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CHAPTER |: INTRODUCTION

A. Purpose

If you work in a wildland area, own forest or ranch land, or are concerned about our natura
resources, this book is for you. It contans guideines for developing and maintaining a single
forest or ranch road or an entire wildland road-access system. It describes how to plan and design
a dable road or road network in mountainous lands or gentle valey bottoms, and avoid many of
the common pitfdls and environmenta/pollution problems for which rurd and forest roads are
noted. Nearly everything discussed in this manud is amed a producing efficient, low-cost, low-
impact roads that have aminimal effect on the streams of a watershed.

Reading and understanding this manud is not enough. It takes the commonsense, intdligent,
practica gpplication of the generd principles described here on each "on-the-ground” Stuation
you encounter. Correctly applying these "roading” concepts requires practice and persond
judgement. The concepts presented in this handbook are not rules or laws, 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 dso in the qudity of the water
and the hedlth of the streams and watersheds through which they pass.

Cdifornids forest and ranch lands provide beauty, clean water, abundant wildlife, fish habitat,
recreation, timber and thousands of jobs. This book 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 a the same time provide recreationa opportunities and natura resource jobs for our
locd communities

B. Contents and organization

This is a practica guide and fiddld manud, and therefore does not cover dl topics in the same
depth or detall as a textbook. It is designed to be descriptive and informative, yet cover the
fundamentals of road planning, design, condruction, recondruction, mantenance and closure.
The handbook is organized under these basic topics, and they appear in the genera order that they
are encountered in the road-building process.
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The text of this manuad contains both smple informational and indructiond maerid, as wdl as
more detailed discussons of specific practices. For the lay reader, some of the discussions may be
too technicd, or contan unfamiliar terms and concepts. It is assumed that readers have a basic
understanding of road terms (such as filldope, cutbank, roadbed, stream crossing, etc) and
reading practices (such as sdecagting, compacting and endhauling, to name a few). Many of the
more technica or uncommon terms have been defined in the text where they first gppear, and in
the glossary of defined terms included a the end of this book. If you find the descriptions in the
text too complex for your needs, a shorter companion volume to this text is available which
illuminates the bascs of road planning, location, condruction and maintenance with a minimum
of technica "jargon.”

The following summary outlines the chapter contents of this handbook. Within each chapter,
some of the more important principles of modem forest and ranch land reading practices have
been highlighted in bold print to draw them to your &ttention.

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 naturdly affects the
qudity of its water and stream resources. Chapter 2 describes the need for, and process of,
planning for roads. It describes road standards and route planning, using maps and photographs.

Incdluded in Chapter 3 are discussons of what obstacles to look for during onthe-ground
scouting for a road dignment, laying out curves and switchbacks, and a description of the tools
that are useful in locating a road in the fidd. Road design is covered in Chapter 4, including road
prism and landing design, surface drainage design, and specid designs for wet or unstable soils.

Chapter 5 is dedicated to the important topic of road drainage. It includes detailed information
on proper surface drainage techniques and sructures, ditches, spacing and design of ralling dips,
waterbars and culverts, stream crossings, bridges, culvert szing and placement, and temporary
stream crossings.

Chapter 6 covers the condruction process, including grubbing and clearing, grading, Stream
crossng and bridge ingdlation, surfacing, eroson control and spoil disposa. The specid but
increesangly common activity of road recondruction is discussed in Chapter 7, where the topics
covered include road relocation, road redesign, drainage structure upgrading and replacement,
and erosion control.

Chapter 8, road maintenance, reviews the topics of road surface maintenance, stream crossng
maintenance, maintenance of fills and cuts and winterizing roads. Techniques for indentifying
problem culverts and establishing prioritized ssorm maintenance schedules are aso outlined.

Road abandonment and road closure techniques have only recently begun to receive specid
atention because of their potentid long-term effects on water qudity. Chapter 9 describes
techniques by which roads that are to be temporarily closed or permanently abandoned can be
"erosgon-proofed” to prevent subsequent soil loss and to put land back into timber production and
other uses.

Findly, the appendices to this handbook contain information on specific topics, such as culvert
szing and curve layout, as well as other sources of information you may find helpful.
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C. Watersheds

Wildlands act as the collectors of pure water. Watershed areas collect precipitation and funnd it to
downslope and downdtream aess through a network of swaes and channels carved into the
landscape (Figure 1). Some water flows as surface runoff and some enters the soil and
groundwater system. Logging, road congruction and other activities can disurb the soil and
drainage patterns, thereby causng eroson and the release of sediment into sream systems and
downstream aress.

Figure 1. Watersheds in
forested and rangeland, areas
present a diversity of
opportunities and. challenges
for water, land and reource
management.  Roads provide
access to areas within a
watershed and thoughtful
planning, design., construction
and. maintenance of road
systems are important to
protect sensitive streams and

aquatic life.

Streams are classfied as ephemeral (flowing only during periods of extended ranfdl),
intermittent (flowing during and for a period following ranfdl), or perennial (flowing mogt of
the year, flow during the summer coming from emerging groundwater). Ephemerd sreams may
dran water into ether intermittent and perenniad watercourses. Streams carry both water and
sediment to downstream aress, so care must be taken to minimize disturbance to channels and the
dopes which drain directly into them. It should be noted that only the largest streams of a
watershed are shown on a topographic map, and that many more watercourses, particularly
intermittent and ephemera streams, are likely to be found on the ground. Don't rely solely on map
information to find and identify streams.

For forestry operations, the term "'watercourse” is often used ingead of dtream. Cdifornias
Foret Practice Rules (CFPR) describe watercourses as "any wel defined channd  with
distinguishable bed and bank showing evidence of having contained flowing water indicated by
deposit of rock, sand, gravel or soil... including manmade watercourses” Watercourses are
categorized into Class |, Class I, Class Il or Class IV. In general. Class | watercourses contain
fish or provide domestic water supplies. Class || watercourses have fish present within 1000 feet
downstream or contain habitat for nonfish aguatic species Class 111 watercourses have no
aguatic life present, but show evidence of being capable of sediment transport to downstream

locationsand Class |V are man-made watercourses,
3
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Although not included in the definition of watercourses, roads, road-side ditches, skid trails and
landing surfaces can act as matrmade drainages which carry water and sediment into natura
streams. Care should be taken to disperse surface runoff so these "manrmade’ watercourses do
not impact water quality.

Wetlands are dso common watershed features. Wetlands may occur wherever groundwater
emerges onto the surface, such as at a spring, a seep, a marsh or a bog, or where water ponds for
some time during the year. Some wetlands drain into streams, while others do not. Even when
dry, many wetlands can be recognized by the presence of certain water-loving plants. Wetlands
should be avoided during road congtruction activities, as they result in specia problems that often
require expendve condruction techniques and may cause continuing land <ability problems.
Wetlands require specid protective measures and are highly senstive to disturbance. The
Cdifornia Depatment of Fish and Game can provide asssance on wetland delineation and
protection measures, and can advise you concerning which agency to contact about applicable
wetland regulations.

Roads need not thresten the biologicd productivity and water quality of sreams in a watershed if
they are properly located and congructed. Poor road building and maintenance practices can
cause excess runoff and erosion, leading to sedimentation in downsiream aress. Sedimentation
can pollute water supplies, increase flooding potentia, accelerate stream bank erosion and trigger
landdiding. Samonid eggs laid in stream gravels can become buried and suffocate, fish habitat
can be lost, and other aguatic life may be threstened or killed. Riparian vegetation may be
impacted, resulting in incressed summer water temperatures and loss of food and cover for fish
and wildife

D. Typical erosion and sedimentation problems caused by roads

Roads are a magor source of eroson and sedimentation 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.

Figure 2. This stream crossing
"washed out" (eroded) when the
culvert plugged and streamflow
scoured through the road road
fill. Sediment was delivered
directly to the stream system as
thefill eroded. Stream crossings
and culverts need to be properly
designed and maintained to
minimize the potential for such
failures.
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Culverted stream crossings can plug, causing fill wash outs (Figure 2) or gullies where the
diverted streamflow runs down nearby roads and hilldopes (Figure 3).

Figure3. When a stream
crossing culvert plugs, or its
capacity is exceeded, flood/low
can either build up and/low
over the road, washing out the
stream crossing/ill, or it can be
diverted down the adjacent
road or roadsdeditch, creating
a gully on the road and
adjacent hillslope. Diverted
flow fromthis plugged culvert
has created a large gully in the
down-road ditch. Note scale
located at plugged culvert inlet.
Road prismisto theright.

Roads built on steep or unstable dopes may trigger landdiding which deposits sediment in Stream
channds (Figure 4). Filling and ddecasting increases dope weight, road cuts remove dope
support, and condruction can dter groundwater pressures, al of which may trigger landdiding.
Ungable road or landing Sidecast materiads can fall, often many years after they were put on steep
hilldopes. Lack of ingpection and maintenance of drainage structures and ungtable road fills along
old, abandoned roads can dso result in soil movement and sediment ddlivery to stream channels.

Figure 4. Sdecast road
construction on steep or
unstable stream-side slopes
and canyons has a high
potential/or causing landslides
which deliver sediment to
downslope stream channels.
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E. Importance of proper planning and construction

Road construction does not have to result in excessive erosion and downstream sedimentation.
Proper planning, desgn and condruction techniques used in road locaion and building, and
drainage dructure inddlation, can prevent waer qudity problems and can dgnificantly extend
the useful life of the road. Roads can be planned and located to avoid ungtable, credible areas, and
dream crossngs can be planned, located and built usng techniques which minimize the potentid
for post-condruction eroson or dope falure. Good planning, proper location and the use of
progressve congruction practices can largdy avoid the impacts normaly associated with road
building. Do it right, and youll end up with a lon-maintenance, low-impact road. Do it wrong,
and youre destined for high mantenance costs and high environmentd impacts. The choice is
Clear.

F. Elements of a stable road

The features described in this section form the building blocks of dable roads. They include
elements of the road's physcad environment, critical control points (locations of specia concern
or sengtivity aong the aignment), restrictions on road location (legal and physica), how to keep
adable road onceit's built, and where to find additiona help and information.

1. Physical environment

The physicd environment of the road includes such factors as the dope of the land, the types of
bedrock and soils through which the road passes, as wdl as surface and subsurface drainage
across the dignment Together, these physica factors determine the best choice for road location
in a watershed, as well as the most suitable techniques for congructing a stable, low-maintenance
road.

a. Slope of the land: The dope of the land is one of the most important eements that control
where and how roads are built. Road building becomes more difficult and expensve as land
dopes become steeper. Roads built on steep dopes ae adso more likey to have eroson and
gability problems.

Sope gradient can be expressed in severd different ways. The dope of the land is usudly
expressed in percent, such as "50%". The dope gradient of cut- and filldopes is often epressed
as a ratio, such as 2to-I. A 2to-l dope means that for every two feet in the horizonta direction
the land surface rises or fals 1 foot in eevation (two feet out for every one foot up or down). A
2-to-l dope is dso sad to have a gradient of 50 percent (50%). A 100% gradient would
correspond to a 1-to-1 dope pitch, and a 25% dope has a 4to-I dope ratio. Less often, dopes are
expressed in degrees (e.g. 30°).

Table 1 shows typica land and bank dopes, expressed as horizonta-to-verticd ratio (e.g., 2to-l,
or 2:1), percent (e.g., 50%) and degrees (eg., 27°), and Figure 5 graphicaly depicts some of the
more commonly expressed dopes. Filldopes and cutbanks are also described using these dope
measurement units.
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Table 1. Relationship between ratio, percent and degrees as measur es of slope steepness.
Common Ratios Percent Degrees
5.0 25
101 10.0 5.7
41 25.0 14.0
31 33.3 184
35.0 19.0
45.0 24.2
21 50.0 26.6
65.0 33.0
e 66.7 33.7
70.0 35.0
80.0 38.6
90.0 42.0
11 100.0 45.0
vl 200.0 63.4
Yal 400.0 76.0

Land dopes can be edimated from the contours on U.S. Geologicd Survey topographic maps,
based on the scde of the map, the spacing between the contour lines and the stated "contour
interval" for the map. Table 2 provides the needed data for determining land dope from a
standard 1:24,000 scale contour map. Keep in mind, however, that the map shows an average
dope between contour lines. In the field, land dope often varies consderably over short distances
and is best measured usng an insdrument caled a clinometer. A pocket-clinometer shows dope
steepness, expressed in ether degrees or percent, by looking either up or down the dope through
the ingrumert.
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Figure 5. Slope diagram graphically shows
common cut and fill slope angles, and expresses

steepness in both percent and slope ratio.

R-OEdS should not be  built (%) (Ratio) Elevation (ft)

directly up a slope .that exceeds 400% 1/4:1 40

about 15%, unless it is for a short

pitch of less than 500 feet with a 35

road grade not exceeding 20%.

This can hep prevent serious 300% 1/3:1 30

drainage and surface erosion 25

problems. Most roads traverse

across the dope, and it is not 200% 1/2:1 20

difficult to" keep road grades to 15

less than 3%-5%, even where the

dope of the land exceeds 50%. 100% 1:1 10

Ridges, naurd  benches and ©67% 1%:1 6.6

gentle sidedopes far away from gg;‘: ii 2?5

dream channds ae usudly the 0

best places to build roads 0 5 10 15
Steeper pitches are  sometimes )
required to avoid unstable aress Horizontal distance (ft)
or other obstacles.

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

Contour Measured distance (mm) between contours on topographic map

interval of (best if averaged along fall line over several contour lines)

map (ft)

0.5 0.6 0.7 0.8 0.9 1.0 11 1.2 13 14 15 2.0 25 3.0 4.0

20 51 42 36 32 28 25 23 21 20 18 17 13 10 8 6
40 102 85 73 64 56 51 46 42 39 36 34 25 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

b. Bedrock and soils. The dability and credibility of a road dignment is controlled by the
underlying bedrock and soil materid. Bedrock compostion and the properties of soils vary
dramaticdly adong most road routes. Each soil and bedrock type reacts differently to road
congtruction and road drainage.
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Some important bedrock properties that influence dope stability and the ease of excavation for
road building include rock hardness, direction and inclination of rock layering, amount of natura
fracturing, amount of weathering or naturd decompostion, and minerd compodtion. Highly
fractured or westhered rocks, or rock layers that dope pardld to the hillsde, are likely to result
in eroson and dability problems during or after congtruction. These conditions often lead to high
mai ntenance cogts.

A number of soil properties will dso influence how easy it is to build a road, how sable the road
will be following condruction, and how much eroson is likdy to occur when the soils are
exposed. Such properties include soil depth, credibility, texture, and compactibility. Soil texture
is one factor used in determining the credibility or "eroson hazard rating” of a soil, and can be
evduaed uang smple fidd tests (Figure 6). The properties of soils in an area can generdly be
determined from soil survey maps and reports avalable from the locd office of the U.S. Sail
Conservation Service or from the California Department of Forestry and Fire Protection.

The responses of soils to road congtruction and use can often be anticipated from the information
in these reports. In practice, where a road is to cross steep dopes, or portions of the route will
traverse ungable areas, soil maps should be reviewed and a geologist should be consulted to
evauate the suitability of the Ste for the planned road building activities.

If soil maps do not exist or are not avalable, ample tests can be performed in the fidd to esimate
the soil's most important properties. For example. Board of Forestry Technicd Rule Addendum
#1 for estimating surface eroson hazard raing can be used to estimate the erosond sengtivity of
soils the road will pass through. However, this procedure only estimates the soil's susceptibility to
surface eroson caused by ranfdl and runoff. The likdihood of mass soil  movement
(landsUding) should be determined in other ways.

c. Drainage: "Drainage," refers both to subsurface drainage (groundwaeter flow) and surface
drainage (runoff).

i. Subsurface drainage: Water hed in the soil is cdled soil water or ground water. If too much
water is in the soil (because of seasond wetness or poor drainage) the weight of vehicles can
deform the soil and turn it into mud, with lime form or texture. On a doping road, the mud can
become a safety hazard, the roadbed may be damaged, and sediment can flow into ditches and
nearby streams, causing water qudity problems.

Some soils are naturdly 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, especialy
during the wet winter months. Such dtes can often be recognized during dry summer periods by
noting changesin vegetation types. If you are unsure, obtain professional assistance.

Wet areas can sometimes be drained, but unless the source of the emerging ground water is
eliminated, wetness may be a continual problem at the dte. 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 dte and discharged onto a stable area. If the road must pass over a known wet area,
modern subsurface drainage techniques can be used to drain the ground beneath the roadbed.
Subsurface drainage techniques include the use of gravel-lined "French-drains,” with perforated
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pipes buried in ditches, and other combinations of gravels and overlying filter fabrics. Avoidance
is the leest expensve and most successful method for preventing subsurface drainage problems,

and it isadmost dways best to re-route the road to avoid natural wet areas.

Figure 6. The texture of fine sediments and soils,
an important component used to evaluate soil
credibility and erosion hazard, can be estimated
using a simple hand-texturing field test (B.CM.F..
1991).

ii. Surface drainage: The key
to successful surface drainage is

to get the water off the cutdopes,
filldopes and road surface as
quickly as is posshle, before it
has the opportunity to
concentrate into a large volume
of flow. The two most important
rules for accommodating surface
runoff are 1) get waer off the
road rapidly so it cannot erode or
seep into the roadbed, and 2) get
it off the road often to avoid
lage, eosve flows from
devdoping in long, undrained
ditches.

A smple method, called the 5D
test, can be used to messure the
effectiveness  of road drainage
sysems. This test rdies  modly

on visud information and
andyss of road @ surface

drainage. The 5-D's are:

1. Are dl naturd DRAINAGES conveyed (e.g., carried in dps, fords, culverts or bridges)
across the road and released back into their natural channds (this includes both smdl and

Place approximately 25 g soil in palm.
Add water dropwise and knead the soil
to break down all aggregates. Soil is at
the proper consistency when plastic
and moldable, like moist putty.

Does soil remain in a
ball when squeezed?

- (=

Place ball of soil between thumb and
forefinger gently pushing the soil with
the thumb, squeezing it upward into a
ribbon. Form a ribbon of uniform thick-
ness and width. Allow the ribbon to
emerge and extend over the forefinger,
breaking from its own weight.

I

( Does soil make a ribbo@
.|
al
Does soil make a Does soit make a
weak ribbon less medium ribbon
than 2.5 cm long greater than 2.5
before breaking? cm long?

Hand texturing of fine sediments

CLAY

>20%

large streams and watercourses)?
2. Does the road drainage system actualy DIVERT water off the road surface?
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3. Isdrainage quickly DISCHARGED from the road?

4. |sthe energy of flowing water DI SSIPATED onto non-erodible materid at the point of

discharge?

5. Isthe DISTANCE between structures adequate to prevent erosion of the roadbed?
These five tests goply to dl drainage methods, including road outdoping, waterbars, rolling dips,
ditch relief culverts, sream culverts and bridges. The firs four tests can be conducted by
observation; the fifth test can be evauaed by published sandards (Table 3) and by fied
observations for your area.

Table 3. Maximum distance between water breaks on roads and trails (feet)'

Erosion Hazard Rating Road or Trail Gradient (%)
(for surface erosion)
10%, or less 11-25% 26-50% over 50%
Extremely high 100 75 50 50
High 150 100 75 50
Moderate 200 150 100 75
Low 300 200 150 100

! from California Forest Practice Rules. This is the maximum distance between waterbars: when in doubt, reduce the spacing. Soilsare non-
renewable and waterbars are inexpensive.

The use and correct placement of drainage dructures such as culverts, rolling dips, diverson
ditches, indoping, outdoping, inboard ditches, ditch rdief culverts, waterbars and sream culverts
are worth the initid cost of indalation. Correction and repair may be 210 times more costly than
the origina ingtalation, and damage to the land and nearby streams may not be correctable,

2. Control Points

The gability of a road and its impact on the environment are often determined by how the road is
designed and located around physica points of control in the landscape. Efforts should be made to
avoid as many obgacles and stream crossings as is possible when planning and loceting a road
dignment

a. Obstacles: Obgacles to a dable road include unstable dopes (dumps, debris dides, debris
flows (torrents), and earthflows), hard rock outcrops, very steep dopes, highly erodible soils,
ponds and lakes, swamps and property boundaries. These features should be precisdly located
during road reconnaissance since they conditute control points that will influence the find
location of the road.
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Agreements with adjacent landowners should be aranged when needed to prevent property
boundaries from forcing roads to be built in ungtable or unsuitable locations thet could cause
excessve eroson and damage in downdope and downstream aress. In addition, recognition of
dope ingabilities may sometimes be essy, but the skill and expertise of a traned geologist is
often needed to determine the full extent of ungable areas and to choose a suitably stable dternate
route which bypasses the obstacle. In the long run, employing an expert to solve a technical
problem is much less expensive than repairing a major road failure.

b. Stream crossings: Stream crossings are particularly vulnerable to eroson and falure. For this
reason, the number and size of stream crossings that have to be constructed along a new
road should be drictly minimized. The more deeply incised a stream canyon is, the more
excavation, soil disurbance and eroson are likey to occur during and after congruction of the
crossing. Therefore, stream crossings should be located where the channds are least incised,
across natural benches, and where sdedopes are gentle and stable. In addition, stream crossings
should be built at right angles to the stream channd, and, where possible, sreams requiring a 48",
or larger, diameter culvert or large volumes of fill should be bridged.

The use of prepared crossings is required wherever roads must cross a stream or watercourse.
They may be permanent, including a culverted fill crossng, a bridge or a ford, or they may be
temporary, such as a temporary culverted fill or a log crossng, that needs to be removed before
the beginning of the following winter period (generaly considered as beginning on October 15).
All fores-land stream crossings that are to remain in place for one (1) or more winter periods
must be designed to pass a least the 50-year storm flood flow. Crossings on older forest roads
that need recondruction must aso be designed to current 50-year flood standards (methods for
esimating the 50-year flood flow for a stream are included in Chapter 5 and in Appendix A).
These dandards are appropriate for dl wildland roads, including forest and ranch land road
systems.

Stream crossing inddlations often require a Cdifornia Depatment of Fish and Game (CDFG)
1603 permit before any in-stream work can be undertaken. Many Class I, 1l and 11l watercourses
not shown on the topographic maps will need 1603 permits, and al watercourses that are
identified on maps, on photos or during fidd reconnaissance will need properly planned and
designed dream crossing inddlations. If you need assgance, ask the Depatment of Fish and
Game for their advice in preparing a stable siream crossing.

Some dream crossings require extra careful design to accommodate fish passage. These will
require consultation with CDFG experts, to determine crossing type (ford, bridge, pipe arch or
plae ach culvert or full round culvert), culvert length, the need for baffles inlet and outlet
location, acceptable culvert grade, resting and jump pools, and water depth. Preparing and
inddling the proper crossing in the firg place is dso much less expensve than having to modify
astructure aready in-place.

c. Road grade: The dope of the road is cdled "road grade." This is not the same as the dope 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%.

Steeper roads are more likely to suffer from eroson and vehicle damage if used when wet, and
this leads to increased safety hazards compared to low gradient roads. Where possible, new road
aignments should use grades of 3% to 5%, or less. According to the Cdifornia Forest Practice
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Rules, grades should be kept below 10% (try for a 7% 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 if they are to be used during the wet winter months.

3. Other limitations on road construction and location

A number of physical limitations on road location have dready be discussed, including obstacles
and stream crossings. But other factors may aso limit when and where aroad can be built

a. Seasonal congtruction limitations. Cdifornids cimate is generdly one of wet winters and
dry summers. The extremes of wet and dry limit the dme of year when condruction activities can
safely take place. However, there are a number of planning and reconnaissance activities that can,
and should, take place during wet periods. Indeed, winter is the best period for fied
reconnaissance and to identify springs, seeps and smdl dreams that might not be visble during

dry periods.

Generdly, condruction and recongruction activities should be dmed to minimize soil eroson, to
give vegetaion dme to take hold before heavy winter ranfdl begins, and so heavy equipment will
not have to work on wet soils. Late spring through middle summer is the best period for heavy
equipment work in many locaions. Some moidure is required and desrable for adequate
compaction of fill materials, but road congtruction should not begin before the soil has had time to
drain and dry.

Table 4 outlines activities that can be safdly conducted during various times of the year. In some
years there are extended dry periods during the winter months when some heavy equipment work
can be peformed. However, Cdifornia Forest Practice Regulaions require tha eroson control
work be kept current, that a winter period operating plan be prepared and filed (if necessary) to
guide winter operations, and that work be immediaidy shut down before conditions begin to
affect water qudity.

Table 4. Timing of road planning and construction activities.
Season Planning and Field Layout (Construction and re- Inspection and Closure
design construction Maintenance
Winter +1 + No + No
Spring + + V (late) +
Summer + + + +
Fall + V (early) + +

! Key to symbols: + = good or excellent season/or this activity. "\/ = OK or good time to perform this work. - = not avery good sseson for thistype
of work. NO = thisis 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. Winter equipment work, if undertaken, should be planned and conducted carefully, with erosion
control work kept up-to-date.
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b. Buffer stripsand stream or water cour se and lake protection zones (SPZ; WLPZ): A
aufficient buffer or filter strip of undisturbed vegetation should be left between road building and

road maintenance activities and nearby streams. Road surface drainage should be sent through a
filtering area with enough ground cover to caich any sediment coming from road runoff. Filter
drips should be retained even for Class 11l watercourses and ephemera streams that may not be
flowing a the dme of road condruction or maintenance. Streambeds do not make good roads
and should not be used for that purpose.

Table 5 ligs recommended minimum filter or buffer strip widths for protecting water qudity, but
these distances may have to be modified depending on vegetation cover and soil conditiors.
Where there is inadequate roadsde vegetation, physica barriers (logs, brush, ditches, etc.) or
smal sediment retention structures’basins may be added to trap some of the sediment coming off
the road surface or filldopes. For example, the filtering effectiveness of buffer drips can be
dramétically improved if dash is placed a the base of filldopes dong the road dignment These
dructures are cdled filter windrows. Inboard ditches and ditch reief culverts should be
discharged onto vegetated dopes and never into naturd stream channels or-watercourses.

Table 5. Recommended minimum widths for buffer/filter strips
between wildland roads and streams®
Slope of land between road and stream (%) Minimum width of vegetated filter or buffer strip (ft)
0 50
10 90
20 130
30 170
40 210
50 250
60 290
70 330
LUSDA, 1978

c. Ordinances. County, state and federa ordinances regulate many aspects of road construction,
recongtruction and maintenance. Some examples of these are listed below.

i. County - Department of Public Works and/or Building Departments often have grading
ordinances that may apply in your area. These ordinances describe how private roads may
be congructed and how these roads may connect with exigting public roads. Permits may
be required, and County Planning Departments may aso want to review proposed roads
tha are being condructed for large and smdl lot splits and subdivisons, even in rurd
aress.
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ii. State - State regulatory agencies with jurisdiction on road congruction and related
activities include the Depatment of Trangportation, the Depatment of Fish and Game,
the Department of Forestry and Fire Protection, and the Water Resources Control Board.
Severd other agencies have gpecid jurigdiction. The Cdifornia Depatment  of
Trangportation controls private road connections with date maintained roads and
highways. An gpplication fee and bond or depost may be required for this type of work.
You should aso check with the Coasta Commisson when planning a road within the
Coastal Zone. For new roads, archaeological clearance may be needed in areas where
records show prehistoric activity or habitation. For developing rock pits and borrow sites
over one acre in Sze, or exceeding 1000 cubic yards of overburden or rock materid, the
Department of Conservation should be consulted regarding development and reclamation
requirements of Cdifornia's Surface Mining and Reclamation Act (SMARA).

The Depatment of Fish and Game will need to review dl road construction, road
reconstruction or road remova jobs where the bed or bank of a stream or lake will be
dtered. This specificaly applies to proposed stream crossngs. A forma notification
needs to be made to the Department, submitted on Form 1603, describing the proposed
work and including an application fee (see Appendix B). The Department has 30 days to
respond to the agpplication and may propose mitigations and/or ask for a field review of
the site. Most 1603 applications take about three weeks to clear before operations can
begin, so paper-work needs to be submitted ahead of time. Check with the local warden to
file a 1603 gpplication and/or to set up afied ingpection.

To build or rebuild a road for commercid harvesting of trees, firewood or other forest
products, a licensed forester needs to file a timber harvesing plan (THP) with the
Department of Forestry and Fire Protection. This includes any commercid timber or other
sdeable wood products from road building or recongtruction work. Specific regulations
must be folowed for planning, desgning, condructing and mantaning these logging
roads (Appendix C). Firesdfe road dandards have aso been developed for rurd
subdivision roads that require CDF review prior to construction.

The State Water Resources Control Board and the Regiond Water Quality Control Board
with jurisdiction in your area adminiser and enforce provisons of Cdifornids Porter-
Cologne Water Qudity Act, as well as the Federd Clean Water Act. Whenever water
quaity and the beneficid uses of water could be affected, these agencies need to be
consulted. Sediment entering streams and watercourses is a serious pollutant and road
condruction, recondruction and maintenance activities, if not performed properly and
with care, can cause downgream pollution. Cleanrup and correction actions ordered by
the Board can be costly and cause significant ddlay, so it is adways best to follow practices
which are protective of water qudity.

15 . Chapter I: Introduction Handbook For Forest And Ranch Roads



4. Keeping a stable road

Building a road should be viewed as a long-term commitment of both resources (cash and
equipment) and personnd. If you are unable to make that commitment, then the road
either should not be congructed, or it should be built as a temporary road with drainage
structures that are removed after use. Many dead-end spur roads built during timber
harvesting activities can and should be designated as temporary. If and when they need to be
rebuilt in the future, stream crossings can be reconstructed and the road regraded.

A road built with drainage structures and stream crossngs needs to be mantained during the
winter period (as storms occur), during the summer period (as it is being used), and preceding
each winter period (to prepare the road for winter). Periodic and storm maintenance inspections
and activities need to be peformed frequently and regularly during the first severd rainy seasons
as the road "settles in" and dtabilizes. Each year that follows, the road and its drainage Structures
should be regularly checked'and, when necessary, repaired.

When the need for a road diminishes, it is not sufficient to close the road by smply abandoning it
or by putting up barricades or a gate. If a road is not going to be maintained for one or more
seasons, it needs to be proactively abandoned or "erosionproofed.” This is done by excavating
dream crossings and removing culverts and by excavating potentidly ungtable fill materid that
might fail and ddliver sediment to local stream channels during winter sorms.

5. Where to find help...

Many people and references are avalable to help with devdopment of wise decisons on
planning, designing, locating, condructing, recondructing, and proactively abandoning wildland
roads. Table 6 lists some of the sources you can contact for guidance an plans for where, how and
when to build a road. Don't hesitate to seek advice and assstance from other knowledgesble
professonds with experience in your area.
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Table 6. Sources of information for planning, constructing, maintaining and abandoning small private roads (modified from S.C.S. 1983).

Suggested sour ce Aerial photos| Weather Vegetation Permits Tec_:hnical Mapsand Literature
reports assistance
Soils Geology Topo- Roads
graphy
Federal ...
Soil Cons. Service X X X X X X X X
Forest Service X X X X X
Bureau of Land Mgt. X X X
Extension Service X X X X X X X X
Geological Survey X X X
ASCS X
NOAA X
State...
Dept. of Forestry X X
Div. of Mines and Geology |X X

Department of Transportation

Department of Fish and Game

Reg. Water Quality Control
Boards
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Table 6. (CONTINUED)

Suggested sour ce Aerial photos| Weather Vegetation Permits Technical Mapsand Literature
reports assistance
Soils Geology Topo- Roads
graphy
Universities (Depts. of X X X X X X
Forestry, Geology and
Engineering)
University libraries X X X X X
County...
Public Works, Road or X X X? X
Building Depts.
Timber Tax or Nat. Resource X
Depts.
Planning Dept. X X
County library X? X X X
City & local...
City library X? X X X
Government X
Private...
Consultants (forestry, geology, X X X X X X X
engineering, wildlife, etc.)
Outdoor stores X
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CHAPTER |l: 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 st down and
serioudy plan for the road and road network before making irreversible decisons that cost extra
money, wadte time later and damage the environment

Two basc tenets of road planning should be followed. First, minimize the number of roads
constructed in a watershed through basn-wide planning. If you dont own the entire
watershed, consder meeting with other landowners to see how road network planning can benefit
everyone by saving money and causng the least impact. Mogt landowners want to cause as little
disurbance as is possble ad to minimize cods. There is grest economic and environmentd
benefit to developing a coordinated road plan and reducing road congtruction in a watershed.
Roads should be minimized because they remove land from production and often cause erosion.

Second, existing roads should be used wherever possible, unless using such roads would
cause more severe erosion problems than building a new alignment elsewhere. Exiding roads
might require some rebuilding or upgrading, but usng them is usudly much less expensive than
new congruction. 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 congruction in the future.

Efforts should be made to develop easements or agreements that dlow mutua use of roads on or
near property boundaries. Written and recorded rights-of-way mutudly benefit dl parties
concerned. Such agreements should define the road location, ingress and egress routes, road
width, levels of use, mantenance responshilitiess, monetary consderations, and any other
pertinent points. A survey, properly recorded, may be needed to clearly identify the boundary
line. It is suggested that an experienced loca attorney be consulted to ensure that al legd and
ligbility requirements have been addressed.

B. Need for aroad

Two of the most important steps in planning for a road are 1) determining whether or not the road
is actudly needed and 2) deciding what standard of road is caled for. Ask yoursdf these
questions:

19 .  cChapter II: Planning Handbook For Forest And Ranch Roads



What will the road be used for? Will it be used for resdential access, access for grazing or
farming, timber hauling, fire control, or for recregtion? What kind and size of vehicles or
log yarding equipment will be used?

How often and when will the road be used? Is it a one-time use (eg., for timber remova)
or dally use (eg. for resdentia access)? How fast do you expect to travel? Is it only to be
used during the summer or will you need to use it during wet winter months (i.e,, does it
need to be an dl-weather road)?

Is 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 removd, can an dternate farvesting or
yarding method be sdected that would ether shorten the length of new road or eiminate
the need for a new road atogether?

A sound, thoughtful review of the present and future needs for this road will assure that it will
accommodate your needs. It is frudrating, and potentidly costly, to build a road tha cannot
accommodate dl the needed uses. At the same time, both forest and ranch roads should be built to
the minimum standard necessary to accommodate dl reasonably anticipated uses and equipment

C. Road size and standards

After deciding why a road is needed, you can determine the minimum Sze or sandard thet is
appropriate to meet your requirements. Table 7 provides suggested minimum sandards for single
lane, packed gravel surface and dirt 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 vishility a a given driving soeed to assure safe stopping distances for trucks
and other vehicles.

