed;
surface runoff in some ditches and road surfaces
flows directly into nearby streams (Figure 5).



The degree of interconnectedness, or connec-
tivity, is typically characterized as the length

or percent of the road that drains to streams
and other water bodies (lakes, wetlands, etc.)
during a “design” runoff event. These roads
and road segments are termed “hydrologically
connected roads” and the degree of connected-
ness expands and contracts depending on the
magnitude of the rainfall and runoff event.

Gravel and native surfaced roads in rural and
upland landscapes are important sources of
runoff and sediment to streams. The down-
stream effects of these sources on stream
channels, water quality and aquatic ecosystems
is a function of the degree of connectivity (e.g.,
the percent of the road drainage system that

is connected) and the nature and volume of
products (water, nutrients, sediment and other
pollutants) that are delivered to the stream
network and aquatic system. Perhaps the
greatest impact comes from hydrologically
connected forest, ranch and rural roads that
experience high traffic levels, or significant
commercial traffic, due to the rapid genera-
tion of fine sediment on the road surface
that is then transported along the road
surface or in ditches to nearby streams and
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FIGURE 5.
Hydrologic con-
nectivity occurs
where road and
ditch runoff is
delivered to the
natural stream
channel system.
It most commonly
occurs where road
ditches discharge
road runoff and
eroded sedi-
ment directly to
stream crossing
culvert inlets. In
this photo, both
road ditches are
hydrologically
connected to the
natural stream
where it enters
the culvert.

waterbodies. Other sources of sediment pollu-
tion can come from roads with eroding cutbanks
and ditches, especially in areas with highly
erodible soils (e.g., decomposed granitics) where
revegetation of cutbanks is slow or incomplete.

The higher percentage of the road system
(mostly cutbanks, ditches, road surfaces)
that is connected, the greater will be the
potential effect on the receiving waters.
Hydrologic connectivity for older, unimproved
forest and ranch road systems has typically
averaged from 30% to 55% over large water-
shed and river basin areas. On a smaller scale,
hydrologic connectivity has been found to
range from 0% (e.g., some ridge roads) to over
80% (e.g., some streamside roads or insloped,
ditched roads with frequent stream crossings).
Roads are either hydrologically connected to
the stream system, or they are not. Roads and
road segments that are connected and
drain to streams and waterbodies have
the potential to impact these systems,
while roads that are not hydrologically
connected will not. Simple road surface
drainage treatments can greatly reduce
the degree of connectivity and levels of
chronic fine sediment pollution typically
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associated with rural road systems. Using
simple road drainage techniques, connec-
tivity can usually be reduced to 10-15%.'

G. IMPORTANCE OF
PROPER PLANNING
AND CONSTRUCTION

Road construction does not have to result
in excessive erosion and downstream
sedimentation. Proper planning, design and
construction techniques used in road location
and building, and drainage structure instal-
lation and maintenance, can prevent water
guality problems and can significantly extend
the useful life of the road. Roads can be planned
and located to avoid unstable, erodible areas,
and stream crossings can be planned, located
and built using techniques which minimize the
potential for post-construction erosion or slope
failure. Good planning, proper location
and the use of progressive construction
and reconstruction practices can largely
avoid the impacts normally associated with
road building. Do it right and you'll end
up with a low-maintenance, low-impact
road. Do it wrong and you're destined for
high maintenance costs and high envi-
ronmental impacts. The choice is clear.

H. ELEMENTS OF A
STABLE ROAD

The features described in this section form the
building blocks of stable roads. They include
elements of the road’s physical environment,
critical control points (locations of special
concern or sensitivity along the alignment),
restrictions on road location (legal and physical),
how to keep a stable road once it's built, and
where to find additional help and information.

1 See Appendix C for California Forest Practice Rule
requirements for hydrologic disconnection and Technical
Rule Addendum No. 5 for additional information on this
topic.

1. PHYSICAL ENVIRONMENT

The physical environment of the road includes
such factors as the slope of the land, the
types of bedrock and soils through which the
road passes, as well as surface and subsur-
face drainage across the alignment. Together,
these physical factors determine the best
choice for road location in a watershed, as
well as the most suitable techniques for con-
structing a stable, low-maintenance road.

a. Slope of the land

The slope of the land is one of the most impor-
tant elements that control where and how roads
are built. Road building becomes more difficult
and expensive as land slopes become steeper.
Roads built on steep slopes are also more

likely to have erosion and stability problems.

Slope gradient can be expressed in several dif-
ferent ways. The slope of the land is usually
expressed in percent, such as “50%." The slope
gradient of cut slopes and fill slopes is often
expressed as a ratio, such as 2-to-1. A 2-to-1
slope means that for every two feet in the hori-
zontal direction, the land surface rises or falls

1 foot in elevation (two feet out for every one
foot up or down). A 2-to-1 slope is also said to
have a gradient of 50 percent (50%) (Figure
6). A 100% gradient would correspond to a
1-to-1 slope pitch, and a 25% slope has a 4-to-1
slope ratio. Less often, in road work, slopes are
expressed in degrees (e.g., 30°). Road grade
(the slope of the road along which you drive) is
usually expressed as a percent, such as a road
with a gentle 2% grade or a steep road with a
14% or steeper grade, that is usually unrelated
to the slope of the land over which it passes.

Table 1 shows typical land and bank slopes,
expressed as horizontal-to-vertical ratio (e.g.,
2-to-1, or 2:1), percent (e.g., 50%) and degrees
(e.g., 27°), and Figure 6 graphically depicts
some of the more commonly expressed slopes.



Fill slopes and cutbanks are also described Keep in mind, however, that the map shows

using these slope measurement units. an average slope between contour lines. In the
field, land slope often varies considerably over
Land slopes can be estimated from the short distances and is best measured using
contours on topographic maps, based on the a simple, inexpensive, handheld instrument
scale of the map, the spacing between the called a clinometer (Figure 7). A pocket-cli-
contour lines and the stated “contour interval”  nometer measures slope steepness, expressed
for the map. Table 2 provides the needed data  in both degrees and percent, by looking either
for determining land slope from a standard up or down the slope through the instrument.

1:24,000 scale topographic or contour map.

N TABLE 1. Relationship between slope

FIGURE 6. Slope diagram graphically shows common cut and fill slope ratio, percent slope, and slope degrees
angles, and expresses steepness in both percent and slope ratio (H:V = as a measure of slope steepness
horizontal distance to vertical distance) (Fay et al., 2012). Slope Ratio Percent Slope Angle
(H:V) Slope (degrees)
(%)
10:1 10.0 5.7
17.6 10.0
4:1 25.0 14.0
3:1 335 18.0
35.0 19.0
45.0 24.2
2:1 50.0 26.6
65.0 33.0
1Y2:1 66.7 33.7
70.0 35.0
80.0 38.6
90.0 42.0
1:1 100.0 45.0
Ya:1 200.0 63.4
Ya:l 400.0 76.0

TABLE 2. Land slope (%) as derived from a 1:24,000 scale topographic map

Contour Measured distance (mm) between contours on topographic map
interval (best if averaged along fall line over several contour lines)

of map
(ft) 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 15 2.0 2.5 3.0 4.0

20 51 42 36 32 28 25 23 21 20 18 17 13 10 8 6
40 102 8b 73 64 56 51 46 42 39 36 34 2b 20 17 13
80 203 169 145 127 113 102 92 85 78 73 68 51 41 34 25
120 304 254 218 191 169 152 139 127 117 109 102 76 51 61 38

HANDBOOK FOR FOREST, RANCH AND RURAL ROADS
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FIGURE 7.
Estimating slope
with a clinometer.

Logistically for ease of use, roads should
not be built directly up a slope, especially
on steep grades that exceed about 15%,
unless it is for a short pitch of less than

500 feet with a road grade not exceeding
about 20%. Roads that extend directly up

a natural hillslope, no matter how gentle,
are very difficult to drain to one side or the
other. Road runoff will flow straight down
the fall line of the slope and road, eventu-
ally eroding into the roadbed and causing
the road to become increasingly entrenched
over time. This not only generates sediment
but requires repeated and significant
maintenance to keep the road useable.

Most roads traverse across the slope, and it
is not difficult to keep road grades to less
than 3%-5%, even where the slope of the
land exceeds 50%. This side slope construc-
tion also helps prevent serious drainage
and surface erosion problems because they
are much easier to drain and to disperse
the runoff onto the slope below. Ridges,
natural benches and gentle sideslopes far
away from stream channels are usually the
best places to build roads. Steeper pitches
are sometimes required to avoid unstable

areas or other obstacles, or they are needed
to avoid crossing property boundaries.

b. Bedrock and soils

The stability and erodibility of a road align-
ment is controlled by the underlying bedrock
and soil material, as well as by the occurrence
of water. Bedrock composition and the proper-
ties of soils vary dramatically along most road
routes. Each soil and bedrock type reacts differ-
ently to road construction and road drainage.

Some important bedrock properties that influ-
ence slope stability and the ease of excavation
for road building include rock hardness, direc-
tion and inclination of rock layering, amount
of natural fracturing, amount of weathering or
natural decomposition, and mineral composi-
tion. Highly fractured or weathered rocks, or
rock layers that slope parallel to the hillside, are
likely to result in erosion and stability problems
during or after construction. These condi-
tions often lead to high maintenance costs.

A number of soil properties will also influ-
ence how easy it is to build a road, how stable
the road will be following construction, and



how much erosion is likely to occur when the
soils are exposed. Such properties include soil
depth, erodibility, coarse fragment content,
texture, and compactibility. Soil texture is one
factor used in determining the erodibility or
“erosion hazard rating” of a soil?, and can be
evaluated using simple field tests (Figure 8).
The properties of soils in an area can gener-
ally be determined from soil survey maps and
reports available from the local office of the
Natural Resource Conservation Service or on
their website (http://websoilsurvey.sc.egov.
usda.gov/App/HomePage.htm).The responses
of soils to road construction and use can often
be anticipated from the information in these
reports. In practice, where a road is to cross
steep slopes, or portions of the route will
traverse unstable areas, soil maps and geologic
maps should be reviewed and a professional
geologist should be consulted to evaluate

the suitability of the site for the planned road
building activities. You can also learn a lot by
researching past land use studies and permits,
geologic reports, timber harvesting propos-
als, engineering reports and historic aerial
photos that may be available for the area.

c. Drainage

"Drainage,” refers both to subsurface drainage
(groundwater and soil water through-flow)
and surface drainage (runoff). Well drained
slopes and properly drained roads are critical

to low impact, low maintenance road loca-
tions, and can have significant effects on road
construction and subsequent road stability.

i. Subsurface drainage Water held in the
soil, or moving through the soil, is called soil

2 If soil maps do not exist or are not available, simple
tests can be performed in the field to estimate the soil’s
most important properties. For example, California Board
of Forestry Technical Rule Addendum #1 (see Appendix

C) outlines a procedure for estimating the surface erosion
hazard rating (EHR) of a soil. However, this procedure only
estimates the soil’s susceptibility to surface erosion caused
by rainfall and runoff. The likelihood of mass soil movement
(landsliding) should be determined in other ways.
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water or groundwater. Water that cannot
move freely through the soil often emerges
on the ground surface as springs and seeps.
Even where subsurface drainage (the flow

of water through the soil) is good, it can be
affected by road construction and, in turn,
roads can be damaged by obstructed or
disturbed subsurface drainage. For example,
poor subsurface drainage can result in per-
sistent saturation and damage to the road
materials as well as subsequent erosion
problems. If too much water is in the surface
soils (because of seasonal wetness or poor
drainage), or groundwater is emerging
beneath the road, the weight of vehicles can
deform the soil and turn it into mud with little
form or texture and little or no strength. On
a sloping road, the mud can become a safety
hazard, the roadbed may be damaged, and
sediment can flow into ditches and nearby
streams, causing water quality problems.

Some soils are naturally wet and poorly
drained, and should be avoided during road
building operations. These are often indicated
by pools and wet areas on the ground surface
during the wet season. Such sites can often
be recognized during dry summer periods

by noting changes in vegetation types and/
or color (lushness). Wet areas can sometimes
be drained, but unless the source of the
emerging groundwater is eliminated, wetness
may be a continual problem at the site. Once
water has emerged onto the ground surface
(on the cutbank, in the ditch or on the road
surface) it should be directed away from the
site and discharged onto a stable area.

Similarly, poor subsurface drainage can create
slope stability problems for roads built across
steep, wet hillslopes. Subsurface drainage tech-
nigues can be employed to relieve or prevent

a buildup in pore water pressures within the
soil mantle or within road fill materials. Fol-
lowing intense storms and rain events it is

not uncommon to see road fill failures that
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FIGURE 8. The
texture of fine
sediments and
soils, an important
component used
to evaluate soil
erodibility and
erosion hazard,
can be estimated
using a simple
hand-texturing
field test (Kramer,
2001).



were triggered by elevated hydrostatic pres-
sures. Significant road and hillslope failures
(e.g., debris slides and debris flows) can some-
times be attributed to a road’s adverse effect
on subsurface drainage. For example, when

a road is built across a steeply inclined swale
in mountainous terrain, the thick road fill can
compact the subsurface soil pores through
which groundwater flows, thereby causing
increased pore pressures and failures of the road
fill and underlying soils during storm events.

If the road must pass over a known wet

area, including springs or seeps, subsurface
drainage techniques can be used to drain the
ground beneath the roadbed and to prevent
the buildup of pore water pressures within

the underlying soils. Subsurface drainage
techniques include the use of gravel-lined
“French-drains,” with or without perforated
pipes buried in ditches, and other combina-
tions of gravel blankets and overlying filter
fabrics. If you are unsure about recognizing

or treating a wet area, obtain professional
assistance; a mistake made here can lead to
increased construction and maintenance costs
later, and to significant environmental impacts.
Avoidance is the least expensive and most
successful method for preventing subsurface
drainage problems, and it is almost always best
to re-route the road to avoid natural wet areas.

il. Surface drainage—The key to successful
surface drainage is to get the water off the cut
slopes, fill slopes and road surface as quickly as
is possible, before it has the opportunity to con-
centrate into a large volume of flow or saturate
the ground. The three most important rules
for accommodating surface runoff are 1)
drain and disperse water off the road rapidly
so it cannot erode or seep into the roadbed,
2) direct runoff off the road often to avoid
large, erosive flows from developing in
long, undrained ditches or road surfaces,
and 3) direct runoff to safe locations away
from watercourses and unstable areas.
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A simple method, called the 5-D Test,
can be used to measure the effectiveness
of road drainage systems. This test relies
mostly on visual information and analysis
of road surface drainage. The 5-D’s are:

1. Are all natural DRAINAGES conveyed (e.g.,
carried in dips, fords, culverts or bridges)
across the road and released back into their
natural channels (this includes both small
and large streams and watercourses)?

2. Does the road drainage system actually
DIVERT water off the road surface?

3. Is drainage frequently and quickly
DISCHARGED from the road?

4. Is the energy of flowing water DIS-
SIPATED onto non-erodible material
at the point of discharge?

5. Is the DISTANCE between drainage struc-
tures adequate to prevent erosion of the
roadbed and fill slope while preventing
sediment delivery to nearby stream channels?