It is dso important to provide passing lanes and turnouts on narrow, single lane roads, and
turnarounds are needed at the end of al dead-end roads. Turnouts should generdly be located so
you can see from one to the next, and so oncoming traffic can safely pass without vehicles ever
having to back up.

In some gStuations, long, straight roads may encourage excessve speeds. To discourage unsafe
driving speeds, dsraight sections of road can be limited to 400 feet, or less. The road should be
contoured to the landscape to minimize cuts and fills. Ralling dips, used for surface road drainege,
aso help keep travel speeds a a safeleve.

Other congderations may dso dictate road sze. For example, in erodible, ungtable or steep
terrain, smal narrow roads are often preferred because of their lower environmenta impact. Spur
roads and other low volume roads are often narrower and of lower standard than trunk roads that
sarvice large areas or serve as mgjor connecting links in the road network.
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Table 7. Suggested minimum standards for single lane gravel and dirt roads®

Standards Design speed (MPH)
10 15 20
Speed range (MPH) 5-15 10-20 15-25
Stopping distance (ft) 40 68 100
Horizontal curve radius (ft) No sight obstruction 55 110 200
obstructions 9 ft from road edge 100 300 600
Vertical curve length (ft) 200 200 200
Stopping distance for approaching vehicles, controlled by horizontal and 100 170 250
vertical curves (ft)"
Travelling surface width (ft) 10 12 12
Road grade for heavy trucks (%) Maximum sustained 7 4 3
Minimum sustained 2 2
Maximum pitch (%) (<500 feet) 18 18 18

! from USDA-SCS (1981)

2 21z2times single vehicle stopping distance

All other conditions being favorable, financid condderations and planned uses may play large
roles in determining road standard and sze. Costs are directly proportiond to the standard of the
road, and high sandard roads are usudly built where economic returns from land management
(such as logging or mining) can pay for the added improvements, or where planned uses require
high standard roads (e.g., for wet weather accessto residentia property).

For forest roads, sandards and size may aso be dictated by harvesting and yarding equipment
needs, as wel as the season of use. Other types of land use have their own specia or unique
requirements for standards. Features such as paving or rock sufacing, dud lanes, and oversized
drainage structures can dl add subgtantidly to congtruction codts. If these features are not needed,
given the planned use of the road and requirements for environmental protection, they should not
be built into the project.

Road classification aso indirectly affects road standard. Forest and ranch roads are often divided
into classes cdled permanent, seasond and temporary, in generdly decreasing order of road
dandard and sze. Permanent roads form the core of the all-season road network, and are
surfaced to dlow winter uses, such as log hauling (Figure 7). Permanent roads have watercourse
crossings designed to accommodate at least a 50-year flood flow at al streams Seasonal roads
are a part of the permanent road network with drainage structures (or fords) designed to pass the
50-year flow, but they may not be of sufficient standard for heavy, wet-wegther use or hauling.
Both permanent and seasond roads require regular, seasond and storm period inspection and
maintenance (Figure 8).
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Figure 7. This well built

permanent road is
designed/or year-arounduse
It is contoured to the natural

topography, has no inboard
ditch, is slightly outsloped,
has no outside berm, is
occasionally rolled to
provide continuous surface
drainage and is rock
surfaced for wet-weather
traffic. This self-maintaining
design will provide years of
uninterrupted use.

Figure 8. 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
potentially credible road
surface may be waterbarred
before each winter (not shown),
or outsloped with rolling dips
to provide for rapid drainage of
surface runoff.

use during the dry

Temporary roads ae lower standard roads with a surface adequate for
periods and drainage structures adequate for flows during the anticipated period of use, but that
are removed before the beginning of the winter period (Figure 9). Temporary roads may reman
in-place for severd years before they are removed only if their drainage Structures are designed to
accommodate the 50-year flood event. Upon abandonment, al drainage dructures and stream
crossing fills are removed, and the road surface is permanently drained using outdoping ralling
dips, waterbars and ditches.

Handbook For Forest And Ranch Roads
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Figure 9. Temporary roads are
often spur routes constructed off
permanent or seasonal roads
that provide short-termaccessto
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
completion of operations or
prior to the onset of the  winter
period (October 15 for forestry
roads). In forested areas, the
road bed can be planted with
trees to return the site to

productivity.

D. Road system layout

In forest and ranch road planning, the concepts "less is best" and "avoid the worst" generdly
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

2.
3.

4.

5.
6.

7.
8.

Minimize total road milesin your watershed,

Minimize new road congtruction by using existing roads,

Minimize congtruction of permanent and seasonal roads by using these standards only
when absolutdy necessary; use temporary roads to minimize long-term maintenance
and recongtruction costs and reduce environmental damage,

Srictly minimize the number of watercourse crossings,

Minimize cuts, fills and vegetation clearing by contouring roads across the landscape,
Minimize road work near the WLPZ, and on unstable areas, inner gorges and steep
slopes,

Minimize road width,
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.
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Road system layout is influenced by many factors, including topography, property lines, obgtacles
(rock outcrops, unstable areas, etc), and proposed landuse activities. Controls on the location of a
road include both naturd festures and man-made eements (Table 8).

Table 8. Some man-made controls which affect road location®

Control Comment

Legd Boundary lines limit the location of aroad. Talk with adjacent landowners and work out
written right-of-way agreements to share roads and reduce road construction.

Specific location The beginning and ending points of aroad are often fixed. These represent mgjor controls.

Safety 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.

Pollution control Roads should avoid problem areas. Allow ample room to trap sediment in a buffer before it
reaches a stream. Do not alow any direct discharge points where road runoff flows directly
into the stream. Avoid flood plains, landslides, credible sails, etc., aswell as slopes over 40%
wherever possible.

Design elements Physical limitsfor curve radius, road grade, pitch grade, stopping distance and separation
from streams are set by you! Design to reduce maintenance costs and pollution potential.

Migrating fish Observe and maintain substantial buffers. Know what species use your streams, their habitat
requirements, the susceptible periods of their life cycle, and their environmental tolerance
limits. Permits may be needed from the Department of Fish and Game.

Approach road permits Issued by California Department of Transportation or the County for roads connecting to
public highways. Locations for intersections may be restricted.

"modified from USD A-SCS( 1981)

1. Harvesting and yarding techniques. For timberland owners, road systems are often planned
aound the preferred method of timber harvesting and yarding for the terrain. Downhill tractor
skidding, a common yarding technique in the padt, require roads to be built in lower hilldope
positions where dopes ae often Seeper, soils less gable and streams more incised into the
landscape. These conditions can lead to greeter eroson and soil loss from road construction, and
higher long-term maintenance codts. Cable yarding dlows most roads to be build near ridges and
in upper hilldope areas where environmenta impacts may be sgnificantly reduced. Integrated
planning for modem yarding techniques and road location and desgn will achieve the most
economically and environmentaly sound road system.
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2. Road construction versus reconstruction: In the last 50 years, tens of thousands of miles of
road have been congtructed on private forest and ranch lands in Cdifornia Most of these roads
were built to accommodate timber harvesting, ranching and rurd development. Many of these
roads are now abandoned and grown over with vegetation. Some were built in locations which
would not be acceptable for new road condruction today. As these areas are re-entered for
additiond logging and land use, decisons must be made as to whether or not it is better to use the
existing abandoned road system, or to build a new road network in a better location using state-of-
the-art techniques (Figure 10).

Figure 10. Because of our
increased awareness of the
potential impacts to streamsin
a watershed, some roads which
were built in the past would
probably not be built in the same
locations today. In thisexample, a
side-cast-constructed road was
built alongside a large, fish-
bearing stream and ditch relief
culverts still discharge muddy
road runoff into the channel

during storms.
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The answver lies in conddering both economics and environmental impacts. In many ingances,
recondruction can be viewed as an opportunity to cod-effectively improve watershed conditions
and reduce the threat of long-term eroson, while providing the opportunity to economicaly access

aprevioudy harvested or managed area.

- o, el T g

For example, in a find forest re-entry it is often possible to temporarily open an old road for
forestry activities, and then to sysemaicdly and permanently close it upon completion of
operations. This "road closuré’ would involve removing drainege dructures, sream crossing fills
and ungtable ddecadt, and permanently draining and planting the road surface. In this way the old
road can be " erosion-proofed” againg future sorm damage, and returned to forest or ranch-land
production. At the same time, an economica temporary access to the site has been developed for
a leest one summer's work. Proactively planning for this option, where it can be used, is often
both economically and environmentaly advantageous.

In other circumgtances, an old road system may be s0 deteriorated that only smal portions of it
can be safey used without causing extensve eroson. In this case, new roads may need to be
planned and located at more sable, suitable hilldope locations. As this may be the only chance for
rehabilitation work, efforts should be made to correct as many eroson problems aong the old road
network as is possible when the logging operation is being conducted.

25 . Chapter II: Planning Handbook For Forest And Ranch Roads



Finaly, an old, abandoned road sysem may be located in an environmentadly suitable location,
but because it has been abandoned for a number of years it is now overgrown with vegetation. In
this case, recondruction may cost dgnificantly less than new condruction, and result in little
eroson. Sections of the reconstructed road network may have to be re-routed around unstable
areas or areas where past dope failure has removed the road prism, but most portions of the road
system may be useable with only minor earthwork.

When roads are danned for reconstruction, and to be a part of the permanent and seasonal
road network, it is best to anticipate upgrading all drainage structures to current design
standards (50-year flow) and redesigning road surface drainage to more modern standards
(e.g., outdoping with rolling dips). Forest Practice regulations require replacement and
upgrading of all undersized culverts on watercourse crossings that need reconstruction.

3. Sdlecting favorable ground for new roads: In laying out a new road sysem in a watershed,
the most favorable ground should be identified and utilized wherever possble. Favorable ground
consdts of ridges, saddles, naturd benches and flatter naturd dopes. Less excavation is needed if
the road is built in comparatively low gradient areas and utilizes naturd benches. Terrain to avoid
includes hard rock aress, inner gorge dopes, steep dopes, watercourse and lake protection zones,
highly credible soils, wet areas and swamps, areas of ungtable soils and sengtive wildlife habitat

4. Road routing through difficult terrain: Avoidance is amost always the best solution to
road-building in difficult terrain. Indeed, the recognition and avoidance of unstable dopes is
without doubt the most effective and cost-efficient method of managing landdide-prone
terrain. When possble, dl serious obstacles to road condruction should be avoided through
complete redignment or by localy changing grade and circumventing problem spots as they ae
encountered. It is far better to plan for a route mntaining fluctuating grades than to build a
gsraight road which ignores the landscape through which it traverses. Congruction and
maintenance costs will be minimized by sticking to the most favorable terrain.

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

1. Avoiding unstable slopes or sails,

2. Preventing destahilization, using special road building techniques, when potentially unstable slopes cannot be avoided,

3. Stabilizing slopes which show signs of instability using special techniques developed by atrained engineer/geologist,

4. Protecting downslope resources when an unstable area cannot be physically or economically avoided, prevented or
stabilized.

If it is impossble to move the dignment to avoid serious obstacles, construction costs and
maintenance requirements are likey to climb sharply as specid condruction techniques (such as
endhauling) are employed to build a stable road bench and to minimize post- construction erosion.
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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 aerid photographs and topographic maps. At this stage, severd dternate routes
should be developed and plotted for invedigation during later field reconnaissance. These
dternative locations should be visudly fitted to the topography (pardlding the contour lines) as
much as possble to minimize cutting and filling. Aerid photos are ussful for identifying natura
features on the landscape that don't show up on the topographic map.

One procedure for plotting an dignment on topographic maps is shown in Figure 11. Usng the
known contour interval printed on the map, together with a set of measuring dividers, you can
easly plot a tentative course for the road while keeping within the dlowable grade limits. By
combining this method with observations from aerid photographs, some of the recognizable
obstacles and control points can be located, and a route with a suitable average grade can be
identified and plotted on the topographic map.
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Figure 11. On this topographic map, three preliminary road routes across a hillside have been identified. |dentifying possblealternate routeson
maps and photos can save time and money when the next step of field reconnaissance is performed. Several alternate routes should always be
identified in the planning process since field conditions may require minor or major adjustment of the route (USDA-SCS1981).
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Table 9 shows the computations for the example in Figure 11, including three possble dignments
for a road to be built from point "1" to point "4." A smple, 6-step methodology can be followed to

arive at these "paper aignments.”

Table 9. Control section and grade computations for three possibleroad routes (see Figure 11)*
Route Road Elevation diff.| Est.road dist. | Estimated | Caliper dist. Measd New Comment
reach between between control [ avg.road setting road est. road
contr(()flt[))oi nts| points (ft) grade (%) dist. (ft) grade (%)
1to2 +58 800 +7 290 800 7 route is too
A 2to3 -128 3200 -4 500 3200 4 long; try again
3to4 -150 2400 -6 330 2200 7
1to2 +58 800 +7 290 800 7 route OK;
B 2to3 -128 2000 -6 330 2100 6 field check
3to4 -150 2400 -6 330 2200 7
1to2 +58 800 +7 290 800 7 route OK;
C 2to3 -128 2000 -6 330 2100 6 field check
3to4 -150 3000 -6 400 2600 6
! USDA-SCS(1981)

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

2. Mark other known control points dong the route (control points are natura features that
dictate road location, such as a stream crossing, rock outcrop or saddlein aridge).

3. Compuite the devation difference between each control point

4. Compute the edtimated average grade of each road segment between control points
(dividing the difference in eevaion between two points by the length of road between
them gives the sustained or overal grade of the road segment).

5. On a divider, st the scale distance equd to the contour interva divided by the decimad
percent grade (distance = C.L/grade). Then, smply mak the primary and dternate road
alignments using the dividers as st, and move from one contour line to the next

For example:
Contour interval = 40 feet
Max. desired grade = 8%, (or .08)
Compuitation: 40/.08 = 500 feet
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In this example, you must go 500 feet before climbing 40 feet to keep the grade to 8%. The
dividers should be set a a spacing equa 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 ether individual segments or
the whole road needs to be rerouted until each dternaive segment and grade is
satisfactory.

With severd dternative alignments avallable, at least on paper, severa other tests can be made
before going out in the field to scout the routes. You can overlay the routes with soil maps to
identify potentidly unstable or erodible dtes. Aerid photos can be viewed to identify possble
landdides or rock outcrops that lie in the path of one or more of the routes. Ownership boundaries
can be identified and, if necessary, permisson can be secured to scout possible dignments 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 aways
accurate in the smdl detals of the landscape, so no dignment is sdidfactory until fidd
reconnaissance is performed. Most smal benches, streams and unstable areas will not show up on
the standard 1:24,000 scde topographic sheet. However, generd routing of the aignment, from
darting point to ending point, can be performed ahead of time and then be used to guide
subsequent field work.
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NOTES:
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CHAPTER lll: 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 actud field
conditions, and to determine the feashbility, advantages and disadvantages of each alignment. If
another route looks good in the fidd, don't hestate to walk it, flag it, record observations and
grades, and plot its podgition on the map. Remember, road building is the main destabilizing
activity carried out in forestry and wildland management, and avoidance is the most cost-
effective means of dealing with unstable terrain. Steer clear of sendtive obstacles such as
unstable dopes, credible soils and stegp stream canyons.

Fird, the entire length of the proposed road is waked to become familiar with the topography and
ground conditions and to identify important features that were not visble on the aeria photos or
topographic map. Items and conditions to identify and locate on the mgp in this firg
reconnai ssance include:

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

control points (the beginning and ending points, saddles and other Stes),
obstacles (especialy unstable or erodible soils, large rock outcrops and wet areas),

> WD

stream channds (including their degree of incision),

o

inner gorge locations,
6. areasof steep dopes and

7. any other obvious hazards or controls.

It is important that dl control points be noted a this time, with only a minimum of marking
(flagging) necessary to indicate the route traveled, dong with any other important festures to
ether utilize or avoid.
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B. Recognizing hazards and obstacles

Identifying many "obgtades' or hazards in the fidd can be farly smple Sreams surface wet
areas (springs and seeps), rock outcrops and steep dopes are usudly readily apparent. Other
potential obstacles to a stable road may take training and experience to identify. These include
sengtive wildlife habitat, archeeologica dtes and a vaiety of "hazardous' hydrologic and
geologic conditions (Table 10). Find identification of these potentid problem areas should be left
to trained specididgts.

Table 10. Some natural controlswhich affect road location®

Control Comment
Saddles Major control for road location
Ridges Major control and often a satisfactory road site.

Stream crossings Major control. Seek locations with gentle side slopes and locations wide enough to accommodate the road. Good
sites for bridges or culverts are needed. Evaduate for migratory fish where needed. Will need Fish and Game 1603
permit.

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

Cliffs or rock outcrops [ Cross above or below at a safe location. Rock which can be ripped is less costly to remove than hard rock
needing blasting.
Slides Major control. Avoid or cross at the safest point. Ask for professional geotechnical assistance.

Wetlands (bogs, Major control. Avoid where possible or cross quickly at best point. May need Fish and Game clearance.
swamps, wet meadows)

Valley wide Low gradient, desirable road location if above the flood line. If crossing, cross and get out of floodplain quickly.
floor Little excavation required. Fish and Game permit may be required.

narrow Poor location because of flooding, erosion and pollution potential and high costs to cross the stream if it
meanders. Keep road above floodplain. Fish and Game 1603 permit may be required.

Slopes | >40%, but |Avoid sidecasting and sliver fills (thin blankets of fill placed on steep slopes) in which large bare areas arc
<60% exposed to erosion. This loose sediment may be difficult to control because of long buffers needed.

>60% Construction in unstable areas should be avoided. Full bench road construction and endhauling material may be|
needed where slopes remain steep alongside stream channels. Proceed only with extreme caution. Avoidroed
construction on these steep slopes if possible.

ridgecrest [ Good alignment and little excavation. Good drainage. Few culverts required. Adverse grade encountered on
uneven ridges. Spur roads will have an adverse grade.

Aspect Maintenance requirements in moist climates can be minimized by placing roads on south-facing slopes to
promote drying and snow melt. In dry climates, (he north-facing dopes have more vegetation and may haveless
erosion. Extremely wet or dry climate negates this effect.

Rock slope (dip) Place roads on (he hillside where rocks dip (slant) into the hillside, not paralld to or out of the hilldope. Consuil]
ageoloaist for other problems and advice.

Sails Where possible, avoid road building on naturally erodible soils. Check soils maps for potentia problems and ask
extension agents or the SCS for advice. Frozen soils require special care; ask for assistance.

! modified from USDA-SCS (1981)
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For example, a geologis may be needed to locate unstable subsurface geology, soft or weak
bedrock materids, contact zones and faults, rock layering that is susceptible to failure when
undercut by road condruction, exising and potentia landdide areas, potentidly ungable stream
banks and sream crossing gtes, and the suitability of local spoil materid for use in road fills and
dream crossngs. Many of these conditions may not be gpparent to the untrained observer. It is
important to identify al the ungable areas dong the proposed aignment and treat them as control
points. Avoid unstable areas and poor stream crossing Sites by linking up dl the stable dopes and
Quitable crossings locations.

When a find dignment has been identified, a traned wildlife biologis may be required to
investigate the alignment and the surrounding terrain for endangered species or pecies of specid
concern. An archaeologiss may occasordly be needed to identify culturd sStes that have to be
avoided or mitigated before congiruction can begin.

If you are unsure whether or not you need specidized advice, ask the Department of Fish and
Game (for wildlife issues), the Soil Consarvation Service (for reading activities on private non
timber lands), and/or the Depatment of Forestry and Fire Protection (for reading activities on
private timberlands). They won't do the technicad consulting work for you, but they can give you
pointers, provide advice about the need for additiond help and describe where to find it.

Specidigs identify problems, suggest dternate adignments to avoid many of these problem aress,
and dedgn mitigations for problems aeas that canot be avoided. The expense of these
professond consultations is, in most cases, wdl judified and quickly repad by lower
congtruction and maintenance cods over the firsd few years of the road's exisence. Benefits are
dso ganed from minimizing impacts to weatercourses adong the dignment So caled "low-cost™
roads can be very expensve if they are poorly planned and congructed, while roads which
initidly cogt dightly more to build often end up coding far less in the long run when lower
maintenance and rebuilding costs are accounted for.

C. Marking the proposed alignment

Firdt, a preliminary traverse of the approximate route(s) is conducted. For this, and later detailed
fidld layout, the following tools and materias should be carried:

1. ahand-hed clinometer or abney level (to measure road grades and hilldope
gradients),

ameasuring tape, range finder or hip-chain (to measure distances),
an dtimeter (to measure eevations),

colored flagging (for marking the aignment, hazards and obstacles),
a hand compass (to check bearings), and

o U~ W N

amap and/or aerid photos (showing the aternative aignments plotted earlier).
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Next, a preliminary road location survey is conducted, 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 a one end, the center line of the route is roughly marked with flagging adong a
pre-sdected grade line (the average grade of this route was determined in the 6-step map
procedure described eerlier). Grade between each flag is measured using a clinometer or an abney
levdl. Ragging, by convention, may be hung on the gpproximeate centerline, or they may be hung
to mark the top edge of the cutbank (so they arent destroyed during congtruction). If the
predetermined fixed grade does not exactly meet the desired ending point, you can work back
from that endpoint and connect the two surveys at a convenient loceation.

Once this prdiminary dignment has been edtablished, you should "stand back" and examine the
route to determine where adjusments in grade and aignment could be made to take advantage of
benches and gentle ground, while avoiding ungteble Stes, wet aress, incised stream channels and
rock outcrops. Some steep pitches may be necessary to reach the best ground for the road. For
example, efforts should be made to identify and utilize the most suitable, stable and least incised
sream crossng gStes, and potentidl WLPZ areas should be avoided. Broad ridge crests and
benches should be identified and flagged as possible locations for landings, road turnouts and spoil
disposal sites (Figure 12). Nearby rock outcrops should be identified and evaluated for potentia
rock aggregate for road surfacing materids. After evauating dl these factors, severa additiond
grade surveys may be needed to identify and mark the fina and best location for the road.

Figure 12. Log landings on forest road systems should be kept to the absolute
ot b et minimum size necessary to accommodate yarding, loading and hauling
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 (USFS, 1963).

The marking of curves and switchbacks requires a little
more thought and care during road layout. Each turn
should be of sufficient radius for trucks and the
anticipated equipment to negotiate easily and safely. The
radius should be no less than 35 feet for standard pickups
and field vehicles, and 55 feet for tractor trailers (such as
log trucks). A minimum horizontal curve radius of 200
feet is suggested for roads supporting 20 mph traffic
(Table 6).

Where curves are short and gentle, they can be located by eye to follow the topography and the
flagged grade location. Sharper curves and switchbacks require some surveying. The center stake
method is one of the smplest methods for marking these curves during the road survey. Fird,
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decide on the radius of the curve (see Table 11). Then, using a string or a tape that is the length of
the dedred radius (or using a range finder), smply identify and stake the center of the curve and
stake the centerline in an arc extending out from the center stake (Figure 13).

Table11. How to convert horizontal distancesto true" slope distances' measured on hillslopes
needed for marking road curves and switchbacks®
When the land slopeis this steep in the direction| ...true slope distance is determined by multiplying horizontal
you're looking (use a clinometer)... distance by the following correction factor...
10% 1
15 1.01
20 1.02
25 1.03
30 1.04
35 1.06
40 1.08
45 1.10
50 112
55 1.14
60 1.17
65 1.19
70 1.22

Figure 13. Staking and
identifying simple curve
layout using the center stake
method (USDA -SCS, 1983).

CURVE LAYOUT ~ CENTER STAKE METHOD
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The Center Stake Method assumes the ground is flat as youre marking the arc. This isnt usudly
true, SO some adjustment of the lengths marked in the field is needed to compensate for the dope
of the hillsde (see Table 11). To use the center stake method, true horizontal distances need to be
marked on the ground. To get the dope distance, multiply the horizonta distance (desired curve
radius) by the correct multiplier shown in Table 11. For example, to switch back across the dope
above with a 110 foot horizontal radius on a hillsde with a 65% dope, the curve should be
marked 131 feet updope (110' x 1.19 = 131") and 131 feet downdope from the center stake.
Straight ahead, on contour, the stake is marked at 110 feet.

Idedlly, the road within a switchback should have little or no grade so that trucks and equipment
can pass safely and so they won't tear up the road surface while turning the comer and continuing
up the road. This may require increasing 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 12). Where
longer curves are needed, the Stick Method of curve layout may be more convenient (see

Appendix D).

Table 12. Suggested reductionsin road grade through curves of different radius*
Curveradius (ft) Reduction in % road grade
150 to 460 1%
90 to 150 2%
65 to 90 3%
50 to 65 4%

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

Landings and tunouts should be identified and staked at the same time curves are Staked.
Typicdly, turnouts should be intervisble and located where a minimum of excavation will be
required to incressed the road width (Figure 14). Landings should be the minimum length and
width necessary to accommodate the yarding and loading equipment. Some mobile yarders can
work directly off a sngle lane road or a turnout locations, and landings need not be built On
roads to be recongtructed, exigting, stable landings should be re-used and landing enlargement or
expangon should be avoided wherever possible.

For dtuations that require a more highly engineered road than can be marked usng a centerline
location survey (e.g., where dopes are very steep, or where sidecasting is not permitted), it may
be necessary to set grade and dope stakes. In this procedure, stakes are placed a 50- to 100-foot
intervals aong the dignment, depending on topography. For sdecast congtructed roads, grade
dakes are firg placed a 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 st cut and/or fill stakes marking
points on the ground that will be a 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.
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‘e 14. Sandard turnouts allow for
les to pass each other by safely
1g off and back onto a single lane

Turnouts and landings should be
ed to take advantage of benches and
1 ridges where the additional road
| can be devel oped with a minimum of
1 excavation. Turnouts should be

/isible (USDA-SCS, 1983).
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CHAPTER |V: DESIGN

A. Introduction to road design

Road design is often a combined result of economic and environmenta factors that influence construction,
operating and maintenance costs. Unfortunately, because construction costs are felt immediately, they are
often the sole consideration employed in choosing a road's fina design. However, excessive hauling
expenses and difficulty of travel on aroad, as well as high road maintenance costs, may have a far greater
effect on the long-term economics of forest or ranch operations than the savings in initial construction of a
low standard or inadequately designed road.

Over-design can also be a costly mistake. For example, construction costs for a 12-foot wide road on a
steep side slope may be as much as 30% higher than for a 10-foot wide road in the same location, because
of the large volume of earth that must be moved from the inside of the road bench to obtain an additiona
two feet of road width. Long-term maintenance 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 road standards can be established well before actua construction begins.

Both road length and road width should be designed to minimum standards for the anticipated uses of the
road. Narrow roads dramatically reduce excavation and sidecast volumes, thereby reducing cutbank height
and decreasing the likelihood of dope failures (Table 13).

Road design begins with planning for the road's location. Selection of the find route will constrain many
future design decisions. 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 aignment through or around
various obstacles and hazards calls for the use of certain road prism designs. In addition to these, there are
special situations that often arise and require specia road design considerations.
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Table 13. Excavated soil volume for full bench roadswith variousroad widthsand
hillslope gradients (yds®/ft)
Excavated volume to construct a full bench road (assumes %2 : lcutbanks)
Hillslope (yds® excavated per ft of road)
gradient (%)
Road width 12 feet Road width 14 feet Road width 16 feet Road width 18 feet
30 0.94 1.28 1.62 217
35 113 154 2.01 2.55
40 133 182 2.37 3.00
45 1.55 2.10 2.75 348
50 1.78 242 3.16 4.00
55 2.02 281 3.60 455
60 2.28 311 4.06 514
65 257 3.50 4.57 5.78
70 2.87 391 511 6.46
75 3.20 4.36 5.69 7.20

B. Road prism design

Road prisms may be designed to be full bench, partial bench (pat cut and part fill, induding
desgns employing Sdecasdng) or full fill (Figure 15). Roads which are constructed without
endhauling are partial bench roads where spoil generated during initid grading is used to widen
the roadbed and fill depressons and stream channels crossed by the road. This has been the most
commonly used congruction practice for rurd forest and ranch roads. The fill is ether placed and
compacted, or (more commonly) Sdecast loosdly into the desired loceation. However, there are
many circumstances where ddecasmg is no longer acceptable and dternative desgns and
methods are needed and required to reduce environmental impacts and to provide a stable road
bed.

Roads may need to be full bench on steep dopes (those over about 60%), in watercourse
protection zones, or where water quality could be impacted by road work (Figure 16). Full bench
condruction requires that dl the spoil generated by cutting into the hillsde must be either used in
filling locd stream crossings and low spots in the new road, or endhauled to a sable storage ste
where spoil has no risk of entering a watercourse.
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Figure 15. |dealized diagrams depicting a full
bench road (all material endhauled - no
sidecasting)(top); a partial bench road (with
both cut and sidecast)(center); and-afull fill
road (no cut - all fill placed and compacted in

shallow layers) (bottom).

Road segments congtructed with full fill techniques are somewhat uncommon at the present time,

but growing in importance. Roads using this technique are usudly confined to short reaches
where dopes are potentialy unstable and cuts into the dope could trigger soil movement Full fill

sections of road are often supported by sructurdly engineered fills with near-verticd fill faces
Full fill road congruction is aso used where roads cross incised stream channds and the road is
built entirdly on fill materid.

Cut-and-fill design: For most forest- and ranch-land owners, use of cut-and-fill road congtruction
has been preferred because it minimizes the amount and cost of earth moving. In other words, less
s0il moved generadly means less expense (Figure 17).
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Figure 16. Full bench road.
The height of the cutbank,
the slope of the natural

hillslope and the small
amount of sidecast indicates
that thisroad is full bench
and cut entirely into
native hillsope  materials.
Note that the road is
outsloped with rolling dips
and no inboard ditch.

Figure 17. In contrast to the
road in Figure 16, this
partial bench road was built
by extensive sidecasting. At
least half the roadbed is
built on fill materials.

However, the indiscriminate use of sidecast road congtruction (the smplest method of cut-
and-fill construction) has probably caused more problems for landowners than any other
type of road building. Sidecasting construction techniques should not be used on dopes over
55 percent because this resultsin fillsopes of about 67 percent, the average angle of repose
(stability) for most loose soil materials (Figure 18). For this reason, sidecast construction
should be limited to gently doping areas where streams are far from the road prism. Cut-
and-fill condruction techniques can be used on dightly Steeper dopes if proper compaction

techniques are used.
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Figure IS. For most earth materials,
sidecasting on natural slopes over
about 55% in steepnesswill result in
steep, loose, unstable sidecast slopes
that are easily eroded or prone to
dliding. The face of a sidecast slope
should not exceed about 67%, the
maximum angle of stability for most
uncompacted, sidecast soil material.

In generd, cuts should equa the needed fill volume, plus about 20 percent to dlow for settling of
loose fill. Thet is, the loosened, excavated soil will take up about 20% more space than when it
was "in-place”" During the process of cutting and filling, it is criticd to avoid letting Sdecast or
waste materiad enter streams or watercourses, or placing it on unstable or steep dopes where it
might erode.

The angle or steepness of both cut and filldopes is very important in building stable roads. There
is a tradeoff in determining the optimum cutdope agle (Table 14). Cutbank dopes should be
designed to achieve maximum dability as wel as a minimum exposure of bare soils. On badance,
cutbanks should be as steep as the soils and bedrock will permit without becoming unstable.

Table 14. Advantages and disadvantages of steep cutslopes'
Advantages of steep cutslopes Disadvantages of steep cutbank
1. Lessright-of-way 1. Difficult to revegetate
2. Less excavated material 2. Proneto ravelling
3. Less sidecast 3. Proneto tension cracks and failure
4. Shorter dope exposed to surface erosion 4. Slightly greater risk of arotationa dope failure.

1B.C.M.F. (1991)

Cut and filldopes are usudly expressed as ratios, such as ¥z 1 or 1.1 (Table 1). Road banks can
be cut as steep as the dability of the materid will permit, ranging from Y4: 1 for very stable rock
materids to 31 for erodible or ungtable soils (Table 15). A generd guide for the maximum
steepness of road cuts in various rock and soil materids is shown below. Note that wet dopes,
unstable or erodible soils, and highly fractured or bedded rocks may require gentler dope cuts.

Cut height and cut angle dso affect the dability of the find cutdope. Cuts which are dable a %%:
1 at a 6foot haght may not be stable when the cut height is twice as high a 12 feet. Higher cuts
lead to increased gravitational force and reduced stability a the face of the dope. Tal (deep) cuts

are dso more likely to intercept emerging soil water that can wesken the cutdope and cause
faluresthat block the road or result in perdgstent ditch and roadbed maintenance problems.
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Table 15. Generalized maximum cut and fill steepnessfor different earth materials
Sloperatio Earth material
Yitol Rock cuts
Yol Hardpan & soft rock cuts
Yato 1 Clay
1tol Clay, sandy or grave dluvium
1401 Filldopes, lake deposits
2tol Unstabilized, uncompacted soil
3tol Ungtabilized soil
Near vertical to doping: use only where such cutsare Some sandy or granitic soils; some hard bedrock
working localy exposures

Filldopes can be built to a variety of angles depending on the properties of the material used, the amount of
properly applied compaction, soil moisture and the type and density of vegetation that is established on the
surface. In general, thick accumulations of loose, dry, side-casted soil that is not compacted will not usualy
hold a dope over about 65 percent, whereas many fill materias that are placed and properly compacted in
thin, foot layers may be stable at dopes well over 1 %to 1 (67%). While a thin veneer of sidecast may
hold on a sope steeper than 65%, a thick wedge of loose sidecast may not be stable even at a 50% dlope
(Figure 19). Stable road fills can be built on moderate and steep dopes by using layered compaction
methods. Here, a bench is excavated at the base of the proposed fill, and layers of compacted soil are built
up on this stable bench. The gtability of the fill can be further increased by starting with an indoped bench
that helps "key" thefill to the dope.

Figure 19. Overloading steep slopes with uncompacted sidecast material can result in landdliding
that damages streams hundreds of feet downslope(B.C,M-F.,1991).

Before
In criticd aress, engineered fills that utilize reinforcing fabrics

or other interna supports can be congtructed with nearly vertical
faces. These are especidly useful in short road sections where
other fillswould be unstable or erode and sediment could enter
a watercourse. In such cases, it may be necessary or prudent to
employ ageotechnicd engineer to desgn a stable cut and fill
road. Depending on the stability of the cutdope rock and soil
materids, it may be smpler and cheaper to congtruct a

full bench road where dl the excavated materid is Smply
endhauled off-site and deposited in a stable storage Site.