These five tests apply to all drainage methods,
including road outsloping, waterbars, rolling
dips, ditch relief culverts, stream culverts and
bridges. The first four tests can be conducted
by observation; the fifth test can be evaluated
by assessing local site conditions including road
grade, surface material, elevation, expected
rainfall, soil type, road shape, and location of
existing drainage structures (Washington DNR,
2011). A variety of road handbooks and manuals
provide standards for spacing of ditch relief
culvert and surface drainage spacing, although
it is important to emphasize that effective-
ness of road drainage design is dependent

on site-specific conditions. Using published
standards without evaluating site conditions
can lead to (1) increased erosion if drainage
spacing is too infrequent or (2) unnecessary
high construction costs if surface drainage is
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TABLE 3. Examples of road surface drainage spacing standards!

Maximum surface drainage spacing
based on road gradient

Source (ft)

2-4% 5-8% 9-12%

Colorado Forest Service, 2011 500-900 300-700 200-500 -
Idaho Department of Lands, 2014 400-600 300-500 - -
Bureau of Land Management, 2007 240-400 180-325 140-250 —
Keller and Sherar, 2003 245-400 130-295 115-195 100-165

'Refer to Appendix C for the California Forest Practice Rules (2013) suggested maximum distance between waterbreaks.

over designed. Table 3 illustrates selected road
surface drainage spacing standards based on
road gradient steepness. The variability between
suggested standards shows that road drainage
design and frequency of drainage structures

is not a one size-fits-all approach and requires
the evaluation of site-specific conditions.

The use and correct placement of drainage
structures such as culverts, rolling dips, diver-
sion ditches, insloping, outsloping, inboard
ditches, ditch relief culverts, waterbars and
stream culverts are worth the initial cost of
installation. Correction and repair may be
2-10 times more costly than the original instal-
lation, and damage to the land and nearby
streams may be uncorrectable and irreversible.

2. CONTROL POINTS FOR
ROAD LOCATION

The stability of a road and its impact on the
environment are often determined by how the
road is designed and located around physical
points of control in the landscape. Efforts
should be made to avoid as many obstacles
and stream crossings as is possible when
planning and locating a road alignment.

a. Obstacles
Obstacles to a stable road include scars iden-

tifying unstable slopes (slumps, debris slides,
debris flows, earthflows, rock falls, etc.); hard

rock outcrops; cliffs and very steep slopes;
wet and unstable or highly erodible soils;
ponds and lakes; wetlands and swamps; and
property boundaries. These features should
be precisely located during road reconnais-
sance since they constitute control points that
will influence the final location of the road.

Agreements with adjacent landowners
should be arranged when needed to prevent
property boundaries from forcing roads

to be built in unstable or unsuitable loca-
tions that could cause excessive erosion

and damage in downslope and downstream
areas. In addition, recognition of slope
instabilities may sometimes be easy, but the
skill and expertise of a qualified and experi-
enced geologist or engineering geologist is
often needed to determine the full extent
of unstable areas and to choose a suitably
stable alternate route which bypasses the
obstacle. In the long run, employing a
qualified professional to solve a tech-
nical problem is much less expensive
than repairing a major road failure.

b. Stream crossings

Stream crossings are particularly vulnerable to
erosion and failure; they are often considered
the weak point in a road alignment as they are
usually the most vulnerable and failure-prone
feature. For this reason, the number and
size of stream crossings that have to be



constructed along a new road should be
strictly minimized. The more deeply incised
a stream canyon is, the more excavation, soil
disturbance and erosion are likely to occur
during and after construction of the crossing.
Therefore, stream crossings should be located
where the channels are least incised, across
natural benches, and where sideslopes are

as gentle and stable as possible. In addition,
stream crossings should be built at right
angles to the stream channel, and, where
possible, streams requiring a 60", or larger,
diameter culvert, large volumes of fill, or fish
passage should be considered for a bridge.

The use of designed, constructed crossings is
required wherever roads must cross a stream or
watercourse. They may be permanent, including
a culverted fill crossing, a bridge, an armored

fill or a ford, or they may be temporary, such

as a temporary culverted fill, a log crossing or

a temporary bridge that needs to be removed
before the beginning of the following wet
season or winter period (generally considered as
beginning in mid-October in the western USA).
All forest, ranch and rural road stream cross-
ings that are to remain in place for one (1) or
more winter or wet season periods should be
designed to pass at least the 100-year storm
flood flow, including floating organic debris

and sediment loads. This is good practice and

is often required by regulation. Crossings on
older forest roads that need reconstruction
should also be designed to current 100-year
peak flow standards (methods for estimating the
100-year flood flow for small ungagged streams
are included in Chapter 4 and in Appendix A).
These standards are appropriate for all wildland
roads, including forest, ranch and rural road
systems. Stream crossing installations typically
require both environmental permitting and
design details (or BMPs) and these requirements
are likely to vary depending on your location.

Some stream crossings require extra careful
design to accommodate both juvenile
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and adult fish passage. These will require
consultation with agency experts, and
perhaps qualified consultants, to determine
the best crossing type and fish passage
design. Preparing and installing the proper
crossing in the first place is likely to be
more successful in meeting passage goals,
and perhaps less expensive, than having

to retrofit or replace a poorly designed
structure that has already been built.

c. Road grade

The slope of the road is called “road grade.”
This is not the same as the slope of the land.
Road grade is typically expressed in percent
(%). A road that rises or falls 10 feet for every
100 feet of its length has a grade of 10%.

Road alignments should be designed with
gentle to moderate grades to minimize
damage to the roadbed, to allow for frequent
and effective road surface drainage and for
safety. Flat road grades (<1%), such as those
on valley bottoms, are often difficult to drain
and may develop potholes and other signs of
impaired drainage. Steep roads are more likely
to suffer from erosion and vehicle damage,
especially if they are used when wet. This

can also lead to increased safety hazards
compared to lower gradient roads. Steep
roads are more difficult to drain because
surface runoff often flows down the road in
wheel ruts rather than off the outside edge
where it can be discharged and dissipated.

In snow zones, steep roads may represent

a safety hazard if they are used during cold
weather periods. New road alignments should
use grades of 3% to 8%, or less, wherever
possible. Forest roads used for log hauling
should generally be kept below 12% (try

for an 8% average maximum) except for
short pitches of 500 feet or less where road
grades may go up to 20%. These steeper
road grades should be paved or rock surfaced
and drained frequently, especially if they
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TABLE 4. Timing of road planning and construction activities for a Mediterranean climate!

Season Plar&réisrilgnand Field layout Consgll(lictlcTn Iﬁg&iﬁg:&%d Closure
re-construction
Winter i * No i No
Spring 4 i v (late) 4 —
Summer + = + + +
Fall + - v (early) + +
'Key to symbols: + = good or excellent season for this activity. v = OK or good time to perform this work. — = not a very good season for

this type of work. No = this is not a good time for construction or closure work using heavy equipment, unless there is an extended dry
period. Each season has periods when work can be undertaken. Wet weather equipment work, if undertaken, should be planned and
conducted carefully, with erosion control work kept up to date.

are to be used during the wet season or Generally, construction and reconstruction
winter months. Grades for rural roads that (upgrading) activities should be timed to
are used by passenger vehicles should be minimize soil erosion, to give vegetation time
at the lower end of these road gradients. to take hold before heavy rainfall begins, and
so heavy equipment will not have to work on
3. OTHER LIMITATIONS wet soils. Late spring through middle summer
ON ROAD LOCATION is the best period for heavy equipment work in
AND CONSTRUCTION many locations. Some moisture is required and
desirable for adequate compaction of fill mate-
A number of physical limitations on road rials, but road construction should not begin
location have already been discussed, before the soil has had time to drain and dry.
including obstacles and stream cross- Construction activities can take place during
ings. But other factors may also limit dry weather and dry soil conditions as long as
when and where a road can be built. water is available to add soil moisture when it

is needed for compaction and dust control.
a. Seasonal construction limitations
Table 4 outlines activities that can be safely

Climate can dictate when the best and most and effectively conducted during various times
favorable road building conditions occur. of the year. In some years there are extended
For example, California’s coastal Mediterra- dry periods during the winter months when
nean climate is generally one of wet winters some heavy equipment work can be per-

and dry summers, and these extremes limit formed. However, local regulations may limit
the time of year when construction activi- the types of work that can be performed

ties can be most effective. Although road during the wet season, and how that work
construction should not occur during wet must be conducted. For example, the 2013
weather conditions, there are a number California Forest Practice Regulations require
of planning and reconnaissance activities that erosion control work be kept current with
that can, and should, take place during wet soil disturbing operations (daily), that a winter
periods. Indeed, winter is the best period period operating plan be prepared and filed
for field reconnaissance and to identify (if necessary) to guide winter operations, and
springs, seeps and small streams that might that work be immediately shut down before

not be visible during the dry season. conditions begin to affect water quality.



TABLE 5. Recommended minimum widths for buffer/filter strips between wildland roads and

streams to improve or protect water quality?!

Recommended width? Authors

=50 ft
=80 ft
>100 ft
=30 ft
=60 ft
=30 ft
>60 ft
'adapted from Fischer et al. ( 2000)

b. Operations near streams,
lakes and wetlands

A sufficient buffer or filter strip of undisturbed
soil and vegetation should be left between
road building, road reconstruction, and road
maintenance activities, and nearby streams,
lakes and wetlands. Road surface drainage
should be dispersed and discharged into a
filtering area with enough ground cover and
slope distance to infiltrate water and catch any
sediment coming from road runoff. Filter strips
should be retained for all watercourses, includ-
ing ephemeral and intermittent streams that
may not be flowing at the time of road con-
struction or maintenance.® Streambeds and
wetlands do not make good road locations
and should never be used for that purpose.

Buffer strip design and width are dependent
on the purpose of the buffer (e.g., water
temperature moderation, sediment removal,
nutrient removal, and species diversity), veg-
etation type, soil permeability, and slope
gradient. Table b lists several recommended
minimum filter or buffer strip widths for pro-
tecting water quality, but these distances may
have to be modified depending on local site
conditions, as well as regulatory requirements.
Buffer widths are directly tied to the steep-
ness of the land adjacent to the stream and

3 See Appendix C for the California Forest Practice Rules
relating to watercourse protection.
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Woodard and Rock (1995)
Young et al. (1980)
Lynch et al. (1985)
Dillaha et al. (1989)
Nichols et al. (1998)
Corley et al. (1999)
Shisler et al. (1987)

soil permeability; with steeper slopes or less
permeable soils requiring longer buffer dis-
tances. Although recommended buffer widths
in Table 5 vary between 30 feet and 100 feet,
buffer width should be no less than 30 feet to
protect water quality. Regulations may dictate
acceptable buffer widths and operations that
can be conducted within the buffer area.

Where there is inadequate roadside vegeta-
tion, physical barriers (logs, brush, ditches,
etc.) or small sediment retention structures/
basins may be added to trap some of the
sediment coming off the road surface or fill
slopes. For example, the filtering effectiveness
of buffer strips can be dramatically improved if
slash is intermittently placed at the base of fill
slopes along the road alignment, leaving some
outlet for wildlife to pass. These structures are
called filter windrows. Inboard ditches and
ditch relief culverts should be discharged
onto vegetated slopes and never into
natural stream channels or watercourses.

4. KEEPING A STABLE ROAD

Building or upgrading a road should be
viewed as a long-term commitment of
both resources (money and equipment)
and personnel. If you are unable to make
that commitment, then the road either
should not be constructed, or it should be
built as a temporary road with drainage
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structures that are removed after use.
Many dead-end spur roads built during timber
harvesting or other resource extraction activi-
ties can and should be designated as tempo-
rary. If and when they need to be rebuilt in the
future, stream crossings can be reconstructed
and the road regraded and reopened.

A road built with drainage structures and
stream crossings needs to be maintained
during the winter or wet weather period

(as storms occur), during the summer or dry
season period (as it is being used), and pre-
ceding each wet weather season (to prepare
the road for rainfall and runoff). Periodic
and storm maintenance inspections and
activities need to be performed frequently
and regularly during the first several rainy
seasons as the road “settles in” and stabi-
lizes. Each year that follows, the road and
its drainage structures should be regularly
checked and, when necessary, repaired.

Roads need to be accessible in order to be
effectively inspected and maintained. Gates
can be installed along seasonal, unsurfaced
roads to limit wet weather access by the
public or by trespassers to prevent damage to
the roadbed and to drainage structures. The
use of permanent barriers, like logs or large
ditches and soil berms, to prevent unwanted
access also prevents inspections and mainte-
nance that is critical to keeping a stable road.
Permanent barriers should only be used on
closed or decommissioned roads, and not

on roads that may require maintenance.

When the need for a road diminishes, it is
not sufficient to close the road by simply
abandoning it or by putting up barri-
cades or a gate. If a road is not going to
be inspected or maintained for multiple
seasons, it needs to be proactively decom-
missioned or “storm-proofed” (stabilized
against damaging erosion). This is done
by excavating stream crossings and removing

culverts, and by excavating potentially unstable
fill material that might fail and deliver sediment
to local stream channels during winter storms
(see Chapter 8). In most cases the road can

be reopened when it is again needed for

land management or for other purposes.

5. WHERE TO FIND HELP

Many experienced people and practical hand-
books are available to help you make wise
decisions on planning, designing, locating,
constructing, reconstructing, and proactively
abandoning forest, ranch and rural roads.
There’s nothing like experience in being able
to develop a good project, so find respected
professionals and practitioners who regularly
perform these tasks and learn from them.
Table 6 lists some of the typical sources you
can contact for guidance on plans for where,
how and when to build a road in California
and in much of the USA. You are likely to find
similar information sources in your area.

[. PERMITTING

Prior to the commencement of any road con-
struction project, specific federal, state, and
local government permits, agreements, and
other authorizations may be required. These
permits and agreements are required to ensure
that projects are considered and assessed

for (1) their adverse effects on the environ-
ment (e.g., negative effects on water quality,
sensitive or endangered species, or critical
habitats), (2) proper design and construction
plans, and (3) potential mitigation plans in the
case of unintended environmental impacts.

Some examples of required permitting for
road construction activities for Califor-

nia are listed below. Regulatory require-
ments will be different for each area of the
country, but it is important to research and
determine those that apply in your area.
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1. COUNTY

Department of Public Works and/or Building

Departments often have grading ordinances that

describe how private roads may be constructed
and how these roads may connect with existing
public roads. Permits may be required, and
County Planning Departments may also want
to review proposed roads that are being con-
structed for large and small lot splits and land
subdivisions, even in rural areas. Certain stan-
dards related to proposed road use and emer-
gency vehicle access standards may be required.
In areas of proposed road construction or main-
tenance that are underlain by soil or bedrock
containing naturally occurring asbestos, special
mitigation measures may also be necessary to
comply with the requirements of the California
Air Resources Board. The Asbestos Airborne
Toxic Measure for Construction, Grading, Quar-

rying and Mining in California is administered by

each County Air Quality Management District.
2. STATE

Each state in the U.S. has its own regulations
and standards for forest and rural road work,
some more stringent than others. In California,
state regulatory agencies with jurisdiction on
road construction and related activities include
the Department of Transportation, the Depart-
ment of Fish and Wildlife, the Department of
Forestry and Fire Protection, and the Regional
Water Quality Control Boards. Several other
agencies have special jurisdiction. The Califor-
nia Department of Transportation (Caltrans)
controls private road connections with state
maintained roads and highways. An applica-
tion fee and bond or deposit may be required
for this type of work. You should also check
with the California Coastal Commission when
planning a road within the Coastal Zone. For
new roads, archaeological clearance may be
needed in areas where records show prehis-
toric activity or habitation. For developing rock
pits and borrow sites over one acre in size, or

HANDBOOK FOR FOREST, RANCH AND RURAL ROADS

exceeding 1000 cubic yards of overburden or
rock material, the Department of Conservation
should be consulted regarding development
and reclamation requirements of California’s
Surface Mining and Reclamation Act (SMARA).
(California Office of Mine Reclamation 2012).

The Department of Fish and Wildlife will need to
be notified of any road construction, road recon-
struction, road removal or related projects that
would result in the diversion or obstruction of
natural streamflow or in physical modification of
the bed or banks of any stream or lake. A formal
notification called a Lake and Streambed Altera-
tion Agreement (LSAA) (sometimes referred to as
a 1600 or 1603 “permit”) needs to be submit-
ted to the Department on Form 1603, describing
the proposed work and including an application
fee* (see Appendix B). Permanent or temporary
stream crossing structures, fords, riprap or other
bank stabilization measures, culvert installations,
bridges, or skidding across temporary crossings
are some of the projects which are subject to
the LSAA notification process (Appendix B).

To build or rebuild a road for commercial
harvesting of trees, firewood or other forest
products, a Registered Professional Forester
in California needs to file a timber harvesting
plan (THP) with the Department of Forestry
and Fire Protection (CAL FIRE). This includes
any commercial timber or other saleable wood
products from road building or reconstruction
work. Specific regulations must be followed
for planning, designing, constructing and
maintaining these logging roads (Appendix
Q). Fire-safe road standards have also been
developed for rural subdivision roads that
require CAL FIRE review prior to construction.

The State Water Resources Control Board
and the Regional Water Quality Control
Board with jurisdiction in your area admin-
ister and enforce provisions of California’s

4 The application fee is not needed for commercial timber
harvesting plans.
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Porter-Cologne Water Quality Act, as well

as the Federal Clean Water Act. Whenever
water quality and the beneficial uses of water
could be affected, these agencies need to be
consulted. Sediment entering streams and
watercourses is a serious pollutant and road
construction, reconstruction and mainte-
nance activities, if not performed properly and
with care, can cause downstream pollution.
Clean-up and correction actions ordered by
the Board can be costly and cause significant
delay, so it is always best to follow prac-

tices which are protective of water quality.

3. FEDERAL

Federal regulations may also apply to your
road building activities. In many cases, federal
regulatory authorities may have been del-
egated to state agencies. In California, the
U.S. Fish and Wildlife Service, the U.S. Army
Corps of Engineers, the U.S. Environmental
Protection Agency, and others, have juris-
diction over certain aspects of construction
projects and the environment in which they
occur. If funding for any of your road work

is derived from federal monies then it is
more likely that various federal regulations
will apply. You are responsible for determin-
ing what agencies have jurisdiction for your
project, and for working with them prior

to conducting any on-the-ground construc-
tion activities. You will need to check with
local and state agencies to see if any of these
federal regulatory entities affect your project.

Table 7 provides a list of federal and California
state permits, certifications, and authorizations
that are typically required for road construc-
tion projects, along with contact information.

4. OTHER STATES
AND COUNTRIES

For road projects proposed in other states, you
should contact their specific state government

agencies to determine which permits, agree-
ments, or other authorizations are required
for the project. In addition to federal and state
permitting, local government permitting is
frequently required. Contact your local county
planning departments, Resource Conservation
Districts, or other local agencies to determine
which county or city permits are required for
your project. Make sure to plan ahead when
applying for and acquiring permits. In some
cases, it can take two to three months, or
longer, to obtain the necessary permits. Not
only is it important to understand what envi-
ronmental regulations pertain to your project
and know which permits are required, you
should also review and understand the impli-
cations and consequences for not complying
with the regulatory and permitting process.

5. PERMITTING COSTS

Permitting requirements for road construction
projects can be costly. In some cases, permit-
ting costs can account for approximately 5 to
10% of the overall project budget depend-
ing on project size, types of treatments
implemented, natural resources impacted,
and the number of permits required. Road
construction or restoration projects may

be funded by grant monies distributed and
controlled by federal or state agencies. Some
grant programs, such as the Fisheries Res-
toration Grant Program administered by the
California Department of Fish and Wildlife,
involve a programmatic permitting process
where all necessary permits and authoriza-
tions are secured by the grant funding agency
through a one-stop permitting process. This
reduces the time and expense of acquiring
multiple permits from federal, state, and local
agencies. Similarly, county-coordinated permit-
ting processes may be available through your
local RCD office or through other landowner
assistance programs. Contact your local state
or county agencies to determine whether your
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project can receive financial and permitting
assistance from federal or state programs.

J. PROFESSIONALS AND
PROFESSIONAL LICENSING

Depending on state laws and regulations, road
construction and restoration work that involves
earthwork may require inspection, oversight,
design, or certification by licensed profession-
als. In addition, complex geologic, geomorphic,
hydrologic or engineering issues occurring on
your property may require consultation and
inspection by a licensed professional. The type
of licensed professionals required on your
project will depend on the type of problems or
sensitive conditions that exist, or the type of
road construction or restoration work that is
proposed. In some cases, licensed professionals
can provide important input for on-the-ground
decisions when unforeseen conditions arise
during the construction phase of road construc-
tion and road upgrading projects. Table 8 lists
the standard licensed professionals that provide
assistance and expertise to road construction
and restoration projects in many jurisdictions.

For example, if the landowner has identi-
fied a landslide problem that exists within

HANDBOOK FOR FOREST, RANCH AND RURAL ROADS

the proposed project area, then a licensed
geotechnical specialist, such as a Certified
Engineering Geologist, should be utilized for
further analysis of the problem, assessment
of risk, and recommendations for control and
correction. Consultation with licensed and
experienced professionals may also be required
in situations that need a more detailed evalu-
ation of field conditions, prescription options
and treatment methods to address complex
geologic or geomorphic processes, or in situ-
ations that require highly technical analyses
or employ complex treatment methods.

If trees will be cut during restoration activi-
ties and the logs and wood sold as byproducts
of the restoration work, the project may be
subject to the respective state’s forest practice
rules (e.g., California Forest Practices Act and
Rules). A Registered Professional Forester can
assist with preparation of required permits
needed for commercial forest operations. If, on
the other hand, the wood will not be sold but
used in the project (e.g., to place in the stream
channel or to use as bank protection), a timber
harvesting plan may not be necessary. In either
case, consultation with a local state forestry
department (e.g., CALFIRE) is recommended.
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TABLE 8. List of licensed professionals that typically work on road construction projects

Type of
licensed

professional

CA professional
license title

Typical areas of expertise and project work

Civil, Hydraulic

or Structural

CE — Civil Engineer

Bridge designs, fish passage, in-stream structures, embankments,
and general road construction design and construction.

Engineer
Design earthworks, bridge and structure foundations; evaluate soil
Geotechnical . . and rock mechanics in relation to development, such as designs for
. GE — Geotechnical Engineer . . .
Engineer levees, dams, channels and reservoirs; geologic risk analysis; work
significantly overlaps with Engineering Geologist, below.
Geologic investigations; assessment, design and remediation of mass
Engineering CEG — Certified or Registered wasting or slope instabilities; existing and potential in-stream structures
Geologist Engineering Geologist and grade control; stream crossings, and general road construction and
reconstruction. General road construction design and project oversight.
i Assessment and subsurface drainage of landslide or fill instabilities; existing and
. PG/RG — Professional or o . ) : -
Geologist . . potential in-stream structures and stream crossing designs; and general road
Registered Geologist : ) ) . .
construction and maintenance. General road construction project oversight.
Forester RPF — Registered Timber harvest plans and other forest management issues;
Professional Forester general road planning, design and construction oversight.
Landscape LLA - Licensed Landscape General road construction and maintenance design and oversight
Architect Architect (excluding landslide or fill instability assessment).
Constructs, maintains, repairs, installs, or subcontracts the development of
, (CA-C27) - Landscape pair: ) . s
Landscaping ) landscape systems and facilities for public and private gardens and other areas
Contractor License — SL . . . . . .
Contractor which are designed to aesthetically, architecturally, horticulturally, or functionally
improve the grounds within or surrounding a structure or a tract or plot of land.
Performs land leveling and earthmoving projects, excavating, grading,
General . . . . .
. . (CA-A) General Engineering  trenching, paving and surfacing work and cement and concrete works
Engineering . . : . .
Contractor Contractor License - CG in connection with highways, streets and roads, as well as other types of

fixed works requiring specialized engineering knowledge and skill.

Earthwork and
Paving Contractor

(CA-C12) Earthwork and
Paving Contractor License

Digs, moves, and places material in such a manner that a cut, fill,
excavation, grade, trench, backfill, or tunnel can be executed.

Investigations pertaining to the presence of endangered animal
and plants species; or sensitive habitats (e.g., wetlands); cultural
resources; or surface water hydrology, respectively.

Biologist,
Archaeologist,
Hydrologist

Specific certification
depending on area of
expertise



PLANNING

A. INTRODUCTION TO ROAD PLANNING

Good planning can minimize the impact of a road on the environment and provide
low-maintenance, low-cost access for landowners. It will pay many times over to sit
down and seriously plan for the road and road network before making irreversible
decisions that cost extra money, waste time later and damage the environment.
Poor planning and road location is often associated with the most common causes
of road failure and high maintenance costs. Road “planning” should not be the
purview of heavy equipment operators blazing a path from one point to another.
Rather, it is a systematic process that requires consideration of a number of
variables and is a part of a larger management strategy that includes transportation

and land use planning, logistics, economics and environmental protection.

Two basic tenets of road planning should be
followed. First, minimize the number of
roads constructed in a watershed through
basin-wide transportation planning. If
you don’t own the entire watershed, consider
meeting with other landowners to see how
road network planning can benefit everyone
by saving money and causing the least impact.
Most landowners want to cause as little dis-
turbance as is possible and to minimize con-
struction and subsequent maintenance costs.
There is great economic and environmental
benefit to developing a coordinated road plan
and reducing road construction in a water-
shed. Roads should be minimized because

they remove land from production and often
cause erosion and water quality degradation.

Second, existing roads should be used
wherever possible, unless using such
roads would cause more severe erosion
and water quality or environmental
problems than building a new alignment
elsewhere. Alternatives to roads in sensitive
environmental areas, such as streamside and
riparian zones, should be identified wherever
possible if their reopening or use would have
unavoidable, adverse impacts. Existing roads
might require some rebuilding or upgrading,
but using them is usually much less expensive
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than new construction. Sometimes, because of
property lines that divide ownerships, roads
have been built close together on adjacent
properties. Cooperative use of existing

roads can prevent this kind of duplicate and
unnecessary construction in the future.

Treat your neighbors well. Efforts should
be made to develop easements or agreements
that allow mutual use of roads on or near
property boundaries, saving time and
expense. Written and recorded rights-of-way
mutually benefit all parties concerned. Such
agreements should define the road location,
ingress and egress routes, road width, levels
of use, maintenance responsibilities, monetary

considerations, and any other pertinent points.

A survey, properly recorded, may be needed
to clearly identify the boundary line. It is
suggested that an experienced local attorney
be consulted to ensure that all legal and
liability requirements have been addressed.

B. NEED FOR A ROAD

Two of the most important steps in planning
for a road are 1) determining whether

or not the road is actually needed and 2)
deciding what standard of road is called

for. Ask yourself these questions:

B What will the road be used for? Will it
be used for residential access, access for
grazing or farming, timber hauling, fire
control, and/or for recreation? What kind
and size of vehicles, log yarding equip-
ment or commercial vehicles will be used?

B How often and when will the road be
used? Is it a one-time use (e.g., for timber
removal or mining) or daily use (e.g. for
residential access)? How fast do you expect
vehicles to travel? Is it only to be used during
the dry summer months or will you need to
use it during wet weather conditions (i.e.,
does it need to be an all-weather road)?

B |s there an existing road, either on your
property or on an adjacent property
that could be used or rebuilt? If the
road is being built for timber removal or
other resource extraction, can an alternate
harvesting, yarding or extraction method
be selected that would either shorten
the length of a new road or eliminate
the need for a new road altogether?

A sound, thoughtful review of the present
and future needs for this road will assure that
it is needed and that it will accommodate the
expected type and level of traffic. It is frus-
trating, and potentially costly, to build a road
that cannot accommodate all the needed
uses. At the same time forest, ranch and
rural roads should be built to the minimum
standard necessary to accommodate all rea-
sonably anticipated uses and equipment.

C. ROAD SIZE AND
STANDARDS

After deciding why a road is needed, you

can determine the minimum size or standard
that is appropriate to meet your require-
ments (Figure 9). Table 9 provides suggested
minimum standards for single lane, packed
gravel surface and native surfaced roads with
traffic of less than 100 vehicles per day.

Horizontal curves occur where the road
goes around a ridge, watercourse or
other obstacle, and vertical curves are
those where the road goes over the crest
of a hill. Both kinds of curves require a
minimum length of visibility at a given
driving speed to assure safe stopping dis-
tances for trucks and other vehicles.

It is also important to provide passing lanes
and turnouts on narrow, single lane roads,
and turnarounds are needed at the end of
all dead-end roads. Turnouts should gener-
ally be located so you can see from one to
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FIGURE 9.
Road element
terminology
(Steinfeld et al.,
2007).

the next, and so oncoming traffic can safely because of their smaller footprint, reduced
pass without vehicles ever having to back up. excavation requirements, and lessened environ-
mental impact. Spur roads and other low volume
In some situations, long, straight roads may roads are often narrower and of lower standard
encourage excessive speeds. To discourage than trunk roads that service large areas or serve
unsafe driving speeds, straight sections of as major connecting links in the road network.
road can be limited to 400 feet, or less. The
road should be contoured to the landscape All other conditions being favorable, finan-
to minimize cuts and fills. Rolling grades or cial considerations and planned uses may play
rolling dips, used for surface road drainage, large roles in determining road standard and
also help keep travel speeds at a safe level. size. Costs are directly proportional to the
standard of the road, and high standard roads
Other considerations may also dictate road are usually built where economic returns from
size. For example, in erodible, unstable or steep land management (such as logging, mining
terrain, small narrow roads are often preferred or residential development) can pay for the

TABLE 9. Typical minimum standards for low-volume roads!

Rural access or

Design standard Collector or mainline road secondary road

Design speed (mph) 40-55 20-30

Road subgrade (ft) zfptzigxf;xl—%eft ditch) (1ozptligrf;1v§1?teditch)

Running surface width (ft) 12-16 ft 12 ft

Road grade (%) 12% max. 15% max.

Curve radius (ft) 80 ft min. 50 ft min.