Overloading slopes with sidecast
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C. Road surface design

Road surface design is redly road surface drainage design, and should be chosen based on both
maintaining safety for the intended uses and minimizing eroson and sediment pollution in
sreams. Road surfaces can be designed as indoped, crowned, or outdoped. It is criticd to
properly design road surfaces to minimize erosion from the road bed, ditch, cutbank and filldope
surfaces.

1. Insloped and crowned roads

Indoped and crowned roads drain surface runoff to the indgde of the roadbed, often into a ditch,
where it is combined with flow from the cutdope and updope hillsde aress and discharged
through culverts. Indoped roads are often used where an indgde ditch is needed to keep soil water
emerging from the cutdope off the road surface (Figure 20). To keep ditch flow to a minimum, it
is dso posshle to build an outdoped road with an indde ditch to cary away water from the
cutbank and from updope areas. Crowned roads drain water both ways from the center of the
road, but an ingde ditch is till required.

Wl constructed and maintained ditches are a real key to long-term stability of an indoped road.
Backhoe and excavator condructed ditches are often superior to bladed ditches built by a
bulldozer or grader because they can be cut out of the subgrade rather than gouged into the
cutbank. The ditch cross section should be designed to accommodate expected storm flows, with
the base of the ditch at least 12 inches below the roadway in order to prevent water from entering
the road surface materid and removing the fines. A reatively deep ditch dso dlows for faster
drainage of the subgrade and helps maintain high soil strength.

Ditch gradients on indoped roads should ke steep enough (generaly over 1.5%, and ranging from
2% to 6%) to prevent sediment deposition and alow rapid drainage, but not so steep as to result
in ditch eroson. When ingde ditches are used, frequent ditch rdief culverts should be ingaled to
minmize the concentration of runoff in the ditch and to disperse runoff to downdope aress. It is
recommended that a minimum 18 inch diameter pipe be used for ditch rdief culverts. A generd
rule-of-thumb is to ingtdl the culvert a a grade 2% steeper than the ditch grade, and to skew the
culvert a a 30° angle to the ditch line to minimize inlet eroson and to transport sediment through
the culvert. Culvert outfalls should be protected with dash and/or rock armor to prevent eroson
of the fill. Where sedimentation a the inlet occurs because of over-steepened cutbanks, drop
inlets can be inddled to prevent culvert plugging. On steep roads over about 10%, even smal
volumes of ditch flow may have high enough flow velocities to cause eroson of the ditch. In this
case, it may aso be necessary to armor the ditch to prevent erosion.

The capacity of ditches should aso be planned and desgned to accommodate flood flows from
large storms. If stream crossing culverts dong the road are designed to accommodate a50-year
flood flow, the ditches should probably be designed to the same standard. Flat-bottomed ditches
(which are easily cut by backhoes and excavators) are less subject to scour than V-bottom ditches
that are commonly created by bladed tractors and graders. A 1-2 foot bottomrwidth is
recommended.
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2. Outsloped roads

Outdoped roads are typicdly less expensve to congtruct and less difficult and expensive to
maintain than indoped roads. For example, building a 12-foot wide indoped road with a 3-foot
wide ingde ditch requires moving dmost 60 percent more materid during condruction than if the
road were outdoped with no ditch (Table 13). Clearly, if conditions permit, roads should be
congtructed with an outdoped surface, no ditch and no berms dong the outside edge of the road.

Outdoped roads dso disperse and drain runoff aong the entire outside edge of the road. Rolling
dips and a smooth road surface are key to mantaining a wel drained, outdoped road. The
frequency of rolling dips and grade bresks, and the amount of "outdoping” needed to drain the
road surface, depends on the grade of the road, as well as the road surfacing. Table 16 shows
design criteriafor the degree of outdoping needed to drain road surfaces on differing grades.

Table 16. Outsloping " pitch" for roads up to 8% grade®

Road grade Outslope "pitch" for unsurfaced roads Outslope "pitch” for surfaced roads
4%, or less 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%, or more 1" per foot 1 %" per foot

! CDF(1984)

Where filldopes are stable, roads should be designed and congtructed with minimum width and
with a mild outdope (3-4%) (Figure 20). However, on most roads, especially those with gradesin
excess of eght percent (8%), outdoping is not dways enough to get surface flow off the road
quickly. Here, in addition to outdoping, waterbars (for seasond or temporary roads) or rolling
dips (for permanent and seasond roads) are necessary to divert surface runoff.

Waterbars and rolling dips should be spaced dong the road close enough together that the road
surface is not gullied. It is important to use ralling dips, rather than waterbars, on roads with even
infrequent use because traffic will quickly bresk down and/or breach the waterbars (Figure 21).
Waterbars should be reserved for roads that are to have little or no winter use.

Appropriate spacing of surface drainage structures depends on soil credibility and runoff rates.
Look a locd roads to determine the maximum spacing that will work in your specific area
Suggested design criteria for drainage spacing (waterbars and rolling dips) is lised in Table 3
and, dternately. Table 17. Design dimensions for rolling dips are shown in Table 18.
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~
Ditch filled

Ditch open

Qutsloped road

Insloped road

Figure 20. Outsloped road with no ditch (top), and
insloped road with the ditch open (bottom).
Outsloped roads are generally preferred because
they disperse and drain surface runoff across the
outer edge of the road prism. Insloped roads collett
and concentrate road runoff into an. "inboard" ditch
that is drained across the road in ditch-relief
culverts. Outsloped roads are superior except where
seeps and springs necessitate short segments of
inboard ditch to collect and remove runoff.
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Figure 21. Installing rolling dips, or "rolling the grade" of an outsloped
road helps guarantee that surface runoff will not concentrate on the road
surface and erode the roadbed.
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Table17. Maximum suggested road surface dr ainage spacing based on road gr adient
and soil composition*
Soil composition Road gradient (%)
2% - 4% 5% - 8% 9% -12%
Granitic or sandy 400 300 200
Clay or loam 500 400 250
Shde or gravel 600 500 300

1 MSSL,. (1991). Distances used. only to show importance of soil typein influencing drain spacing. Forestry operationsare required to employ
distances outlined in the Forest Practice Rules (Table 3) as a minimum.

Table 18. Table of rolling dip dimensions®

Road grade Upsl ope approach? Reverse gradé? (distance | Depth below average Depth below average
(%) (distance from up-road start|from trough to crest) (ft) |road grade at discharge [road grade at upslope

of rolling dip to trough)(ft) end of trough? (ft) end of trough? (ft)

<6 55 15-20 09 0.3

8 65 15-20 10 0.2

10 75 15-20 11 0.1

12 85 20-25 12 0.1

>12 100 20-25 13 0.1

! USDA-SCS(198l)
2 See also Figure 28

D. Subdrainage requirements and design techniques

Subdrainage is used to carry subsurface or emergent subsurface water from the roadway. Seepage
can occur aong the cutbank, beneath the roadbed and/or beneeth the road fill dong the outsde
edge of the road. This can cause severd problems if subsurface water is not drained from the road
prism and condruction area, including 1) excessively wet fills and subgrade materids, leading to
road surface rutting or the need for large quantities of rock as base-course, 2) cutbank dumping,
3) mass wadting of the fill due to unrelieved pore water pressures, and 4) continua mud pumping
at the road surface, leading to falure of the surfacing and the need for regular re-surfacing.

Use of specid subdrainage measures is not typically required on forest and ranch roads. However,
when needed, some relatively smple techniques can be used to get rid of water (Figure 22).
Ditches and French drains excavated adong the insde edge of the road, at the base of the cutbank,
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are common methods of draining emergent, upsope ground waer. Horizontal drain pipes can be installed
to drain water from the cutbank, but this stabilization technique is expensive and not aways effective.

Permeable fill

Squamish culvert
(French drain)

Subgrade

French drain

Figure 22. Roads which are built across small springs or seeps can be kept dry and stable
by the use of subsurface drainage techniques. Drainage blankets (a) and "french'drains
(b), using graded rock and synthetic fabrics (geotextiles), are two common methods for
draining subsurface soil and rock materials. Figure lie details a close-up of the modem
french drain design using a geotextile lining (B.C.M.F., 1991).

If the roadbed crosses an intermittent or perennia spring, soils
benesth the road surface may need extra drainage. For water which
will emerge beneath the road, gravel drainage blankets can be used
to drain the water laterally to the toe of the filldope. Filter fabrics
(geotextiles) are used to maintain separation between the native
hilldope materials and the | gravel. Where fills are thin, and where
surfacing is placed directly on native soils, geotextiles can aso be
used at the base of the subgrade to maintain soil separation and
prevent soil pumping into the surfacing materials.

E. Landing design and layout

Log landings built dong forest roads vary tremendoudy in size
and frequency from one landowner to the next, but their design
requirements differ lime from other sections of a road system
(Figure 23). Newer, mobile cable yarding machines can operate
on narrow sections of road, with lime more than a turnout
required for their swing. Other yarders, including towers, may
require an entirely separate "yarder pad" be constructed on a spur
road above the main haul road where logs are landed and then
loaded onto trucks. However, such large yarding machines are
becoming less commonplace.

Tractor yarding requires moderate Sze landings that, over the years, often grow larger than
needed as spoil and debris is carried down the converging skid trail network and then sSdecast
over the outside edge of the landing.

The frequency of landings that need to be condructed is controlled, or influenced, by the type of
yarding equipment, the dope of the land and the density of harvestable trees dong the route. For
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example, on very steep dopes, stable landings might only be constructed on broad ridge crests. In
general, landing construction should be limited to the fewest number and smallest size that
are absolutely needed for yding oper ations.

Figure 23. Landings should be
built on the nose of ridges and
above the break-in-slope
defining the steep inner gorge
slopes above a stream channel.

Landing fills that are placed on steep dopes or near watercourses should be "keyed" or benched
into the hilldope and compacted in shdlow (1 foot) lifts from the bottom up. Sidecasting should
be avoided. In addition, older landings which are being rebuilt or reused should not be
enlarged by sdecasting of spoil or organic debris. Where roads are located far from the
dream, maximum hilldope gradients for building smdl landings usng Sdecaging methods
should be the same as for road congtruction: about 55 percent. It is recommended that keyways or
benches be congructed for catching sdecast and fill where landings are built on dopes steeper
than about 40%.

The following terrain conditions should be avoided as stes for landings 1) ungable dopes and
soils, 2) open dopes steeper than 30 degrees (55%) with no natural benches, 3) steep headwater
swales and inner gorge dopes, 4) narrow ridges between headwater swales, 5) any steep dopes
(>50%) which led without flattening to a watercourse and 6) areas underlain by seeply dipping
sedimentary rock or highly fractured rock.

Congructing full benches for landings on steep dopes produces tremendous volumes of spail
materid. Although full benching might be necessay so that fills can withsand equipment
vibrations and weight loads, spoil that is disposed of as ddecast can destabilize the hillsde
beow. Gully headwals and swades are dready naturdly undable dtes and have little room for
landing debris. Sidecagting into these dteep headwater swaes can trigger debris flows and
torrents (Figure 24). Although steep, narrow ridges adjacent these steep headwater channds
provide good deflection for yarding, the sdes of these ridges are often unstable and unsuitable for
Sdecadting.
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TYPICAL DEBRIS FLOW LOCATIONS Figure 24. Recent research has shown that many destructive

debris flows and debris slides caused by the construction of
wildland roads occur at specific sites on the hillside. The most
sensitive sites, and therefore those to avoid during road
construction, are steep inner gorge slopes, steep headwater
stream areas, and steep slopes immediately below a convex
bread-in-slope.

Convex
Slope
Breaks

F. Special design considerations

In both the forest and ranch-land setting, specid desgn consderations may be required where
roads cross unstable dopes, wet areas, watercourses and other potentid hazards or obstacles.
Some of these might involve usng new, dae-of-the-at subdrainege materids and methods.
Other specid dedgns may smply involve the application of time teted methods of equipment
excluson, excavation, endhauling, bridge ingdlation, road surfacing or additiona requirements
to provide increased protection to water quality. Guides for specia road design are often available
from private geotechnicd firms specidizing in road condruction, or from suppliers of materids
and supplies used in eroson control and road engineering.

Converging roads on steep dopes is one specia case of road condruction that commonly
produces eroson and sediment problems. In this Situation, a lower road may undercut and remove
support for the updope road. In addition, sdecast from the upper road can extend downdope to
the lower road, with continuing sSdecast from the lower road then extending the blanket of bare
s0il downdope even farther. These bare soil areas are notably difficult to stabilize and revegetate.

The best planning and design solution for converging roads is to locate road junctions on gentler
dopes, or to plan for them to occur on broad ridges separating steep gradient dopes. If steep
dopes cannot be avoided, it is recommended that the upper road be constructed as a full bench
road with al spoil endhauled to a stable location, and the lower road be built with an engineered
fill to limit uncontrolled Sdecasting. The road junction should be located sufficiently far updope
from watercourses such that water quality will not be affected. Full bench condruction with
endhauling, or other creative engineering solutions that minimize Sdecast, may be desgned for
gleﬁe "unavoidable’ settings where the potentid for sedimentation or dope falure is reatively
gh.
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G. Equipment needs for construction and reconstruction

Condruction is the gpplication or implementation of road desgn on the ground. How wdl the
desgn is followed during condruction depends both on the skill and understanding of the
equipment operators and the type and sze of heavy equipment used for each task. For example,
condructing a full bench road with endhauled spoil materid requires suitable excavating
equipment. A tractor will not work, especidly on moderate or steep dopes. Similarly, without a
skilled equipment operator, there is a much higher chance of making expensve mistakes or
causing environmenta damage.

In steep or mountainous areas, it is often a serious mistake to design the road around the
types of equipment you own or have to work with. Roads should be designed for stability as
a primary concern, and then constructed using the types of equipment called for by the road
design and the environmental setting. Smilaly, operators should be used who are experienced
with the equipment and with implementing Smilar design regquirements.

The bulk of road recondruction may consst of vegetation remova and grading performed by
tractors on abandoned roads that have been overgrown for many years. As with road congtruction,
however, it is very important to use the proper types of heavy equipment when the more
complicated Stuations are encountered (Table 19). Thus, excavating equipment is often specified
for road recongtruction, especidly where the old road has been built next to a stream or within a
watercourse protection zone (Figure 25). Where stream crossings have patiadly or completely
washed-out, hydraulic excavators may be needed to reingtdl upgraded culverts and to place and
compact fill. Loaders and dump trucks may be needed for spoil remova where the road is
blocked by cutbank failures.

Figure 25. Perhaps the most
versatile of road building
equipment today isthe hydraulic
excavator. Low impact roads
can be built quickly and
efficiently using this now
common type of earth moving
equipment. Roads constructed
exclusively using bulldozers to
cut-and-sidecast soil material
are best confined to hillslope
gradients less than about 35
percent and to areas where
incised stream channels are not
common.
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Table 19. Settings and equipment combinations suitable for varioustypes of road

construction methods.

Genericroad type

Hillslope char acteristics

Typical equipment types

Sidecast (cut-and-sidecast)

Gentle (<35%); stable, far
from streams

tractor; grader; water truck

Moderate (<55%), sable, far
from streams

excavator and tractor, or tractor; grader; water
truck

Moderate (<55%), closeto
stream

excavator and tractor; grader; water truck

Cut-andHfill (with compaction) Gentle (<35%) excavator and/or tractor; grader; water truck
Moderate to steep (35-55%0) excavator, or excavator and tractor; grader; water
truck
Full bench (cut) All dopes excavator, dump trucks, sometractor, grader,
water truck
Temporary fill (cribbed) Moderate to steep excavator and tractor
Recongtruction All dopes excavator, tractor; loader; dump trucks; grader
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Notes:
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CHAPTER V: DRAINAGE

A. Introduction to road drainage

It is impossible to over-emphasize the importance of drainage in maintaining stable roads
and protecting water quality. Roads should be designed and consructed to cause minimd
disruption of naturd drainage patterns. Provisons 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 filldope) and 2) hilldope drainage (including drainage from
large sorings, gullies and streams which cross the road dignment).

B. Road surface drainage

Road surface drainage is accomplished by indoping, outdoping or crowning the roadbed.
Without adequate cross-dope, the road surface will either pond water, or concentrate runoff down
the roadbed and create surface erosion. Roads with springs along the cutbanks are often indoped
with an ingde ditch, roads with smdler cutbanks or dry cutdopes may be outdoped for most of
their length, and some larger roads are crowned to most rapidly drain runoff from their surfaces.
For seasond roads, indoping can occur with or without an insde ditch.

1. Outsloped roads

It is generally recommended that most forest and ranch roads be constructed as single lane
(minimum width), outdoped roadswith minimal cut-and-fill, wher e conditions ar e suitable
(Figure 26). These roads are likely to cause the least disturbance and soil movement, creste less
environmental impact and have lower maintenance cods than other designs. All-season roads
built high on the hillsde, or wherever the surface can be kept dry, can generdly be outdoped.
Conditions that might limit road outdoping include, 1) seep road grades (which may make
adequate outdoping difficult), 2) winter use of an unsurfaced road (snow or muddy conditions on
a steep, outdoped road may be hazardous), or 3) updope runoff or excessive spring-flow from the
cutbank or road bed (which makes an insde drainage ditch necessary).
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Figure 26. Well built
outsloped road displaying
minimum cut, smooth free
draining surface, no outside
bermand rolling dipsto help
disperse surface rungff.

Even on roads which are outdoped for much of their length, some sections can be indoped to ded
with loca conditions. For example, short sections of indoping, in combination with an indde
ditch, can be used to drain locd wet areas. The road can be ether indoped or outdoped through
dream crossngs. Findly, while some wet cutbanks may require the condruction of an indde
ditch (or French drain) for drainage, the roadbed itsdf may dill be a worthy candidate for
outdoping. Outdoping will minimize flows in the ingde ditch and reduce the potentid for eroson
and sediment delivery to the next culvert

On dimbing (or faling) roads, the road surface can be drained using rolling dips or waterbars.
Ralling dips are smooth, angled depressons congructed in the roadbed (Figure 27). Dips should
be consructed 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.
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Figure 27a. Rolling dip
constructed on a rock surfaced
forest road (a). Therolling dip
represents a change-in-grade
along the road alignment and
acts to discharge water that
has collected on or is flowing
down the road surface.

Figure 27b. A side view (b)
shows that the rolling dip does
not have to be deep to reverse
road grade and drain the road
surface.

In generd, broad rolling-dips are built a a 30 to 45 degree angle to the road, with a cross grade of
a least 1 percent greater than the grade of the road. Some are built nearly perpendicular to the
road aignment. They ae built with a long, shdlow gpproach on ther up-road sde and a more
aorupt rise or "lip* on ther down-road sde (Figure 28, Table 10). They are usudly used on
outdoped roads to drain road surface runoff to the outside of the road, but may be built on ether
indoped or outdoped roads to drain in ether direction. Rolling dips should be placed a intervals
frequent enough to prevent road surface rilling and eroson (Tables 3 and 17), yet broad enough to
permit uninterrupted vehicle travel. They may be designed and congtructed into new roads, or
they may be built into older, existing roads that are being reconstructed.
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Figure 28. The up-road approach to the rolling dip (B) is
several percent steeper than the approaching road and
extends/or 60 to 80 feet to the dip axis. The lower side of the
structure (A) reverses grade over approximately 15 feet, and
then falls down to rejoin the average road grade. It 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 at
least 1% greater than the original road grade so it will drain
properly.
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Waterbars (also called waterbreaks) can also be used to drain a road surface. These are shallow,
abrupt excavated dips or troughs with an adjacent, downdope hump or mounded berm, that are
built a an oblique angle across the road. Waterbars are useful only on low standard seasonal
or temporary, unsurfaced roads where winter use will not occur, because traffic easlly cuts
through the soft berm and fills the adjacent dip. Waterbars should be constructed at proper
gpacing according to the grade of the road (Figure 29; Tables 3 and 17). Waterbars are usudly
regraded (smoothed out) at the beginning of each operating season, and then reconstructed at he

beginning of each winter period.
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Figure 29. Waterbars are constructed on
unsurfaced forest and ranch roads that will have
little or no traffic during the wet winter period.
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 skewed 30° to the ditch-linewiththe
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 rip rap or vegetation (5). The
cross ditch depth (6) and width (7) must allow
vehicle cross-over without destroying the function
of the drain (B.CM.F., 1991)

Waterbars are high maintenance drainage dructures that are prone to failure if not properly built
and maintained. Unauthorized winter traffic is likely to bresk down waterbars and result in serious
road surface eroson and water pollution.

On outdoped roads, a narrow berm can be locally constructed adong the outside edge of the road
to divet road runoff awvay from erodible filldopes (Figure 30). This technique of road surface
drainage control may be used where road fills are especidly steep, erodible or located close to
watercourses, such as a sream crossngs. Collected runoff can then be funnelled to protected
aress or discharged across the fill through a fabricated, sheet metd berm-drain that is located a a
designed bresk in the outsde berm. This practice, however, adds a high risk and high maintenance
feature to an otherwise low-maintenance drainage design. Unfortunately, repested annua grading
on many wildland roads has creasted widespread outside road berms that collect road surface
runoff and cregte rill and gully eroson on roads and filldopes. Generally, outdoped roads
should not be built with outside berms.
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Figure 30. Short road reach
where a soil berm has been
constructed along the outside
edge of the road prism, to
prevent surface runoff from
flowing over the highly erodible
fill. To prevent the road surface
from accumulating too much
runoff and eroding, the berm
can be intermittently breached
and a wooden or sheet metal
berm-drain used to carry runoff
dawnslope past the base of the
erodible fillslope.

Open top box culverts can dso be used to drain the road surface, but they may fill with soil and
rock, are difficult to grade over, and require higher levels of maintenance. Recently, experimenta
rubber-waterbars have been ingtaled on forest roads in Oregon. These dructures are located in
the same position and orientation as dug waterbars. Their base is buried into the roadbed, and a
thick, stiff rubber flap sticks up above the road surface to capture and direct surface runoff. The
flap bends down as vehicles pass over the waterbar and then immediately springs back to deflect
runoff. Unlike the dug waterbar, which tends to bresk down with continued vehicle use, the
rubber waterbar should remain functiond in traffic. The rubber waterbar will be most useful on
rocked roads or on seasona roads where frequent road grading is not necessary.

2. Insloped roads with ditches

Indoped roads should be constructed only where road surface drainage discharged over the
filldope would cause unacceptable eroson or discharge directly into stream channels, where
filldopes are ungtable, or where outdoping would create unsafe conditions for use It is generdly
preferable to outdope road surfaces in order to disperse road surface runoff before it has a chance
to concentrate.

Indoped roads should be built with an insde drainage ditch to collect and remove road surface
runoff (Figure 31). Roads steeper than about 8 percent may be too steep for an insgde ditch
because of the potentia for gullying in the ditch. Indde ditches should dso be drained a intervas
aufficient to prevent ditch erosion or outlet gullying, and a loceations where water and sediment
can be filtered before entering a watercourse. "Filtering” can be accomplished by thick
vegetation, gentle dopes, stling basins, or filter windrows of woody debris and mulches placed
and secured on the dope.
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Figure 31. Rock surfaced, insloped road with an inboard ditch.
A ditch relief culvert carries ditch/low beneath the road at
location "A."

As with outdoped roads, seep indoped
road surfaces may be difficult to quickly
b dran.  Ralling dips (for permanent,
surfaced roads and seasona roads) or
waterbars (for seasonal or temporary,
-5 | unsurfaced roads) should be constructed at
=i | intervas sufficient to disperse road surface
“| runoff from steep road segments (Tables 3
and 17).

Ditches and culverts need occasond
| maintenance to operate correctly and to
|cary the flows they were designed to
|hande. The most important type of
| maintenance is annud and storm  period

ingoections  which  can  prevent  amadl
. » | problems from growing into large failures
: ““*'When ditches become blocked by cutbank
dumps, they need to be cleaned and the spoil deposited in a stable location. However, excessve
maintenance (mostly grading) can cause continuing and persistent erosion, sediment transport and
sediment pollution to local streams during storm runoff. It may aso remove the rock surfacing.

Ditch rdief culverts should be designed and inddled a intervds dong the road that are close
enough to prevent eroson of the ditch and a the culvert outfal 1, and a locations where
collected water and sediment is not discharged direcdy into watercourses (Table 20). On new
roads, ditch flow should be culverted and discharged into buffer areas and filter Strips before it
reaches a watercourse crossing (Figure 32). Ditches should neither be discharged directly into the
inlet of a watercourse crossing culvert, nor should ditch relief culverts discharge into a
watercourse without firgt directing flow through an adequae filter drip. In addition to ingdling
ditch relief culverts on either gpproach to watercourse crossings (Figure 32), it is adso advisable to
condgder inddling ditch drains before curves, a@ove and beow through-cut road sections, and
before and after steep sections of the road.

! california's Forest Practice Rules do not prescribe the maximum or proper distance between inside ditch relief
drains. Instead, they state that adequate drainage must be provided. Indicators of inadequate relief drain spacing
include: 1) gullying of the inside ditch, 2) gullying or sliding of the slope below the culvert outlet of a cross drain, 3)
direct transport of sediment along an inside ditch to a watercourse, or 4) loss of capacity of culvert cross drains due
to filling with sediment.
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Figure 32. Where a road approaches a stream
crossing (B), ditch flow should be adverted across the
road (A, D) and discharged into a vegetative buffer
that can filter the runoff before it reaches the
watercourse. If the stream culvert plugs with debris or
istopped by flood flows, flow will spill over the road
at the change-in-grade at location "C" and back into
the stream channel (modified from MDSL., 1991).

A C D
B
Table 20. Maximum suggested spacing for ditch relief culverts® (ft)
Road grade (%) Soil credibility

very high high moder ate slight very low
2 600-800°
4 530 600-800°
6 355 585 600-800°
8 265 425 525 600-800°
10 160 340 420 555
12 180 285 350 460 600-800"
14 155 245 300 365 560
16 135 215 270 345 490
18 118 190 240 310 435

! Adapted from Transportation Handbook USDA Forest Service, R-6, 1966. Culvert spacing may betoo great in locations where ditch runoff is
accumulated and discharged onto steep hillslopes that are prone to gullying. Spacings are designed to control ditch erosion, not culvert outfall
erosion, and are based on 25-year storm and precipitation rate of 1-2 in/hr for 15 minutes. If less, multiply bytheintendty 0.50, 030, efc. If 2-3
in‘hr, divide distance in table by 1.50; if3-4 in/hr, divide by 1.75; and if 4-5in/hr, divideby 2.00. The U.S Forest Service also publishes abundant
information on preventing and controlling gully erosion below culvert outfalls.

2 Even with stable ditches, ditch relief culvert spacing greater than about 600 to 800 feet is generally not recommended due to the large volume of
road surface and cutslope runoff that would be discharged through the culvert and onto lower dopesduring peak runoff periods. Culvert outlet
erosion may occur with less than 800 feet of contributing ditch line, so observe local conditions to determine the upper limit of acceptable spacing
in your area.
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If a ditch is capable of trangporting and ddivering sediment to a Class | or Class |l watercourse
during a flood event, it can be said to function the same as a Class Il watercourse. It has a bed
and a bank, and it can trangport sediment Ditches which drain directly into watercourse crossing
culverts should be treated and protected from disturbance and erosion, just as is a Class Il
watercourse. Ditch rdief culverts should be ingtaled across ditched roads before watercourse
crossings so that water and sediment can befiltered before reaching the stream.

Ditch relief culverts do not need to be large, snce they carry flow only from the cutbank, springs
and a limited length of road surface. In areas of high eroson and/or storm runoff, minimum
ditch rdlief culvert sizes should be 18 inches, but ditch réelief culverts should never be less
than 12 inches diameter. Smdler culverts arc too easily plugged.

Generdly, culverts should have a grade at least 2 percent greater than the ditch which feeds it to
prevent sediment buildup and blockage. Where possible, ditch rdief culverts should be inddled at
the gradient of the origind ground dope, so it will emerge on the ground surface beyond the base
of the fill. If not, ether the fill beow the culvert outlet should be armored with rock, or the culvert
should be fitted with an anchored downspout to cary erosve flow past the base of the fill.
Culverts should never be "shot-gunned® out of the fill, theréby creating highly erosve road
drainage "waterfdls."

A 10 percent grade to the culvert will usudly be sdf cleaning. The culvert should be placed at a
30 degree skew to the ditch to improve inlet efficiency and prevent plugging and eroson a the
inlet (Figure 33). The pipe should be covered by a minimum of 1 foot of compacted soil, or to a
depth of 30% of its diameter, whichever is greater. Findly, inlet protection, such as rock armoring
or drop dructures, can be used to hep minimize eroson, dow flow veocity and setle-out
sediment before it is discharged through the pipe (Figure 33).

Figure 33. The elements of a properly installed ditch relief culvert. The culvert
isangled at about 30 degrees to the road alignment to help capture flow and
prevent culvert plugging or erosion of theinlet area. It is set at the base of the
fill (ideally) or with a grade dightly steeper than the grade of the contributing
ditch (but never with a grade less than 2 percent) (USDA-SCS, 1983).
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C. Hillslope drainage (stream crossings)

Where a road crosses a natural watercourse, provison should be made to carry the water under
the road. Streams can be crossed with bridges, culverts or fords. Culverts are the most common
dream crossing dructure. Bridges are best for large streams or where there is a lot of floating
wood and debris in flood flows. Bridges dso have less effect on fisheries than other methods.
Fords work well on smal to medium sized stresms where there is a stable stream bottom and
vehide traffic is light. Compared to a culverted fill, they have the advantage of little fill to wash
out during flood flows. Unless wet fords are constructed of poured concrete, they are less
desrable in high traffic areas because continued disturbance to the streambed can cause
persstent downstream turbidity and fine sediment pollution problems. Dry fords on sessond
roads can often be ingtaled and used with minima impact to the channd system.

1. Legal requirements

All private landowners condructing temporary or permanent stream crossngs need to obtan
proper permits and follow applicable lawvs and regulations of state and federd agencies. Prior to
conducting road building or timber operations, or to modifying the bed or banks of a Stream
channd for any purposg, it isimportant to determine the legal requirements of your work.

Under the provisions of section 1603 of the Fish and Game Code, any activity that would result
in the diversion or obstruction of natural stream/low, or in physical modification of the bed or
banks of a stream or lake, is unlawful to perform without first formally notifying the
Department of Fish and Game. The Depatment of Fish and Game will act on your 1603
proposa within 30 days (or sooner), and may request a field Vidt to the dte and/or propose
measures deemed necessary to protect fish and wildlife. Permanent or temporary stream crossing
dructures, fords, rip-rgpping or other bank <abilization measures, culvert inddlations, bridges,
or skidding across temporary crossings are some of the projects which are subject to the 1603
notification process (Appendix B).

Forestry operations and road activities near watercourses are dso subject to the Cdifornia Forest
Practices Act and to rules and regulations developed by the State Board of Forestry and
adminigered by the Cdifornia Department of Forestry and Fire Protection (Appendix C). These
aoply to any forest operation involving commercid wood products. The rules include culvert
9zing requirements, requirements for removd of temporary Sream crossngs, limits on
equipment operations near stream channels, road congruction standards, and a variety of other
road building and erosion control requirements. Information on the Forest Practice Act and Rules
can be obtaned from Ranger Unit offices of the Cdifornia Depatment of Forestry and Fire
Protection.

Federd and sate water pollution regulations are adminisered and enforced by the Cdifornia
Water Resources Control Board, through ther Regiona Water Qudity Control Boards.
Information about requirements pertaining to road building work can be obtaned from the
Regiond Water Quality Control Board with jurisdiction for your area. A wrong choice in stream
crossing method can result in mgor damage to both the immediate Ste and to downstream water
quaity. There are drict legd requirements for protecting water qudity. Stop-work orders, clean
up and repair orders, and penalties for pollution can delay your project and be very expensive.
Do it right thefirst time!
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Ask your loca Cdifornia Depatment of Fish and Game warden, a foreser from the Cdifornia
Department of Forestry and Fire Protection, and your Regiond Water Qudity Control Board
ingpector for assstance and information about requirements for your project. Prevention is dways
the best course of action.

2. Stream crossing design

Classfying the stream (Class I, 11, 11l or M) and the road (temporary, seasona or permanent al-
westher) is the firs step in defining the type of crossng to be indaled. Stream crossings should
be desgned for adequate fish passage (where fish could be seasondly present), minimum impact
on water qudity, and to handle pesk runoff and flood waters. Stream crossings can be classfied
as dther "permanent? or "temporary.” There are three basic subcategories of both permanent and
temporary stream crossings. 1) bridges, 2) fords, and 3) culverts. Culverts include not only the
traditional corrugated meta pipe (CMP), but dso "Humboldt" log crossngs, and other temporary
Structures that pass streamflow through the road fill.

The type of crossing facility sdlected will depend on a number of factors. Each of these dements
should be conddered before sdecting the find desgn or location for the stream crossng
ingalation. Design congderations include:

1) whether or not fish use the channd at the crossing dte,
2) whether the crossing will be temporary (used for only a single entry) or permanent (to
be used for a number of years),

3) thetype of vehicdesthat will usethe crossng,
4) the dope, configuration and stability of the naturd hilldopes on ether sde of the
channd (soil foundation conditions),

5) the dope of the channel bed,
6) the orientation of the stream to the proposed road,

7) the expected 50- or 100-year flood discharge (i.e., stream size),
8) the amount and type of sediment and woody debris that isin transport within the
channd,

9) theingdlation and subsequent maintenance codts for the crossing,
10) the expected frequency of use, and

11) permits and other legal requirements.

These and other site-specific factors play arolein determining the best crossing location and
most suitable type of stream crossing to be used.

2 There is really no such thing as a "permanent” culverted stream crossing. Culverts are subject to a variety of
processes which guarantee their eventual failure unless they receive periodic and storm maintenance, and they are
replaced and rebuilt at the end of their normal life span. Metal culvert pipes have a limited life span and will
eventually wear down and fail. In addition, since culverts are designed to pass a "design flood," a larger flood will
eventually occur which exceeds culvert capacity and washes out the stream crossing.
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3. Fail-safe and "fail-soft" drainage designs

Culverted dream crossngs are naurdly susceptible to falure. That is why it is somewhat of a
misnomer to cdl culverted dream crossngs "permanent.” In redity, a fill crossng is redly an
eathen dam, placed across a sream channd, that has a smadl hole (culvert) in the bottom. Plug
the hole with sediment, vegetation or wood, and the dam will wash out. That's why culverted
crossings need to be properly designed, constructed and maintained to prevent loss of the fill and
discharge of large volumes of soil into the stream.

Washed-out stream crossings are a common occurrence on abandoned, poorly maintained and/or
improperly designed forest and ranch roads. However, culvert plugging can result in much more
damage than a washed-out stream crossing fill. If flow from a plugged culvert is diverted down
the adjacent road (insteed of flowing over the fill and immediaidy back into the stream channd),
the diverted streamflow can create large gully sysems or trigger landdides as it flows over
nearby unprotected hilldopes.