Road shape Outsloped, insloped, crowned (5%) Outsloped, insloped, crowned (5%)

el dhatieEe e Ditc_:h, dtih relief culverts, D_itch, ditch relief culverts, rolling
rolling dips dips, water bars

Road surface material Gravel, chip-seal, pavement Native or gravel

based on Keller and Sherar (2003) and Oregon Department of Forestry (2000)

HANDBOOK FOR FOREST, RANCH AND RURAL ROADS
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FIGURE 10.

This well-built
permanent road

is designed for
year-round use.

It is contoured to
the natural topog-
raphy, is slightly
outsloped, has

no outside berm,
is occasionally
rolled to provide
continuous surface
drainage and is
rock surfaced for
wet-weather traf-
fic. This self- main-
taining design will
provide years of
uninterrupted use.

added improvements, or where planned uses
require high standard roads (e.g., for wet
weather access to residential properties).

Road classification also indirectly affects road
standard." Forest, ranch and rural roads are
often divided into classes called permanent,
seasonal and temporary, in generally decreasing
order of road standard and size. Permanent
roads form the core of the all-season road
network, and are surfaced to allow winter
uses, such as log hauling and year-round
residential access (Figure 10). Permanent
roads have watercourse crossings designed

to accommodate at least a 100-year flood
flow, including debris and sediment loads,

at all streams. Seasonal roads are a part of
the permanent road network with drainage
structures (or fords) designed to pass the
100-year flow, but they may not be of suf-
ficient standard for heavy, wet-weather use or
hauling. Both permanent and seasonal roads
require regular, seasonal and storm period
inspection and maintenance (Figure 11).

Temporary roads are lower standard roads
with a surface adequate for use during the

See Appendix B for the California Forest Practice Rule
specifying these requirements.

dry periods and drainage structures adequate
for flows during the anticipated period of
use, but are removed before the beginning
of the wet weather period (Figure 12).?

Upon abandonment or closure, all drainage
structures and stream crossing fills are
removed, and the road surface is permanently
drained using a combination of outslop-

ing, rolling dips, waterbars and ditches.

For combined public use and commercial routes
(e.g., forestry or mining), road standards and
size may also be dictated by mining, harvest-
ing and yarding equipment needs, as well as
the season of use. For example, U.S. federal
forest roads are classified for the combined
use of forestry and recreation. Roads are clas-
sified by use type and traffic levels into 5
maintenance classes. Other types of land use
have their own special or unique requirements
for standards. Features such as paving or rock
surfacing, dual lanes, and oversized drainage

2See Appendix C for the California Forest Practice Rule
specifying these requirements. Temporary roads on timber
harvest plans may remain in-place for the life of the
approved plan (several years) before they are removed only
if their drainage structures are designed to accommodate
the 100-year design flood event and road surfacing and
surface drainage is designed for the expected use during
that period. That is, it must meet standards for at least a
seasonal road.



FIGURE 11. Seasonal roads are built to the same specifications as permanent roads, but are not surfaced
for all-weather traffic. They typically provide summer or dry period access to watershed areas. The poten-
tially erodible road surface may be waterbarred before each winter (not shown), or outsloped with rolling
dips to provide for rapid drainage of surface runoff.

FIGURE 12. Temporary roads are often spur routes constructed off permanent or seasonal roads that pro-
vide short-term access to watershed areas. They are usually outsloped, unsurfaced and used only during
dry soil conditions. All stream crossings need to be physically excavated and removed upon the comple-
tion of operations or prior to the onset of the wet weather (winter) season (October 15 for non-federal CA
forestry roads). In forested areas, if the roadbed is ripped or tilled, it can be planted with trees to return the
site to productivity.

HANDBOOK FOR FOREST, RANCH AND RURAL ROADS
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structures can all add substantially to con-
struction costs. If these features are not
needed, given the planned use of the road
and requirements for environmental protec-

tion, they should not be built into the project.

D. ROAD SYSTEM LAYOUT

In forest and ranch road planning, the
concepts “less is best” and “avoid the
worst” generally describe the most
economical and environmentally sound
approach to planning for road building
and road system layout. Some of these
important concepts are listed below:

1. Minimize total road miles in your watershed;

2. Minimize new road construc-
tion by using existing roads that
are stable and in good repair;

3. Minimize construction of permanent
and seasonal roads by using these stan-
dards only when absolutely necessary; use
temporary roads to minimize long-term
maintenance and reconstruction costs
and reduce environmental damage;

4. Strictly minimize the number of watercourse
crossings by building road near ridges;

5. Minimize cuts, fills and vegetation clearing
by contouring roads across the landscape;
particularly by avoiding steep terrain;

6. Minimize road construction work near
streams and riparian zones, and on unstable
areas, inner gorges and steep slopes;

7. Minimize road width;

8. Minimize road gradient;

9. Minimize the concentration of runoff
on and from the new road; and

10. Avoid problem areas and serious
obstacles, when possible.

Road system layout is influenced by many
factors, including topography, property
lines, obstacles (rock outcrops, unstable
areas, wetlands, etc.), and proposed land
use activities. Controls on the location of
a road include both natural features and
man-made elements (e.g., Table 10).

1. HARVESTING AND
YARDING TECHNIQUES

For timberland owners, road systems are often
planned around the preferred method of
timber harvesting and yarding for the terrain,
and hauling routes for logs. Downhill tractor
skidding, a common yarding technique in the
past, required roads to be built in lower hill-
slope positions where slopes may be steeper,
soils less stable and streams are larger and more
incised into the landscape, or near floodplains
and riparian zones where aquatic values are
higher. These conditions can lead to greater
erosion and soil loss from road construction,
higher long-term maintenance costs, and higher
environmental impacts. In forestry, cable yarding
allows most roads to be built near ridges and

in upper hillslope areas where environmen-

tal impacts are usually significantly reduced.
Integrated planning for modern yarding
techniques and road location and design will
achieve the most economically and environ-
mentally sound road system for that land use.

2. ROAD CONSTRUCTION
VERSUS ROAD
RECONSTRUCTION
(UPGRADING)

In the last 70 years, tens of thousands of miles
of low standard road have been constructed
on private forest and ranch lands in Califor-
nia and throughout the western USA. Most

of these roads were built to accommodate
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TABLE 10. Some man-made controls which affect road location!

Control Comment

Boundary lines limit the location of the road. Talk to adjacent landowners and work out

Legal . . .
© written right-of-way agreements to share roads and reduce road construction.

The beginning and ending points of a road are often fixed. They may be certain geographic

Specific location . . . . .
12 features (e.g., a ridge top) or desired road intersection. These represent major controls.

Each class of road and level of use have specific safety requirements. Common sense
should be applied in setting speed, grades, curve radius, sight distance, and turnouts.
Regulations may specifically dictate certain safety-related road parameters.

Safety

Roads should avoid problem areas. Allow ample room to trap sediment in a buffer before it reaches a stream.
Do not allow any direct discharge points where road runoff flows directly into a stream. Avoid floodplains,
landslides, unstable or erodible soils, wetlands, and waterbodies, as well as slopes over 40% wherever possible.

Pollution control

Physical limits for curve radius, road grade, pitch grade, stopping distance, fill slope length and

Design elements

separation from streams are set by you! Design to reduce maintenance costs and pollution potential.

Road width may be dictated by emergency vehicle or equipment access requirements.

Observe and maintain substantial buffers. Know what species use your streams, their habitat requirements,

Migrating fish

the susceptible periods of their life cycle, and their environmental tolerance limits. Permits may be

needed from regulatory agencies (e.g., Department of Fish and Wildlife, NOAA Fisheries, etc.).

Approach road
permits

" modified from USDA-SCS/USFS (1981)

timber harvesting, ranching and rural develop-
ment. Some of these roads are now abandoned
and grown over with vegetation. Some were
built in locations which would not be accept-
able for new road construction today. As these
areas are re-entered for additional logging and/
or rural land development, decisions must be
made as to whether or not it is better to use
the existing poorly maintained or abandoned
road system, or to build a new road network

in a better location using state-of-the-art
techniques and standards (Figure 13).

The answer lies in considering both economics
and environmental impacts. In many instances,
reconstruction can be viewed as an opportunity
to cost-effectively improve watershed conditions
and reduce the threat of long-term erosion,
while providing the opportunity to economically
access a previously harvested or managed area.

Roads can be reconstructed for use, for stabiliza-
tion, or for permanent closure. For example, in a

HANDBOOK FOR FOREST, RANCH AND RURAL ROADS

Issued by the state’s Department of Transportation or the jurisdictional county for roads
connecting to public highways. Locations of intersections may be restricted.

final forest re-entry in an area it is often possible
to temporarily open an old road for forestry
activities, and then to systematically and perma-
nently close it upon completion of operations,
thereby removing all erosion threats. Proactively
planning for this option, where it can be used,

is often both economically and environmentally
advantageous. Similarly, an old, abandoned road
system may be located in an environmentally
suitable location, but it is now overgrown with
vegetation. In this case, reconstruction may

cost significantly less than new construction in

a different location and results in little erosion.
Except in the worst cases, where reopening a
road would cause excessive erosion risk, old
roads that are not needed and pose environmen-
tal threats may be temporarily reopened without
regard to road standard (i.e., pioneered open)
so they can be permanently decommissioned.

When roads are planned for reconstruc-
tion, and to be a part of the permanent
and seasonal road network, it is best to
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FIGURE 13.
Because of our
increased aware-
ness of the
potential impacts
to streams in a
watershed, some
roads which were
built in the past
would not be
built in the same
locations today.

In this example,

a side-cast con-
structed road was
built alongside a
large, fish-bearing
stream and ditch
relief culverts still
discharge muddy
road runoff into
the channel during
storms (below
person in photo).

anticipate upgrading all drainage struc-
tures to current design standards (100-year
peak flow, including debris and sediment
loads) and redesigning road surface
drainage to more modern standards (e.g.,
outsloping with rolling dips). Regulations
may dictate some of the reconstruction stan-
dards that occur. For example, in California the
Forest Practice Act and Rules require replace-
ment and upgrading of all stream crossings

to accommodate the 100-year peak flow,
including debris and sediment loads, on water-
course crossings that need reconstruction.?

3. SELECTING FAVORABLE
GROUND FOR NEW ROADS:

In laying out a new road system in a water-
shed, the most favorable ground should be
identified and utilized wherever possible.
Favorable ground consists of ridges, saddles,
natural benches and flatter natural slopes.
Less excavation is needed if the road is built in
comparatively low gradient areas and utilizes
natural benches. Generally, a slight slope can

3See Appendix C for the California Forest Practice Rule
specifying this requirement.

improve road drainage, but steep slopes pose
a number of problems. Well-drained soils are
preferred for roads in order to maintain a dry
travel surface. Terrain to avoid includes hard
rock areas, inner gorge slopes, steep slopes,
watercourse and lake protection zones, highly
erodible soils, floodplains, flood prone areas,
riparian areas, wet areas and swamps, areas of
unstable soils or naturally occurring asbestos,
and sensitive wildlife habitat (Figure 14).

If any stream crossings are required, you should
identify the best locations for the crossings

first and then plan to bring the road to those
locations. Stream crossings are ideally placed
where the channel is straight and narrow, the
banks are low and the soil is firm and rocky.
The approaches to the crossing should be as
low or flat as possible and outside the 100-year
floodplain, and the banks should allow for
crossing directly perpendicular to the channel.

4. ROAD ROUTING THROUGH
DIFFICULT TERRAIN:

Avoidance is almost always the best solution
to road-building in difficult terrain. Indeed,
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the recognition and avoidance of unstable
slopes is without doubt the most effective
and cost-efficient method of managing
landslide-prone terrain. Similar avoidance
measures should be taken for highly erodible
soils, steep slopes, water bodies, wetlands and
other obstacles which are likely to threaten the
integrity of the road or degrade environmental
conditions. When possible, all serious obstacles
to road construction should be avoided through
complete realignment or by locally changing
grade and circumventing problem spots as they
are encountered. It is far better to plan for

a route containing fluctuating grades than
to build a straight road which ignores the
landscape through which it traverses. Con-
struction and maintenance costs will be mini-
mized by sticking to the most favorable terrain.

HANDBOOK FOR FOREST, RANCH AND RURAL ROADS

FIGURE 14.

Road location
(Modified from:
Adams and Storm,
2011).

In order of priority, the road planner
and designer should consider:

1. Avoiding unstable slopes or soils.

2. Preventing destabilization using
special road building techniques, when
potentially unstable slopes cannot be
avoided (consult a qualified geologist).

3. Stabilizing slopes which show signs
of instability using special techniques
developed by a licensed engineer
or engineering geologist.

4. Protecting downslope resources when an
unstable area cannot be physically or eco-
nomically avoided, prevented, or stabilized.
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Federal and state requirements for road planning, location, construction and maintenance of
forest roads in the U.S. often include protection of resources through the application of best
management practices (BMPs). The most common requirements include the following:

B Avoid filling wetlands and lowlands if practicable alternatives exist—especially in
breeding and nesting areas for migratory birds and spawning areas for fish.

B Limit the number, length, and width of forest roads and skid trails to
minimum necessary to accomplish the forest and ranch management
goals, consistent with topographic and climatic conditions.

B | ocate roads outside of riparian management zones (RMZs), except at stream crossings.

B Place bridges or culverts in road fill to prevent constriction of expected
flood flows — other design methods may also be appropriate.

B Stabilize fill to prevent erosion and sedimentation—before, during, and after road construction.
B Minimize the use of equipment in wetlands outside of fill areas.

B Minimize disturbance of wetland and aquatic vegetation during
the design, construction, and maintenance of roads.

B Design, construct, and maintain wetland crossings to avoid
disrupting movement of fish and other aquatic species.

B Use good quality fill from upland sources whenever feasible.

B Place fill so as to not affect any threatened or endangered species and to prevent
any adverse modification or destruction of critical habitat for these species.

B Do not place fill near public or private water intakes or where
it could be eroded and delivered to a stream.

B Do not place fill in areas of concentrated shellfish production.
B Do not place fill in National Wild and Scenic River Systems, riparian zones, or stream channels.
m Use fill that is clean, stable and not highly erodible.

B Remove all temporary fill and restore disturbed areas to their original elevation and slope.

If it is impossible to move the alignment to avoid serious obstacles, construction costs and
maintenance requirements are likely to climb sharply as special construction techniques (such
as endhauling of fill material) are employed to build a stable road bench and to minimize post-
construction erosion.

E. PRELIMINARY ROAD LOCATION

The road should be plotted and located by a person with some knowledge of the area to
be served by the road and of the terrain where the road is to be built. A tentative road
location should first be roughly plotted on aerial photographs and topographic maps.

At this stage, several alternate routes should be developed and plotted for investigation
during later field reconnaissance. These alternative locations should be visually fitted to the
topography (roughly paralleling the contour lines) as much as possible to minimize cutting
and filling. Aerial photos and satellite imagery (e.g., Google Earth) are useful for identify-
ing natural features on the landscape that don’t show up on the topographic map.
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One procedure for plotting an alignment on
topographic maps is shown in Figure 15.
Using the known contour interval printed on
the map, together with a set of measuring

dividers, you can easily plot a tentative course

for the road while keeping within the allow-
able grade limits. By combining this method
with observations from aerial photographs,
some of the recognizable obstacles and
control points can be located, and a route
with a suitable average grade can be identi-
fied and plotted on the topographic map.

Table 11 shows the computations for the
example in Figure 15, including three
possible alignments for a road to be built
from point “1"” to point “4.” A simple,
6-step methodology can be followed to
arrive at these “paper alignments.”

1. Mark the beginning (1) and
ending points (4) of the road.

— ROUTE—

A eawe an o=

B 'Trrrrly

C o n g o

|
CONTQUR INTERVAL 40 FEET

DOTTED LINES REPRESENT  ~&7,
20-FOOT CONTOURS

DATUM IS MEAN SEA LEVEL

1 Ya

. Mark other known control points along the

route (control points are natural features
that dictate or limit your choice of road
location, such as a stream crossing, lake,
landslide, rock outcrop or saddle in a ridge).

. Compute the elevation difference

between each control point.

. Compute the estimated average grade

of each road segment between control
points (dividing the difference in elevation
between two points by the length of
road between them gives the sustained
or overall grade of the road segment).

. On a divider, set the scale distance equal

to the contour interval (C.1.) divided by the
decimal percent grade (distance = C.l./grade).
Then, simply mark the primary and alternate
road alignments using the dividers as set, and
move from one contour line to the next.

SCALE 1:24000

1MILE

1000 o 1 2

- GRADE LOCATION ON TOPOGRAPHIC MAP
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FIGURE 15.

On this topographic
map, three pre-
liminary road routes
across a hillside
have been identi-
fied. Identifying
possible alternate
routes on maps and
photos can save
time and money
when the next step
of field reconnais-
sance is performed.
Several alternate
routes should
always be identi-
fied in the planning
process since field
conditions may
require minor or
major adjustment
of the route (USDA-
SCS/USFS 1981).
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TABLE 11. Control section and grade computations for three possible road routes (see Figure 15)?

E_levation Est;(r)r;?ited Estimated -
difference : Caliper
distance average :
between distance
between road grade :
control 3 setting
points (ft) control (%)
points (ft)
1to2 +58 800 +7 290
A 2t03 -128 3,200 —4 500
3to4d —150 2,400 —6 330
1to2 +58 800 +7 290
B 2to3 -128 2,000 -6 330
3to4d —150 2,400 —6 330
1to2 +58 800 +7 290
C 2t03 -128 2,000 —6 330
3to4d -150 3,000 -6 400
TUSDA-SCS/USFS (1981)
For example:

B Contour interval = 40 feet
B Max. desired grade = 8% (or 0.08)
B Computation: 40/0.08 = 500 feet

In this example, you must go 500 feet
before climbing 40 feet to keep the
grade to 8%. The dividers should be
set at a spacing equal to 500 feet on
the map. Then the dividers can be
used to mark where the proposed
road will cross each contour line on
the map (at 500 foot intervals).

6. If any road segment fails to reach the
identified control points or endpoints, or if
the required grade between these points
would be too steep, then either individual
segments or the whole road needs
to be re-routed until each alternative
segment and grade is satisfactory.

With several alternative alignments available, at
least on paper, other tests can be made before
going out in the field to scout the routes. You

New
estimated
road grade
(%)

Measured
road
distance
(119}

Comment

800 7 Route is too
3,200 4 long; try
2,200 7 again

800 7

Route is OK;
2,1 '

100 6 field check
2,200 7

800 7

Route is OK;
2,100 6 field check
2,600 6

can overlay the routes with soil maps to identify
potentially unstable or erodible sites. Aerial
photos and satellite imagery can be viewed to
identify possible landslides or rock outcrops that
lie in the path of one or more of the routes.
Ownership boundaries can be identified and, if
necessary, permission can be secured to scout
possible alignments that lie on adjacent property.

For most roads, half a day spent in the office
can save much wasted time in the field trying
to identify possible alignments for the road.
Remember, topographic maps are not always
accurate in the small details of the landscape,
so no alignment is satisfactory until field
reconnaissance is performed. Most small
benches, streams and unstable areas will

not show up on the standard 1:24,000 scale
topographic sheet. While general routing of
the alignment, from starting point to ending
point, can be performed ahead of time and
then be used to guide subsequent field work,
field reconnaissance and assessment is the
critical next step to confirm the map route
and identify all the marked and unmarked
features along the possible alignment.



FIELD RECONNAISSANCE
AND LOCATION

A. SCOUTING THE ALIGNMENT

Now it's time to walk proposed routes on the ground, to scout, measure and

record the actual field conditions, and to determine the feasibility, advantages and
disadvantages of each alignment. If another route looks good in the field, don't
hesitate to walk it, flag it, record observations and grades, and plot its position

on the map. Remember, road building is one of the main destabilizing
activities carried out in forestry, range management and wildland land
use, and avoidance is usually the most cost-effective means of dealing
with unstable terrain and other significant obstacles. Steer clear of sensitive
obstacles such as unstable slopes, erodible soils and steep stream canyons.

First, walk the entire length of the proposed
road to become familiar with the topography
and ground conditions and to identify
important features that were not visible on
the aerial photos or topographic map. Items
and conditions to identify and locate on the
map in this first reconnaissance include:

1. favorable topography (especially benches
and low gradient areas for landings,
turnouts, spoil disposal and building sites),

2. control points (the beginning and ending
points, saddles and other sites),

3. obstacles (especially unstable or erodible
soils, large rock outcrops and wet areas),

4. stream channels (including their degree of
incision) and favorable crossing points,

5. inner gorge locations,

6. areas of steep and/or unstable slopes,
especially steep concave slopes at
the heads of natural swales, and

7. any other obvious hazards or controls.

It is important that all control points be
noted at this time, with only a minimum of
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marking (flagging) necessary to indicate the
route traveled, along with any other impor-
tant features to either utilize or avoid. The
ideal road location is terrain with a gentle
cross-slope of 10 to 30%, because road con-
struction requires minimal cuts and fills, but
still allows for good road surface drainage.

B. RECOGNIZING HAZARDS
AND OBSTACLES

Identifying many “obstacles” or hazards in the
field can be fairly simple. Streams, surface wet
areas (springs and seeps), rock outcrops and steep
slopes are usually readily apparent. Other poten-
tial obstacles to a stable road may take training
and experience to identify. These include sensi-
tive wildlife habitat, endangered plant species
locations, archaeological sites, and a variety of
"hazardous” hydrologic and geologic conditions
(Table 12). Final identification of these potential
problem areas should be left to trained specialists.

For example, a geologist may be needed to
locate unstable subsurface geology, soft or weak
bedrock materials, contact zones and faults,
rock layering that is susceptible to failure when
undercut by road construction, existing and
potential landslide areas, potentially unstable
stream banks and stream crossing sites, and the
suitability of local spoil material for use in road
fills and stream crossings. Many of these con-
ditions may not be apparent to the untrained
observer. It is important to identify all the
unstable and potentially unstable areas along the
proposed alignment and treat them as control
points. Avoid unstable areas and unsuitable
stream crossing sites by linking up all the stable
slopes and suitable stream crossing locations.

When a final alignment has been identified, a
trained wildlife biologist and botanist may be
required to investigate the alignment and the
surrounding terrain for endangered species or
species of special concern. An archaeologist may
occasionally be needed to identify cultural sites

that have to be avoided or mitigated before con-
struction can begin. If you are unsure whether or
not you need specialized advice, ask the appro-
priate regulatory agencies with responsibility for
those resources (see Chapter |, sections | and J).
They won't do the technical consulting work for
you, but they can give you pointers, describe your
legal requirements, provide advice about the need
for additional help and describe where to find it.

Specialists and qualified professionals identify
problems, suggest alternate alignments to
avoid many of these problem areas, and design
mitigations for problems areas that cannot be
avoided. The expense of these professional
consultations is, in most cases, well justified
and quickly repaid by lower construction and
maintenance costs over the first few years of
the road’s existence. Benefits are also gained
from minimizing impacts to watercourses along
the alignment. So called “low-cost” roads
can be very expensive if they are poorly
planned, located or constructed, while
roads which initially cost slightly more

to build often end up costing far less in
the long run when lower maintenance
and rebuilding costs are accounted for.

C. MARKING THE
PROPOSED ALIGNMENT

First, a preliminary traverse of the approxi-
mate route(s) is conducted. For this, and
later detailed field layout, the following
tools and materials should be carried:

1. a hand-held clinometer or Abney level (to
measure road grades and hillslope gradients),

2. a measuring tape, range finder or
hip-chain (to measure distances),

3. an altimeter (to measure elevations),

4. stakes and/or colored flagging for marking
the alignment, hazards and obstacles),
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TABLE 12. Some natural controls which affect road location

Control

Comment

Saddles

Ridges

Stream crossings

Benches

Cliffs or rock
outcrops

Hillslope
instabilities (e.g.,
landslides)
Wetlands (e.g.,
bogs, swamps,
wet meadows)

Wide
Valley
floor
Narrow
>40%,
but
<60%

Slopes  =60%

Ridge
crest
Aspect
Rock slope (dip)
Soils

Major control for road location.

Major control and often a satisfactory road site.

Major control. Seek locations with gentle sideslopes and locations wide enough to
accommodate the road. Good sites for bridges or culverts are needed. Evaluate and design
for migratory fish where needed. Will require state Fish and Wildlife agreement.

Often a good location for road junctions, switchbacks, landings, turnouts, etc.

Cross above or below at a safe location. Rock which can be ripped is
less costly to remove than hard rock needing blasting.

Major control. Avoid or cross at the safest point. Ask for professional geological or geotechnical assistance.

Major control. Avoid where possible or cross at the safest point. May
require State Fish and Wildlife clearance or agreement.

Low gradient, desirable road location if above the flood line. If crossing a stream,
cross and get out of floodplain quickly. Little excavation should be required.
Stream crossings will require a State Fish and Wildlife agreement.

Poor location because of flooding, erosion, and pollution potential; and high costs to cross stream if it
meanders. Keep road above floodplain. Stream crossings will require a State Fish and Wildlife agreement.

Avoid sidecasting and sliver fills (thin blankets of fill placed on steep slopes) in which large bare areas are
exposed to erosion. This loose sediment may be difficult to control because of long buffers needed.

Construction in unstable areas should be avoided. Full bench road construction and endhauling
material will be needed where slopes remain steep alongside stream channels. Proceed only
with extreme caution. Avoid road construction on these steep slopes, if possible.

Good alignment and likely little excavation required. Roads should travel along shoulder
of ridge for good drainage control. Fewer culverts are required. Adverse grade will
be encountered on uneven ridges. Spur roads will have an adverse grade.

Maintenance requirements in moist climates can be minimized by placing roads on south-facing slopes
to promote drying and snow melt. In dry climates, the north-facing slopes have more vegetation and
experience better revegetation and less erosion. Extremely wet or dry climates negates this effect.

Place roads on the hillside where rocks dip (slant) into the hillside, not parallel to or out of
the hillslope. Consult a professional geologist for technical assistance or advice.

Where possible, avoid road building on naturally erodible or unstable soils, or those with naturally
occurring asbestos. Check soils maps for potential problems and ask USDA extension agents, the
NRCS or qualified geologists for advice. Frozen soils require special care; ask for assistance.

'modified from USDA-SCS/USFS (1981)

5. a hand-held compass (to check bearings), points, road centerline, and other geo-
graphic features and elements along the
6. a map and/or aerial photos (showing the proposed alignment; these data points can
alternative alignments plotted earlier), and be used to provide a more accurate map

of the alignment and depicted electronically

7. a quality handheld GPS unit to provide good on a geo-referenced topographic map.
spatial control on the location of control

HANDBOOK FOR FOREST, RANCH AND RURAL ROADS
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Next, a preliminary road location survey is con-
ducted, using one or two people. Based on the
first traverse, and the identification of obstacles
and hazards, a tentative route is identified on
the ground. Beginning at one end, the center
line of the route is roughly marked with stakes
and/or flagging along a pre-selected grade line
(the average grade of this route was determined
in the 6-step map procedure described earlier).
The grade between each flag is measured

FIGURE 16.

FIGURE 17.

using a clinometer or an Abney level. Flagging, by
color convention, may be hung on the approxi-
mate centerline, or they may be hung to mark
the top edge of the cutbank (so they aren‘t
destroyed during construction). Cuts and fills,
and drainage features, can also be flagged. Broad
ridge crests and benches should be identified and
flagged for possible locations for landings, road
turnouts and spoil disposal locations (Figures 16
and 17). If the predetermined fixed grade does

Log landings on forest road systems should be kept to the absolute
minimum Size necessary to accommodate yarding, loading and haul-

ing equipment and the minimum number needed to remove timber
resources. Landings constructed on gentle ground and broad ridge crests
far removed from stream channels are least likely to cause water quality
problems, whereas landings built on steep slopes and near watercourses
can result in severe impacts (USDA Forest Service, 1963).

Small log landing used for cable yarding has been built on this single lane
forest road. It is correctly located on the nose of a ridge and also serves
as a vehicle turnout. Minimal cutting and sidecasting has been used. If
excessive sidecast or debris has accumulated along the outside edge, it

should be excavated or stabilized.
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[
FIGURE 18.

A vehicle off-
tracking on a
horizontal curve.

not exactly meet the desired ending point, you
can work back from that endpoint and connect
the two surveys at a convenient location.

The marking of curves and switchbacks Depending on
requires a little more thought and care during the radius of the
road layout. Each turn should be of sufficient curve, road width

will need to be
widened through
the curve to
accommodate the

radius for trucks and the anticipated equip-
ment to negotiate easily and safely (Figure
18). The radius should be no less than 35

feet for standard pickups and field vehicles, expected type of
and 50 to 55 feet for tractor trailers (such vehicle traffic: the
as log trucks or cattle trailers). A minimum tighter the curve,

the wider the road
(Colorado State
Forest Service,
2011).

horizontal curve radius of 200 feet is sug-
gested for roads supporting 20 mph traffic.

Where curves are short and gentle, they can be TABLE 13. How to convert horizontal

located by eye to follow the topography and the ~ distances to true “slope distances”
. measured on hillslopes needed for
flagged grade location. Sharper curves (such as . .
o marking road curves and switchbacks
those where roads cross deeply incised stream

. . Slope correction
channels, and where switchbacks will be used to Slope gradient (%) factor to

climb a steep hill) require some surveying. The (use a clinometer) determine true
center stake method is one of the simplest slope distance!

methods for marking these curves during
the road survey. First, decide on the radius of
the curve. Then, using a string or a tape that is 15 1.01
the length of the desired radius (or using a range
finder), simply identify and stake the center

of the curve and stake the centerline in an arc 25 1.03
extending out from the center stake (Figure 19).

10 1

20 1.02

30 1.04

The Center Stake Method assumes the ground is

. . o 35 1.06
flat as you're marking the arc. This isn't usually
true, so some adjustment of the lengths marked 40 1.08
in the field is needed to compensate for the
slope of the hillside (see Table 13). To use the 45 1.10
center stake method, true horizontal distances 50 112
need to be marked on the ground. To get the '
slope distance, multiply the horizontal distance 55 1.14
(desired curve radius) by the correct multiplier
shown in Table 13. For example, to switch 60 1.17
back across the slope above with a 110 foot - L

horizontal radius on a hillside with a 65% slope,
the curve should be marked 131 feet upslope 70 1.22
(110" x 1.19 = 131") and 131 feet downslope

True slope distance = Measured horizontal distance x
Slope correction factor.