Stream crossings with a high diverson potential (DP) occur wherever the road climbs through
the crossing and one approach dopes away from the stream crossing (Figure 34). If the culvert
plugs on a crossng with a high DP, backed up flood waters will be diverted down the road
dignment (Figure 35). If the crossng has no DP, backed up flood waters will flow onto the road
auface, over the fill and back into the naturd channd. The fill may be washed-out, but
streamflow is not diverted out of the channd and onto adjacent, unprotected roads and dopes.

Figure 34a. Stream crossing with
diversion potential (a) and with no
diversion potential (b). In Figure 34a
streamflow would be diverted down the
road toward the right side of the picture.
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Figure 34b. In Figure 34b flow would
reach the road surface and flow back into
the channel at location "A," where the
road changes grade.

Figure 35. Double culvert stream
crossing showing the result of a
stream diversion that occurred
during a winter storm. The road
slopes to the distance at about 5
percent, so when the culverts
plugged with debris, water flowed
down the inboard ditch and
created the large diversion gully.
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A vey lage number of exiding stream crossngs on private forest and ranch land have been
congructed with a high diverson potentia (Figure 36). During road recongtruction, these high DP
crossings should be corrected by congtructing a broad rolling dip over or immediately down-road
from the fill. New stream crossings should be congructed to prevent stream diversion of flood
overflow if the culvert were to become plugged. This can be done by asigning the road to "dip"
into and out of the stream at the crossng ste (a dipped crossing), or by ingaling a broad rolling
dip on the down-road sde of the crossng, so that flood overflow will be directed back into the
naturd stream channd (Figure 37). Stream crossings on all newly built or reconstructed roads
should not be constructed in a manner that gives any opportunity for future stream
diversion.
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Stream crossings with no diverson potentia are said to be designed as " fail-safe” because a dip

in the road grade prevents flood flows from ever flowing down the road. Fal-safe sStream

crossings are aso said to be " fail-soft” if the dip in the road bed is located over the edge (not the

tﬁner) o1;|t|he fill, so that eroson from an overflow event will be less likely to erode and wash out
entirefill.

Figure 36. Seeply climbing road
crosses a stream channel without
changing grade, creating a
crossing with a high diversion

potential.

Figure 37. A gradually
climbing road changes grade
over the stream crossing,
thereby eliminating the
possibility for future stream
diversions.
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4. Stream crossing culverts

To function properly, culverts should be inddled at a gable grade (preferably at or dightly below
the bed of the origind stream channd). It is best for the road to cross at right angles to the stream
channd, but regardiess of the road dignment, the culvert should be placed pardld to the natura
channd 50 that the inlet will not plug and flow from the outlet will not erode ether of the dannd
banks (Figure 38).

\ )
\ —
\
Figure 38. Culverts should be aligned with and placed in the

! [ L / /) bed of the natural channel so that flow enters and exits the
w _/ culvert without having to turn (USDA-SCS, 1983).
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On fishtbearing streams, fish passage must be designed into all water cour se crossings
(Figure 39). Mogt obstructions can be prevented if the potentia for fish passage is recognized

during road planning. Culverts should be placed & or dightly below grade (so fish dont have to
jump up into the culvert). If flows are rapid, the culvert diameter should be increased and the
culvert grade reduced. Regting pools should be desgned immediately below and above the culvert.
Maintaning a dable dream bottom through the culvert-influenced aea is essentid. Avoid
installation of round culverts where fish passage might be difficult. Instead, use ether open arch
culverts or bridges. In order of decreasing desirability, bridges, structural plate arch culverts,
corrugated pipe-arches, and corrugated round metal culverts can be used for fish passage.
Bridges should be used on al larger, faster streams (Figure 40).
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Figure 39. Incorrect culvert installation can impede or prevent
fish passage through a stream crossing. Culvert conditions that
block fish passage include: A) water velocitiestoo great, B) water
depths too shallow, C) insufficient resting area or jumping pool
depth at culvert outlet, and D) culvert outlets that are too high

above the streambed (Furniss, et.al., 1991).

Figure 40. Three common types of streamcrossing culvertsare
used in forest-land and ranch-land road construction: A) round
culvert, B) pipe arch culvert and C) plate arch "culvert." For
stream crossings where fish passage must be accommodated and
a bridge cannot be installed, plate arch culverts are preferred.
Round culverts are the least preferred culverting method where
fish passage is important.

Debris control structures (trash racks) at culvert inlets, and energy dissipators at culvert
inlets and outlets, are key components of stable culvert design (Figure 41). The desgn of
these protective structures has been varied, and there are as many successful designs as there have
been falures. Debris control is best obtained by some type of grate or "filtering” sructure of
inclined poles bult across the channd just upstream from the culvert inlet Credivity and
experience can be used to develop a successful design. Drop inlet "trash racks' have proven to be
effective in trgoping debris without dlowing the culvert to plug. If condructed incorrectly,
wooden crib boxes built around the culvert inlet can become clogged with debris and plug the
culvert, or sgnificantly reduce its capecity to pass flood waters. The most common problem with
trash racks placed over the culvert inlet is that smal debris is often trapped rather than being
dlowed to pass through the culvert. This small debris can clog the trash rack and actualy cause
theinlet to plug.
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Figure 4la. Trash racks at culvert inlets and energy dissipation at
culvert outlets are methods of preventing erosion of the stream
crossing fill. The most effective trash rack is one placed across the
channel just upstream from the culvert inlet.

Energy disspation (rock amor is most
common) may be needed to prevent high
veocity culvet flows from eroding the
channel bed or banks at the culvert outlet.
| Rock should be sufficiently large to resst
eroson and trangport. If the culvert outlet
emerges mid-fill, a downspout or flume will
' . be needed to carry streemflow down past

| the bese of the fill and to the naturd
channd.
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need to be large enough to meet flood-stage requirements, not just norma flows. Stream crossngs
to be built as a part of forestry gerations are now required to pass a least the 50-year flood flow
for that channd, even if they ae to reman in the channd through only one winter season.
However, even a 50-year desgn does not mean that a culvert will not fal (Table 21). Woody
debris and sediment transported down a stream channd can dso substantidly increase the risk
and likelihood of culvert plugging and falure. Stream crosing design should account for the
possbility of culvert failure from both overflow and from plugging.

The Rationd Method is one smple technique commonly used for esimaing flood discharges
from smdl watersheds. This method for estimating the 50-year flood flow, and for determining
the gppropriate culvert size, isincluded in Appendix A.

Except for the very smdlest of crossngs, it is generdly not sufficient or adequate to edtimate
(Quess) culvert sizes for stream crossings dong forest and ranch roads. Most field personned have
little persona experience or expertise with which to correctly estimate or vsudize a 50-year flood
flow, and many stream channds may no longer display evidence of the most recent large floods,
which may have occurred more than a decade ago.
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Figure 4 1b. Limbsand branches
floating down the channel are
caught before they can plugthe
culvert inlet.

Figure 41 c. Culvert trash racks
which are constructed right over
or against the culvert inlet
should be avoided because they
can plug and, in turn, prevent
streamflow from entering the
culvert inlet. Culverts that are
not set into the bed of the
original channel and would
discharge runoff onto the road
fill need to be extended with an
elbow and full round culvert
extension, or with a flume (in
this case a half-round culvert)
past the base of the erodiblfill.

Culvert length should aso be estimated so that correct quantities of pipe will be available on the
job dte when dream crossings are being indaled. Culvert length can be estimated based on the
dope of the sream channd/hilldope and the desgned width of the road. A procedure for
determining the correct length of culvert needed for stream crossngs or ditch relief drans is
outlined in Appendix E. Culverts that are too short for the crossng cause eroson of the fill and
severe sediment pollution in the stream channdl.
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Figure 41d. Culverts and flumes carry high velocity stream flow
and outlet areas often need to be protected against erosion by
the use of rock riprap .

ows exceeding flood design for a culvert?
Planned useful life of road Risk of exceeding 50-year flood flow
1 1%
5 8%
10 18%
15 27%
20 35%
252 40%
30 45%
35 51%

L WDN.R. (1982)

2 For example, if you plan on using a road for 25 years before closing or reconstructing it, there is about a 40% chance that pipes designedior a
SO-year flood along that road will overflow in that time period. Designing for a 100-year flood flowwould reduce therisk of failure to about 22%.

These figures do not account for plugging by floating organic debris, which would likely increase therisk of plugging and failure consderably for
some streams. |f you feel these risks are too high, use a larger culvert.

73 - Chapter V: Drainage Handbook For Forest And Ranch Roads



5. Bridges

Bridges usudly have less an environmenta impact than culverted dream crossings. They provide
much better clearance for extreme floods and floating debris, and bridges are the ided crossng
gructure for fish passage requirements. The cost of portable bridge ingdlation is now highly
competitive with the inddlaion of medium to large sze culverted (filled) stream crossings. For
temporary crossings, the quick ingdlaion and remova of reussble bridges makes them the
method of choice for many crossngs that would othewise require extensve filling and re-
excavation.

Bridges may be temporary or permanent. Temporary bridges can be constructed across a stream
channd, and then removed upon the completion of operations. Because little soil is disturbed in or
adong the stream channd, the crossng site can easly be returned to its origind condition. Railroad
flatcars are the most common, low-cost dterndtive to conventional bridge construction used for
forest and ranch roads. They can dso be easly hauled on low-boy tralers from Ste-to-ste and
require little preparation prior to ingalation (Figure 42).

Figure 42. Low cost railroad
flatcar bridges can be used for
temporary crossings of incised
stream channels, or they can serve
as permanent  watercourse

crossings.

Ralroad flatcars can aso be left in-place and used as permanent bridges. The bridge abutments
may be made more permanent by the use of precast or poured concrete supports. Other permanent
bridges can be made out of log dringers (large diameter logs extended across the stream channel)
or steel Fbeams with a driving surface and supporting mechanism. Bridges used for hauling and
vehicle traffic require an adequate engineering design (Figure 43).

74 - Chapter V: Drainage Handbook For Forest And Ranch Roads



Figure 43a. Log stringer bridges
and railroad flatcar bridges can
span swide channels if they are
supported with mid-channel

piers.

Figure 43b. If possible it is
usually best to span the channel
without using center supports
and to build abutments well out of
the flood zone of the channel.
Abutment areas exposed to flood
waters should be armored to
protect them against erosion.
In practice, abutments should be
built up and out of the flood zone
so they do not restrict channel

flood capacity.
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Not every dream crossng is equaly suited to bridge ingalation. Generdly, bridges should be
inddled a right angles to the channd with enough clearance benesth the structure to pass the
desgn flood flow (including organic debris). Incised sream channds with rdaively fla or low
gradient gpproaching dopes are well suited to bridges. Because bridges are generdly straight and
farly narow, al the turning needed to cross the channd must be incorporated into the
approaching road segments. Thus, deeply incised stream channds with Steep Sdedopes may
require extensve excavaion (and endhauling) of the approaches before a bridge can be instdled
across the channd. One method of avoiding some excavation is to indal dud, sde-by-sdc flatcar
bridges so that some vehicle turning can be performed on the deck of the bridge, or to utilize
gpecia congtruction techniques which alow some turning on the structure (Figure 44).

R i

Figure 44. Thisrailroad flatcar
bridge has been structurally
modified to allow for some truck
turning on the bridge deck.
Deeply incised stream channels
with steep sideslopes would
require extensive hillslope
excavation if a straight approach
was utilized. The underside of this

bridge can be seen in Figure 65.

The ampler, less expendve bridges are usudly less than 100 feet long. For example, ralroad flat
cars generally come in standard lengths of about 55 feet and D feet. It is important to be sure the
bridge is able to support the design loads that will be passng over the road. Longer bridges may
require added superstructure supports, or a center pier to support the extra length (Figure 45).
Where such complications are present, an engineer should be consulted before fabricating a bridge
structure.
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Figure45. It isimportant that all
bridges used to transport
vehicles and equipment be
properly designed or evaluated
by a structural engineer before
they are put into use. Thislarge,
reinforced bridge was fabricated
fromfour railroad flatcarswith a
center pier support that can be
folded up under the bridge during
winter flood flaws.

6. Fords

Fords work wel on smdl to medium sSzed dsreams where there is a stable stream bottom and
traffic is light. However, "condruction” of fords and other unimproved stream crossngs on well
traveled roads should be avoided where water is flowing because of their potentid to impact
water qudity. In cetan dtuaions, where flash floods, high seasond flood pesks or floating
debris are problems, fords may be a practicadl answer for crossng a poorly incised, shdlow
Sream.

Fords of live dreams, cdled "wet fords" are typicdly composed of streambed graves, fill, or
concrete sructures built in contact with the streambed so that vehicles can cross the channd
(Figure 46). If possble, a stable, rocky (or bedrock) portion of the channd should be sdlected for
the ford. Fords can be made of permesble trench drains of coarse cobbles and boulders. Low
summer flows seep through the fill, and high water discharges flow over the top. During extreme
events, however, the ford may be completdly washed-out. Permegble fords may be a barrier to
migrating fish and ingalation will require gpprova by the Department of Fish and Game.

Paving fords across live streams may be necessary to maintan water qudity if there is to be
regular traffic. Paving condsts of a concrete, dightly dishshaped dab across the watercourse,
and a discharge apron or energy disspator on the downstream side to prevent scour during high
flows. The sructure should be designed to pass both sediment and debris during high flows.
Unfortunately, concrete fords are often plagued by scour around their edges, leaving the ford
elevated and impassable. Ford dructures are sometimes even moved downstream by large flood
flows.

A ford crossng is vulnerable to eroson and can creste pollution from severa sources. High
traffic levels and/or high water flows can cause eroson of both naturd and atificid streambed
materids. Materid placed in the stream or moved about by vehicle traffic can create a barrier to
fish migration. Deep water crossings can cause oil products to be released from vehicles asthey
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pass through a wet ford. Streams with high stream banks require the excavation of subgantia
ramps to get vehicles down to the dreambed. These through-cut ramps are often sStes of
subgtantiad surface eroson and rilling that enters the stream during periods of winter rain.

Figure 46. Wet ford on Class Il
perennial stream. Clean rock
aggregate has been imported for
the travelling surface and
coarse rock armor protects the
outer edge of the road bed. It is
important that rock aggregate
used in a ford be large enoughto
resist transport during winter
flows. Fords should not be used if
high winter flows would cut off
access to inspect and maintain
drainage structures further out the

road.

On gmdl, poorly incised, ephemerd or intermittent streams a ford may be needed if there is
insufficient channd depth to ingtdl a culvert. In fact, a rock lined rolling dip with a rock aoron
face is generdly degrable to permanent culverts on these swales and small watercourses. Fords
have the advantage, over culverted fills, of never plugging.

Fords on smal sreams should be rock armored to prevent erosion of the road surface and fill
during periods of runoff. The fill face on the downsream sde of the fill can ether be protected
with rock amor or fitted with a lage oversde dran (berm drain) to prevent erosion.
Unimproved fords, which consist of a stream channd that has been filled with a substantial
quantity of soil and left unprotected by armor or surfacing is a hazard to water quality and
should not be constructed.

7. Temporary stream crossings

Temporary stream crossings are used to provide short term access to an area. Temporary crossings
should be ingtaled wherever a proposed temporary road crosses a Class I, I, 1l or 1V
watercourse. Any stream channd or water source that would be fitted with a drainage structure on
a permanent road should receive a temporary drainage structure on a temporary road. The
gructure should be capable of passng the expected discharge of the channd during the season(s)
that it is b remain in place. If a stream crossing used for forestry operations is to remain in-
place after October 15, it must be designed and constructed to pass flood flows from the 50-
year runoff event. Specific techniques for constructing temporary stream crossings are discussed
in Chapter VI.
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For temporary roads, only temporary crossings are acceptable. Dry fords that are removed
following operations are appropriate for dry channds. For live streams, a more substantia
crossing is needed. They can be congtructed of avariety of materids, induding: culverted fills,

logs (Humboldt crossings); combinations of logs and pipes; straw bales over pipes and logs, and
temporary log or ralroad flaicar bridges. Where channds are wet or incised, temporary culverts,
temporary log fills or temporary bridges should be used. Log fills (with or without culverts) and
portable bridges can often be ingdled, used and removed with little damage to the stream banks
or channdl bed.

It is important that the origind base level of te dream channel be maintained when a temporary
crossng is removed following operations. For this a "marker” condgting of severa inches of
sraw placed in the bed of the channd is often used to mark the natural channe bed before any
logs or fill is placed in the channel. Re-excavation of the crossing isthen rdatively smple.

A gpecid category of temporary stream crossng is the low water crossng that is often indaled
to provide for summer vehicle traffic across large perennid dreams during summer low flow
conditions (Figure 47). These crossngs are typicdly composed of sreambed gravels that have
been ramped up on both gpproaches to the low flow channd with one or more culverts used to
cary dreamflow. Only clean gravels are usad in its congtruction and no new soil or fine sediment
is introduced into the channd. The low flow crossing and culverts are then removed prior to the
firg fdl rans which would rase flows in the river. Fish passage should be consdered and
designed into the low fow crossng so that juveniles and adults can pass through the Structure. A
temporary flatcar bridge may be required in some settings.

1
a1
- 3

v Figure 47. Summer |low-water

crossing of a Class | perennial
stream. Coarse, clean streambed
material has been used to ramp
up over the flowing water. Two
culverts have been installed at
" water levd to allow for
uninterrupted flow and the
migration of young fish. A
temporary bridge crossing should
be used where migrating adult
1 fish need to pass beneath the
=4 crossing. Low water crossings
B3 should be removed before the
o firstfall rains.
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Notes:
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CHAPTER VI: CONSTRUCTION

A. Introduction to construction

The congtruction phase of a road project is when planning and design decisons are carded out on
the ground. To achieve the intended road dandard, and to result in minima impact to the
environment, each phase of road congruction should be carried out according to the formulated
plans. Poor execution of plans, no matter how well designed, can result in a poorly constructed
road that causes serious impact to the watershed and environment Such substandard results are
most often caused by untrained supervisors or unskilled operators. Thus, the skill and experience
of supervisors and equipment operators sdlected to complete the road project will play a large part
in determining its success.

Plans and designs may need to be modified during condruction as changing conditions are
encountered in the field. Minor changes in the proposed work can be accomplished in the field by
experienced supervisors and equipment operators. However, substantiad changes in road dignment
or in road and drainage design should only be made by qualified personnel.

B. Timing

While planning, design and field reconnaissance work can be conducted at any time of year, the
timing of each phase of road condruction is criticdl to a successful project. Roads should be
constructed during the time of year when the best results can be achieved with the least
damage to the environment (Table 4). The time varies when each of the activities (clearing,
grubbing, burning, excavation and grading, compaction, Sream crossng inddlaion and
asurfacing) can best be conducted. For example, scheduling road building activities in steep dope
areas for the drier months can be an effective landdide control measure.

Clearing (cutting and remova of trees and brush from the right-of-way) can be performed anytime
weether permits ground crews to cut the vegetation and equipment to pile or yard it to a Sorage
gte. Often, feling crews will cut vegetation dong the dignment up to a month before equipment
is on-hand to remove the materid. Yarding results in soil disturbance and should be limited to
reasonably dry soil conditions when rain sorms are unlikely. Likewise, grubbing (the removd of
organic materid from the soil surface, induding sump remova) should only be performed when
the threat of eroson from the disturbed areasis minimdl.
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Grading (the excavation and creation of the road bench) creates large expanses of bare soil, and
should therefore be performed only during dry soring, summer or early fal conditions To
achieve proper compaction of fill materials used in stream crossings, landings, and aong cut-and-
fill road benches, most soils will require adequate moisture. Rocky, coarse-textured soils may be
placed during relatively dry conditions. Overly dry or very wet, fine textured soils often cannot be
compacted enough to produce the soil strength needed to support loaded trucks or to remain
stable on steep dopes. If the soils are too wet, they should be dlowed to dry, and if they are too
dry, they should be watered to achieve adegquate compaction. Loca problem areas are likcly to
be encountered that will need to be treated by drying or watering. An engineer or geologist can
recognize improper soil moisture conditions by usng smplefied tests.

The timing of stream crossng ingallation is critical to maintaining and protecting water
quality. Timing is aso important to fisheries in many watersheds. Work should be performed as
quickly as possible during the dry period of summer, when streamflows are a a minimum (or the
channel has dried up) and there will be minima soil disturbance and risk of sedimentation.

All road condruction activities, including the inddlation of stream crossngs and eroson control
work, should be completed before the onset of the rainy period (October 15 for forestry
operations). Fina grading and proper inddlatiion of road drainage dructures are critica to
keeping erosion from the new road to a minimum during the first winter. Likewise, dl temporary
stream crossings should be removed and al eroson control messures indtaled before the winter
begins. There are additiond rule requirements in effect for forestry operations conducted anytime
during the winter period. These include developing a "winter period operaing plan” that includes
the details of proposed landuse and erosion prevention activities. For example, the plan may
require al bare soil areas be adequately drained and protected with suitable eroson control
measures concurrent with the conduct of timber operations.

C. Clearing and grubbing

The road centerling, or the cut and fill staking, should be marked on the ground prior to clearing.
The updope and downdope boundaries of the right-of-way should dso be flagged or staked to
mak the limits of vegetation remova for work crews and equipment operators who will be
performing the clearing. Thiswill hep prevent over-dearing.

Trees and other large vegetaion should be felled and bucked. In addition to right-of-way
clearing, hazardous snags and unsafe trees should adso be fdled a this time. Trees and shrubs
should be left growing at the base of the proposed filldopes, and the right-of-way should be
kept to the minimum width necessary for the planned use of the road.

During grubbing of the surface, stumps should be removed from within the road prism and
anywhere fill or Sdecast maerid will be deposted (Figure 48). Mixing stumps and other
vegetative debris into the road fill should always be avoided because the voids which form
when the wood decomposes reduce the gability of the fill. Fine dash and smdl limbs are usudly
not a problem, but al chunks, logs and dash over gpproximately 3 inches in diameter and 3 feet
in length should be removed and safely disposed. For slopes over 35 percent in gradient, (the
organic layer on the soil surface should be substantially disturbed or removed prior to fill
placement or sidecasting.
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Figure 48. Hydraulic
M8 excavators are rapidly
becoming the preferred
equipment for wildland road
construction. Here one is
grubbing and clearing the
alignment for a new forest road.

Cull logs and coarse dash can be piled in a row ("windrow") pardld to the road at the base of the
proposed fill. When performed ahead of road condruction, this practice can effectively control
sediment movement from Sdecasting and provide an economicd, environmentaly sound way of
roadway dash disposa. This is especidly useful when the road is being built near a stream
channd. The height, width and length of these dash piles should be limited to dlow for wildlife
migration through the road corridor.

If an excavator is used to perform clearing and grubbing work, merchantable logs can be placed
on top of windrowed dash piles for collection and loading when the road is passable to yarding
equipment and log trucks. This practice reduces yarding codts. If some of the accumulated dash is
to be burned, date fire regulations must be followed and permits obtained from the Cdifornia
Department of Forestry and Fire Protection and/or your locd fire department.

D. Grading and compaction

Most forest and ranch roads are built by excavating a road bed out of naturadly doping ground.
Thus, grading is when the bulk of soil excavetion and disturbance occurs. For a given road
width, the steeper the ground the greater will be the volume of soil that is excavated or
displaced during road construction (Table 13). Road design and layout (flagging and stakes on
the ground, together with plans and maps to look at) show equipment operators the correct
dignment and the proper cutdopes and cutdope steepness to be developed adong the new road.
Operators may be asked to either condruct roads usng sSidecasting methods on gentle terrain, to
use cut-and-fill (with true compaction) on moderate dopes, or to employ full bench condruction
techniques on steep dopes or where the road is near stream channels.
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1. Sidecast construction

In sSdecast condtruction, the bulldozer dtarts a the top of the proposed cutdope, excavating and
Sddecading maerid until the desred road grade and width is obtained. Materid is pushed or
"drifted” in front of the blade to areas where fill is needed (Figure 49). Road fill is used to cover
culverts, and build up flat or low aress dong the dignment. Since fill must support traffic, it needs
to be soread and compacted as much as is posshle to deveop sufficient strength. Unfortunately,
this common method of sdecast or "top-down" road congtruction does not lend itself to standard,
engineered compaction methods where fill is placed and compacted in thin layers.

Figure 49. Road constructed by
cutting and sidecasting. A row of
slash and organic debris along the
base of the sidecast slope can help
catch and filter soil eroded fromthe
loose slope. Soil should only be
sidecast amto gentle or moderate
slopes that have been cleared and
grubbed of vegetation, and where
material cannot be eroded and
delivered to a stream.

= ~— 3 i P -
In sdecast congruction, much of the spoil materia moves down the dope below the find road bed
and cannot be adequately compacted or contained. For this reason, sidecasting construction
methods are not suitable on steep or moderate sopes near stream channels where loose
material could saturate during wet weather and dide further downdope. During sidecast
construction, it is critical to avoid letting sidecast or waste material enter streams or placing
it whereit could erode and be delivered to a water cour se.

Road construction can increase landslide risk by:

Oversteepening the slope with sidecast material

Overloading slopes by adding sidecast and fill material

Altering hillslope drainage by blocking or redirecting surface or subsurface water movement onto fillslopes or
unstable soils

Removing material or undercutting the toe of a steep or potentially unstable slope
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A gengd rule-of-thumb for moderately and steeply doping lands is to keep Sdecast everywhere
less than about three feet deep, measured perpendicular to the origind ground surface. Within
about 400 feet of a watercourse, the sidecast $ould feather out within 30 feet of the road edge.
This will minimize the risk of shdlow landdiding, and of dope falures ddivering sediment to
sream channels. Roads built within a WLPZ, or roads constructed across moderate or steep
dopes that extend, without ggnificantly flattening, dl the way downdope to a sream channd,
should not have sidecast more than about 1 foot thick and it should feather out within about 10

feet of the road.

Overloading and oversteepening dready Steep or wet
dopes with Sdecast materid during road condruction is
the sngle laget cause of road-reated landdides.
Sdecast falures are usudly associaed with ground
dopes of 65% or steeper, dthough springs and seeps can
cause falures a much gentler dope angles. To avoid
aurface ravelling and severe filling on diver fills 55-60%
is the maximum ground dopes for stable sdecadting. A
good rule-of-thumb is to not sde cast on ground dopes of
over 55%, and to not develop Sdecast dopes exceeding
about 65%. Road-related falures on lesser dopes occur
mainly where breskdowns in the road drainage system
redirect water onto the filldopes.

A rdatively new, more protective method of "Sdecast
condruction” is ganing popularity with many road
builders. This method utilizes a hydraulic excavetor,
insead of a bulldozer, to pioneer the road bench. The
excavator is able to cleanly remove dash, sumps and
logs and place them at the. base of the filldope so they
are not incorporated in the fill (Figure 50). It then grubs
or cleans off the organic layer, excavaies minerd soil and
places it, bucket by bucket, beginning at the base of the
dope (Figure 51). The powerful hydraulic sysem of
large excavators permits them to partidly compact the fill
as it is placed. Spoil carefully placed usng this method is
more stable and less susceptible to falure than pushed or
ddecast materid. A fill face of about 65% is generdly
the stegpest angle materid can be placed a unless the fill
is "engineered” udng sandard compaction methods, as
described below.

Third Pass - Completed subgrade

Figure 50. Excavators can perform a simple three step process of clearing and grubbing, excavating and subgrade development during
construction of a balanced bench road. Using an excavator minimizes the volume of sidecast material. In thefirst passan excavator operating
from a pioneered bench removes logs and stumps, grubs the slope and installs a filter windrow of slash material at the base of the proposed
fillslope. The second task is for the excavator to remove the overburden and place and compact the fill downslope above the windrowed sash.
Thirdly, the uncovered, unweathered material is used to construct the bearing surface of the road(B.C.M.F., 1991).
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Figure 51. Each step of the way,
the excavator clears vegetation
and grubs the slope surface in
front of it before it excavates and
extends the road bench. Excavated
soil from the new segment of road
bench is placed and compacted on
the grubbed slope below the new
segment of road bench. Cleared
vegetation placed along the base
of the future fillslope helps

contain erosion from the exposed

fill.

Flter windrows of dash materid ae easly formed and placed a the base of the fill by the
excavator to contain surface eroson following congruction. The excavator or a bulldozer then
follows up on the pioneered road bench (Figure 52) to develop the find road width and surface
shape, using the uncovered, unwesathered materid to congruct the bearing surface of the road
(Figure 53), which can then be surfaced for dl-wesather use (Figure 54).

Figure 52. Behind the
excavator, a bulldozer is used
to prepare the final subgrade,
surface shape and width of the

new road.
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Figure 53. New road
constructed by excavator and
bulldozer. Logs harvested from
the right-of-way have been
placed on top of the filter
windrows and will be hauled

away later.

Figure 54. Rock surfaced,
outsloped forest road
constructed by  hydraulic
excavator. Note the absence of
an outside road benn which
would otherwise collect and
concentrate surface rwwif on the
road prism.

2. Compacted cut-and-fill and benching construction

A vaiety of road benching techniques may be employed on moderate and steep dopes to improve
the roads dability. These include baanced benching (usng the excavetor), diver fills
backcasting, multi-benching, and full benching with endhauling. Thee techniques each Utilize
congtruction methods that can lend added sability to the road prism, compared to Sdecasting.
Each is aso suitable for a specific soil and dope type, and should not be used in other Stuations.
Backcasting and multi-benching congtruction employs a technique cdled "bottom-up compaction™
which adds gability to fill materid placed dong the outsde of the road prism. Multi-benching is
not often used, but it isa good way to develop a stable footing with a minimum of
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sidecasting. First, a bench is cut at the proposed base of the fill, about 30 feet below the eevation
of the proposed road grade (its exact location depends on the dope of the hillsde and the width of
the find road). It may be necessary to excavate and endhaul materid from this first cut S0 thet it is
not sdecast downdope. Next, the operator moves dightly upsope to creaste another bench, casting
the spoil materia onto the first bench downdope where it is then compacted. After the second
bench is completed, the process is repested updope to the fina road eevation. The result is a fill
that is keyed into the hilldope on multiple, small benches, with little Sdecast (Figure 55).

Figure 55. Multi-bench road construction.

Single benching is a more popular technique employing the same basic methods as multi-benching.
After the first (lowest) bench is cut, a bulldozer or an excavator may be used to cut into the hillslope above
the bench to widen and raise the road bed. As cutting progresses in the updope direction, the road bed is
widened and layers of spoil materid are added to the bench in thin "lifts’ that are compacted as they are
laid down. Cuitting, filling and compaction of the road bed continues until the road reaches the final design
grade and width (Figure 56).

Figure 56. Single or "balanced bench" road construction, where the volume of cut material
is balanced (equals) the volume of fill material that is placed nn the outside of the road
bench. In most instances, a bench is excavated at the base of the proposed fill slope and
layers of fill are placed in lifts and. compacted until the desired road level has been
attained.

Remember, bulldozers and loaders are not efficdent compactors. In criticd Stuations where fill
compaction is necessry to ensure that the materia will not fail, true compactors should be used.
Check with an engineer to sdect the correct equipment for the job. Compactors include grid,
sheeps-foot, pneumdtic, vibratory and tamping foot machines. Grid and vibratory compactors are
gopropriate for materids coarser than coarse slts and sands, while the others are preferred for
sand and finer Szed soil particles. Ask for advice.
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Backcasting is amethod of producing a full bench road with no endnauling. The soil must be
medium to coarse grained and well drained, and the dopes cannot exceed 80%. It may not be a
suitable technique on gpproaches to incised dream channds where emerging groundwater is
commonly found. The surface immediatdly in front of the excavaor is cleared and grubbed, and
organic debris is ether sdecast or windrowed at the base of the proposed filldope. Then, a deep
full bench is cut in front of the excavator about 25 to 30 feet wide and 8 to 10 feet deep at the
road center line (again, depending on the dope of the land and the width of the road). The earth
materids excavated from this cut are "backcast” and piled on the subgrade behind the excavator.
Once the bench has been condructed, the piled subgrade materid is leveled and graded by a
buldozer or the excavator, with little or no sSdecasting (Figure 57). Because the roadbed
materids are dl excavated and placed, with little compaction, they should be dlowed to stle
and drain before the surface is outdoped or fina ditches and ditch dief culverts are indaled. On
seep dopes, the fill will have to be reinforced or retained, and subdrains will be needed for
springs and wet aress.

Figure 57. Backcasted bench road construction.

Siverfill condruction is a potentidly hazardous method that can result in dope falures and water
qudity problems if maerid and dte conditions are not correct. Sivefills ae thin fills lying
pardld to the underlying hilldope, rather than as wedges used in normd cut and fill. Siverfills
cannot be compacted on dopes exceeding about 35%. On gentler dopes, diverfills ae smdl and
relatively stable. As dopesincrease, the fills become thicker and more susceptible to failure.

Siverfill condruction should be used only in specid Stuations where 3/4 to full bench roads are
congructed through rock or coarse dluvium and there is nowhere to digpose of the excess
material. The rationde is to avoid producing an oversteepened dope by placing or spreading a
thin veneer of coarse materid on the ground surface a a dope less than its angle of repose
(Figure 58). An excavator with a norma 35-foot reach can usudly control and drape a diver fill
up to 40 feet downd ope from the road bench.

Sivefill condruction should be a method of last resort, because the potentid for falure is high,
and a large amount of forest dope is taken out of production. Raveling from the fill can dso
creste a dangerous condition if there are roads or buildings downdope from the diverfill. Sands,
sits and clays are completely unsuited for diverfill construction. Siverfills are not
constructed by sidecasting, because uncontrolled sidecasting on steep slopes produces
highly unstable depositsthat ravel and/or fail by debrisdiding.
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Figure 58. Siver fill road construction, in which a thin veneer of fill is "placed" (not
sidecast!) over the slope below the road. Siver fills should only be used in specific
situations, usually with free draining broken rock materials where slope gradients are
below the material's angle of repose, and thereis no other place to put the material. Sits,
clays and other fine grained soils are completely unsuitable for sliver fill construction. /

3. Full bench construction

Full bench congruction, the final method described here, typically involves excavation of the
road bed using a hydraulic excavator. A bench is cut into the rock or soil equa to the width of
the road. No materid is sidecast and spoil is used to fill low areas or stream crossings dong the
road aignment. Excess materid can be hauled off-Ste to a stable storage location, while only a
very minor amount can be safely drifted or feathered over and compacted on the road bench
(Figure 59).

Full bench road congruction is typicaly reserved for moderate or steep dopes, or where a road
approaches or pardles a stream channd that could be impacted by sSdecasting. Endhauling can be
expendve, and full bench condruction can cost four to seven times more than cut and fill
methods. However, full benching without endhauling on steep dopes is a sure recipe for sidecast
failure on many gtes, as wel as resultant impacts to downd ope stream channels.

Figure 59. Full bench road construction, in which all excavated material has been truck-
endhaul edfrom the site and deposited in a stable storage site.

W

Full bench roads often result in tal cuts. Severd rock and soil types may not support these large
cutdopes. Undgtable rock, including soft or highly fractured sedimentary rocks, or rocks with
layering dipping steeply into the road cut, may not be suitable for full-bench cuts. These deep cuts
can remove critica toe support and initiate updope falure. Deep, soft clays, lake deposts and
other earth materids with smilar physica properties may dso be unsuiteble for tal cuts because
of ther susceptibility to rotationd falure. Although baanced benching or backcasting may be
better congtruction techniques for such soft and ungtable soil and rock materids, it ill may not be
possible to build the road where dopes are steep and the rock isweak.

Excess spoil should be endhauled and stored at a stable location where it will not erode or fal and
enter a watercourse. In addition, spoil should not be placed on unstable dopes, where the added
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weight could trigger land movement Excessve loading of day or St soils a an endhaul dump ste
could also cause a bearing capacity falure in the subsoil. Rock pits, wide, stable sections of road,
ridges, benches and the indde edges of landings are typica locations where fll can be stored. All
proposed fill dtes should be fiddld examined before condruction. Those with emerging ground
water or thick organic layers could experience dope failure after loading and should not be used.

For most gtuations, endhaul materid is directly loaded into dump trucks by the excavator and
hauled to the Storage dte where it is gpread in layers that can be reworked by a bulldozer. In some
cases, bulldozers can economicdly cany (push) spoil materid to stable storage Stes for distances
up to 500 feet. The resulting spoil pile a the Sorage ste should generdly conform to the loca
topography to provide for natural drainage, and should be mulched and planted to control erosion
(Figure 60).

Figure 60. Typical spoil disposal
site (uphill side of road) for
endhauled spoil materialsfroma
full bench road construction site.
Sooil disposal siteislocated on a
broad, gently sloping, dry ridge.
~ | Material is dumped, spread,

- | compacted (by bulldozer) and

seeded, mulched and planted.
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E. Constructing on wet soils

The gpplication of coarse rock surfacing is a time-teted method for solving wet road surface
conditions on forest and ranch roads. Rocking alows trucking and hauling on many roads during
periods of wet weather. From 6 inches to over 18 inches of clean, graded rock may be needed to
provide a dable, wet weather surface. While surfacing can double the cost of a road (Table 22),
the rock or gravel cover provides a stable surface that can be used to extend the operating season
without damaging water quality. However, if water is reaching the road bed from subsurface flow
benegth the road fill (rather than from rainfal), measures in addition to surface rocking will likey
be required to maintain surface stability and control erosion.
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Table 22. Estimated cost distribution for constructing a typical forest road*
Construction phase Average cost (%)
Equipment and material 10%
Clearing, grubbing, slash disposal 20-25%
Excavation 20-25%
Culverts 10%
Rock surfacing 30-40%

! USDA-SCS (1981)

If smdl springs and seeps cannot be avoided when laying out the road aignment, specid
condruction materids and techniques can be used to minimize wet soil problems. Edtablished
techniques for condructing clean gravel drains and surface rocking have been dramdicdly
improved by the use of new, synthetic geotextile materids. These fabrics and engineering
materids often come with detailled manufacturer's ingtructions that should be followed to achieve
best results. Many companies provide free consultations to help in specific user gpplications.

Water emerging from road cutbanks can be controlled usng a French drain or verticd drainage
trench. The trench is excavated, lined on both sdes and the bottom with a geotextile fabric, back
filled with open graded, clean grave and topped with fabric and soil. The fabric keeps fine soil
materids from entering the trench and plugging the drain. The trench is then drained across the
road prism in an outflow trench or subsurface drainage pipe Stuated down the ditch line.

Water emerging beneath the road bed can be controlled by ingaling a drainage blanket benesath
the fill. This provides an easy pah for the emerging water to flow out from under the road
without saturating the road bed and overlying fill materids, thereby preventing rutting, rilling,
muddy surface conditions or fill falures. In the fidd, a permesble geotextile blanket is laid down
over the wet zone prior to road congruction, and a gravel layer is backfilled over the top. This
gravel blanket should dope to the outsde edge of the road and "daylight” near the base of the fill
to ensure proper drainage. Another geotextile layer is then laid on top and native soils are spread
and compacted over the top until the desired road bed levd is attained.

The above examples provide a brief introduction to the inexpensve and highly successful
engineering methods now available to solve problems of subsurface drainage. Additiona reading
and research is highly recommended before using geotextiles for subdrainage. Assstance may be
obtained from an experienced road engineer who has had success usng these products, or from
the fidd representative of a company that manufactures or digtributes geotextiles designed for
these gpplications.
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F. Constructing on unstable slopes

The firg rule of road condruction is to stay away from ungtable areas and landdides. However,
there may be times when dl other options have been exhausted and road congruction in unstable
zones is the least damaging dternative. If road construction must occur on unstable dopes, it
is highly recommended that an engineering geologist or geotechnical engineer be consulted
to develop plans and construction methods for the specific road segment. In Stuaions where
water qudity would be serioudy threastened by operations on unstable dopes, road congruction
or recondruction projects may have to be deferred or entirdly avoided. Unstable slopes that
threaten water quality must be recognized and considered unsuitablefor road building.

Some preventative measures can be applied to compensate for expected decreases in dope
dability that often accompany road building. These include: 1) don't oversteepen or overload the
dope with ddecast materid, 2) dont dter the hilldope drainage by blocking or redirecting
surface or subsurface flow onto the dide mass or by ponding water, and 3) don't remove materid
from the toe of the unstable dope or dide. These preventative measures should be gpplied when
operating on dopes steeper than 50% to 55%, and may be necessary on some soil types at lesser
gradients.

Most road-related failures are the direct result of excessive fill and sidecast on steep slopes,
or concentration of runoff on road filldopes. Narow roads can dgnificantly reduce the
amount of material that must be excavated during road congtruction in these areas (Table 13).
Thus, on steep dopes (over about 60%), sSdecasting should be avoided. In addition, unstable soil
types or the presence of springs and seeps may limit the use of sdecasting on dopes as low as
45% to 50% in order to minimize the potentid for Sdecast or "fill" falures.

It is especially important to avoid sidecasting on steep dopes in headwater swales, where
hilldopes converge into a narrow, steep channe. These locations are prime sites for generating
debris dides which can move thousands of feet downdope, scouring steep channels and
deposting large amounts of sediment and debris that severdly impact fishrbearing streams and
domestic water supplies. Professona judgements and recommendetions are criticad for the
identification of debris flow hazard and can best be made by a trained geologist or engineering
geologis.

Débris avdanches on steep dopes can dso be triggered by ground motion from heavy blasting
during road condruction or quary excavation, especialy during wet conditions. This suggests
that the potentid for initiating a landdide in the vicinity of blagting can be reduced by conducting
blagting in the dry summer period. On Steep dopes, excess blast material should be endhauled
and not alowed to accumulated on the hilldope below the road.

The overall risk of dope failure can also be reduced by reducing total road length,
especially for roads built across steep slopes. For example, usng long-line or helicopter yarding
systems can reduce road construction on unstable hilldopes by up to 50%, or more. Steep road
gradients and pitches can dso be used to reduce road mileage, and may be more cost-effective
then full bench, end-haul condruction across ungable areas or steep dopes. Employing localy
steep road grades and pitches can be used to get your road onto low-maintenance, stable ridge-
top areas and benches within the watershed. However, steep sections of road will often require

93 - Chapter VI: Construction Handbook For Forest And Ranch Roads



outd oping, better ditching, more surfacing, and improved surface drainage compared to low
gradient roads.

Knowing the boundaries of an ungtable area (dide mass) is essentid in sdlecting the type and
location of cut and fill congruction to be used. Cuts and fills can be located across some
landdides with little effect on their dability, or even a net increase dope dability. For example,
the toe of some exising or potential rotationd dides can be loaded with weight, or the head can
be unloaded, without decreasing dope dability (Figure 61). Thus, a full fill road (usng endhauled
materid and little or no cutting) at the toe or a full bench road (with endhaul) at the head of tills
type of dide will not reduce gability and may even improve conditions (Figure 62). However, in
oite of employing date-of-the-at road building techniques, dide movement may gill continue.
Asagenerd rule, landdides and unstable areas should not be crossed with roads.
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Figure 61. In general, the toe of a rotational slide should be loaded, whereas the head should be unloaded. Loading the head anal or unloading
the toe (left diagram) acts to raise the center of gravity and actually decreases stability. Loading the toe anal or unloading the head shifts the
center of gravity downward and can increase sope stability. This strategy does not work for other landslide types, where road building should be
avoided.

Figure 62. On certain rotational landslides, building a full fill across the toe (loading the
toe), or cutting a full bench, endhauled road across the head (unloading the head} can be
performed without decreasing slope stability. However, in most instancesit is best to avoid
unstable slopes altogether.

G. Constructing stream crossings

Common types of permanent stream crossings include bridges, culverted fills and fords as well as a variety
of temporary stream crossings that are removed prior to the winter period. The use of "Humboldt" log
crossings and unculverted fills are not suitable for permanent stream crossings, even through they were
commonly used in past decades.
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Congructing a stream crossing is a two part process conssting of: 1) congtructing the road bench
goproaching and leaving the crossing sSte, and 2) condructing and indaling the drainage
sructure and fill at the crossng.

1. Stream crossing approaches

Excavation of the gpproaching road is a criticad pat of condructing a stream crossng. If the
channd sde dopes are deep, any Sdecasting on the approaches could easily ddiver loose soil
directly to the watercourse (Figure 63).

Figure  63. Uncontrolled
Sdecasting on theapproach
to this stream crossing has
delivered sediment directly to the
stream channel. This type of road
building isin violation of water
quality standards and forest
practice regulations.

Where roads are to cross stream canyons or incised channels with steep sidesopes, the
approaches to the channd should be built with full bench construction methods. Materia
may be endhauled with trucks or placed on the excavated road prism behind the excavator and
pushed father back from the crossng usng bulldozers. Sidecasting should not be used!
Excavators are ided machines to peform full bench condruction on difficult stream crossing
approaches.

Roads which cross steep dopes in stream canyons aso often pass through wet and/or ungtable soil
materias. Potentidly ungtable soils and dopes near a crossing Ste should be identified before the
equipment cuts into the dope, so the approaches can be designed to avoid, or drain and stabilize,
the unstable area. In wet aress, the road may need to be indoped and surfaced with rock to add
sability and reduce erosion of the road bed.

Where roads are to cross channdls with more moderate or gentle channd side dopes, full bench or
cut-and-fill congtruction techniques can generdly be used without damaging the stream. Roads
can be pioneered using excavators to remove and place fill below and on the roadbed behind them
without sediment reaching the stream channe. The excavated materid can be stored temporarily
for later use in the dream crossng fill, or a bulldozer can soread the materid on the road bed
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away from the gpproach. Fill can dso be placed in compacted layers at the base of the newly build
road prism and used to condruct a stable fill. Regardless of the construction method chosen,
sidecasting on stream crossing approaches should be avoided.

2. Bridge installation

Bridges are usudly the bedt, least damaging choice for stream crossing ingdlations and should ke
conddered for dl larger, deeply incised or Class | (fidt+bearing) watercourses. There is less
disurbance during inddlation of bridges and there is less chance they will fal during floods. In
recent years, the materids and indalation costs for smal precast or portable bridges have dso
become much more competitive with the ingdlation of large culverts.

The main components of most bridges used for forest and ranch roads include bank abutments,
dringers or sted cross-channd members, decking, running-planks and whedl guards. Mogt of
these parts can be pre-assembled off-gte and quickly inddled a the crossing locetion, or the
bridge can be constructed entirely on-location.

As with culverted dream crossings, the greatest potential impact to stream channels occurs during
bridge ingdlation. Above dl, inddlaion should minimize or diminate the use of equipment in
the stream. A low impact equipment crossng (ford) may be needed in the immediae vicinity of
the crossing to prepare both abutments and approaches for placement of the bridge. If approved
by the Department of Fish and Game, this ford may later be used by tracked equipment crossing
the dtream to avoid damaging the bridge decking (Figure 64). If the stream is too large or deeply
indsed to be crossed with heavy equipment, access will need to be developed from the other side.
In ether case, condruction activities should result in only minimd didurbance to, and no
Sdecadting into, the watercourse channdl.

Figure 64. Many bridges built on
small forest and ranch roads
cannot support or would be
damaged by heavy tracked
equipment passing over them. For
this reason, an adjacent
equipment ford is sometimes
constructed. These steep fords can
erode and deliver sediment to the
stream channel if they are not
waterbarred, mulched and seeded

prior to winter rains.

W TESY T L SO T i T
Successfully designing and inddling a permanent or temporary bridge across a watercourse
requires forethought and planning, and an experienced equipment operator and engineer may be
required. First, the bridge abutments should be prepared and placed (or constructed) on each bank
to accept the bridge. "Permanent” bridges may be secured to the banks by using piles driven at
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least 10 feet into the naturd ground, or by usng a cast or precast concrete abutment that is pinned
and grouted to the bedrock or is cabled to deadmen buried behind the abutment Temporary
bridges may aso need to be set on or secured to abutments such as logs or precast concrete dabs
(Figure 65).

Figure 65. Bridge

abutments can be built of logs,
piers, concrete pads and other
supports. This abutment is a
precast concrete support that
was fabricated off-site and
installed when road construction
reached the crossing location. It
istied into the adjacent slope
with cables secured to buried
"deadmen."

Each abutment should be leveled and secured far enough into the bank so that dumping or bank
falure will not occur. Abutments and piers should be pardld to the stream channd and set back
from the channd to prevent any narrowing of the streambed and banks. The bridge crossng
should be at right angles to the channd, and, if possible, with at least 50 feet of Straight gpproach
before the bridge, but the bridge does not have to be level lengthwise across he stream (Figure
66).

| Figure 66. Railroad flatcar

| bridge correctly crosses stream
| channel at a 90° angle, but bare,
unprotected soil abutments are
subject to erosion during high
flaws. Low, summer stream/low
goes subsurface under the bridge
because of extra sediment in the
channel bottom at the crossing
site.
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The grade of the bridge should be the same as the grade of the approaching road. To avoid
draining road surfaces directly into the stream, bridges should not be located at the bottom of an
abrupt dip in the road grade (Figure 67). If the road climbs away from the crossing in one or both
directions, the approaches should be flattened for at least 50 feet, with road surface runoff directed
into a ditch rdief culvert or rolling dip which drains into a vegetated buffer strip before reaching

the bridge site.

Figure 67a. The segments of road which approach a bridge should
not drain onto the bridge surface. Otherwise, soil eroded fromthe
adjacent road surface can be carried onto the bridge and into the

stream.

Stringers and sructural supports to be used for the bridge should not be dragged through the
sreambed. A crane, an excavator, or an excavator and a winchtractor can be used to move a
portable bridge into place, with one piece of equipment on each sde. If decking is ingaled on the
bridge surface, it should be laid and bolted solidly across the top to provide a good bearing surface
and to spread the load of vehicles to dl the spanning log dtringers or Sructural steedd members. On
wood bridges, running planks can be attached to the decking. Bolts should be used to attach the
decking because spikes tend to loosen and come out as the bridge flexes under heavy loads.
Findly, for safety reasons, poles, sawn timbers or metd whed guards should be ingdled dong the
outsde edges of the bridge to aert drivers who wander off the running surface and too near the
edge of the deck (Figure 68).
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Figure 67b. If the bridgeisat a
low point in the road grade,
make sure the uphill road
surface is well drained before
the bridge and consider
surfacing the approaches with
rock or paving. Preferably, the
bridge approaches should beflat
or slightly elevated (see Figure
68).

Figure 68. Wheel guards on a
railroad flatcar bridge signal the
driver that heis too close to the
&= edge of the bridge. Note how
the approaching road slopes up
to the bridge so that road runoff
does not flow onto the. bridge

deck

3. Culvert installation

During road building, the consgtruction of culverted stream crossings has the greatest
potential of all activities to cause immediate sediment pollution. Culverts should be properly
aigned, bedded, backfilled and covered, or they will be subject to eventud failure. In al cases,
disturbance to the streesm banks and streambed should be minimized during Sream crossng
congtruction.

If the sream is flowing a the culvert inddlaion dte, the crossng can be dewaered by
condructing a smdl diverson dam just upstream and pumping or diveting flow aound the
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project area. The dewatered stream channd is then cleared for the culvert. Large rocks and woody
debris should be removed. Both the culvert foundation and trench walls must be free of logs,
sumps, limbs or rocks that could damage the pipe, or subsequently cause seepage of flow around
the outside of the culvert.

The culvert should be digned with the naturd stream channd. Correct dignment is critical for the
culvert to function properly. Misdignment can result in bank eroson and debris plugging problems.
Stream crossing culverts should also be placed at the base of the fill, and at the grade of the
original streambed. The culvert should be inset dightly into the naturd streambed so that water
drops severd inches as it enters the pipe. Culvert inlets set too low can pug with debris and those
st too high can dlow water to undercut the culvert (Figure 69). Culverts placed midway up the
outsde of the fill are more likdy to plug with sediment or organic debris, because ther ability to
pass materids is reduced, or to cause eoson of the fill bdow the culvert outlet

Figure 69a, b. Proper culvert installation involves correct culvert orientation, setting the pipe A

dightly below the bed of the original stream, and backfllling and compacting thefill asit is placed » C ity RS

over the culvert. Installing theinlet too low in the streambed (A) can lead to culvert plugging, yet if - [- ]

it set too high (B) flow can undercut the inlet (fromM.D.SL.,1991). AN s !
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Figure 69c. If the culvert outlet is placed too high in the fill (C), flow at the outfall wil erode C
the fill.
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Figure 69d. Placed correctly (D), the culvert is set slightly below the original stream, grade and protected with armor at the inlet and
outlet.
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The culvert bed may be composed of either compacted rock-free soil, or gravel (Figure 69¢). If
gravel is used for the bed, filter fabric will be needed to separate the gravel from the soil to
minimize the potentid for soil piping. Bedding beneath the culvert should provide for even
digtribution of the load over the length of the ppe. Nearly every culvert will sag after it is buried.
To dlow for this dl culverts should be inddled with a "camber” or dight hump in the bed
centered under the middle of the pipe. The amount of camber should be between 1.5 to 3 inches
per 10 feet of culvert pipe lengA. Naurd setling and compaction which occurs after backfilling
will then dlow the pipe to sttle into astraight profile.

At least one foot of cover
or one-third of diameter for
larger culverts.

B by Ry

Figure 69e. Rock-freefill is backfilled over the
- culvert in layers and compacted under the pipe

; Tamp backfill material and around the sidewall (E).
" at regular intervals.

| . compacted, finer soit
particles.
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(GRAVEL OR SOIL)

Backfilling can begin once the culvert is in-place in its bed. Backfill materia should be free of
rocks, limbs or other debris that could dent the pipe or dlow water to seep around the pipe. One
end of the culvert should be covered, and then the other end. Once the ends are secured, the center
is covered. Careful pouring or Sfting of backfill materid over the top of the pipe usng a backhoe
or excavator bucket will dlow finer particles to flow around and under the culvert sides. Larger
paticles will roll to the outsde. The fine soil particles will compact more easly and provide a
good sedl againg lesks dong the length of the pipe.

The backfill materid should be tamped and compacted throughout the entire ingtallation process.
The base and sdewal materia should be compacted before the pipe is placed in its bed. A
minimum amount of fill materia should be used for the bed of the culvert to reduce seepage into
and dong the fill. Backfill materid should then be compacted a regular intervas (in
approximately 0.5-1 foot lifts) until at least 1/3 of the diameter of the culvert has been covered
(Figure 69). Thiswill prevent leaking. A vibrating, gas- powered hand-compactor can be used.

Once backfilling has been completed, the inlet and outlet of the culvert should be armored. A
meta, concrete, sandbag or rock head-wall can be congtructed to prevent inlet eroson (Figure 70).
A trash protector can be inddled just upstream from the inlet where there is a hazard of floating
limbs ad wood chunks plugging the culvert inlet. This is especidly important on logging roads
where the upd ope aress have recently been harvested or are dated for harvesting in the future.
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If the gtream is live, flow through the culvert should be observed to determine if and where
additional rock armor is needed. As a precaution agangt sedimentation in the stream, a dash
windrow can be congtructed a the base of the road fill around and adjacent to the culvert outlet so
that soil is not Sdecast into the stream channd or onto the inlet during find grading of the road
bed. Mulching and grass seeding can aso be used on the bare filld ope to reduce erosion.
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Figure 70. Culvertingtallation
on a lowgradient Class!l (non-
fish bearing) watercourse.
Culvert is set dightly into the
original streambed and inlet is
armored to prevent erosion.
Roadbed dipsinto and out of the
stream crossing and trash rack
(not visible) has been installed
just upstream from the culvert

inlet.

ey - ‘.‘J-_

o e

. Layers of fill are pushed over the
crossing until the fina, design road grade is achieved. Fill should be placed over the top of the
culvert to a depth of at least 1 foot, for 18" to 36" culverts, or a minimum of 1/3 to 1/2 the culvert
diameter for larger pipes. If adequate cover cannot be achieved, then a pipe-arch or two smaller
culverts should be ingdled (Figure 71).

Fird filling of the stream crossing can now be perforr

Figure 71. Pipe arch

culvert installed in a Class | fish
bearing watercourse. Fill face has
been rock armored to prevent
erosion during high flows.
Because of the shallow fill, a
second pipe arch culvert was
installed to upgrade the crossing
to pass the 50-year flood flow.
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It is common practice to indope the road bench at stream crossings, so that road surface runoff
flows inward to the culvert inlet, rather than over the newly condructed, unprotected face aong
the outside of the fill. To minimize road runoff directly entering the crossng, the gpproaching road
can be outdoped or a rolling dip can be placed just up-road from the crossing to drain the road
surface. In addition, a dip should be placed in the road a the down-road edge of the fill to provide
for a "fal-safe’ drainage desgn (see Chapter V). If the culvert plugs the stream will then flow
over the road bench and back into the channel, not down the adjacent road bed.

Alternatively, you can congruct the road with an outdope through the crossng. Road surface
runoff can be controlled with an outsde berm and then discharged onto netive ground at the
down-road edge of the fill, or caried to the base of the new fill in a berm-drain or open top
culvert, or across an armored (rock surfaced) drain. Berms, however, are prone to failure and
should only be used where regular, wet season mantenance is avaladle If the fill face is heavily
vegetated with grass by the time of the firg fdl rains, the berm may not be necessary to prevent
surface eroson.

Ingdlation of ditch reief culverts follows the same badc principles as culverts for streams. They
should be inddled a a 30 degree angle to the ditch to lessen the chance for inlet eroson and
plugging. Ditch rdief culverts should be inddled & a dope of 2-4 percent more than the ditch
grade, or a least 5 inches every 10 feet (Figure 33). This will ensure sufficient water velocities to
carry sediment through the pipe.

Ditch relief culverts should be seated on the naturd dope. The bedding and fill materid should be
free of rocks and debris that could puncture the pipe. Backfill naterids should be compacted from
the bed to a depth of 1 foot or 1/3 the culvert diameter, whichever is greater, over the top of the
culvert. The culvert outlet should extend beyond the base of the road fill (or a flume downspout is
used) and empty onto an apron of rock, gravel, brush or logs (Figure 72).

(M.DSL.,1991).
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Figure 72. Like stream crossing culverts, ditch
relief culverts should beinstalled at the base of
theroad fill, with armoring at theinlet and some
type of energy dissipation at the outfall. If the
culvert is placed higher in thefill, a downspout
should be used to carry flaw from the outlet
downslope past the base of the fill



4. Temporary stream crossings

By definition, temporary stream crossings are designed to be removed. As with bridges,
inddlation of a temporary crossng should be done with the minimum possble amount of
disturbance to the channd bed and banks, and using the least amount of fill materid possble. The
god is to leave the dte in a reatively undisurbed condition that is subject to minima eroson
fallowing removd of the crossing.

As with the inddlation of al other stream crossings, there should be little or no sSdecasting on the
gpproaches to the channd. Colorful flagging, straw mulch or some other marker should be spread
over the channd bottom o it is possble to identify the bottom of the natura channd when the
temporary crossing is removed. The temporary crossing is then constructed on top of this marker.

For poorly incised, dry channels, rock-lined dry-fords can be inddled as long as they ae
completely "pulled" or removed a the completion of use or before the beginning of the winter
period (whichever occurs first). Dry fords work well where the approaches to the channd are
raively fla. The road is built to dip across the channd using as little fill as is possble, and any
fill dong the outsde edge of the road can be armored with fabric and appropriately sized rip-rap,
or with an over-gde drain. If the watercourse is incised and/or is flowing a the time of
indalation, temporary log, log-and-culvert, culverted fill or temporary bridge crossngs can be
ingaled.

For log crossings, vegetation is firsg pruned from aong the dignment and from the streambed and
banks, as opposed to being stripped or bladed with a tractor. Next, straw is placed on the bed and
agang the banks to hdp identify the origind channd margins and to protect the channd from
disurbance. In a flowing stream channd, a culvert cgpable of carrying flows expected during the
period of operatiion should be placed at the base of the log fill. Logs are bundled into groups using
choker cables and then lowered into the channd. Cabled logs make remova a smple, one-step
operation using a bulldozer, loader or excavator. When the log "fill* has been built up to within
about 18 inches of the temporary crossng grade, the remaning large spaces can be filled with
gndler logs A 6-inch layer of draw is then placed on top of the logs to prevent the overlying
road surface soil from infiltrating through the logs to the dreambed and being washed
downstrean? (Figure 73). Locd soil is generdly adequate for the running surface, and the straw
layer enables easy removd of the capping sail fill.

1 The most common type of temporary bridge crossing used on forest and ranch roadsis the railroad flatcar bridge.
See the previous section on bridge installation for guidance on installing temporary bridge crossings.

2 Filter fabric can be used with or instead of straw on top of the logs, © keep sediment from filtering down into the
sream, but it is difficult to clean out when the crossing is removed. Sediment is often spilled into the sream
channd during crossing remova. Straw done usualy works better.
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Figure 73. End view of a
temporary stream crossing. First,
a culvert was placed in the
channel bottom. Then cabled logs
were placed on top, followed by a
thick layer of straw and then soil
material for the temporary
running surface. The materials
comprising the temporary
crossing are easily removed
upon the completion of
operations.

H. Rolling dips

Roalling dips are smply bresks in the grade of a road. They are doped ether into the ditch or to
the outsde of the road edge to drain and disperse road surface runoff. Rolling dps are ingdled in
the road bed as needed to drain the road surface and prevent rilling and surface erosion (Tables 3
and 17), and are most frequently used on outdoped roads. As a road becomes steeper, rolling dips

should be made deeper and placed at a stegper angle to adequately capture and divert road runoff
(Figure 74).
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Figure 74. Several rolling dipsin
close succession on a rocked,
outsloped road built across
moderately steep terrain. As
road grade increases, rolling
dips need to be spaced more
closely.

Chapter VI: Construction

Handbook For Forest And Ranch Roads



It is eeser to properly locate and congruct rolling dips when they are designed into the origind
road plan. However, they may dso be ingdled on exiging roads to improve surface drainage
where they can be built in about one hour, or less usng a medium sSze bulldozer (D-7 Sze).
Unsurfaced roads are more easily recongtructed with rolling dips, but rocked road surfaces can
aso be reconfigured.

Excavation for a rolling dip typicdly begins 50 to 100 feet up-road from where the axis of the dip
is planned (Table 18). Materid is progressvely excavated from the road bed, dightly stegpening
the grade, until the axis is reached. This is the degpest pan of the excavation, with the overdl
depth being determined by the dope of the road. The stegper the road, the deeper the dip will have
to bein order to reverse grade (Table 18).

In order to safely and effectively direct runoff to the sde of the road, the axis of a rolling dip
should be angled about 30 degrees to the road dignment. On the down-road side of the ralling dip
axis, the road bed dope should actudly rise dightly to ensure that runoff cannot continue down
the road surface. This is called a "grade change' (Figure 28). The rise in grade is carried for about
10 to 20 feet before the road surface begins to fal agan a its origind dope. This trandtion from
axis bottom, through risng grade, to origind faling grade is achieved in a road-distance of 15 to
30 feet. Unlike a waterbar, the reverse grade portion of a rolling dip is not composed of fill.
Theentiredrainage structureis excavated into the roadbed.

Ralling dips require very little maintenance if they are condructed properly and a an adequate
soacing. They should not collect enough runoff to develop dgnificant eroson. The length and
depth of the rolling dip should be adequate to divert road runoff but not so greet as to interrupt or
endanger traffic a norma speeds. Care should be taken to ensure that grader operators do not fill
the depressons with soil or cut deeply into the lower pat of the risng section, thereby
diminating the change-in-grade.

|. Subgrade and surfacing

The road surface can be a big source of stream sediment In some watersheds, it may be the
primary source of accelerated (mancaused) eroson and sediment yidd from the road system.
Proper road congtruction and surfacing can significantly reduce this source of fine sediment.

Permanent roads that are to be used for winter and wet weather hauling, including ranch roads
and roads used for commercid hauling of forest products, need to be surfaced to improve
trafficability and reduce eroson. Roads which receive heavy use should be inspected regularly to
discover early sgns of damage. Serious damage to road surfaces usudly begins with the build up
of thick (1-4 inch) accumulations of dry dust during the summer, or excess water (and mud)
during the winter. Standing water is a dgn of poor road drainage and ruts indicate that road
drength is deteriorating.

A gdable and wdl drained subgrade is essentid for a good road. The load bearing capacity of a
road depends upon the subgrades soil srength, drainage and compaction characteristics (Table
23). Native materia is often suitable, and can be used for the road's subgrade. Weak or wet
subgrades (soils unable to support a load by themselves) need to be strengthened by adding loose
or crushed rock or gravel to provide balast and distribute the stress placed on the soll.
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Table 23. Soil characteristics for road subgrade materialst
Material type Strength, compaction Drainage Reaction to frost | Common symbols
and foundation of soil types?
suitability
Clean gravels and clean sand® Good to excdllent Excdlent Noneto dight GW, GP, SW, SP
Gravels and sands with non- Good to excellent Far to poor Slight to high GMd, SMd
plastic* fines
Gravels and sands with plastic* Fair to good Poor to impervious Slight to high GMu, GC, SMu,
fines e
Non-plastic and slightly plastic* Poor to fan- Fair toimpervious | Medium to high ML, CL, OL
siltsand clays (mostly poor)
Medium and highly plastic*silts Very poor to poor Pair to impervious | Medium to very MH,CH
and clays (mostly poor) high
Peat and other highly organic soils| Very unstable, poor Fair to poor Sight Pt
compaction

' W.D.NJR. (1982)
2 Unified Soil Classification System (USCS) symbol
3 "Clean" means less than about 12% of the material is smaller than 1/64" (the smallest particle visible to the naked eye)

“ Plasticity can be tested by simple field methods, including lightly wetting a hand sanple, ralling thefinesinto a ball and then into a thread before
it crumbles:

Non-plastic: a thread cannot be formed, regardless of the moisture content. Low plasticity: after 2-3 times, the molded ball will
crumble.

Medium plasticity: After 3-5 times, the ball will easily crumble with moderate force (pressed between thumb and forefinger.

High plasticity: ball will not crumble, even with moderate force, after five times.

We, low drength soils may be dabilized by the use of synthetic fabrics (geotextiles) designed
specificaly for this gpplication. The fabric is spread over the subgrade and then covered with a
layer of rock. Water passes through the membrane, but the wet soil remains below and does not
mix with the surface aggregate. As a reault, the road dries faster and the fabric spreads the whed

loading pressures over alarge surface area.

The running surface of the road should be smooth and hard-wearing, and it should not be subject
to blowing or washing avay. The mos commonly used surfacing materids are angular (crushed)
rock. In the past, river-run gravd was frequently used where crushed rock was not readily
available. However, rounded materid is not as wel suited as long laging surfacing materiad and
may be difficult to keep in-place.
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Fird, a "base course’ of 2 to 3 inch diameter angular rock is usualy dumped on the compacted
native road surface using dump trucks, spread to a uniform depth using a grader or tractor and
then compacted. The use of true compaction equipment (insteed of tractors) will provide the bet,
longest lasting road surface. Geotextile engineering fabrics can be used beneath the base course
materid if soil conditions are wet. A finer "surface courss® severd inches in thickness is then
spread over the compacted kese coarse materid to provide a dense, smooth running surface. The
resulting layers of angular, interlocking rock will provide a low impact road surface that can be
used during much of the winter (Figure 75).

(]
Figure 75. Cross section diagram showing typical base-course and ¥%gg'¢/:or -
surface-course application for forest and ranch roads (USDA-SCS 1983). INDIVIDVAL ROCKS 1%"OR LESS g.{;vSTOPE
‘ PLUS ENOUGH EARTH TO SEAL LAYER
2" % SURFACING +
00 MW BRORER g N 4
INDIVIDVAL ROCKS 2 TO 3 \f
For dl-westher use, angular rock should be INCHES IN SIZE
. EVEL
placed to a total depth of 6-10 inches, or more, SUBGRADE L

to 6 inches under normd use. Table 24 ligs the AND VEHICLE SUPPORT
volume of aggregate needed to surface one mile 2.SURFACE COURSE PROVIDES RUNNING

. . SURFACE AND A WEATHER SEAL
of road, ranging from 10-20 feet wide, to a depth ,
NOTE : SURFACE WITHOUT BASE WILL NOT

of 1-6 inches. , STAY IN PLACE.
ROCK MUST BE SHARP ANGLED
TO PACK.
Table 24. Aggregate (yds®) required to one mile of road®
Road width (ft) Depth of uncompacted rock (inches)
2" 4" 6" 8" 10" 12"
10 326 652 978 1,304 1,630 1,956
12 391 782 1,174 1,564 1,956 2,348
14 456 913 1,369 1,826 2,282 2,738
16' 522 1,043 1,565 2,086 2,608 3,130
18' 587 1,174 1,760 2,348 2,934 3,520
20 652 1,304 1,956 2,608 3,260 3,912

1 USDA (1978). Uncompacted, 16.3 yds’ equals | inch deep by | foot wide by 1 mile long. When aggregate is compacted, increase volumes
required by 15-30%, depending on type and gradation of material.
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J. Erosion control during construction

Road condruction, use and maintenance can cause oil eroson and dream  sedimentation
problems. In fact, roads have been identified as one of the grestest sources of man-caused erosion
and sediment yiedld in forested watersheds of the Pacific Northwest. Some erosion is the result of
poor road location and design, but some clearly comes from inadequate planning for eroson and
sediment control on the congruction ste. Proper forest and ranch-land road construction and
maintenance practices reduce long-term eroson and stream sedimentation from forest and ranch
lands. However, even properly located, designed and constructed roads <till need erosion control
measures to minimize soil loss and sediment production.