HANDBOOK FOR FOREST, RANCH AND RURAL ROADS
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FIGURE 19.
Staking and iden-
tifying simple
curve layout
using the center
stake method
(See Appendix

D) (USDA - SCS,
1983).

CURVE LAYOUT - CENTER STAKE METHOD

from the center stake. Straight ahead, on
contour, the stake is marked at 110 feet.

Ideally, the road within a switchback should
have little or no grade so that trucks and equip-
ment can pass safely and so they won't tear up
the road surface while turning the corner and
continue climbing. This may require increas-
ing the average grade of the road coming

into and leaving the switchback. Depending

on the curve radius, the grade of the road
should at least be reduced through the curve
to provide for safe handling of vehicles and
equipment (Table 14). Where longer curves
are needed, the Stick Method of curve layout
may be more convenient (see Appendix D).

Landings and turnouts should be identified

and staked at the same time curves are staked.
Typically, turnouts should be intervisible and
located where a minimum of excavation will

be required to increase the road width (Figure
20). Landings should be the minimum length
and width necessary to accommodate low boy
(equipment) trailers, yarding and loading equip-
ment, and any other commercial vehicles and
trucks that could use the road. Some mobile
yarders used in forestry operations can work
directly off a single lane road or at turnout loca-
tions, and landings need not be built. On roads
to be reconstructed, existing, stable landings
should be re-used and landing enlargement or
expansion should be avoided wherever possible.

TABLE 14. Suggested reductions in road grade through curves of different radius!

Curve radius (ft)

150 to 460
90 to 150
65 to 90

50 to 65

Reduction in road grade (%)

1
2
3

4

'USDA-SCS (1981). It is suggested that road grades through switchback curves be flat (0%), or very low.



For situations that require a more highly engi-
neered road than can be marked using a center-
line location survey (e.g., where slopes are very
steep, or where sidecasting is not appropriate

or permitted), it may be necessary to set grade
and slope stakes. In this procedure, stakes are
placed at 50- to 100-foot intervals, depending
on topography, along the alignment. For sidecast
constructed roads on gentle slopes, grade stakes
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are first placed at points in the cross section of
the road where the cut and fill sections meet
and are reduced to zero. A follow-up survey is
then run to set cut and/or fill stakes marking
points on the ground that will be at the top of
the cutbank or the toe of the fill, respectively.
Grade surveying may then be used to obtain
accurate estimates of cut and fill volumes.

FIGURE 20. Standard turnouts allow for vehicles to pass each other on low standard roads by safely pull-
ing off and back onto a single lane road. Turnouts and landings should be located to take advantage of
benches and broad ridges where the additional road width can be developed with a minimum of added
excavation and sidecasting. Turnouts should be intervisible (Colorado State Forest Service, 2011).
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ROAD AND STREAM
CROSSING DESIGN

A. INTRODUCTION

1. BASIC DESIGN CONSIDERATIONS

Road design is often a combined result of economic and environmental factors that
influence construction, operating and maintenance costs. Unfortunately, because
congstruction costs are felt immediately, economics was once the most important
consideration employed in choosing a road’s final design. However, excessive
hauling expenses and difficulty of travel on a road, high road maintenance costs,

as well as high environmental costs may have a far greater effect on the long-term
economics of forest or ranch operations, or rural development, than the savings in
initial construction of a low standard, poorly located or inadequately designed road.

Roads are designed for the expected type and
frequency of use. Most forest, ranch and rural
roads are designed as “low volume roads”
that carry an average of less than 400 vehicles
per day (Keller and Sherar, 2003), and have an
appropriate design geometry for that level of
use. Over-design can be a costly mistake. For
example, construction costs for a 14-foot wide
road on a steep sideslope may be as much as
30% higher than for a 12-foot wide road in
the same location, simply because of the extra
2 feet of excavation width. Long-term mainte-
nance costs are also likely to be higher for the
wider road. For this reason, it is important to
determine the main types of vehicles and the

expected volume and speed of traffic so that the
required, minimum road standards can be estab-
lished well before actual construction begins.

Both road length and road width should be
designed to minimum standards for the antici-
pated uses of the road. Narrow roads without
inside ditches dramatically reduce excavation
and sidecast volumes, thereby reducing cutbank
height and decreasing the likelihood of slope
failures (Table 15). For example, building a
12-foot wide insloped road with a 3-foot wide
inside ditch requires moving almost 60 percent
more material during construction than if the
road were outsloped with no ditch (Table 15).
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TABLE 15. Excavated soil volume for full bench roads with various road widths and
hillslope gradients

Excavated volume to construct a full bench road
assuming %2:1 cutbanks
(vd® excavated per ft of road)

Road width 14 ft Road width 16 ft

Hillslope
gradient
(%)

Road width 12 ft Road width 18 ft

30 0.94 1.28 1.62 2.17
35 1.13 1.54 2.01 2.565
40 1.33 1.82 2.37 3.00
45 1.55 2.10 2.75 3.48
50 1.78 2.42 3.16 4.00
55 2.02 2.81 3.60 4.55
60 2.28 3.11 4.06 5.14
65 2:57 3.50 4.57 5.78
70 2.87 3.91 5.11 6.46
75 3.20 4.36 5.69 7.20

Road design begins with planning for the
road’s location. Selection of the final route
will constrain many future design deci-
sions. Two important design questions that
need to be answered early in the planning
process are 1) road prism design and 2)
road surface design. Routing the alignment
through or around various obstacles and
hazards may dictate the use of certain road
prism designs. In addition to these, there
are special situations that often arise and
require special road design considerations.

When considering road prism design,

it is impossible to over-emphasize the
importance of drainage in maintain-

ing stable roads and protecting water
quality. Roads should be designed and
constructed to cause minimal disruption
of natural drainage patterns. Provisions
for two components of road drainage should
be included in every road project: 1) road
surface drainage (including drainage which
originates from the cutbank, road surface and
fill slope) and 2) hillslope drainage (includ-
ing drainage from large springs, gullies and
streams which cross the road alignment).

Finally, because hillslope morphology and
hydrology varies greatly across the land-
scape, rarely can a single type of road prism
and road surface drainage design be uni-
formly applied to a new or reconstructed
road. One size does not fit all circumstances,
and both road prism and road surface design
is best varied to meet local conditions!

2. DESIGNING ROADS TO
MINIMIZE HYDROLOGIC
CONNECTIVITY AND
PROTECT WATER QUALITY

Roads can adversely impact streams, water
quality and aquatic habitat in several ways,
including erosion and sediment delivery, altering
hillslope and stream hydrology, and discharg-
ing chemical spills to streams and water bodies.
Sediment is delivered to streams as a result

of both episodic (usually storm related) and
chronic (every runoff event) erosion processes.
The most common storm-triggered erosion
includes stream crossing washouts (gullying),
stream diversions (and resultant hillslope
gullying and slope failures), culvert outlet



erosion, hillslope gullying, bank erosion, and
road and landing (turnout) fill slope failures.

In chronic erosion, sediment is delivered to
streams every time there is a rainfall and runoff
event sufficient to cause erosion of bare soil
areas, concentrated runoff on compacted road
surfaces and ditches, and sediment transport
to nearby streams. The most common road-
related bare soil areas include unpaved road
surfaces, as well as unvegetated fill slopes,
cutbanks, ditches and landslide surfaces. If the
runoff path from one of these bare soil
areas delivers surface runoff and eroded
sediment (even turbid water) to a stream
it is termed “hydrologically connected” to
the stream system. "Hydrologic connectiv-
ity refers to the length or proportion of a
road or road network that drains runoff
directly to streams or other water bodies.

A hydrologically connected road or road
segment has been defined as: “Any road
segment that has a continuous surface flow
path to a natural stream channel during a
‘design’ runoff event” (Fumiss et al., 2000).
A suitable “design” runoff event for many
purposes has been suggested to be the 1-year,
6-hour storm, with antecedent moisture condi-
tions corresponding to the wettest month of
the year. This is the type of frequent rainfall and
runoff event that is likely to generate surface
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runoff from most or all compacted and bare soil
surfaces. During runoff events, a hydrologi-
cally-connected road becomes an extended
part of the natural stream network. Inboard
ditches that drain to stream crossings and
roadside ditches draining to gullies below
ditch relief culverts are the most common
road segments that are hydrologically
connected to streams (Figure 21). Other
road drainage structures (e.qg., rolling dips

and waterbars) may also discharge runoff and
sediment to nearby waterbodies. Wherever

a hydrologic connection exists, concentrated
runoff, eroded sediments and road-associated
chemicals have a direct route to the natural
channel network and surface waters.

Compared to unroaded hillslopes, roads
always increase hydrologic connectiv-
ity. Hydrologic connectivity is affected by
natural processes and human intervention.
It will increase with increasing intensity

and duration of precipitation or snowmelt.
In contrast, connectivity will be reduced
where there are sediment obstructions and
natural depositional areas, soils are deep
and permeable, hillslopes are gentle and
ungullied, streams are far away, and cross-
drains are spaced closely together on the
road. All these road and hillslope factors
are important in predicting sediment
travel distances below cross-drains, and

FIGURE 21.

Road approaches
to bridges are
often hydrologi-
cally connected.
This through cut
approach to a
temporary bridge
drains directly into
the stream.
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FIGURE 22.
Idealized diagrams
depicting (a) a
partial bench or
cut-and-fill road
(with both cut
and sidecast);

(b) full bench

road (all material
endhauled—no
sidecasting); (c) a
through cut sec-
tion (all cut, with
spoil material
endhauled); and
(d) a full (through)
fill road (no cut—
all fill placed and
compacted in shal-
low layers). Road
surface shapes
can be outsloped,
outsloped with

a ditch, crowned
with a ditch, or
insloped with a
ditch, depending
on local conditions
(Modified from:
Kramer, 2001).

in planning and designing for reduced
connectivity and sediment pollution.

Simple road location, design, construc-
tion and maintenance measures can be
employed to reduce hydrologic connectiv-
ity. Connectivity can be reduced by good road
location, such as upper hillslope locations far
from streams. Hydrologic connectivity is also
increased with increasing stream crossing fre-
guency; so roads should be located where there
will be fewer crossings. Hydrologic connectiv-
ity on existing roads can be greatly reduced
by designs that remove ditches and convert
road shapes from insloped to outsloped, as
well as by constructing frequent road surface
and ditch drainage structures to disperse road
runoff so it cannot reach a stream. Reducing
the length of road that is hydrologically
connected to streams will directly and
immediately improve water quality and
protect downstream aquatic habitat.

B. ROAD PRISM AND
ROAD SURFACE DESIGN

1. ROAD PRISM DESIGN

Road prisms may be designed to be full bench,
partial bench (part cut and part fill, also called
balanced cut and fill) or full fill (Figure 22).
Roads which are constructed without endhaul-
ing are partial bench roads where spoil gen-
erated during initial grading is used to widen
the roadbed and fill depressions and stream
channels crossed by the road. This has been
the most commonly used construction practice
for rural forest and ranch roads. The fill is
placed and compacted, or (more commonly)
sidecast loosely into the desired location.
However, there are many circumstances where
sidecasting is no longer acceptable and alter-
native designs and methods are needed and
required to reduce environmental impacts and
to provide a stable roadbed. The fourth design
type is a through cut road where the align-
ment is cut through a ridge and for a short
section the road has a cutbank on both sides.
Through cut road sections, if needed, should
be short because they are not easily drained.

Roads may need to be full bench on steep
slopes (those over about 55%), especially
where the road is close to or approaches a
watercourse, or where water quality could
be impacted by road work (Figure 23)". Full
bench construction requires that all the spoil
generated by cutting into the hillside must
be either used in filling local stream crossings
and low spots in the new road, or endhauled
to a stable storage site where spoil materi-
als have no risk of entering a watercourse.

Outside of stream crossings, which are always
full fill, road segments constructed with full
fill techniques are less common, but may be
employed on lowlands, wet valley bottoms,

1 See Appendix C for California Forest Practice Rules
requirement for full bench slopes.



extended wet areas, or wherever the road
needs to be elevated to provide proper sub-
surface drainage, or where it is inadvisable to
cut into the hillside. Roads using this technique
are usually confined to short reaches where
slopes are potentially unstable and cuts into
the slope could trigger soil movement. Full fill
sections of road are often supported by struc-
turally engineered fills with steep fill faces.

Cut-and-fill design: For most forest, ranch
and rural landowners, use of cut-and-fill road
construction has been preferred because

it minimizes the amount and cost of earth
moving. In other words, less soil moved gen-
erally means less expense (Figure 24). Most
older roads on the landscape have probably
been built with this construction technique,
using only a bulldozer for road building.

However, the indiscriminate use of sidecast
road construction (the simplest method

of cut-and-fill construction) has probably
caused more problems for landowners
than any other type of road building.
Sidecasting construction techniques should
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FIGURE 23. Full
bench road. The
height of the cut-
bank, the slope

of the natural
hillside and the
small amount of
sidecast indicates
that this road is
full bench and cut
entirely into native
hillslope materials.
Note that the road
has no inboard
ditch.

not be used on slopes over 55 to 60 percent
because this results in fill slopes of about 67
percent, the average angle of repose (stabil-
ity) for most loose soil materials (Figure 25).
For this reason, sidecast construction should
be limited to gently sloping areas where
streams are far from the road prism.

Cut-and-fill construction techniques can be
used on slightly steeper slopes when exca-
vated keyways and subgrade benching are
employed to develop stable, well compacted
road fills. In general, cuts should equal the
needed fill volume, plus about 20 percent to
allow for expansion and settling of loose fill.
That is, the loosened, excavated soil will take
up about 20% more space than when it was
“in-place” (before it was excavated). During
the process of cutting and filling, it is critical
to avoid letting sidecast or waste material
enter streams or watercourses, or placing it on
unstable or steep slopes where it might erode
and be delivered to a nearby water body.

The angle or steepness of both cut and fill
slopes is very important in building stable
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FIGURE 24. In
contrast to the
road in Figure 23,
this partial bench
road was built by
extensive side-
casting. At least
half the roadbed
is built on fill
materials.

FIGURE 25. For
most earth materi-
als, sidecasting
on natural slopes
over about 55%

in steepness will
result in steep,
loose, unstable
sidecast slopes
that are easily
eroded or prone to
sliding. The face of
an uncompacted
sidecast slope
should not exceed
about 67 % with
most materials
(less with granular
or non-cohesive
soils). This is the
maximum angle of
stability for most
uncompacted,
sidecast soil
material.

roads. There is a tradeoff in determin-

ing the optimum cut slope angle to con-
struct (Table 16). Cutbank slopes should be
designed to achieve maximum stability as
well as a minimum exposure of bare soils.

Cut and fill slopes are usually expressed as
horizontal-to-vertical ratios, such as ¥2:1, 1:1,
or 1%:1 (Table 1). Road banks can be cut
as steep as the stability of the material will
permit, ranging from %a:1 for very stable rock

materials to 3:1 for erodible or unstable soils
(Table 17). The stability of cut slopes is also
highly dependent on soil types, groundwater
conditions and local climate. Observations of
cut slopes in settings similar to your proposed
road project will provide useful information
on in-the-field performance of cuts of various
heights and angles. Use this field information
to help you design the best cuts possible. A
general guide for the maximum steepness of
road cuts in various rock and soil materials is



TABLE 16. Advantages and disadvantages of steep cut slopes!