1. Roads and landings

Both mechanicd and vegetative measures are needed to minimize accelerated eroson from roads
and landings under congruction. Effective eroson prevention employs proper road location, pre-
planning of cuts and fills minimizing soil exposure, compecting fill or endhauling loose fill
materiads from steep dopes and stream-Sde aress, developing stable cut and filldopes, mulching
to control surface erosion for the first year, and seeding and planting to provide for longer-term
€rosion prevention.

Perhaps the best tool for preventing erosion is to keep soil disturbance to an absolute
minimum during congruction. Cuts and fills on gentle and moderate dopes should be baanced
to minimize the amount of excavation and soil exposure. On steep dopes, or where soils are
ungtable, full bench condruction techniques should utilize "bottomup” compaction or endhauling
to diminate problems associated with loose, uncompacted fill materids and sdecasting. Soils that
ae wet and would become muddy should be dlowed to dry before congtruction begins or
continues.

Cut and filldopes need to be congructed a stable angles to prevent mass failure. Slopes which
develop ingtability, especidly those which threaten to ddiver sediment to stream channels, need
to be dabilized immediatedly. Woody debris should not be incorporated in sidecast fill materid
during condruction because it will decompose and can lead to future dope falure (landdiding).
Woody debris and soil mixed together around the outsde perimeter of landings built on steep
dopes form a certain recipe for eventud landdiding.

Shdlow falures or smdl dumps on the cutbank or filldope can either be excavated (if they
thresten to ddiver sediment directly to the stream channd) or stabilized by placing large rocks at
the dope base to buttress the ungstable materidls. Specific techniques for building rock buttresses,
retaining wals, timber cribs, and reinforced dopes are beyond the scope of this manua and
require advice and design by a qudified engineering geologist or geotechnica engineer.

Bare dopes created by congtruction operations also need to be protected until vegetation can
dabilize the surface. Surface eroson on exposed cuts and fills can be minimized by mulching,
seeding, planting, compacting, amoring and/or benching prior to the firg fdl rains. Inddling
filter windrows of dash a the base of the road fill can minimize the movement of eroded soil to
downdope areas and dream channds. They are inddled usng heavy equipment as the road is
being cleared and graded. During congruction, it is aso important to retain rooted trees and
dhrubs & the base of thefill asan "anchor” for thefill and filter windrows (Figure 76).
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Figure 76. Newly constructed,
outsloped forest road with
accumul ated line of dlash, called a
filter windrow, at the base of the
fill to catch soil eroded from the
fill slope. Sash should be placed
at the base of thefill, and not
Incorporated into the soil
material. Thisfill has been straw
mulched and is covered with a
thick stand of grass. Filter
windrows are most important to
install where roads approach and
cross stream channels. Note how
the road conforms to the
topography of the land and
incorporates rolling dips at
natural swales to shed surface
runoff.
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Road condruction activities should be performed during the "dry" season, and dl surface drainage
gructures should be in-place and completed well before winter rains are expected (October 15 for
forestry-related roads). Where construction or reconstruction activities are conducted near a live
watercourse, st fences and/or straw bae slt-dams may be needed both in the channe and on the
adjacent dopes during the congruction phase. Any use of roads during the winter period may
require the application of road surfacing to prevent road deterioration, control eroson, and prevent
sediment trangport to nearby sreams. Muddy runoff from unsurfaced roads can transport large
volumes of sediment that flows through culverts and into streams.

2. Spoil disposal sites, borrow sites and rock pits

Eroson should dso be controlled in areas where large expanses of bare soil have been created,
such as spoil disposa Stes, borrow stes and rock pits. Proper location, excavation and
topographic development of spoil disposd dStes and rock pits are key eements to assuring
controlled drainage and minimizing eroson and sediment problems. When placed on dopes;, spoil
should be spread in lifts and compacted to develop strength in the materids. Spoil disposd Mes,
borrow dtes and rock pits should not be located near streams or where Sdecad, tailings or
Sediment-laden runoff could reach a watercourse.

When a rock pit is under development, top soil and overburden should be stockpiled for later use
as surface soil for reclamation. During development and use of borrow pits and disposd Stes, it is
adso important to maintain interna and controlled externa drainage. Outflows should be dispersed
to prevent eroson and water should be directed through vegetated filter areas to trap sediment
Runoff should not be directed straight to awatercourse.

Filled spoil areas and exhausted rock pits should be permanently reclamed. Development and
reclamation of rock pits on private lands may be subject to regulaions under the Cdifornias
Surface Mining and Reclamation Act (SMARA) if the proposed excavations are grester than 1
acre in dze or 1000 yds3 in volume (Figure 77). Spoil dtes should be mulched and seeded, or
machine hydroseeded usng a mulch and seed durry, before winter rains. Compacted areas should
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be ripped to promote revegetation. Areas of bare rock should be outdoped and covered with
severd feet of soil. Then, bare areas should be planted with brush and tree species that will be
ableto thrivein the dtered environmen.

Figure 77 a. Access road and
rock pit before (A) and after (B)
reclamation. Exposed areas
have been reshaped and covered
with soil to promote
revegetation. The area was then
mulched, seeded and planted.
Reclamation work was
performed using an excavator

and large bulldozer.

Figure 77b.
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3. Stream crossings

Stream crossings are where roads come into closest contact with flowing water. For this reason, it
is criticd that proper and sufficient erosion control measures be applied to ensure that eroson and
sedimentation from culverted fill or bridge sites does not enter the watercourse.

Some stream crossing features are more sendtive to eroson than are others. Problems are most
likdly to devdop a culvert inlets, culvert outlets through-fill road surfaces, filldopes and indde
ditches. Eroson prevention and eroson control measures for each of these areas, as discussed
below, are commonly employed to limit post-congtruction erosion. Regardless of the measures
chosen, any successful erosion control technique must be correctly installed and regularly
maintained.

At culvert inlets, rock armor or flared inlets can be used to protect the pipe entrance from
undercutting and erosion (see Chapters IV and V). Trash racks (debris barriers) can be placed
upstream from the culvert inlet to prevent culvert plugging and subsequent washout of the entire
fill. Drop inlets can be used to prevent culvert plugging in channds with a lot of sediment
movement.

Culvert outlets should extend past the end of the road fill and discharge into the naturd channd,
or a flume or downspout should be attached to the pipe end and extended past the fill before
discharging into the channel. Rock armor or other energy dissipation should be used a the outlet
of culverts and flumes to prevent eroson by the fast moving flow.

Soils eroded from the road surface can aso be ddivered to a stream when the road dopes towards
the crossng. To prevent this, the road bed can be rock surfaced. If the road is unsurfaced,
waterbars or rolling dips should be congtructed above the crossing to disperse surface runoff. The
road bed can dso be indoped through the crossing, so water won't be delivered over the new fill,
or the road can be outdoped with a berm to focus road surface water to a single point whereit can
then be caried down the filldope in a metd berm-drain. Berms, however, are subject to falure
and should only be used on roads that receive regular, wet weather maintenance. Regardless of the
methods chosen, road surface runoff needs to be strictly controlled through the crossing.

In addition to contralling road surface runoff, a fal-safe drainage design should be incorporated
into every stream crossing fill so that streamflow will not be diverted out of the naturd channd
and down the road if the culvert plugs with sediment or debris. This requires the road to
physcdly dip down into and out of each dream crossng, even on roads which ae climbing
across a hilldope. These changes in road grade at watercourse crossings are key to
preventing serious stream crossing failuresand gully erosion during large floods.

Surface eroson on bare filldopes and on the adjacent cutbanks, can dso deliver sediment directly
to the dream channd. Most of this eroson comes from raindrop impact and rilling or from
dhdlow falures of saurated, loose or uncompected soils during winter storms following
congtruction.

Silt fences or draw bae barriers can be congtructed on extremely large fills and on steep bare soil
aress to retain soil that erodes from the surface. Silt fences do not prevent erosion, they merely
trap the sediment and keep it from moving off the Ste and into a stream. Silt fence barriers and
check dams can dso be inddled in swaes and across smdl ephemera sreams to trap sediment
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and control erodon. Inddlation of dructures in channds requires careful desgn and
condruction, and long-term maintenance. They may have minimd effectiveness or actudly cause
unwanted erosion if they are improperly indaled. Sediment retention dams are generdly not an
appropriate treatment for larger streams.

The use of st fence barriers and straw bae check dams have become standard operating practice
in many condruction Stes. To be successful, these measures should be correctly applied and
maintained for as long as they ae left in-place. Straw bae dructures, for example, need to be
replaced every one or two years if they are to remain effective. However, incorrectly installed
and maintained sediment retention structures can cause more eroson than might occur
without such structures. Eroson control specidists (SCS or a private consultant) can assigt in
the designing and ingalling specid erosion control structures.

The best treatment for surface erosion on dopes less than about 50% is to mulch and
vegetate the bare areas as quickly as possible. Surface eroson is immediately controlled on
these dopes by aplying a thick mulch, or a commercidly-avalable mulching blanket, and by
seeding the surface s0 a hedthy stand of grass or legumes develops before mgor winter storms
occur (Figure 78). On steeper dopes and in windy areas, a mulching blanket or a netting may be
needed to keep the mulch in place and in contact with the ground surface. Very irregular ground
surfaces may aso need to be smoothed before applying mulch. Longer term eroson control
requires planting or seeding fast growing woody species.

Figure 78. Mulching and

seeding are effective methods

for controlling surface erosion

from bare fill slopes. Mulch

8 protects the soil until thegrass
_+ and vegetation is firmly

4" || established. However, because

it decomposes rapidly, straw

& mulch is effective for only the

“ &, firstyear. After that, well

i established vegetation should

% provide the needed protection.

Successful revegetation of stream crossings and other bare soil areas may not aways be as smple
as throwing out a standard mixture of grass seed. Site conditions such as soil type, exposure,
aspect, devation, summer and winter temperatures, soil dryness or moisture and other dte factors
may require use of unique or native plant species, specid planting techniques, specid planting
times, fetilizer or soil amendments. A trained wildland botanist, plant ecologist, your locd farm
advisor, or the SCS should be consulted to see what is recommended for your area.

113 - Chapter VI: Construction Handbook For Forest And Ranch Roads



Notes:
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CHAPTER VII: RECONSTRUCTION

A. Introduction to reconstruction

Road recongtruction provides an opportunity to upgrade and improve a road that is substandard in
one or more eements of its design. Culverts can be upgraded to current standards, additiona
drainage structures can be ingtdled, the road bed can be reshaped for improved surface drainage
and fills which exhibit ingtability can be removed and/or dabilized. In generd, dream crossngs
and ungable fill and cutdopes present the greatest chdlenge to road reconstruction, and the
greatest opportunities for future erosion prevention and rehabilitation.

B. Redesign considerations

Only after careful condderaion, weighing the economic and environmenta benefits agangt the
potentid impacts, is it judified to reopen roads that 1) cross unstable hilldopes, 2) were
congructed up the axis of a stream channel or 3) would require condderable earth moving with
the potential for unacceptable eroson and dSream sedimentation. In many cases, temporarily
reopening a poorly built road (for a sngle summer season) may provide subgtantia postive
environmental  benefits if subsequent rehabilitation could reduce continuing or future eroson and
sedimentation from the old dignment

Decisons about reopening an abandoned road should be made on-Ste, after having ingpected the
entire route and reviewing the pros and cons of redisturbing the area. As a general rule, it is
often worth removing even abundant revegetation along the abandoned route if there are
substantial erosion prevention projects that could be completed during or following
recongtruction. That is, it is often preferable to remove vegetation than to leave the vegetation
intact and not treat potentid and ongoing eroson "hot-spots’ dong the road dignment Removing
vegetation and regrowth from the road prism, by itsdf, rarely causes serious eroson problems.
When in doubt, ask for assistance from CDF, CDFG or awildland erosion control specidist.

Some large, washed-out stream crossings or short sections of road on steep, unstable dopes that
have been entirdy lost by past erosion or landdiding may not be worth rebuilding. In these cases,
it may be preferable to reroute the road around the problem areas with a section of newly
constructed road using modem construction techniques and standards.
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When recondruction of an older, exising route has been sdected as preferable to new
congdruction, efforts should be made to make improvements in the exising road where ever
possible. High maintenance indoped roads can be converted to low maintenance outdoped routes
(Figure 79). If the road is to be permanent, dl drainage structures should be checked to determine
whether or not they are capable of passng the 50-year flood flow, as is currently required of dl
newly congructed roads used for commercid forestry operations. Any stream crossings that
require recondruction should be redesigned for the higher level of protection, and it is a good
idea to replace or remove dl intact drainage Structures that are undersized for the design storm
flow. Humboldt log crossings that were commonly constructed on forest roads from the 1940's
through the 1970's should be excavated and permanently removed or replaced with bridges or
culverts designed to accommodate 50-year flood flows (Figure 80).

Figure 79. A former insloped road
that was regraded and
reconstructed to an outsloped
configuration. Outsloping was
performed to reduce erosion of the
ditch and at the outlet of ditch relief
culverts, and to lessen maintenance
costs. The road bed was lowered
about 8 inches along the outside
edge of thefill and spoil was graded
to cover theinboard ditch. Theroad
was rock surfaced shortly after the

photo as taken.

Every stream crossng that currently has a high potentia for stream diverson should be regraded
0 that the road dips into and out-of the crossing, thereby diminating the diverson potentid.
Regrading the road, and adding rock surfacing, can be performed with a bulldozer in about one
hour per ste. Culverts should be retro-fitted with trash bariers above the inlets, and with
downspouts and/or rock energy dissipation to prevent erosion at the outlet aress.

All recongruction work should be conducted in a manner that minimizes soil disurbance. Only
areas which truly require earth moving should be disturbed. Typicdly, most of the old road
aurface will dill be intact and require only minor grading to become passable. Ditches and
cutbanks should be left undisturbed unless there are specific areas needing repair work. New
Sdecagting should be avoided in areas of steep dopes, near dream channels or where fills are
unstable or overstespened. Asagenerd rule, landings should not be enlarged by new sdecasting.
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Figure 80. Under-designed or
unmaintained stream crossings
on older roads are prone to
failure during large storms.
During road reconstruction,
stream crossings should be
redesigned for the 50-year flood
flow. Under-designed culverts
and Humboldt log crossings
should be removed and upgraded.

C. Reconstruction techniques

The mogst efficient equipment for road recondruction include a hydraulic excavetor, bulldozer and
a grader for find road gsmoothing. These versaile pieces of equipment can complete
recongruction with a minimum of soil disturbance and loss of vegetaion. A standard size backhoe
is generdly too smdl to peform the excavations required for stream crossng recondruction and
remova of unstable road and landing fills. Dump trucks may be needed to endhaul dide debris.

Many older roads were initidly congructed with an indoped surface and an indde ditch. If
conditions are appropriate, the rebuilt road can be converted to a low-impact outdoped surface
with rolling dips to disperse road runoff. In ditched road segments, ditch rdief culverts and other
surface drainage improvements should be made to quickly direct water off the road surface. Many
older seasond and permanent roads have an outside berm which has been created and perpetuated
by years of poor grading technique (Figure 81). Water flow off poorly drained roads can often be
dramaticaly improved by outdoping, berm remova and/or other surface drainage improvements.

Washed-out stream crossings present one of the most common obstacles on older roads that
are to be reconstructed. Usudly, part or dl the fill has been eroded and lost downstream because
the drainage structure was ether too small, not maintained, or not instaled.

Washed-out stream crossings are recondructed just like new ones, with dl the same techniques
and requirements. If the fill was only partidly eroded from the crossng, the remaining materid in
the channd bottom will likely need to be excavated (down to the origind channd bed) before a
new cuvert isingdled. This may indude remova of sediment and buried logs.
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Figure 81. Surface runoff problems
cause by winter use of a bermed,
unsurfaced road. Running surfaceis
rutted and this acts to collect runoff
and cause additional erosion. Lack
of waterbars or rolling dips,
together with the graded berm along
the outside edge of the road, now
acts to keep surface runoff on the
road bed. Annual grading can
produce an outside berm of soil and
rock that should be pulled (graded)
back onto the road surface before
winter rains.

If a temporary or permanent bridge is to be ingdled, dl the fill should be removed from the old
crossing, and the banks should be graded or excavated back to a stable angle. You can often tdll
that you have removed dl the fill materid from the former crossng when rounded boulders, old
logs and branches, roots, in-place sumps and other festures of the origind bed and banks are
exposed during excavation.

Failed road benches can aso present a serious obstacle to reconstruction. In aress of steep inner
gorge dopes, falures of the entire width of the road bed can extend al the way downdope to a
fidrbearing stream. Sidecastmg into the void in hopes of developing a new road bench a the-
same oot will usudly result in direct sedimentation into the stream. The resulting fill would dso
be highly ungtable. Road recondruction where falures have removed mogt or dl of the former
road bench are likely to require an engineered solution, such a reinforced fill or a crib wdl, ad a
qualified geotechnica engineer is should be consulted to desgn solutions for these difficult
recongtruction Stes.

In many cases, the outer 10-50 percent of the road prism has been logt as a result of filldope
falures or diver falures in which only Sdecast materids have moved downdope. If there is
aufficient road width remaining for vehicles to pass, the ungable area should not be disturbed.
Where some additiona road width is needed, condder cutting into the indgde bank rather than
trying to build the fill back out. If fill materid has not moved off-gte, but is showing Sgns of
pending falure (eg., scaps displacing or offseting the road priam), and the faled soils will be
delivered to a stream, then the ungtable material should be excavated and hauled to a stable
storage site for disposa.

Faled or ungable landing fills present amilar problems on a larger scde, except that vehicle
passage is usudly not affected. Undtable landing fills usudly result from mixing soils and woody
debris together in the uncompacted Sdecast around a landing perimeter. The fill face is often
oversteepened by continued blading and sidecasting of landing wastes over the outside face of the
landing. On steep dopes, these ungable fills and waste deposits can saturate with water and flow
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great disances downdope and into stream channds In other cases, faled landing fill materid
may not be ddivered to a stream channd, and only the run-out area is impacted through damage
to regeneration and reduced site productivity.

Each ungtable landing fill should be evaluated to determine if it threatens downdope stream
channdls or other important resources. If it does, the ungable fill should be excavated and
hauled to a stable storage ste for disposa (Figure 82). Often, the ingde of the landing is carved
into bedrock and can serve as a suitable storage Site for excavated fill materias.

Figure 82. Excess Sdecading
onforestroadsand landings that
are scheduled for reconstruction
should be excavated beforeit fails
and is delivered to a stream
channel. Often, potentially
unstable spoil can be recognized by
cracks and/or scarps along the
margins of the road or landing
surface.

Cutdope falures which block the road surface generdly represent a less serious eroson problem
than filldope failures, snce the road bed may sore much of the faled cutbank materiad and
prevent it from moving downdope (Figure 83). Falled materids can usudly be excavaed off the
road bed and hauled to a suitable Storage site. Unless dopes are gentle and the road is not close to
a stream channel, debris should not be sidecast from the road surface and onto the sopes below.
Sometimes the material can be spread over the road bed, thereby raisng the road surface and
avoiding the need for expensive endhauling.

D. Slash and spoil disposal

Recongtruction of abandoned roads often involves substantia vegetation remova from the road
surface. Slash should not be mixed in and Sdecast with soil materids. Instead, t can be piled and
buned on landings, or windrowed adong the outsde edge of the cleared fill. Spoil materids
generated from road recongruction (largely from cutbank falures), should be safely disposed in a
dable location where it will not erode or erter a watercourse. Spoil disposa techniques are the
same as for new road condruction (see sections on construction and erosion control, and
reconstruction techniques, above).
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Figure 83. Unstable embanks
usually pose less of a threat to water
quality than unstable fillslopes, but
they may till be difficult to stabilize.
Soil that is cleared from the road
surface should be endhauled or
pushed to a stable storage site and
not sidecast over the outside edge of
the road. In some instances, a
dope buttress may need to be
designed and installed to prevent
further instability and road closures.

E. Erosion control

Erodon prevention and eroson control can actudly be improved by road recongruction.
Upgrading or removing dream crossings and removing unstable fills can dgnificantly reduce the
likdlihood that sediment will be ddivered to stream channds. Even the temporary, single reuse
of an abandoned road can serve as an opportunity to perform eroson control and eroson
prevention when theroad is permanently closed.

Eroson control during recongruction of permanent and seasond roads is largely the same as for
new congruction. Surface eroson can be minimized by keeping excavation and soil exposure to a
minimum, and by retaining as much roadsde vegetation as possble. The largest potentia source of
eroson will be a reconstructed stream crossings. Use of temporary bridges, as well as protective
meesures a culvert inlets, culvert outlets, road surfaces, and filldopes will help reduce the
potential for accelerated eroson on recondtructed roads (see construction: stream crossings,
above).

The timing of recondruction, especidly stream crossngs, can dso hep prevent and control
unnecessary  eroson. Stream crossing recondruction should be performed during low water
conditions. Winter period road reconstruction should only be performed during dry periods and
when eroson control measures (mulching, waterbars, etc) can be ingdled concurrently with road
rebuilding. Large sections of road should not be "opened’ without performing concurrent erosion
control work.
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CHAPTER VIII: MAINTENANCE

A. Introduction to road maintenance

Regular road maintenance is essentid to protect the road and to prevent environmental damage.
All roads used for vehicle travel should be regulaly ingpected and maintained. |f adequate
personnel and financial resources are not available to provide for regular, long term
maintenance, roads should be built (or rebuilt) as temporary, and then properly abandoned
or closed at the end of the planned operations. Temporary roads that have been properly
abandoned do not need continued maintenance and pose little threat to downstream resources.

B. Inspection and maintenance schedules

Roads and drainage sructures dong dl roads should be ingpected annudly, a a minimum, prior
to the beginning of the rainy season. Inspections should cover culvert inlets and outlets on stream
crossings, ditch relief culverts, and road surface drainage such as waterbars, outdoping, and
ditches.

In addition to annud, pre-winter road and drainage structure ingpections, crews are needed to
ingpect and perform emergency maintenance during and following pesk winter sorms. Shove
work a a culvert inlet that is beginning to plug can save the expenditure of thousands of dallars to
rebuild an entire stream crossing after it has washed-out.

Some drainage dtructures are more prone to problems than others. For example, culverts on
dreams with heavy sediment loads or floating woody debris may be more likdy to plug.
Landowners or land managers frequently know which culverts in ther road system have had the
most problems, and which are mogt likdy to plug during a winter storm. In contrast, many
culverts, ditches and road surfaces dmost never have erosion problems, no matter how severe the
winter sorm.

This background information can be used to develop a raing system and inspection plan for
drainage dructures in a watershed. Culverts can be coded by signs dong the road. These signs
note. 1) where the culvert is located (road name and milepost), 2) the diameter of the culvert, and
3) a number or color coding (eg., red, ydlow and green) that sgnifies how likey the culvert is to
plug, and, therefore, its relative need for ingpection during winter sorms (Figure 84).
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Figure 84. Culvert signing is an
integral part of developing a cuvat
and drainage structure maintenance
plan. Included at this crossing are
the stream name (Puter Creek), the
name of the road (5000 Road), the
diameter of the culvert (84") and its
location (0.6 miles from the
beginning of the road). The signing
can also be color coded (e.g., green,
yellow, red) to indicate whether or
not it is prone to plugging or other

maintenance needs.

The number or color coded rating system is based on past maintenance experience with that
culvert, and is used in the fidd to dert ingpection crews to which culverts should be inspected
firsd during and following winter sorms and floods. Culvert coding schemes are especially
useful for large landowners or companies with many miles of road who may rely on
employees unfamiliar with the road system to perform inspections and field maintenance.
Culvert marking is aso useful to grader operators, so they can avoid damaging culvert inlets
when grading the road or ditch. Over time, each exiding drainage structure within an ownership
should be inventoried on a master file for quick reference.

C. Maintaining permanent roads

Road maintenance should address the road surface, cutbanks, and filldopes, as well as drainage
sructures and eroson control measures. A poorly maintained road suface will channd water,
reduce road life and increase eroson and sediment pollution to streams. It may dso be difficult or
hazardous to drive on and damage vehicles and equipmen.

The firg rule of maintaining a stable road surface is to minimize hauling and grading
during wet weather conditions, especially if the road is unsurfaced. But even the best surface
can be severdy damaged by overuse during wet or thawing ground conditions. Be aware of early
sgns of road damage. Serious damage to road surfaces begins with loss of road drainage and
excess water danding on the surface. Ruts indicate that road strength is deteriorating. Shutting
down for severd days can save thousands of dollars in road repairs and prevent unnecessary
eroson and sedimentation.

Smilaly, hauling on a dry road bed in the summer can chum and pulverize road surface materia
and create thick, loose layers of soil and rock powder (dust). Loose materias can then erode and
flow into dreams with the firg fdl runoff. Summer hauling should be accompanied by dust
control and watering to maintain the road surface condition. Some dust abatement products can
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be pallutants, so caution should be used in their application near streams and drainages or where
ditch flow leads to a watercourse.

Road surfaces should be graded only when needed to maintain a stable, smooth running surface
and to retan the origind surface dranage. Over grading results in unnecessyy ercson and
increases road surface rock wear. Steep road sections will quickly loose their running surface
with frequent grading, s0 raise the blade wherever grading is not needed! In addition, grading
should only occur when the materias are dightly damp. Road surfaces graded when they are too
dry will not compact and will result in subsequent erosion.

Grading should cut deeply into the road surface so loose materid will mix, compact and bind
with underlying materids. If deep potholes or ruts cannot be graded out, the surface should be
ripped and then graded and recompacted to achieve proper binding. Otherwise, individud holes
and ruts that are patched will quickly reform in the same locations. Oversized rock fragments that
come to the surface during grading can be moved off the side of the road. However, unplanned
berms that concentrate runoff during winter rains should not be left dong the outsde edge of the
road.

Over years of hauling and grading, road surfacing materids gradudly breek down or are
inadvertently moved off the side of the road. Steep sections of road and curves experience the
highest rates of wear. Often, larger rock fragments are left jutting out of the road bed while the
fine materids have been washed or blown away. This makes for a rough ride, and can
ggnificantly increase hauling times. When this occurs, it is time for the road to be resurfaced or
restored. The road bed should be ripped and new loads of properly graded rock aggregate spread,
mixed and compacted into the exising materids. If past grading has piled good surfacing
materids dong the outsde edge of the road, it can be retrieved and worked back into the road
bed.

Where indde ditches are used, ditch maintenance is important in order to clear blockages and
maintan the flow capacity required to remove surface runoff. Ingpecting ditches during periods
of high runoff will tel you which ditches need grading to improve thar capacity, and which
ditches are carrying too much water. Often, nothing more than shovel work a problem spots is
required to solved ditch drainage problems. Additiona ditch reief culverts can be indaled to
drain ditches that show signs of eroson or downcutting. Where sections of ditch cannot be
drained, such asin athroughout, rock armoring should be ingtdled.

Frequent, routine mechanical grading of ditches is usually unnecessary and can cause
eroson of the ditch, undermine cutbanks, and expose the toe of the cutdope to erosion.
Ditches should be graded only when and where necessary. If cutbank dumps have blocked the
ditch, clear out the materid and move it to a dable sorage Ste. Remove other sediment or
redrictive brush and weeds from the ditch only if they create obvious dranage problems that
affect the road surface. Do not remove more grass and weeds than is necessary to keep water
moving. Vegetation prevents scour and filters out sediment If the ditch is not a problem, don't
"fix" it. Routine mechanical ditch grading should be avoided.

When "pulling® a ditch (mechanicdly grading and removing fine sediments), avoid pulling fine
slts and clays across or into the surface rock of the road. This unfortunately common practice
crestes muddy surface conditions and potentid for sediment pollution in streams during the next
heavy rains. Large amounts of ditch spoil can be windrowed a the ingde road shoulder for later
endhauling by loader, backhoe and/or truck.
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D. Maintaining seasonal roads

Unsurfaced seasona roads require dmost the same maintenance effort as permanent roads, but
are much more sendtive to wet weather use. These roads should not be used when wet, and
hauling or other intensve vehicle activity should be limited to dry periods when soils retain ther
maximum naturd strength. Road surface grading may be required after each period of intendve
use, and prior to the rainy season, in order to maintain poper surface drainage. Dust control and
watering during dry summer conditions is dmost dways necessary during intensive, dry season
use to prevent excessve |loss of surface materias (Figure 85).

Figure 85a. Excessive mud during
the winter (a) and excessive road
dust during the summer (b) are
conditions which directly threaten
water quality. Both conditions
produce and deliver large
quantities of fine sediment to nearby
stream channels during periods of
surface wnoff. This fine material
can be especially damaging to fish
and fish habitat.

Figure 85b.
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Seasonal, unsurfaced roads can be badly damaged by even occasional use during wet
periods when the road bed is soft. Damage to road surfaces can occur amost as easly by a
pickup as by alog truck. Traffic control (temporary or seasona road closures) can be an effective
method to protect the road surface, minimize eroson problems and reduce road maintenance
costs (Figure 86). However, the use of gates or other barriers does not eiminate the need for
annual and emergency winter maintenance ingpection and repairs.

Figure 86. There are a variety of
ways to close a road to off-season
traffic, but it should always be
remembered that barricading the
road does not by itself prevent
erosion along the alignment.
Gating closes the road to
unauthorized traffic but still allows
for winter maintenance and
inspections. If barricades or
physical barriers are used, they
must be removed with heavy
equipment before maintenance
activities can be performed. They
should not be used on roads which
have stream crossings since these

Figure 87a. A more permanent closure method isto
outslope the first 100 feet of the road.

need to be inspected and
maintained during storms.

In many cases, traffic control may require physicdly blocking the road. Gates are most often used
for this because they provide temporary closure while dill dlowing access for emergency
ingoections and maintenance of drainage dructures by authorized personnd. Gates should be
srong and well anchored to prevent remova by vandds. More permanent dterndaives to gates
indude large berms, ditches(tank traps), logs, stumps or boulders and physca outdoping (Figure
87). These bariers make it very difficult to access and inspect the rest of the road for
maintenance needs, and their use should be limited to spur roads with no $ream crossngs, roads
which do not cross or come close to stream channds and roads which have been "permanently”
closed.

OUTSLOPING TO CLOSE ROADS
ORIGINAL
LAND SLOPE

ORIGINAL
EXCAVATED FOAD PRISM
MATERIAL

EXISTING
VEGETATION

ADJSUSTED
ROAD PRISM
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Figure 87b. Outsloping should
only be used on temporary roads
where all stream crossings havefirst
been removed.

E. Stream crossing maintenance

Summer culvert ingpections and maintenance is often peformed a the same time as ditch
maintenance. Culverts adso need to be inspected and cleared during pesk storms to prevent
plugging. Problems found a such times should be corrected immediately, because dday can result
in road damage requiring costly road repars. The critical component of successful culvert
maintenance isto fix problems before complete failure occurs.

Hand, shovel and chain saw work can take care of almost all culvert maintenance needs
(Figure 88). Floatable debris should be removed from the catch basin and materid wedged in the

culvert inlet or hung up in the debris barrier should be removed and placed where it cannot get
back into the watercourse. Sediment deposts that threaten to plug the culvert may need to be
excavated. Culvert ends that have been bent or damaged during grading or by fdling trees or
branches should be sraightened and re-opened. Outlets that are experiencing eroson should be
amored or fitted with a downspout, and culverts that continue to experience overflow problems
may need alarger pipe, or asecond, overflow pipe ingtdled at the crossing.

Bridges and fords may adso require maintenance. Permanent fords that show eroson may need
additional rock armor. However, except for emergency repairs, equipment should avoid operating
in the flowing water of a ford, and re-armoring may have to wait until low flow conditions, or at
least until pesk flows subside.

In contrast, riprap and other bridge abutment protection should be repaired as soon as damage is
noticed to prevent loss of bridge foundations and approaches. Foating trees and other debris that
becomes lodged in the bridge structure should be cut free and removed or floated downstream.
When cleaning bridge decks, soil and debris should be scraped to the adjacent road or hauled off.
Materid should not be dumped, scraped or washed into the stream. This is especidly important
during low flow conditions in the summer or fall.
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o Figure 88. Most culvert
7| maintenance  involves cleaning
=44 the inlet of sediment or woody
2= debris. This trash rack, built over
the culvert inlet, was nearly
plugged during a normal winter
storm. Without storm
maintenance inspections such
minor culvert plugging often ends
| up causing severe gully erosion
when the strearmvlow is diverted out
of its channel, or it flows over and

__,_' erodes the stream crossing/ill.

All road grading should teke material away from the bridge, and loose spoil should be kept away
from the stream. If the approaches are persstently muddy during wet conditions, and cause trucks
to bring dirt onto the bridge decking, then the approaches should be rock surfaced or paved.

F. Maintaining cuts and fills

The key to maintaning cut and filldopes, including Sdecast materias, is to obsarve and note
when and how changes to these features occur. Corrective measures can then be implemented,
depending on the problem.

Typicd cutdope problems include excessve ravelling, rilling, and dumping which may block the
ditch or require frequent ditch cleaning and maintenance. In the long term, it may be necessary to
flatten the cutdope, revegetate bare soil areas, widen the ditch (so that it does not plug so eadly),
ingal ravel barriers on the dope and at the base, and/or build a retaining structure to contain or
prevent dope movement. Often, smply loading the toe of a smal cutbank dump with heavy
riprgp can provide sufficent weght to dabilize the feasture Stabilizing or controlling the
movement of larger ungtable areas may require andysis by an engineer or engineering geologist

Ingtability in filldopes and Sdecast materids often shows up on the surface or edge of the road as
tenson cracks and smdl scaps dong the boundary of the ungable materids. The outsde
perimeter of landings build usng sSdecas methods commonly show such deveoping ingabilities.
Some settling of newly placed sSdecast can be expected, but if movement perssts and scarps
continue to develop, the unstable materids should be excavated and removed, including organic
debris, before they fall. If the potentid indability is perched above a sream channd immediate
trestment is usualy required (Figure 89).
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Figure 89a. Unstable fill along the
outside edge of active roads can
often be excavated and removed
without impeding normal traffic. In
photo "a," 12 inch scarps bound
unstable fill that threatens to fail on
steep slopes above a perennial
stream.