Advantages of steep cut slopes
1. Less right-of-way

2. Less excavated material

3. Less sidecast material

4. Shorter slope exposed to surface erosion
'BCMF (1991)

shown below (Table 17). Note that wet slopes,
unstable or erodible soils, and highly fractured
or bedded rocks may require gentler slope cuts.

Cut height and cut angle also affect the sta-
bility of the final cut slope. Cuts which are
stable at ¥2:1 at a 6-foot height may not be
stable when the cut height is twice as high at
12 feet. Higher cuts lead to increased gravita-
tional force and reduced stability at the face
of the slope. Tall (deep) cuts are also more
likely to intercept emerging soil water that
can weaken the cut slope and cause failures
that block the road or result in persistent
ditch and roadbed maintenance problems.

Fill slopes can be built to a variety of angles
depending on the properties of the material
used, the amount of properly applied compac-
tion, soil moisture and the type and density of

Disadvantages of steep cut slopes
1. Difficult to revegetate

2. Prone to raveling

3. Prone to tension cracks and failure

4. Slightly greater risk of a rotational failure

vegetation that is established on the surface. In
contrast to cut slopes, a typical fill slope angle
of 1%2:1 or 2:1 will be stable under normal
soil and site conditions. The greater the rock
fragment content in the soil, the steeper the
fill slope can be and still remain stable. A
slope angle of 2:1 is most easily vegetated
and provides the best long term stability to
most fills. In general, thick accumulations of
loose, dry, side-casted soil that is not com-
pacted will not usually hold a slope over
about 60 percent, whereas many fill materi-
als that are placed and properly compacted
in thin, less than 1-foot horizontal layers
(lifts) may be stable at slopes up to or slightly
greater than 1% to 1 (67%), or steeper. While
a thin veneer of angular sidecast materi-

als may hold on a slope steeper than 65%,

a thick wedge of loose sidecast may not be
stable even at a 50% slope (Figure 26).

TABLE 17. Common soil/rock types and stable slope ratios!

Soil/Rock type Slope Ratio (horizontal:vertical)

Most rock

Most in-place rocks

Very fractured rock

Loose coarse granular soils

Heavy clay soils

Soft clay-rich zones or wet seepage areas
Fill of most soils

Fill of hard angular rock

Low cuts and fills (<6-10 feet high)

Y4:1 to Y2:1

%:1to 2:1

1:1to1%:1

1%:1to 3:1

2:1to0 3:1

2:1t03:1

1%:1to 3:1

11/,:1 or flatter

2:1 or flatter (for revegetation)

'From Keller and Sherar, 2003. Note that slope stability is also very particular to the soil type and slope angle, and

somewhat to rainfall, soil moisture, and other factors.
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FIGURE 26. Over-
loading steep
slopes with
uncompacted side-
cast material can
result in landslid-
ing that damages
streams hundreds
of feet downslope
(Modified from:
BCMEF, 1991).

Stable road fills can be built on moderate
and steep slopes by using benching,

keyways and layered compaction methods.

Here, a bench is excavated at the base of the
proposed fill, and layers of moist, compacted
soil are built up on this stable bench. The
stability of the fill can be further increased

by starting with an insloped bench that helps
anchor the base of the fill into the native
hillslope. A keyway is sometimes used to
“lock” the fill into the denser or more stable
underlying native soils or bedrock materials.
Fill can then be compacted in lifts on top of
this bench and steeper fill slope angles are
possible. A keyed and benched fill depends
on the fill being as strong as, or stronger
than, the soil removed in the excavation. This
bench and keyway locks the fill in place on
the slope and prevents the fill from devel-
oping a failure plane where it is placed on
the natural ground surface (Figure 26).

In critical areas, engineered fills that utilize
reinforcing geotextiles or other internal supports
can be constructed with nearly vertical faces.
These are especially useful in short road

sections where other fills would be unstable
or erode and sediment could then enter a
watercourse. In such cases, it may be neces-
sary or prudent to employ a qualified, experi-
enced geotechnical engineer or geologist to
design a stable cut and fill road. Depending
on the stability of the cut slope rock and soil
materials, it may be simpler and cheaper to
construct a full bench road where all the exca-
vated material is simply endhauled off-site
and deposited in a stable storage site.

2. ROAD SURFACE
(SHAPE) DESIGN

Road surface design is really road surface
drainage design, and should be chosen
based on both maintaining safety for
the intended uses, protecting the integ-
rity of the road, and minimizing erosion
and sediment pollution in streams. All
three design standards should be met. Road
surfaces can be designed as outsloped,
crowned, or insloped (Figure 27). Often,
more than one of these road surface designs
is used along the road length. A road should
never be graded with a flat road shape since
this has no drainage. A flat road shape that
does not drain to one side or the other is
prone to puddling and pot holes in areas

of no road grade, or to ruts and surface
erosion if it is sloping up or down a hill.

Flat, poorly drained roads often require a
high level and frequency of maintenance.

Outsloped roads are considered the best
and most preferred road shape for most
circumstances. Insloped and crowned roads
require inside ditches, and ditches generally
require regular maintenance. In addition to
construction costs (ditched roads require con-
siderably more excavation and construction
costs—see Table 15), it is important to consider
long term maintenance requirements and costs
when deciding whether to construct an out-
sloped road or an insloped/crowned road.
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FIGURE 27. Road
surface shapes
include outsloped,
insloped and
crowned. The
diagram depicts
an outsloped
road with no
ditch (top), an
insloped road
with the inside
ditch (center), and
a crowned road
with an inside
ditch (bottom).
Outsloped road
shapes are gen-
erally preferred
because of lower
construction and
maintenance
costs. Where
cutbanks are wet
with spring flow
an outsloped road
shape can be
combined with an
inside ditch. Note
that insloped and
crowned roads
generally require
more hillslope
cutting and have
higher cutbanks
than outsloped
roads because of
the extra width
needed for a ditch
(Modified from:
Adams and Storm,
2011).
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FIGURE 28. Well
built, outsloped
road displaying
minimum cut,
smooth free drain-
ing surface, and
no outside berm.
The road contours
the topography
and its rolling
grade and rolling
dips disperse sur-
face runoff.

Road shaping for proper drainage is not an
all-or-nothing proposition. For example, roads
which contour the landscape may alternate
from outsloped to insloped as the road tra-
verses the hillside. Roads that are outsloped
for much of their length may also be locally
insloped to deal with local conditions (e.g.,

a sharp outside curve). While some wet
cutbanks may require the construction of an
inside ditch (or French drain) for drainage, the
roadbed itself may still be a worthy candidate
for outsloping. Ultimately, it is critical to
properly design road surfaces to minimize
erosion of the roadbed, ditch, cutbank
and fill slope surfaces, while minimiz-

ing sediment delivery to streams.

a. Outsloped roads, with or
without an inside ditch

It is generally recommended that most
forest, ranch and rural roads be con-
structed as single lane (minimum width),
outsloped roads with minimal cut-and-
fill, wherever conditions are suitable.
Intervisible turnouts can be provided to allow

passing. An outsloped road cross section is
likely to cause the least disturbance and soil
movement, create less environmental impact
and have lower maintenance costs than other
designs. Outsloped roads disperse and drain
runoff along the entire outside edge of the
road (Figure 28). They are less expensive to
construct and less difficult and expensive to
maintain than insloped roads, provided they are
constructed in appropriate hillslope locations.

If hillslopes are dry, and cutbanks along existing
roads display little or no evidence of emergent
water (springs or seeps) during the wet season,
there is no reason to construct or maintain

an inboard ditch along a road. Analyzing
cutbank and hillslope hydrologic characteris-
tics will allow you to determine whether an
inside ditch is necessary along your road.

Roads built wherever the surface can be

kept dry and free draining should generally
be outsloped to disperse runoff. Conditions
that might limit road outsloping include: 1)
steep road grades (=20%) which may make
adequate outsloping difficult; 2) winter use of



an unsurfaced road (snow or muddy conditions
on a steep, outsloped road may be hazardous);
or 3) upslope runoff or excessive spring-flow
from the cutbank or roadbed (which might
make an inside drainage ditch necessary).

However, many ditched roads are also
candidates for surface outsloping, thereby
draining surface runoff to the outside
and not into the ditch. The inside ditch

will carry relatively clear water flows from
seeps and springs, while the outsloped road
surface ensures that turbid road runoff and
fine sediment eroded from the roadbed will
be drained to the outside edge of the road
where it can be safely discharged into vegeta-
tion and onto undisturbed soils. Outsloping
thereby minimizes flows in the inside ditch
and reduces the potential for erosion and
sediment delivery from the road surface.

Clearly, if conditions permit, roads should
be constructed with an outsloped surface,
no ditch and no berms along the outside
edge of the road. If berms are needed for
safety, they should be frequently breached
along their length to allow for dispersed

road surface drainage. Table 18 shows
design criteria for the degree of outslop-

ing needed to drain road surfaces on differ-
ing grades. The design of outsloped road
surfaces, especially on steeper road grades,
should also consider safety where the road

surface may be slippery (e.g., in rain or
snow conditions) during parts of the year.

Where fill slopes are stable, roads should be
designed and constructed with minimum width
and with a mild, 3 to 5% outslope (Figure
29). However, on most roads, especially
those with grades in excess of eight percent
(8%), outsloping is not always enough to get
surface runoff out of wheel ruts and off the
road quickly. Here, in addition to outslop-

ing, waterbars (for seasonal or temporary
roads) or rolling dips (for permanent and
seasonal roads) are necessary to divert
surface runoff off outsloped roads.

Where an outsloped road turns on an outside
curve the outslope is frequently tapered to

a flat or insloped road shape, depending on
the direction of the turn, and then back to
an outslope in the following straight stretch.
These safety measures are commonly called
super-inslope (turning around a ridge) or
super-outslope (turning around a depres-
sion or swale). The shape of the road keeps
vehicles slightly “banking” around turns

in the road and allows them to maintain
constant speeds without increasing the risk
of skidding off the turning road. The short
sections of alternating road shape also allow
for dispersed road surface drainage.

TABLE 18. Outsloping “pitch” for roads up to 8% grade’

Outslope “pitch” for

Outslope “pitch” for

A B unsurfaced roads surfaced roads
<4% 3/8" per foot 1/2" per foot
5% 1/2" per foot 5/8" per foot
6% 5/8" per foot 3/4" per foot
7% 3/4" per foot 7/8" per foot
=8% 1" per foot 11" per foot

'California Department of Forestry and Fire Protection (2008)
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FIGURE 29. Road
shape changes

as the road trav-
els through the
landscape. For
example, an out-
sloped road will
have a steep or
“banked” outslope
through inside
curves, a con-
sistent outslope
through straight
reaches and a

flat or slightly
insloped shape as
it goes through an
outside curve. The
road may have an
outslope of 2-3%
across the travel
surface while the
shoulder is more
steeply outsloped
to ensure runoff
and sediment will
leave the roadbed.

FIGURE 30.
Crowned roads
are peaked near
the center of the
roadbed and each
side of the road
surface drains to a
ditch. This stable,
crowned road
reach is through
cut into the hill
and the ditches
are drained fre-
quently to prevent
ditch erosion.

b. Crowned roads

A crowned road surface is one which tradition-
ally slopes gently away from the centerline of
the road and drains to both sides of the crown
(Figure 30). Crowning is most commonly used
where roads are wide enough for two lane traffic.
Crowning may also be employed for safety
purposes to keep traffic separated and where road
grades are steep or snow is common; the crowned
shape helps keep vehicles from sliding off the road.

The inside portion of a crowned road drains inward
to the cutbank and ditch, while the outside portion
drains out across the fill slope, thereby reducing the

volume of road surface runoff (and fine sediment)
that flows into the inside ditch. Crowning can

be peaked at the center of the road, essentially
dividing road surface drainage in half, or offset
from the center so that more of the road surface
drains to one side or the other. For example,
crowning at the inside '/; of the road surface
results in most surface runoff and sediment being
discharged to the outside of the road bench, much
like an outsloped road. Regardless of the location
of the crown, an inside ditch is still required.

On rock and native surfaced roads crowning
requires frequent maintenance grading and/
or the use of rolling dips to drain water off
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FIGURE 31A. Centerline crown with proper cross-slope for an unpaved road. Road drainage flows without
obstruction off the road surface into surrounding vegetation. Note the slight grade increase at the road
shoulder to encourage off-road drainage (Center for Dirt and Gravel Road Studies, 2005).

FIGURE 31B. Centerline crown has become misshapen over time. Road surface drainage is trapped on the
road by gravel movement, grader berms or by road rutting under heavy traffic. Road drainage travels down
the rutted road surface causing erosion, loss of road material, and increased maintenance. The road can be
reshaped to restore cross drainage, but rolling dips are needed for effective, permanent surface drainage

(Center for Dirt and Gravel Road Studies, 2005).

the road before it can produce ruts (Figures
31a, 31b). The recommended cross-slope is
between 4% and 6%, or 2" to 34" of fall per
horizontal foot of width. The steeper cross-slope
means less potential for water to penetrate and
weaken the road and, therefore, longer intervals
between maintenance grading operations.
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c. Insloped roads

Insloped roads should be constructed only
where road surface drainage needs to be kept
off the fill slope (because it is unstable or the
road is located right next to a stream), or where
outsloping would create unsafe driving condi-
tions. Insloped roads drain surface runoff to
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the inside of the roadbed, usually into a ditch, erosion and outlet gullying, and at locations
where it is combined with flow from the cut where water and sediment can be filtered
slope and upslope hillside areas and discharged before reaching a watercourse. “Filtering”

to nearby stream crossing culverts or ditch can be accomplished by thick vegetation,

relief culverts (Figure 32). The ditch causes the gentle slopes, constructed settling basins,
water table beneath the road to be lowered or filter windrows of woody debris and

as it flows out of the soil and into the ditch. mulch placed and secured on the slope.
Depending on the type of traffic and the As with outsloped roads, steep insloped road
road surfacing materials, roads steeper than surfaces may be difficult to quickly drain. Rolling
about 8 to 10 percent may be too steep for dips (for permanent roads and seasonal roads)
safely outsloping. In this setting, insloping or waterbars (for seasonal or temporary, unsur-
with a ditch may be necessary, although the faced roads) should be constructed at frequent
potential for gullying in the ditch increases intervals sufficient to disperse road surface
with road grade. Inside ditches should be runoff from steep road segments (Tables 3
drained at intervals sufficient to prevent ditch and 19). Ditches and culverts need occasional

FIGURE 32. This
insloped ranch
road drains to an
inside ditch that
shows evidence of
past downcutting.
Inside ditches
need to be drained
with ditch relief
culverts frequently
enough to prevent
ditch erosion, as
well as erosion of
the slope where
the culvert is
discharged.

TABLE 19. Recommended maximum rolling dip and ditch relief culvert spacing, in feet, based on road
gradient and soil erodibility * 2

. o . .
Soil erodibility Road gradient (%) and drainage structure spacing (feet)

0-3 4-6 7-9 10-12 >12
High to moderate 250 160 130 115 100
Low 400 300 250 200 160

'Based on Keller and Sherar, 2003. Also suggested by California Board of Forestry and Fire Protection in Technical Rule Addendum No. 5
(see Appendix C).