Figure 89b. In photo "V' an
excavator was used to remove the
unstable fill so it could be endhauled
to a stable storage location. The road
was still sufficiently wide for vehicle
traffic after the erosion-proofing
work was completed.

Regular ingpection and prevention (including excavation) is the key to maintaining stable
fill[Sopes and sidecast areas. Locd dides and dumps in the road bed often occur where materia
was placed or pushed over groundwater springs or seeps, where the road crosses steep swales, or
where rotting roots, sumps or organic debris have been buried. These areas should be closdy
monitored and require fast action if cracks or scarps develop. Improved drainage (eg., extra
ditches), excavation of unsuitable soils or buried materials, or retaining walls may be needed. Left
untreated, these ungtable features can fal suddenly and develop into debris flows and landdides
that deliver large amounts of sediment directly to downd ope stream channels.
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G. Winterizing roads

Before winter, dl permanent, seasona and temporary roads should be inspected and prepared for
the coming rains. Winterizing conssts of maintenance and eroson control work needed to drain
the road surface, to ensure free flowing ditches and drains, and to open dl culverts to ther
maximum capacity. On unsurfaced roads, waterbars may be required at spacings dictated by the
road gradient and the credibility of the soil (Table 3). Trash barriers, culvert inlet basins and pipe
inlets should dl be cleaned of floatable debris and sediment accumulations. Ditches that are
patidly or entirdy plugged with soil and debris should be cleaned and heavy concentrations of
vegetation which impede ditch flow should be trimmed. This is dso the best dme to excavate dl
ungtable or potentidly ungable fills and Sdecast which could fal and be ddivered to a
watercourse during the coming winter. Once seasond and temporary roads have been winterized,
they should be gated and closed to "non-essentid™” traffic.

H. Spoil disposal

If excavations, grading and culvert basn ceaning and maintenance produces excess maerid, it
should be stored locdly or hauled away. Spoil may be feathered over the road, but on permanent
roads, excess fine materid may produce unwanted muddy conditions after the first rain. Spoil
materid should be hauled to a dable dte safdy digant from streams, contoured to disperse
runoff and sabilized with mulch and vegetation. Excess spoil from maintenance activities should
never be sidecast near streams. Berms of excess spoil adong the road shoulder should be removed
or frequently breached prior to the rainy season.
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Notes:
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CHAPTER IX: CLOSURE AND ABANDONMENT

A. Introduction to road closure and abandonment

There are many reasons for closng or proactively "abandoning” a forest or ranch road, most of
which involve excessve mantenance codts, lack of continued need or continuing water qudlity
problems (Table 25). Not al roads need to be part of the permanent or seasonal road system. For
example, temporary roads are used once, and then "put-to-bed" until they are needed again. In
addition to newly built temporary roads, there are many miles of exising roads tha may no
longer be needed, and older abandoned roads that are now overgrown. The same techniques can
be used to "erosion-proof these older roads to prevent future erosion and sediment yield, and, as
an added benefit or incentive, save the work and expense of continued maintenance.

Table 25. Conditions commonly leading to road closure

1. Roads constructed for temporary access (designated temporary roads)

2. Spur roads which are no longer needed for management for the next few years or for many years (e.g., al
timber has been cut)

3. Roads with excessively high maintenance costs

4. Roads which have persistent erosion and water quality problems, often located in areas of extremely credible
soils

5. Roads crossing extremely steep slopes or inner gorge locations where landsliding risk is high and sediment
could enter stream channels

6. Roads crossing slopes with high or extreme landslide risk or on-going landslide activity caused by
incompetent bedrock or unstabl e soils

7. Roads exhibiting potential for large fillslope or cutbank failures, often showing tension cracks and scarpsin
the roadbed

8. Roads built with excessive sidecast or fill in unstable locations or perched above stream channels

9. Old roads built in, along or immediately adjacent stream channels or up narrow stream channel valleys

10. Old, abandoned roads which have overgrown with vegetation and now have washed-out stream crossings
and/or fill failures

131 - Chapter IX: Closure and Abandonment Handbook For Forest And Ranch Roads



Roads may be divided into four activity classes:

Activeroads are part of the overall road network that must be actively inspected and maintained.
These maintenance methods have already been described above.

Inactive roads ae those needed only infrequently, for fire control, tree thinning or other
intermittent forest or ranch activities. These roads reman largely unused for most of the year, or
for severd years in successon. There is a tendency to not maintain these routes because they are
not often used, have low traffic volumes, and may only be used intermittently for adminidrative
purposes. However, all drainage structures on inactive roads must ill be ingpected and
maintained because they are just as likely to plug and fail as those on more actively travelled
routes.

Temporary roads are constructed or reconstructed for a single entry access to an area, such as for
harvesting an isolated stand of timber. These temporary roads are "put-to-bed" following their use,
with stream crossings being removed usng the techniques described in Chapter V1. Forest practice
regulations for date and private lands currently require such preventive practices to dabilize
temporary roads when they are closed.

Abandoned roads were previoudy a part of the active road network, but are no longer used. Many
are now overgrown. There are thousands of miles of these abandoned roads on private forest and
ranch lands in the state. They may have been abandoned because they were no longer needed, or
because they cross ungtable areas, require excessve maintenance or cause persstent environmenta
damage. Mogt have drainage Structures which are in disrepair and are no longer being maintained.
These abandoned roads represent one of the greatest future threats of non-point source
pollution from roaded, managed wildland watersheds. Landowners and resource managers
should work aggressively to inventory and proactively treat these potential sources of erosion
and sedimentation.

Good land stewardship requires that all roads designated as part of a drivable road network
be regularly inspected and maintained to protect water quality, regardless of how frequently
they are used. Inactive and temporary roads that contain culverted stream crossngs and other
drainage structures require inspection and maintenance, and they should not be abandoned without
first employing proper road closure techniques.

Any road that is not regularly ingpected and maintained should be " put-to-bed" so they will
not have the potential to impact streams and water quality. Roads should never be
abandoned by smply blocking them off or letting vegetation take over without first " erosion-
proofing” drainage structures and performing proactive eroson control work along the road
alignment.

B. Techniques for road closure

It is no longer enough to close roads by smply closng a gate or blocking a road, because these
actions will not prevent future road fallure and future water qudity problems (Figure 90). Specific
techniques, described below, are available to successfully prevent road- and landing-related debris
flows, to prevent or correct sream diversons (the leading cause of serious gullying in many arees),
to prevent dream crossing washouts and fill falures, to dewater gullies and landdides fed
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by road runoff, and to control surface eroson (rilling and ravelling) from abandoned road
surfaces and filldopes.

Figure 90. Gating aroad closes
it to unauthorized traffic, but
does nothing to protect the road
| fromerosion. Scarpsin theroad
fill behind this gate signal a
slope failure that threatens to
deliver sediment to an adjacent
fish-bearing stream.

Closng a road does not imply that every foot of the road needs intensive treatment to prevent
future eroson. Rather, the goal of proactive road closure is to aggressively treat only those
segments of road which have a potential to generate erosion and to yield sediment to stream
channels. Segments of road which pose no risk of sediment delivery can be left intact and receive
only minimal road drainage improvements. When the road is again needed to provide access to
the areg, it can be recongtructed with minimal effort.

Panned, sysemdic road closure can be an inexpensve and effective technique for minimizing
long-term resource damage caused by roads built in steep areas and can prevent large scale
damage to road aignments that require costly repairs if the road is to be reopened for future use.
It dso provides land managers with an opportunity to permanently prevent or control the magority
of post-congtruction road-related erosion and its associated on-Site and downstream impacts. In
addition, implementing technicaly sound road closure practices dso minimizes sructurd damage
to widespread, expensive forest and ranch land road networks that cannot be economicdly
maintained for the long time period between harvest rotations or other land uses.

There is little difference between treatments that are meant to permanently close a road
and those designed for temporary closure. When a temporary road is built, or when a
permanent or seasonal road i to be closed and taken off the active road network, erosion
prevention work should be performed so that continued maintenance is not necessary. All
closed roads should be "erosion-proofed” by excavating stream crossings and removing
culverts, excavating unsgtable road and landing fills, treating the ditch and road surface to
disper serunoff and prevent surface erosion, and planting bar e soil areas.

The goal of road closure is to leave the road so that little or no maintenance is required for
gability while the road is unused. Heavy equipment used for road closure typicdly includes a
hydraulic excavator (a standard backhoe is too smdl and generdly not versatile enough to
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effectivdly perform road closure tasks), a bulldozer (D6 to D7 sze, with hydraulic rippers for
decompacting rocked roads) and dump trucks (when needed for endhauling spoil and debris to
stable storage sites).

Typicd road closure treatments are described below.

1. Stream crossing excavations

All dream crossings on temporary or abandoned seasonad and permanent roads need to be
completely removed before the firsd winter period following ther inddlation or closure (if nat,
they should be capable of passing the 50-year flood flow for that channdl).

Removing a dream crossng involves excavaing and removing al materids placed in the sream
channd when the crossng was built. Fll materid should be excavated to recreste the origind
channel grade (dope) and orientation, with a channd bed that is as wide or slightly wider than the
original watercourse (Figure 91). If the channel sSdedopes were disturbed, they should be graded
("pulled" or excavated) back to a stable angle (generdly less than 50%) to prevent dumping and
s0il movement. The bare soils should then be mulched, seeded and/or armored to minimize
eroson until vegetation can protect the surface, and the gpproaching road segments should be
cross-road drained to prevent road runoff from discharging across the freshly excavated channd
Sidedopes.

Figure 91. On roads that are to be closed, all stream
crossing culverts and fills should be removed. Stream
crossing excavations are best performed using an
excavator. Spoil can usually be stored on the road
bench adjacent the crossing provided it is placed and
stabilized where it will not erode and enter the

channel (Furbniss, et.al.,1991).

Procedures for removing crossngs on abandoned, permanent or seasona roads are Smilar to
those used on temporary roads. Both culverted and unculverted stream crossings (eg., culverts
and Humboldt log crossngs) should be completely excavated or removed so that no soil
materids are left in or next to the channe following road closure. It is not enough to simply
excavate and remove the culvert; the entire fill must also be excavated. As with temporary
dream crossings, the excavation should extend down to the levd of the origind channd bed,
with a channel as wide or wider than the origind channd. Channel sdedopes should be doped
back to a dable angle and spoil materiad removed to a dtable Storage sSite. Erosion control
measures, such as seeding, planting and mulching, should be applied to prevent subsequent
surface erosion (Figure 92).
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Figure 92a. Sreamcrossng
on a temporary road before (a)
and after (b) it was excavated
and the road was closed (person
is standing over the axis of the
stream channel}. Since the road
bed is still intact everywhere but
at the stream crossings, it can be
reopened by simply
reinstalling the culverts. In the
meantime, no road maintenance
isrequired.

Figure 92b.

2. Treatment of unstable areas

Any ungable or potentially ungtable road or landing fills (or Sdecast) should be excavated and
dabilized so materid does not fal and enter a watercourse or destroy down-dope vegetation.
Such aress include sdecast and fill materids which show recently developed scarps or cracks
(Figure 93). These dtes occur most often 1) around the perimeter of landings, 2) on Sdecast
constructed roads built on steep dopes, 3) where roads have been built on steep dopes over
springs or seeps, or 4) where roads have been cut into steep headwater swaes or "dips’ in the
hillsde. Cribbed fills which were inddled a ungable areas during road condruction or
recongtruction should aso be removed and outdoped if they could fal into a downdope stream
channd.
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Figure 93a. Excavation of unstable
landing fill onaroad scheduled
for permanent closure: (@)

before excavation.

Figure 93b. (b) after
excavation.

Potentidly ungtable road materid that is likely to enter a Class I, Il, or IIl watercourse or damage
reproduction or other sendtive resources should be excavated and treated during road closure
operations. All spoil material should be placed in a stable location and revegetated. Spoil disposal
stesinclude the cut portion of closed roads and the inside portion of landings and turnouts.

Cutbank fallure materias are often completely caught and stored on the adjacent road prism. For
this reason, cutbank ingabilities often do not need the same amount of "erosonproofing” and
dabilizing as is needed on filldopes and stream crossngs. Some buttressing, revegetation and
updope drainage control may be required to prevent larger falures and erosion that could affect
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water qudity. No active ditches or diversons should be left a the base of an ungtable or ravelling
cutbank on a closed road. In fact, ditches should not be left open and functioning when a road is
closed because dl ditches are likedly to eventudly become plugged with sediment or vegetation
and cause water to be diverted onto the road surface.

3. Road surface runoff and other drainage structures

Roads that are to be closed and unmaintained should have adequate, salf-maintaining surface
drainage o that the road surface is stable and will not erode and ddliver sediment to a stream.

Most temporary roads should have been built as outdoped roads, and any ditched segments of
roads to be closed should be outdoped or drained with cross road ditches during closure
operations. Outsde road berms should be removed to encourage continuous drainage off the road
surface.

Inside road ditches should be diminated when cloang temporary and abandoned roads so that
water is not diverted and gullies do not form. Drains should be made deeper than standard
waterbars and extend dl the way from the cutbank to the outsde edge of the road in order to
intercept al ditch flow. On steep sections of road (>10%) cross drains should be skewed at 45%
to the road dignment (instead of the usud 3)%) to reduce the threat of eroson a the inlet (Figure
94). Since ingde ditches will be breached and no longer carry runoff, ditch relief culverts are no
longer needed on closed roads and can be either removed and salvaged or |eft in-place.

Cross-road drains should be placed frequently enough such that flow through individud drains
will not require the use of rock amor energy disspaors to prevent eroson a the outlet.
However, cross drains tha cary spring flow or flow from smal updope gullies may require
amoring a ther outlet and should be discharged into vegetation to filter water and sediment
before runoff reaches a stream.

between drains.
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roads, especially those with
springs and seeps on the
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Drains can be installed at wet
areas along the cutbank, or at
intervals frequent enough to
prevent gullying of the roadbed



Ripping and planting abandoned roads can reduce runoff and eroson, and grestly increase the
amount of forest and ranch land in production. Idedly, the abandoned road surface should be
scarified (ripped to a depth of 15-24 inches), outdoped at least 4% more than the road grade,
waterbarred, seeded and planted to control surface runoff and erosion (Figure 95). Wet, spring-fed
cutbanks along outdoped roads should not be covered with spoil, and roads that are not outdoped
should have frequent crossroad drains indtdled. Tree growth on compacted or rocked road
asurfaces is generdly much dower that on adjacent, uncompacted Stes unless the roadbed is
mechanicdly ripped. Ripping is mog effective in bresking compaction and promoting tree
growth when it is conducted with a winged subsoiler that lifts and shetters the soil. Ripping can
dso be peformed usng hydraulicaly operated chisd teeth mounted on the back of a large

tractor, although severa passes may be required to disaggregate the entire roadbed.

Figure 95a. On forest roads which
are to be formally closed, rather
than just "abandoned," the
roadbed can be returned to forest
production by ripping and
disaggregating the surface and
then planting with trees. Photos
"a" and "b" show a road/landing
before and after decompaction.
This simple, inexpensve process
also helps reduce runoff from
compacted areas.

Figure 95b. "After.’
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4. Erosion control

Most eroson control work aong closed roads is accomplished by 1) the physica excavation of
dream crossings, undable fills and landing Sdecast, 2) inddlation of cross-road drains, 3) road
ripping, and 4) locd road outdoping. These techniques ae usudly peformed by heavy
equipment. Other hand-labor erosion control and revegetation practices that may be of use
indude mulching, inddlation of energy disspaion (eg. rock amoring and woody debris),
seeding and planting.

The banks of dl excavated stream crossings, as well as dl bare soil areas immediatdly adjacent a
watercourse, should be mulched with sraw (3,000 to 5,000 Ibs/acre) or another mulching
product. On dopes over about 45%, or where high winds are common, mulches will need to be
tacked, punched or secured to the ground surface to hold them in-place and againgt the ground.
Straw can be punched into loose soil using shoves, crimpers or a spiked roller, or held onto the
surface using a netting or a "tacking" spray. Mulches can dso be purchased in ralls, in which the
mulch is bound between fine plagsic netting, which can then be rolled out and secured or
"gapled” to the ground.

If rock amor materids are plentiful, the channe-bottom of excavated stream crossings can be
amored with wedl graded rock to minimize subsequent channd downcutting or  widening.
However, rock armor should not be necessary for erosion control if dl fill materid is removed
from the crossng and the origind channel profile and sdedope configuration are recongtructed
by excavetion. If the naturd channd armor was not removed during initid culvert inddlation, it
should be sufficient to protect the channd from downcutting.

Rock and/or woody debris can be placed at the outlets to cross-road drains that are expected to
cary subgantid spring-flow. Rock armor is generdly preferable because it is more permanent
and adjudsits position when there is minor channd downcuiting.

5. Revegetation

Vegetation is the ultimate, long-term erosion control agent. However, because it takes time to
grow a thick, effective cover, some physca eroson control measures (such as straw mulch or
"dlt fences') are often needed for the fird year or two following road congruction or closure.
Seading with grass and legumes reduces surface eroson and can improve soil physical condition.
Planting trees and shrubs adds longer lasting vegetative cover and provides stronger root ystems
which enhances dope dability. Within their gppropriate range, conifers, hardwoods and other tree
species provide for long term land stability and erosion control.

Seeding with grass and other fast growing species can be used to protect dopes from raindrop and
rill eroson, if it is planted and grows to provide a thick cover before the firg fdl rains. Planting is
best conducted immediately after the surface is disturbed. The rough surface provides miniaure
trgps for seeds, ferilizer and rain water, creating a favorable environment for seed germination
and growth. Mulches increese seedling establishment by improving germinating conditions and
contralling erosion until the plants become established.

The two basic methods for spreading seed are dry seeding and hydraulic seeding. Each method is
auited for specific ground conditions (Table 26). Dry seeding and fertilizing dong smdl roads is
often done with cyclone-type rotary seeders. This method is usudly done by hand for road-related
goplications, but may dso be performed by truck and aerid application for larger jobs. Hand
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seeders are typicaly restricted to moderate or gentle dopes and can shoot seed and fertilizer from
15 to 20 feet. Drilling seed into the planting bed ensures an even didribution, but may not be
possible due to the steepness of many road cuts and fills. In hydraulic seeding (hydro-seeding),
seed, mulch (or binder) and fertilizer is gpplied in a water-based durry from a pump truck or
portable trailer. Hydroseeding may be necessary for planting 1:1 or steeper dopes, where the seed
must be "tacked" to the dope because of high ravel or erosion rates.

Table 26. Guidelines for seeding method selection®

Site conditions Sample situations Seeding method

Steep (>50%) or windy slopes, | steep cutbanks and fillslopes hydraulic seeding with a sprayed or tacked
high to extreme erosion mulch

hazard

Moder ate (30-50%) and steep | moderate and steep cutbanks and fillslopes;| hydraulic seeding or dry seeding with al
slopes, medium to high erosion| stream crossing fills and bridge sites mulch
hazard

Gentle and moderate slopes, | cutbanks, fillslopes and spoil disposal sites| hydraulic seeding or dry seeding; mulch
medium to high erosion not near a watercourse where needed
hazard

Gentle and moderate slopes, | cutbanks, fillslopes and spoil disposal sites| dry seeding; mulch if needed to improve
low to moder ate erosion not near a watercourse revegetation
hazard

! Modified from B.C.M.F., 1991

Regardless of the method sdlected, seed must be evenly didtributed to result in a continuous plant
cover. Seeding onto a roughened soil surface or thinly covering the seed with soil ensures good
germination. In dry climates or in soils with poor water holding capacities, broadcast seeding
may yield poor results unless the seeds are covered.

Severdy didurbed sub-soils and cutbank  exposures ae usudly infertile, and fertilizer
gpplications containing nitrogen (N), phosphorous (P), potassum (K), and occasiondly sulphur
(S may be needed for successful grass-legume establishment and growth. Fetilization rates vary
according to the leve of nutrients needed for establishment Soils can be tested for nutrient
content before fertilizer mixes are prepared. More often, commercia mixes are used which
provide al the necessary nutrients for plant growth.

Parent materials and subsoils are dways deficient in nitrogen. A common recommendation is to
broadcast ammonium phosphate sulfate fertilizer (16-20-0) at the rate of 500 Ibs/acre a planting
time. This provides sufficient nutrients for the fird growing season. Criticd dtes (eg., Sream
crossings) may need to be refertilized after 3 to 5 years to maintain plant vigor and an adequate
ground cover. Planting legumes in infertile soils is often suggested because they are able to grow
without nitrogen fertilizer. Before seeding, legume seeds require inoculaion with a nitrogen
fixing bacteria which then grows on its roots.

Typicdly, a combination of 2 to 5 species, including sod forming grasses, bunch grasses ad
legumes, is used for erosion control. Legumes are included for their deeper roots and nitrogen
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fixing capability. Seed mixes suitable for an area depend on the soil and climatic conditions of the
site. Seeding rate depends on the desired species mix, seed weight and viability of the seed stock.

The California interagency seeding guide for erosion control plantings (1986) is a short
publication which describes generd seed mixes which have been found to be useful for erosion
control within the mediterranean climate of Cdifornia (Table 27). It describes seeding rates and
environmental requirements for a number of proven perennid and annud grasses, anua clovers
and vetch, one shrub and severd flower species, and outlines the steps to successful plartings.

The most important consderations in seeding are timing of application, even didribution of seed
and covering the seed with soil. Planting a the wrong time is the most common resson for
seeding falure. Seeding must be done early enough in the growing season so that an adequate
ground cover can become established before the criticd winter period. Seed application should
begin immediately following heavy equipment operations and soil disurbance, and a minimum of
6 weeks before periods of drought or damaging frogt. Fal seeding is best in areas with summer
drought.

Panting and seeding for eroson control requires the deveopment of a rapid, perssent and
continuous plant cover. Annua grasses often produce the quickest protection, but are only a
temporay solution and can sometimes actudly impede the growth of other plants. Perennid
grasses are dower to edtablish but provide better root systems than annuals. Perennids may aso
have difficulty competing and surviving when seeded with annud grases in the same mix.
Annua legumes provide nitrogen to the soil as they grow, but they too are rdatively dow to grow
and may not compete well with heavily seeded annua grasses. Shrubs and trees are dow to
provide a ground cover, and may not compete well when seeded with other species, but they often
provide the best long term dability to a disturbed road dte. Native shrubs and trees will seed
naturadly to many disturbed dtes in forested areas. Planting or transplanting can be used to speed
ther return.

Utilizing a mix of seeds increases the likdihood that one of the plant species will find loca
conditions favorable and produce a good plant cover. If a commerciad seed mix is used, it is
important that plants known to be effective in eroson control be found in the mix, that the pecies
are adapted to grow in the loca environment, and that the species are compatible in mixtures (i.e,
that one doesn't out-compete the other). In generd, seed mixes should be kept smple. The grass-
legume ratio, by live pure seed, should be about 70:30 in humid regions and 80:20 in dry regions.
It is a good idea to consult your loca Soil Conservation Service office or Resource Conservation
Didtrict for seeding recommendations for your specific area and need.

Following seeding, dl bare soils on newly constructed, reconstructed and closed roads should be
planted with trees and/or other woody vegetation. In addition, the dopes and channd banks
adjacent to excavated stream crossings can be planted with willow, dder or other riparian tree
gpecies (Table 28) and shrub species (Table 29) compatible with the local ste conditions. These
woody species take longer to become established, but they provide the long-term ground cover
and soil binding needed for effective eroson prevention, soil development and dope dability on
these heavily disturbed sites.
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Table 27. Species, growth characteristicsand minimum seeding rates of plants
know to be effectivein controlling erosion on Califor nia forest and ranch lands*

LBS/Acrepurelive seed? Minimum Growth rate/
Species Characteristics Planting annual longevity
rainfall (in)
Good Poor
seedbed® seedbed”
Annual Grasses
(usually fast growing, adaptable and competitive)

Annual or fast, winter growing, short-lived grass, requires | never plant with perennial grasses, legumes or flowers; 22 50 12 fast, short-lived
Wimmera- | fertilization to persist, very competitive (to the| should be less than 50% of any annual grass mix
62 ryegrass detriment of other seeded plants)

Barley winter grain, grows fast and tall, may be seeded at 100 Ibs/acre without being overly 150 200 12 fast, temporary

competitive
Blando brome |winter growing, self seeding grass, very adaptable| usein any proportion with annual grasses, keep to less 15 50 12 fast, reseeds
to various climates than 70% when planted with legumes; should not be
planted with flowers or perennial grasses

Panochered | winter active, self-seeding grass, common in low | best if planted alone in droughty areas; in wetter areas 10 20 7 fast, reseeds

brome rainfall areas; very drought tolerant may be used as 25% mix with legumes, flowers or

shrubs
Zorro annua | winter growing, early maturing, self seeding grass; | is compatible with perennial native grasses and shrubs, 10 20 10 fast, reseeds
fescue very drought tolerant; good in low-fertility, acid | can comprise 70% of mix with annual legumes and
soils 25% of mix with flowers, legumes and shrubs
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Table 27. (continued)

LBS/Acrepurelive seed? Minimum Growth rate/
Species Characteristics Planting annual longevity
rainfall (in)
Good Poor
seedbed® seedbed?
Perennial Grasses
(usually restricted to sites requiring deep rooting and/or minimum maintenance; are slow growing in thefirst year and do not compete well with most
annual grasses; flowers or annual grasses may constitute up to 50% of a mix with perennial grasses)
Berber long lived, drought tolerant bunch grass; good for | Palestine orchardgrass may be substituted as second 10 20 16 medium
orchardgrass dryland areas choice, but no others will survive without irrigation
Luna pubescent | long lived, fast maturing, sod forming, winter active|often used on deeper soils such asfillslopes, including 20 40 16 slow
wheatgrass grass serpentine soils
Mission long lived, densely tufed bunchgrass outstanding in coastal sandy soils 30 40 14 slow
veldtgrass
Smilo long lived, drought tolerant bunchgrass best on well drained soils that once grew chamisein 10 20 16 slow
brushlands; best stands obtained after fire
Annual cloversand vetch
Annual clovers are used because of their ability to provide their own nitrogen. This make them suitable for low fertility areas that would otherwise need
fertilizer. The seed should be inocul ated with nitrogen fixing bacteria prior to planting. May be seeded alone or in mixes.
Rose clover self seeding legume used of slightly acid soils 20 30 10 medium, reseeds
Lanawollypod widely adapted, self seeding legume useful for providing wildlife food and habitat, 45 60 14 medium, reseeds
vetch alternates should be used in fire hazard areas
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Table 27. (Continued)

LBS/Acrepurelive seed? Minimum Growth rate/

Species Characteristics Planting annual longevity
rainfall (in)

Good Poor
seedbed® seedbed*

Shrubs
Most shrubs must be transplanted from cans or liners; these may be directly seeded.
Australian low growing, semi-prostrate perennial; plant is — 15 20 10 slow
saltbush drought and alkali tolerant
Duro Cadlifornia widely adapted and drought tolerant used extensively in road side seeding, is adapted to 10 20 10 slow
buckwheat much of the state
Flowers

Flowers are useful for short duration cover on sites with low erosion potential; seldom persist for more than 1-2 years, do not plant with annua grassesand do not fertilize with
nitrogen. Poppies and lupine have the record for persisting the longest of most flowers.

California can be planted on most weed-free soils; will not — 5 20 10 slow
poppies compete with grasses or weeds
Lupine adapted to a variety of soils; lupine should be several varieties of Lupinusmay be planted 5 20 10 slow
inoculated with bacteria before seeding

! from California Interagency Seeding Guide for Erosion Control Plantings. Plants are known to control erosion in the mediterranean climate of California. Qecific soilsand rairfall may limit theuseof each
species. Suggested seeding rates are minimum; consider increasing rates as difficulty of site and climate increase.

2 »nure-live seed" = % germination x % purity divided by 100.
% "Good seedbed" = seed covered with soil, slopes 3:1 or flatter, straw secured to slope surface at 1.5 to 2 tons/acre.

4 "Poor seedbed" = poor soil, steep slopes, no seed coverage (no mulch). May be hydroseeded.
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Table 28. Recommended tree species for revegetating riparian zones'

Riparian species (common name) Coastal Interior valley Interior foothill
California buckeye X X
Bigleaf maple X X
California box elder
White alder X X
Red alder X
California black walnut X X
Western sycamore X
Fremont cottonwood X X X
Coastal live oak X X
California black oak X
Valley oak X
Interior live oak X X
Red willow X X X
Black willow X X X
Sandbar willow X X X
Oregon ash X X X
California bay X
Dogwood X X X
Wax myrtle X

L From C.D. F.G.. (1992) When selecting species/or a revegetatlon project, those species found in similar environmental conditions near to the project site should be preferred.
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Table 29. Recommended shrub species revegetation for riparian zones'

Riparian species (common name) Coastal Interior Valley Interior Foothill
Elderberry X X X
Brewers saltbush X X
Coyote brush X X X
Mule fat X X
Ceanothus spp. X X X
Western redbud X

Mountain mahogany
Button bush
California buckwheat

x

Toyon

x| X| X| X

California coffeeberry

Red flowering current

Cdiforniawild rose

California blackberry

Black sage
Squaw bush X

Prunusspp. X
Rims spp. X X

X X[ X[ X] X| X| X[ X]| X| X

From C.D.F.G. (1992) When selecting species for a revegetation project, those species found in similar environmental conditions near to the project site should be preferred.
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GLOSSARY

Terms

Abandonedroad - aroad which is no longer maintained. An abandoned road may or may not still be
driveable and may or may not be overgrown with vegetation (see dso road abandonment).

Abney level - a hand-held instrument used to measure sopes and vertical anglesin the field.

Abutment (bridge) - a solid foundation on each stream bank on which the ends of a bridge are secured.
Naturaly occurring rock outcrops may serve as abutments, but most commonly abutments are made of
cement silIs, logs or piersingalled by man.

Accelerated erosion - eroson which has been caused directly or indirectly by human activities or land
management. Accelerated erosion is typicaly thought of as erosion which is not "naturd” or that which is
excess of that which would have naturally occurred.

Activeroad - aroad that is pan of the overall road network that needs to be actively inspected and
maintained.

Altimeter - a hand-hdd instrument which can be used to determine elevation or dtitude in the field.

Anadromousfish - fish that are born and rear in freshwater, move to the ocean to grow and mature, and
return to freshwater to reproduce. Salmon, steelhead and shad are examples.

Angle of repose - the steepest dope angle at which a material will freely stand without falling or diding
downdope. The angle of repose of material without cohesion, like loose sand, is about 33 degrees. For
materia with some cohesion, the comparable term is caled the angle of interna friction. Slopes which are
steeper than the angle of repose or angle of internd friction are likely to be unstable.

Archaeological site- ageographic locale that contains the material remains of prehistoric and/or historic
human activity.

Aspect - The direction a slope faces with respect to the cardina compass points.

Backcasting - aroad construction technique which utilizes a hydraulic excavator to cut a wide bench in
front of the machine and below the centerline of the new road, while placing the excavated soil on the
bench behind as the new subgrade.

Balanced benching - aroad building method used on gentle or moderate doping land in which materia
excavated during road construction is used to build the roadbed and fill the low spots aong the aignment.
In balanced benching, the cut volumes equa the fill volumes and the road is often referred to as a "half-
bench” road.

Bearing surface - the driving surface of the road. Road rocking is a common method of increasing the
load bearing capacity of the road surface if the subgrade soils are relatively weak.
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Bench - anaturaly occurring bench refersto ardatively flat or low gradient portion of a hillside. A
constructed bench is a step or flat area cut into a deep soil or bedrock in an attempt to create a more stable
road bed.

Beneficial use-In water use law, reasonable use of water for a purpose consistent with the laws and best
interest of the people of the state. Such uses include, but are not limited to, the following: instream, out of
stream, and ground water uses, domestic, municipal, industrial water supply, mining, irrigation, livestock
watering, fish and aquatic life, wildlife, fishing, water contact recrestion, aesthetics and scenic attraction,
hydropower and commercia navigation.

Berm - A curb or dike constructed to control water and prevent roadway runoff waters from discharging
onto roadside slopes and/or to provide materia for subsequent road maintenance.

Bottom-up road construction - road construction techniques which involve excavating a bench on the
hillsde and then filling and compacting fill on the bench to build up a stable roadbed at the desired
elevation (as opposed to sidecasting or top-down construction).

Borrow site - locations on the landscape where sand, gravel and/or rock is excavated for use in road
condtruction activities elsewhere in the watershed. Borrow pits and rock quarries on Cdifornia wildlands
may be subject to the new Surface Mining and Reclamation Act (SMARA) which requires landowners to
develop site reclamation plans for many such sites (see also rock pit).

Box culvert (open top) ¢ a open-top trough-like drainage structure, usualy constructed of lumber, built
into and obliquely across the road surface. It acts to collect and discharge road surface runoff and, less
often, ditch flow across the road. Openttop box culverts are more commonly used on ranch roads than on
forest roads used for logging operations.

Buffer strip - an area or strip of land adjacent a stream containing relatively undisturbed vegetation that
acts as afilter or buffer for erosion and runoff from upslope roads or other land management activities.

Center stake method - amethod of curve layout, especially for switchbacks, in which a stake is used to
mark the center of the curve and radial measurements are taken out from the stake to mark the curve on
the ground.

Check dam (straw bale) - atemporary structure used to contain eroded soil from leaving a construction
site. Straw bale check dams are often used in swales and small channels below a new road aignment to
collect and store sediment eroded from the work site. Straw bale check dams quickly decompose and will
usually not provide sediment storage or protection for more than a single season.

Class | watercourse - for forestry purposes, those watercourses serving as domestic water supplies,
including springs, onsite and/or within 100 feet downstream of the operations area, and/or those
watercourses where fish are always or seasonally present onsite, including habitat to sustain fish migration
and spawning.

Class Il watercourse - for forestry purposes, those watercourses where fish are always or seasonally
present offsite within 1000 feet downstream, and/or watercourses which contain aguatic habitat for non-
fish aquatic species. Class |11 watercourses that are tributary to Class | watercourses (hence within 1000
feet of afish-bearing watercourse) are specifically excluded.

Class |11 watercourse - for forestry purposes, watercourses that have no aquatic life present, but till
show evidence of being capable of sediment transport downstream to Class | or Class Il watercourses
under normal high water flow conditions after completion of timber operations.

Class |V water cour se - for forestry purposes, man-made watercourses, usualy supplying downstream
established domestic, agricultural, hydro-electric or other beneficial uses (see d'so man-made
watercourse).

Clearing - the act of removing the standing vegetation along a proposed road alignment. Clearing is one
of the tasks of road construction, and is followed by grubbing and grading (earthmoving).