Table distances are designed to prevent ditch erosion, not to eliminate hydrologic connectivity. If road surface drainage is hydrologically
connected to a stream crossing, install first a rolling dip and/or ditch relief culvert close to the crossing, but such that it drains onto the fill
slope or hillslope and will not deliver runoff to the watercourse. The next (second) drainage structure should be placed so that it too will
not discharge to the stream. Add additional drainage relief treatments along the road according to the approximate spacing recommended
in this table.



maintenance to operate correctly and to carry
the flows they were designed to handle. When
ditches become blocked by cutbank slumps,
they need to be cleaned. However, exces-

sive maintenance of ditches (mostly grading)
can cause continuing and persistent erosion,
sediment transport and sediment pollu-

tion to local streams during storm runoff.

3. ROAD DRAINAGE
STRUCTURES

Road drainage structures include those
features of a road, other than road shape,
designed to drain road surface and cutbank

from, the roadbed as quickly as possible so
roadbed materials do not become saturated,
and roadbed/ditch erosion is minimized.

a. Rolling dips

Rolling dips and a smooth, sloped road surface are
critical to maintaining a well-drained, outsloped
road. On climbing (or falling) roads, especially on
outsloped road shapes, the road surface can be
drained using rolling dips or waterbars. Unlike
abrupt waterbars, rolling dips should be able to

be driven at prevailing speeds on the road where
they are installed. Rolling dips are smooth, angled
depressions constructed in the roadbed (Figures
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runoff off or away from the road prism. Road
drainage structures include rolling dips, water-
bars, drainage berms, ditches and ditch relief
culverts (Table 20). The purpose of all drainage
structures is to get water off of, and away

33a, 33b). Typical design dimensions for rolling
dips are shown in Table 21. It is important

to use rolling dips, rather than waterbars,

on roads with even infrequent use because
traffic will quickly break down and/or breach

TABLE 20. Comparison of drainage structures used on dirt and gravel roads
Structure

type Ditch relief culverts Rolling dips Water bars Cross road drains
Drains the road surface; Drains road surface,
Drains the road’s inside Only drains the ditch if . ditch and springs on
Purpose . . . Drains the road surface ..
ditch dip is deep and intersects decommissioned or
the ditch closed roads
Comeiimeton e Medium Low Low to Medium
costs
Medium Low High None
Maintenance Needs frequent Needs frequent

Needs occasional repair
or reshaping

Should not need any

inspection and inlet .
maintenance

cleaning

cleaning, reshaping and
replacement

On low and moderate

On all road grades On all road grades

On all closed or

grades .
When to use G T - decommissioned roads,
n high or low traffic . - -
. On high or low traffic On low traffic roads or especially at springs and
roads with frequent
. roads seasonal roads seeps
maintenance

On infrequently
maintained roads; or
wherever they would

On steep grades (>12%

. Where the cross road
to 18%), depending on

drain would feed water

When not discharge to streams or traffic type .
g yp On high traffic roads onto an unstable area or
to use onto unstable areas . .
deliver eroded sediment
Below unstable or to a stream
On curves

raveling cut slopes
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FIGURE 33A.
Rolling dip con-
structed on a rock
surfaced rural road.
The rolling dip rep-
resents a change-
in-grade along the
road alignment and
acts to discharge
water that has
collected on, or is
flowing down, the
road surface. This
road was recently
converted from a
high maintenance,
insloped, ditched
road to a low main-
tenance, outsloped
road with rolling
dips.

FIGURE 33B.
This side view of
an outsloped road
shows that the
rolling dip does
not have to be
deep or abrupt to
reverse road grade
and effectively
drain the road
surface. This out-
sloped forest road
has rolling dips
that allow all traf-
fic types to travel
the route without
changing speed.

waterbars. Waterbars should be reserved
for unsurfaced seasonal roads that are to
have little traffic and/or no wet season use.

Rolling dips are usually used on outsloped roads
to drain road surface runoff to the outside of
the road, but may be built on either insloped,
crowned or outsloped roads to drain runoff

in either direction. However, keep in mind the
goal of effective road drainage is to disperse

rather than collect and concentrate road runoff.
Drainage structures that drain to the inside of
the road will likely require a greater number

of ditch relief culverts to prevent ditch erosion
and/or the formation of hillslope gullies.

Rolling dip design—In general, broad rolling-
dips are usually built perpendicular to the
road alignment, with a cross slope of 3 to 5
percent greater than the grade of the road.



TABLE 21. Table of rolling dip dimensions!

Upslope approach?

Reverse grade?
(distance from trough
to crest) (ft)
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Depth below
average road grade
at discharge end of

Depth below average
road grade at upslope
end of trough? (ft)

Road grade (distance from up-
(%) road start of rolling
dip to trough) (ft)
<6 H%
8 65
10 75
12 85
>12 100

'USDA-SCS (1981)
’See also Figure 36

The cross grade slope ensures proper drainage
to the outside of the dip. If the outslope in the
axis of the rolling dip is insufficient, water will not
drain, sediment will be deposited, and puddles
and potholes will form. The morphology of the
dip results in an up-and-down or slight rolling
movement when driven. Some rolling dips are
built at a 30 to 45 degree angle to the road
alignment, but if the road is to receive com-
mercial truck and trailer traffic (e.g., log trucks
or cattle trailers) this angle can cause a signifi-
cant rocking and twisting action to heavy truck
loads and trailers that may not be acceptable.

Rolling dips are built with a long, shallow
approach on their up-road side and a more
abrupt rise or reverse grade on their down-
road side (Figure 34, Table 21). Dips should
be constructed deep enough into the road
subgrade so that traffic and subsequent road
grading will not obliterate them. Their length
and depth should provide the needed drainage,
but not be a driving hazard (Figure 35).

Rolling dips can be broken down into three
types, depending on the existing road gradient
and conditions of the outboard edge of the
road. Figure 36 provides the general design
characteristics of the three rolling dip types.

B A Type 1 rolling dip is the standard rolling dip
design for roads that do not have a through
cut or large berm that would prevent the dip
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trough? (ft)

15-20 0.9 0.3
15-20 1.0 0.2
15-20 1.1 0.1
20-25 1.2 0.1
20-25 1.3 0.1

from draining onto the adjacent outboard

fill slope. Type 1 rolling dips are built on
roads with road gradients less than 12-14%,
and with or without a small outboard berm
that can be easily removed. If an outboard
berm is present make sure to remove the
berm through the entire length of the dip.

B Type 2 rolling dips are designed for roads with

gradients less than 12-14% within a small
through cut, or that have a large (i.e. tall and/
or wide) berm on the outboard edge of the
road. This type of dip requires “breaching”

or excavating the outboard through cut or
large berm through the axis of the dip. The
width of the breach is dependent on the

road conditions (e.g., width of berm, road
steepness, and road subgrade materials).

B Type 3 rolling dips are suggested for roads

with gradients that exceed 12-14% where
road steepness prevents the construction of
a rolling dip with a reverse grade. Instead of
building a dip with a reverse grade, a Type
3 rolling dip is constructed by building an
aggressive 6-8% outslope from the inboard
to the outboard edge of road to ensure that
runoff travels obliquely across the road and
exits the road within the rolling outslope.
This outslope is developed by ripping the
roadbed and pushing road fill from the
outboard half to the inner half of the road.
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FIGURE 34. A classic Type I rolling dip, where the excavated up-road approach (B) to the rolling dip is several percent steeper
than the approaching road and extends for 60 to 80 feet to the dip axis. The lower side of the structure reverses grade (A) over
approximately 15 feet or more, and then falls down to rejoin the original road grade. The dip must be deep enough that it is not
obliterated by normal grading, but not so deep that it is difficult to negotiate or a hazard to normal traffic. The outward cross-
slope of the dip axis should be 3% to 5% greater than the up-road grade (B) so it will drain properly. The dip axis should be out-
sloped sufficiently to be self-cleaning, without triggering excessive downcutting or sediment deposition in the dip axis (Modified
from: Best, 2013).

FIGURE 35. This
outsloped forest
road is used by
commercial log-
ging trucks and
was constructed
with frequent
rolling dips to pro-
mote road surface
drainage. The
dips were built as
a part of planned
road construction
for use by truck
and trailer traffic.
Note that the cut-
banks are rocky,
dry and stable,
and there is no
inside ditch.
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Type 1 Rolling Dip Type 1 rolling dips are used where road grades are less than about
(Standard) 12-14% and road runoff is not confined by a large through cut or
berm. The axis of the dip should be perpendicular to the
road alignment and sloped at 3-4% across the road
tread. Steep roads will have longer and more abrupt
dip dimensions to develop reverse grade through the
dip axis. The road tread and/or the dip outlet can
be rocked to protect against erosion, if needed.

Type 2 Rolling Dip Type 2 rolling dips are constructed on roads up to 12-14% grade
(Through-cut or thick berm road reaches) where there is a through cut up to 3 feet tall, or a wide or tall
berm that otherwise blocks road drainage. The berm or
native through cut material should be removed for the
length of the dip, or at least through the axis of the dip,
to the extent needed to provide for uninterrupted
drainage onto the adjacent slope. The berm and
slope material can be excavated and endhauled,
or the material can be sidecast onto native slopes
up to 45%, provided it will not enter a stream.

Type 3 Rolling Dip Type 3 rolling dips are utilized where road grades are steeper than
(Steep road grade) about 12% and it is not feasible to develop a reverse
grade that will also allow passage of the design
vehicle (steep road grades require more abrupt
grade reversals that some vehicles may not be
able to traverse without bottoming out).

Instead of relying on the dip‘s grade reversal
to turn runoff off the roadbed, the road
is built with an exaggerated outslope of
6-8% across the dip axis. Road runoff is deflected
obliguely across the dip axis and is shed off the outsloped
section rather than continuing down the steep road grade.

FIGURE 36. Rolling dip types
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FIGURE 37.
Installing rolling
dips, or “rolling
the grade” of an
outsloped road
helps guarantee
that surface runoff
will not concen-
trate on the road
surface and erode
the roadbed, and
that road runoff
will be dispersed
across the hillside.
Spacing of rolling
dips depends on
road grade, soil
erodibility and
proximity to the
nearest water
body (Kramer,
2001).

Rolling dip spacing—The frequency or
“spacing” of rolling dips and grade breaks
(Figure 37), and the amount of “outslop-
ing” needed to drain the road surface,
depends on the grade of the road, as well
as the road surfacing (Table 19). To design
drainage structure spacing, it is useful

to look at local roads to determine the
maximum spacing that is likely to work for
the soils and climate in your specific area.
Example design criteria for drainage struc-
ture spacing to minimize road surface and
ditch erosion (waterbars and rolling dips)
are listed in Table 3 and, alternately, Table
19 (rolling dips and ditch relief culverts).

Drainage tables provide guidance and are
common in the literature, but local observa-
tions are key to determining the most appro-
priate spacing in your particular area. In
general, the spacing of road drainage struc-
tures is appropriate when you can observe
minor rilling (incision) on the road fill slope
where the road runoff is occurring, but hill-
slope rills and gullies are absent or do not
extend continuously on native slopes below
the drainage structure outlet (Figure 38).

The basic spacing guidance of Table 19
must be tempered by the proximity of

the discharge points to streams and other
waterbodies, and considering factors that
might increase the probability of runoff
and sediment being transported to the
stream, lake or wetland. Those things that

are likely to increase the probability of sediment
delivery include such factors as: a short distance
to the nearest stream or water body, steep
slopes, unstable terrain, the presence of gullies
or channels that could collect and efficiently
transport road runoff and sediment, bare soils
or low vegetation density, and shallow or clay
rich soils with low infiltration rates. To account
for hydrologic connectivity in the suggested
drainage spacing tables you must signifi-
cantly and progressively reduce that spacing
of drainage structures as you get closer to
streams and other waters, accounting for
the proximity of stream or lake, slope steep-
ness and the other contributing factors.

b. Waterbars, rubber waterbars
and open top box culverts

Waterbars can also be used to drain a road
surface. These are shallow, abrupt, excavated
dips or troughs with an adjacent, downslope
hump or mounded berm that are built at an
oblique angle across the road (Figure 39). To
maintain the greatest effectiveness, the axis
of the waterbar (including where it drains
onto the adjacent hillslope) should be con-
structed at a gradient slightly steeper than
the road gradient it is intended to drain.

This prevents deposition within or at the
outlet of the structure and maintains flow
and sediment transport along its length.

Waterbars are useful only on low standard
seasonal or temporary, unsurfaced roads
where winter or wet season use will not
occur, because traffic easily cuts through
the soft berm and fills the adjacent dip.
Waterbars should be constructed at proper
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FIGURE 38. Roll-
ing dips should
be spaced on
outsloped roads
so that the road
surface is well
drained and free
from erosion, and
the slopes below
each dip show
minimal erosion.
Three broad roll-
ing dips (see
arrows) are visible
in this upgraded
road reach used
by both commer-

spacing according to the grade of the road should be restricted from most traffic, especially ;.1 and residen-
(Figure 40; Tables 3 and 19). Waterbars during the wet season when soils are softest. tial traffic.

are usually regraded (smoothed out) at the

beginning of each operating season in which On seasonal rocked roads and roads where

the road is to be used and opened to traffic, waterbars cannot be built and maintained

and then reconstructed prior to the begin- each year, thick rubber flaps or “rubber water-

ning of each winter or wet season period. bars” are occasionally constructed into the

roadbed. The rubber waterbar is most useful
Waterbars are high maintenance drainage struc-  where frequent road grading is not necessary

tures that are prone to failure if not properly but the road surface needs better drainage.
built and maintained. Unauthorized winter
traffic is likely to break down waterbars and These drainage diversion devices are some-

result in serious road surface erosion and water times made of think rubber strips or salvaged
pollution. Roads that are drained with waterbars ~ conveyor belt fabrics, and are dug at least 12

FIGURE 39.

Waterbars are often used to drain sur-
face runoff from seasonal, unsurfaced
roads. Because they are easily broken
down by vehicles, waterbars are only
used on unsurfaced roads where there
is little or no wet weather traffic. In this
photo, a waterbar and ditch relief cul-
vert are used to drain all road surface
and ditch runoff from the insloped road
prism.
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FIGURE 40. Waterbars are constructed
on unsurfaced forest and ranch roads
that will have little or no traffic during
the wet season. The waterbar should
be extended to the cutbank to intercept
all ditch flow (1) and extend beyond
the shoulder of the road. A berm (2)
must block and prevent ditch flow

from continuing down the road during
flood flows. The excavated waterbar
(3) should be constructed to be self-
cleaning, typically with a 30° skew to
the road alignment with the excavated
material bermed on the downhill grade
of the road (4). Water should always be
discharged onto the downhill side on

a stable slope protected by vegetation.
Rock (shown in the figure) should not
be necessary if waterbars are spaced
close enough to prevent serious ero-
sion. (5) The cross ditch depth (6) and
width (7) must allow vehicle cross-over
without destroying the function of the
drain. Several alternate types of water-
bars are possible, including one that
drains only the road surface (not the
ditch), and one that drains the road sur-
face into th