Clinometer - A pocket field instrument which measures slope steepness in degrees and percent.
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Compaction - Anincrease in bulk density (weight per unit volume) and a decrease in soil porosity
resulting from applied loads, vibration or pressure.

Control points - locations along a proposed road aignment that control the position of the road. Examples
of control points include rock outcrops, the end of another road you must tie in to, a saddle on aridge that
you need the road to pass through, a favorable stream crossing location, a landdide that must be avoided,
etc.

CMP - corrugated meta pipe, often used synonymousdly with culvert. Metal culverts are typically made
from gavanized sted or duminum.

Crossroad drain - a deeply cut ditch, excavated across a road surface, which drains the road bed and
inboard ditch. Cross-road drains are more substantial and deeper than conventional waterbars used to drain
forest and ranch roads, and are steeper and more abrupt than rolling dips. Well constructed cross-road
drains will often be deep enough to prevent vehicular access to an area and are typicaly installed on roads
which are being closed permanently or for severa years. Cross-road drains are typicaly constructed
(excavated) using atractor, an hydraulic excavator, or a backhoe.

Crowned - A crowned road surface is one which slopes gently away from the centerline of the road and
drains to both sides of the crown. Crowning a road surface is one method of providing for surface
drainage. The insde haf of the road drains inward to the cutbank and ditch, while the outside half drains
out across the filldope.

Crushed rock - rock which has been run through a mechanical crusher to produce a more uniform range
of particle sizes. Crushed rock is useful as aroad surfacing material.

Culvert - atransverse drain, usualy ametal pipe, set beneath the road surface which drains water from the
inside of the road to the outside of the road. Culverts are used to drain ditches, springs and streams across
the road alignment.

Curve layout - the technique or method of laying out a road curve on the ground before a road is
constructed. Curves may be broad enough such that little or no layout is necessary. Switchbacks and sharp
curves often require the use of surveying techniques to ensure the best, most functional design (see center
stake method).

Cut-and-fill - a method of road congtruction in which a road is built by cutting into the hillside (usualy
using a bulldozer) and spreading the spoil materias in low spots and as sidecast dong the route. " Cut-and-
fill" is often a synonym for "cut-and-sidecast” (see aso balanced benching and top-down road
construction).

Cutslope (cutbank) - the artificial face or dope cut into soils or rock along the inside of aroad.

Debrisflow - A rapidly moving mass of rock fragments, soil and mud, with more than half of the particles
being larger than sand size. In contrast to debris dides, debris flows are usually saturated with water.

Debris slide- A dow to rapid dide, involving downdope trandation of reatively dry and predominantly
unconsolidated materias, with more than haf of the particles being larger than sand size.

Debris torrent - Rapid movement of a large quantity of materials (wood and sediment) down a stream
channdl during storms or foods. This generally occurs in smaler, steep stream channels and results in
scouring of streambed.

Decking - the traveling surface (usually wood planks) of small flatcar and log stringer bridges used on
forest and ranch roads. Decking is usualy bolted in place and can be replaced when it is worn out.

Decommission - to remove those elements of aroad that unnaturally reroute hilllope drainage or present
dope stability hazards (see dso road abandonment and road closure).

Decompaction - see ripping.

Ditch relief culvert - A drainage structure or facility which will move water from an inside road ditch to
an outside area, beyond the outer edge of the road fill.
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Diversion potential (DP) - a stream crossing has a diversion potentia if, when the culvert plugs, the
stream would back up and flow down the road rather than directly over the fill crossing and back into the
natural drainage channel.

Downspout - a flume or trough attached (bolted) to a culvert outlet and used to convey water from the
culvert outlet down over and beyond the road fill so as to prevent erosion. Culverts that are placed at the
base of the road fill discharge directly into the natural channel or hilldope and usualy do not require a
downspout.

Drainage basin - see watershed.

Drainage blanket - a layer of permeable fill (usually gravel or coarse aggregate) severa feet thick
installed beneath road fill to provide subsurface drainage. Drainage blankets are typicaly used to drain
wet soils and seeps beneath cut-and-fill and backcast constructed roads. A well drained subgrade can
support up to 50% more weight than poorly drained, well graded soils.

Drainage structure - A structure installed to control, divert or to cross over water, including but not
limited to culverts, bridges, ditch drains, fords, waterbreaks, outdoping and rolling dips.

Drop inlet - a vertica riser on a culvert inlet, usually of the same diameter as the culvert, and often
dotted to alow water to flow into the culvert as streamflow rises around the outside. Drop inlets are often
used on stream or ditch relief culverts where sediment or debris would otherwise threaten to plug a
traditional horizonta inlet.

Dry seeding - a method of spreading seed on the ground surface. Dry seeding can be accomplished by
drilling (actualy placing seed in the ground and covering it) or by broadcasting (where seed is aerially
spread over the surface of the ground).

Earthflow - A mass-movement landform and dow-to-rapid mass movement process characterized by
downdope trandation of soil and weathered rock over a discrete shear zone at the base, with most of the
particles being smaller than sand.

Easement (right-of-way agr eement) - an agreement which defines the conditions under which one party
may use a road or roads owned by someone else. An easement is usualy longer lived than an agreement,
which may apply to alimited period of use.

Emergency road maintenance - see storm maintenance.

Endhauling - the removal and transportation of excavated material to prevent sidecast, and the storage of
the materid in a stable location where it cannot enter stream channels. Endhauling is usualy
accomplished using dump trucks, but on larger jobs may be performed by mobile scrapers.

Energy dissipator - A device or material used to reduce the energy of flowing water. Energy dissipators
aretypicaly used at and below culvert outlets and other drainage structures to prevent erosion.

Environmental impact - The positive or negative effect of any action upon a given area or resource.

Ephemeral streams- Streams that contain running water only sporadicaly, such as during and following
storm events.

Equipment limitation, equipment exclusion - The terms used when the use of heavy equipment isto be
limited or prohibited, respectively, for the protection of water quality, the beneficial uses of water, and/or
other wildland or forest resources.

Erodible soils - soils which are relatively prone to erosion by rain drop impact and surface runoff.
Granular, noncohesive soils (such as soils derived sand dunes or from decomposed granite) are known to
be especidly erodible.

Erosion - the didodgement of soil particles caused by wind, raindrop impact or by water flowing across
the land surface. Erosion usually refers to processes of surface erosion (rain drop erosion, rilling, gullying
and ravel) and not to mass soil movement (landdiding).
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Erosion control - the act of controlling on-going eroson caused by rain drop impact, rilling, gullying,
ravelling and other surface processes.

Erosion hazard rating (EHR) - a calculated measure of the susceptibility of soils to erosion by raindrop
impact and surface runoff. According to the California Forest Practice Rules, EHR is calculated using a
defined fidd methodology, and the resulting rating (low, moderate, high, extreme) influence subsequent
land management practices which can be employed.

Erosion prevention - preventing erosion before it has occurred. Erosion prevention istypicaly less
expensive and more effective than erosion control.

Erosion-proof - the act of performing erosion control and erosion prevention activities which will protect
aroad, including its drainage structures and fills, from serious erosion during a large storm and flood.

Excess material - see spoil.

Fail safe - aterm used to describe a stream crossing that has no diversion potential.

Fail soft - a fail safe stream crossing where the dip or change in road grade occurs over the hinge line
between the fill and the natural ground surface. With the road dip or low point in this location, overflow
from a plugged culvert will likely result in the least possible amount of erosion. Roads which dip deeply as
they cross a stream channel have smaller fills which can be eroded when culvert plugging occurs.

Favorable ground - terrain which is favorable for road construction, usualy consisting of gentle and
stable dopes
and ridges.

Fifty-year flood - the magnitude of peak flow which one would expect to be equaled or exceeded, on the
average, once every 50 years. This flow should be estimated by empirical relationships between
precipitation, watershed characteristics and runoff, and then may be modified by direct channel cross
section measurements and other evidence.

Fillslope - that part of aroad fill between the outside edge of the road and the base of the fill, where it
meets the natural ground surface.

Fill - the material that is placed in low areas, compacted and built up to form the roadbed or landing
surface.

Filter fabric (geotextile) - a synthetic fabric manufactured and designed for use in, among others,
subsurface and surface drainage applications. Filter fabric is especiadly useful in maintaining a separation
between coarse aggregate and finer native soil particles. It comes in a number of different types (with
different specifications and uses) and is used in a number of different road building settings.
Manufacturer's specifications should aways be consulted before using a fabric for drainage or other
engineering applications.

Filter strip - see buffer.

Filter windrow - a row of slash and woody debris laid and pressed down along the base of aroad fill or
sidecast dope to contain soil eroded from the filldope. Filter windrows are often used to contain erosion
from fillslopes and sidecast areas where a road approaches and crosses a stream channel.

Fish-bearing - a stream which supports fish during some part of the year.

Flared inlet - a culvert inlet which is flared or widened to increase its capacity and reduce the chance of
inlet plugging and damage. Mitred inlets, usualy made by cutting a normal culvert at an angle, are also
used on ditch relief culverts to decrease inlet erosion and improve culvert efficiency. Flared inlets are
attached to the normal culvert inlet using aband or bolts.

Flatcar bridge - a portable bridge constructed from arailroad flatcar. Single flatcar bridges can span
channels up to about 80 feet wide.
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Ford (wet) - arock, concrete or other hardened structure built on the bed of alive stream which alows
vehicle passage during low flow periods.

Ford (dry) - arock, concrete or ather hardened structure built on the bed of aswale, gully or usualy dry
stream which allows vehicle passage during periods or low or no flow.

French drain - aburied trench, filled with coarse aggregate, which acts to drain subsurface water from a
wet area and discharge it in a safe and stable location. French drains are often lined with filter fabric to
keep soil from plugging the drain.

Full bench road - road construction technique in which the bench cut width is the same as the road width,
and nofill is used in construction. Endhauling is needed to remove the excavated spoil material.

Full fill road - road congtruction technique in which no bench cut is made into the hilldope and the road
prism is made entirely from imported fill. The ground surface nmust still be prepared (grubbed and bared)
for thefill to bind to the underlying substrate.

Geomor phic - pertaining to the form or shape of the earth's surface, and to those processes that affect and
shape the land's surface. Geomorphic processes include dl forms of soil erosion and mass soil movement,
as well as other processes.

Geotextile - seeg, filter fabric.

Grade-break - the location of areversa in the dope (grade) of the road from climbing to faling, or from
fdling to dimbing.

Grading - the act of excavating and moving soil aong the road alignment to an established grade-line
during road construction or reconstruction. Grading is one of the tasks of road construction, and is
preceded by grubbing and followed by surfacing. Grading aso refers to the mechanical smoothing of the
road bed to maintain a free-draining, smooth traveling surface.

Groundwater - The standing body of water beneath the surface of the ground, consisting largely of
surface water that has seeped down into the earth.

Grubbing - the act of scarifying the surface of the ground along a proposed road alignment prior to
placing fill or sidecast on top. Grubbing is one of the tasks of road congtruction, and is preceded by
clearing and followed by

grading.

Gully (gullied) - an erosion channel formed by concentrated surface runoff which is generaly larger than
1 ft® in cross sectional area (1' deep by 1' wide). Gullies often form where road surface or ditch runoff is
directed onto unprotected slopes.

Habitat - the place where a plant a anima (including aguetic life and fish) naturaly or normally lives
and grows.

Headwater swale - the swale or dip in the natural topography that is upsope from a stream, at its
headwaters. There may or may not be any evidence of overland or surface flow of water in the headwater
swale.

Horizontal curve - The horizontal arc of a circle whose radius is that of the curve of the road.

Hydro-seeding (hydraulic seeding) - a technique for applying a durry of seed, fertilizer and mulch by
hydraulicaly spraying the mixture on the ground surface. Hydro-seeding is typicaly performed on dopes
that are too steep for dry seeding.

Humboldt log crossing - see log crossing.

Inactiveroad - aroad needed only infrequently, for fire control, tree thinning or other intermittent forest
or ranch activities. These roads remain largely unused for most of the year, or for severa years in
succession, but have drainage structures intact and require regular inspection and maintenance.
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Inboard ditch - the ditch on the inside of the road, usually at the foot of the cutback.
Infiltration - the movement of water through the soil surface into the soil.

Inner gorge - A stream reach bounded by steep valley walls that terminate upsope into a more gentle
topography. Common in areas of rapid stream downcutting or uplift.

Insloped road - road surface that is doped in toward the cutbank. Indoped roads usually have an inboard
ditch that collects runoff from the road surface and cutbank.

Intermittent stream - Any nonpermanent flowing drainage feature having a definable channel and
evidence of scour or deposition. Intermittent streams flow in response to rainfall, and then for some period
after the cessation of rainfall (being fed by groundwater discharge).

Intervisible - the ability to see from one feature to the next. Turnouts which are intervisible can be seen
from one another.

Landdide - The downdope movement of a mass of earth caused by gravity. Includes but is not limited to
debris dides, torrents, rock fals, debris avalanches, and creep. It does not, however, include dry ravel or
surface erosion by running water. It may be caused by natural erosional processes, by natural disturbances
(e.g., earthquakes or fire events) or human disturbances (e.g., mining or road construction).

Landing - Any place on or adjacent to alogging site (usudly on aroad) where logs are collected and
assembled for further transport.

Landing excavation - excavation and remova of unstable or potentialy unstable soil and organic debris
from the outer edge or perimeter of a log landing. Landing excavations are performed as a preventive
measure to guard against landdiding of unstable materia into downd ope stream channels.

Log crossing - a drainage structure made out of logs laid in and paralld to a stream channel and then
covered with soil. Before the mid-1980's log crossings were frequently used as "permanent stream
crossings' instead of culverts or bridges. Log crossings are highly susceptible to plugging and washout
during storm flows. Log crossings are used today only for temporary stream crossings that are to be
removed prior to the winter period.

Logging road - aroad other than a public road used by trucks going to and from landings to transport logs
and other forest products.

Maintained road - A road which is regularly inspected and whose cutslopes, road surface, drainage
structures and filldopes are maintained to prevent erosion and deterioration.

Man-made water cour se - a watercourse which is constructed and maintained to facilitate man's use of
water. They include but are not limited to ditches and canals used for domestic, hydropower, irrigation and
other beneficiad uses. According to forestry regulations, marrmade watercourses technicaly do not
include road-side drainage ditches.

Mass soil movement - downsiope movement of a soil mass under the force of gravity. Often used
synonymoudy with "landdide,” common types of mass soil movement include rock fals, soil creep,
dumps, earthflows, debris avalanches, detxris dides and debris torrents (see also landslide).

Mulch - materia placed or spread on the surface of the ground to protect it from raindrop, rill and gully
erosion. Mulches include wood chips, rock, straw, wood fiber and a variety of other natural and synthetic
materials.
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M ulti-benching - aroad building method used on moderate or steeply doping land in which two or more
benches are excavated into the native hilldope and fill isthen compacted on the benches to provide a
stable road bench.

Obstacle - locations aong a proposed road alignment that need to be avoided. Obstacles include rock
outcrops, landdlides, extremely steep dopes, unsuitable stream crossing locations, wet areas, lakes, etc.

Outsloped road - road surface that is sloped out away from the cutbank toward the road's fill ope.
Outd oped roads may or may not have an inboard ditch.

Outsloping - the act of converting an indoped road to an outsoped road. Outdoping can aso refer to the
act of excavating the fill aong the outside of the road and placing and grading it against the cutbank,
thereby creating an outsoped surface where the roadbed once existed.

Partial bench - apartia bench road is one in which the road bed is part bench and part fill, somewhere
between a full bench and a full fill road.

Permeablefill - see drainage blanket.

Peak flow (flood flow) - the highest amount of stream or river flow occurring in ayear or from asingle
storm event.

Perennial stream - A stream that typically has running water on a year-round basis.

Permanent road - A road which is planned and constructed to be part of a permanent al-season
transportation system. These roads have a surface which is suitable for hauling of forest and ranch
products throughout the entire winter period and have drainage structures, if any, at watercourse crossings
which will accommodate the fifty-year flood flow. Permanent roads receive regular and storm-period
ingpection and maintenance.

Per manent water cour se crossing - A watercourse crossing that will be constructed to accommodate the
estimated fifty-year flood flow and will remain in place when timber [or ranching] operations have been
completed.

Permeablefill - see drainage blanket.

Put-to-bed - The process of actively abandoning a road by eiminating al concelvable risks of sediment
production until the road is again needed in future years. "Putting-to-bed” or road closure involves
completely removing stream crossing fills and associated drainage structures and eliminating the risk of
sediment production from roads and landings (see also decommission and road closure).

Ranch road - aroad other than a public road used by ranch and farm vehicles in the conduct of ranching
operations. Ranch roads are sometimes used for hauling forest products and thereby are aso classified as,
and subject to, the same regulations as logging roads.

Rangefinder - ahand-held field instrument used to measures distances less than about 1000 feet.

Ratio (slope) - away of expressing slope gradient as aratio of horizontal distance to vertical rise, such as
3:1 (3 feet horizontal for every 1 foot vertical rise of fall).

Rational formula (method) ¢ an empirica method for estimating peak flows from a small watershed. The
rational formula is often used to estimate flows and to select appropriate culvert sizes for small, ungaged
stream channels crossed by a road.

Ravel (dry ravel) - soil particles disodging and rolling down a sope under the influence of gravity.
Ravel occurs most rapidly when a cohesionless soil on a steep dope dries out Ravelling is draméticaly
increased when frost acts on the exposed soil. Ravel on some steep, bare cutbanks can quickly fill ditches
and supply sediment that is then eroded and moved to nearby ditch relief culverts or streams by
concentrated ditch flow.
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Reconstruction (road) - the upgrading or rebuilding of aroad that is abandoned or substandard in one or
more elements of its design.

Rill - an erosion channel, varying in size from a rivulet up to about 1 ft? in cross section, that typicaly
forms where rainfal and surface runoff is concentrated on fillslopes, cutbanks and ditches. If the channel
islarger than 1 ft2 insize, itiscaled agully.

Rip-rap - Therock or other suitable materia placed on the ground to prevent or reduce erosion.

Riparian - The banks and other adjacent terrestrial environs of lakes, watercourses, estuaries and wet
areas, where transported surface and subsurface freshwater provides soil moisture to support mesic
vegetation.

Ripping (road) - The process of breaking up or loosening compacted soil (e.g., skid trails, spur roads or
landings) to better assure penetration of roots of young tree seedlings and to increase infiltration (see dso
scarified).

River run rock - aggregate (gravel) that is excavated from ariver bed. River run rock is usualy well
rounded and, unlessit is screened, also contains sand.

Road abandonment - in the past, road abandonment was synonymous with blocking the road and letting
it grow over with vegetation. Today, proper road abandonment involves a series of poactive steps and
activities which essentially erosion-proof a road alignment so that further maintenance will not be needed
and significant erosion will not occur (see aso road closure, decommission).

Road closure - or "proactive road abandonment” is a method of closing aroad so that regular maintenance
is no longer needed and future erosion is largely prevented. The goal of road closure is to leave the road so
that little or no maintenance is required for stability while the road is unused. Road closure usudly
involves erosion-proofing techniques including removing stream crossing fills, removing unstable road
and landing fills, ingtalling cross road drains for permanent road surface drainage and other erosion
prevention and erosion control measurers as needed. Proper road closure is not accomplished by blocking
a road and waking away from it to let "nature reclam the road" (see also decommission, road
abandonment).

Road failure - damage to the roadbed (usualy caused by a road bed dump, fill falure, stream crossing
washout or mgjor gully) which prevents vehicular passage, but does not usualy mean minor cutbank or fill
doughing incidentd to road settling.

Road fill excavation - excavation and removd of unstable or potentialy unstable fill and/or sidecast spail
from the outer edge a road prism. Road fill excavations are performed as a preventive measure to guard
againgt landdiding of unstable material into downsope stream channels.

Road grade - the dope of aroad dong its aignment.

Road maintenance - the actions taken to prevent erosion and/or the deterioration of aroad, including the
cutbank, the road surface, the filldope and al drainage structures. Road maintenance activities include
such tasks as grading, ditch cleaning, brushing and cuvert cleaning.

Road network - the pattern of al the roads in an ownership, watershed, hillside or other defined area. The
road network typically includes main trunk roads, secondary roads and spur roads.

Road reconstruction - repair or upgrading of those pre-existing roads that are to be restored or improved
to make them useable for hauling forest products or for ranching operations. Reconstruction typically
refers to road rebuilding required when one or more road failures have occurred (see road failure).

Road runoff - surface runoff that collects on and is drained from the road surface, usualy as a direct
response to rainfal.

157 - Glossary Handbook for Forest and Ranch Roads



Rock armor - course rock that is placed to protect a soil surface, usually from erosion caused by flowing
or faling water. Rock armor is one type of material used for energy dissipation at culvert outfals.

Rock pit - alarge outcrop of bedrock that has been developed for aggregate uses, such as road surfacing
material and/or larger rock armor. A borrow pit is an excavation from which material is removed for use
in another location (see also borrow site).

Rolling dip - shallow, rounded dip in the road where road grade reverses for a short distance and surface
runoff is directed in the dip or trough to the outside or insde of the road. Rolling dips are drainage
facilities constructed to remain effective while allowing passage of motor vehicles at reduced road speed.

Rotational slide - alanddide that has an accurate, concave-up falure plain, and whose movement is
rotationa rather than trandational.

Runoff « rainfal or snowmelt which flows overland across the surface of hilldopes and aong roads and
trails.

Scarified (scarification) - a soil surface whose organic material is removed and whose surface is
mechanically broken up or decompacted (see aso ripping).

Seasonal road - aroad which is planned and constructed as part of a permanent transportation system
where most hauling and heavy use may be discontinued during the winter period and whose use is
restricted to periods when the surface is dry. Most seasonal roads are not surfaced for winter use, but have
a surface adequate for hauling of forest and ranch products in the non-winter periods, and in the extended
dry periods or hard frozen conditions occurring during the winter period. Seasona roads have drainage
structures at watercourse crossings which will accommodate the fifty-year flood flow.

Sediment delivery - material (usually referring to sediment) which is ddivered to a stream channel.
Sediment ddlivery often refers to the percent of material eroded from a site which actually gets delivered
to astream channel (as opposed to that which is stored on the hilld ope).

Sediment yield - the quantity of soil, rock particles, organic matter, or other dissolved or suspended
debris that is transported through a cross-section of stream in a given period. Technicaly, yield consists of
dissolved load, suspended load, and bed load.

Sidecast - the excess earthen material pushed or dumped over the side of roads or landings.

Silt fence - a constructed barrier used to contain soil eroded from a construction site. The barrier is made
from filter fabric stretched between fence posts placed on contour along a slope.

Sliver fill - athin fill lying pardld to the underlying hilldope, rather than as a wedge used in normal cut
and fill congtruction. Sliverfills cannot be compacted on sopes exceeding about 35%. As they thicken,
diver fills become more susceptible to failure. Sliver fills are only appropriate where it is impossible to
disoose of the material elsewhere and where the fill is composed entirely of coarse rock. Siverfills are
"placed" and are never constructed by uncontrolled sidecasting.

Sloperatio - seeratio.

Slope stability - the resistance of anatural or artificial dope o other inclined surface to failure by
landdiding (mass movement).

Slump - an episodic, fast to very dow mass movement process involving rotation of a block of hillslope
or road along a broadly concave dip surface, often referred to as arotationa dide (see rotational slide).

Soil series - a group of soils developed from a particular type of parent material having naturaly
developed horizons that, except for texture of the surface layer, are smilar in differentiating
characteristics and in arrangemert of the profile.
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Soil erosion - see erosion.

Soil texture - Therelative proportion of sand, silt and clay in a soil; grouped into standard classes and
subclasses in the Soil Survey Manual of the U.S. Department of Agriculture.

Soil water - water in the soil, including groundwater and water in the soil above the groundwater table.

Spoil disposal site - the location where spoil material (woody debris and excavated soils) can be placed
without the threat of accelerated erosion or of initiating dope instability. Stable spoil disposal sites include
the cut portion of closed roads, the inside portion of landings and turnouts, and flat or low gradient natura
benches.

Spoil (spoil materials) - Materia (soil and organic debris) that is not used or needed as afunctiona part
of theroad or alanding. Spoil materid is generated during road construction, reconstruction and
maintenance activities.

Spur road - aside road off amain trunk road or a secondary road. Most spur roads are dead-end.

Storm maintenance (emer gency road maintenance) - road inspection and maintenance that is
performed during periods of high rainfall and runoff when drainage structures are most likely to plug,
mafunction or fail.

Stream crossing - the location where a road crosses a stream channel. Drainage structures used in stream
crossings include bridges, fords, culverts and a variety of temporary crossings.

Stream crossing excavation - the excavation of the fill materia that was used to build (fill) a stream
crossng, specifically a culverted crossing, a log crossing or a temporary crossing. A stable stream
crossing excavation must be dug down to the level of the original stream bed, with side dopes graded
(excavated) back to a stable angle (usually 50% or less, depending on soil characteristics).

Subdrainage (subsurface drainage) - the flow of water beneath the surface of the ground. Along roads,
specific construction techniques can be used to make sure subsurface drainage is not impeded by the road
bed or road fill.

Subgrade - a thoroughly compacted portion of natura embankment materia directly beneath the base or
road foundation.

Surface erosion - the detachment and transport of soil particles by wind, water or gravity. Surface erosion
can occur asthe loss of soil in auniform layer (sheet erosion), in many rills, gullies, or by dry ravel.

Surfacing (surface cour se) - the top layer of the road surface, also called the wear course. Rock
aggregate and paving are two types of surfacing used to weather-proof the road for winter use.

Swale - a channel-like linear depression or low spot on a hilldope which rarely carries runoff except
during extreme rainfall events. Some swales may no longer carry surface runoff under the present climatic
conditions.

Switchback - the location along a road where the route turns and reverses direction, usually over a short
distance.

Temporary road - aroad that is to be used only during short-lived ranch or timber operations. These
roads have a surface adequate for seasonal hauling use and have drainage structures, if any, adequate to
carry the anticipated flow of water during the period of use. These drainage structures must be removed
prior to the beginning of the winter period (see temporary stream crossing).

Temporary stream crossing - a stream crossing that is to be excavated and removed, usually on a
temporary road. If atemporary stream crossing is to remain in place over one winter, it should be designed
to the same standards as a permanent watercourse crossing.
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Through-cut - aroad cut through a hilldope or, more commonly, a ridge, in which there is a cutbank on
both sides of the road. Through-cuts that are more than about 2 feet deep are very difficult to drain and are
prone to gullying.

Throughfill - aroad which is entirely composed of fill materia and which has a berm aong both sides of
the road, thereby intentionaly containing road surface runoff on the road and directing it to a single
discharge point, usualy a fabricated metal berm-drain. Through-fills are typicaly found at senstive
stream crossings where the fill is bermed on both sides of the road.

Top-down road construction - road congtruction techniques which involve excavating a road bench on
the hillsde and sidecasting the spoil materia on the dopes below. Top-down road construction techniques
should only be employed on gently or moderately doping hilldopes where sidecast materia cannot fail or
be eroded and transported to local stream channels.

Trash rack - abarrier built just over or just upstream from a culvert inlet to trap floating organic debris
before it can plug the culvert.

Trunk road - a main, through-going road which typically forms the core of a road network that also
contains secondary and spur roads.

Turnout - a planned wide spot along a single lane road that is used to alow vehiclesto safely pass.

Unstable areas - areas characterized by mass movement features or unstable soils, or by some or al of
the following: hummocky topography consisting of rolling bumpy ground, frequent benches, and
depressions; short irregular surface drainages which begin and end on the dope; visible tension cracks and
head wall scarps; irregular dopes which may be dightly concave in upper half and convex in lower half as
aresult of previous dope failure; evidence of impaired ground water movement resulting in local zones of
saturation including sag ponds with standing water, springs, or patches of wet ground; hydrophytic (wet
Ste) vegetation; leaning, jackstrawed or split trees; pistol-butted trees with excessive sweep in areas of
hummocky topography.

Unstable soils - are indicated by the following characteristics. (1) unconsolidated, non-cohesive soils
(coarser textured than loam) and colluvial debris including sands and gravels, rock fragments, or
weathered granules. Such soils are wsualy associated with arisk of shalow-seated landdlides on dopes of
65% or more, having non-cohesive soils less than 5 feet deep in an area where precipitation exceeds 4
inches in 24 hours in a 5year recurrence interval. (2) Soils that increase and decrease in volume as
moisture content changes. During dry wesather, these materials become hard and rock-like exhibiting a
network of polygonal shrinkage cracks and a blocky structure resulting from desiccation. Some cracks
may be greater than 5 feet in depth. When wet, these materias are very sticky, dingy, shiny, and easily
molded.

Vertical curve- The vertical arc of acircle whose radiusis that of the road as it rises and falls (over a
hill), or falls and rises (across a swale or dip) through a change in grade.

Washed out stream crossing - a stream crossing fill that has been partially or completely eroded and
"washed" downstream. Washouts usually occur when a culvert plugs and streamflow backs up and flows
over the roadbed during flood events.

Waterbar (waterbreak) - shalow ditch excavated at an angle across a road or trail to drain surface
runoff. Waterbars are usually built on seasona or temporary roads which are to receive little or no traffic
during the winter period.

Watercourse - any well defined channd with distinguishable bed and bank showing evidence of having
contained flowing water indicated by deposit of rock, sand or gravel. Watercourse dso includes mar+
made watercourses (see also Class |, I, HI and IV watercourse).

Water course and lake protection zone (WLPZ) - adtrip of land, along both sides of a watercourse or
around the circumference of a lake or spring, where additional practices (or restrictions) may be required
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for protection of the quality and beneficia uses of water, fish and riparian wildlife habitat, other wildland
resources, and for controlling erosion.

Water quality - the chemical and biological characteristics of stream and lake water.

Water shed - the area or drainage basin contributing water, organic matter, dissolved nutrients and
sediments to a stream or lake. An area bounded mostly by ridges and drained, at its outlet, by asingle
trunk stream.

Wetlands - areas that are inundated by surface water or ground water with a frequency sufficient to
support, and under norma circumstances do or would support, a prevaence of vegetative or aquatic life
that require saturated or seasonally saturated soil conditions for growth and reproduction (Executive Order
11990). Wetlands generdly include, but are not limited to, swamps, marshes, bogs and similar areas.

Wheel guards- dightly elevated rails along both sides of the running surface of aflatcar bridge, designed
to warn drivers and to help keep vehicles on the bridge.

Winter operations - generally refers to logging and associated forest road operations conducted during
the winter operating period, from October 15 to April 15. A winter operating plan is required by the
Cadlifornia Department of Forestry and Fire Protection for winter operations.

Winter operating period - The period between November 15 to April 1, except for purposes of installing
waterbreaks and rolling dips, in which case the period is October 15 to April 1 (for forestry operations).

Winter operating plan - a functiond plan developed to describe how land use operations will be
conducted during the winter period. Winter operating plans usualy contain detailed information on
erosion control and erosion prevention actions that are to be followed to protect the site from rainfall and
storm runoff.

Winterize - to perform erosion prevention and erosion control work on a road in preparation for winter
rans and flood flows. Winterizing activities include waterbarring, ditch cleaning, culvert cleaning,
removal of berms, resurfacing, etc.
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APPENDIX A: CULVERT SIZING PROCEDURE FOR THE
50-YEAR STORM

Introduction

Severd methods have been developed for estimating the pesk flood discharge that can be
expected from smdl ungaged, wildland watersheds. These procedures are useful for determining
the sze (diameter) of culvert needed to inddl in a sream crossng that is to be consructed or
reconstructed.

Determining the proper Sze (diameter) culvert requires 1) esimating the volume of runoff which
would occur a each stream crossing during the 50-year flood, and then 2) caculaing the sze of
culvert which would handle thet flow.

A summay of some methods, with example cdculations for flood esimating is avaladle from
the Cdifornia Depatment of Forestry and Fre Protection in an "in-house' document cdled
Suggested culvert sizing procedures/or the 50-year storm. This document covers such techniques
as the Raiond Method, the California Nomograph Method, the Magnitude and Frequency
Method, the SCS Curve Number Method and the Slope Number Method. Other techniques are
adso avalable and may have been developed for your area and climatic region. Each method has
its drengths and weaknesses, and relies on fidld or map measurements, published climatic data
and subjective evauations of watershed conditions.

Severd of the methods require precipitation intendgty data which are avalable in severa reports
published by the State of Cadlifornia. These are available from the state and can be found in good
public and college libraries. Your locad CDF dfice may dso have copies of the most recent data
Ask the Forest Practice Ingpector with jurisdiction for your area.

1. Department of Water Resources, 1981 (and more recently). Rainfall depth-durationfrequency
for Cdifornia

2. NOAA, 1973, Atlas 2, Precipitation frequency atlas of the western U.S,, vol XI, Cdifornia

3. Department of Water Resources, 1976, Rainfd| atlas for drainage design, val. | and val 111,
(out of print).

The most commonly used technique for edimating 50-year flood discharges from smdl
watersheds in north coastad Cdifornia forest land is the Rationd Method. The methodology and
an example is described in this gppendix. However, it is recommended that two or three different
methods be used in an areato compare and verify the results.Field experience can aso be used as
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a check. Just remember, most of us have not been around for a 50-year flood and we naturally tend to
underestimate the amount of water that is carried by streams during these extreme events.

Step 1: The Rational Method of Estimating Flood Discharge from Small Watersheds

This method is based on the equation:
Q=CIA

Where:  Q = peak runoff at crossing (in cfs)
C = runoff coefficient (percent runoff)
| = uniform rate of rainfal intengty (inches’hour)
A = drainage area (in acres)
Advantages:
1. Frequently used and flexible enough to take into account local conditions.
2. Easytouseif local rainfall datais available.
Disadvantages:
1. Rexihility may lead to misuse, or misinterpretation of loca conditions.
2. Precipitation factor "I" may be difficult to obtain in remote areas.

I nformation needed:

A = area of watershed (acres)
H = elevation difference between highest point in watershed and the crossing point (ft.).

L = length of channel in miles from the head of the watershed to the crossing point

| = uniform rate of rainfal intensity. Obtained from precipitation frequency-duration data for local
rain gages as in example on page A5.
C = runoff coefficient from table on page Y.

Procedures;

1. Sdecting "C" vaues:

Severa different publications give arange of "C" vaues for the rational formula, however, the
values given in the following table by Rantz (1971) appear to be the most appropriate.
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Tableof "C" Values
Rural Areas C Value
Sandy and gravelly soils: cultivated 0.20
pasture 0.15
woodland 0.10
Loams and similar soils without impeded horizons cultivated 0.40
pasture 0.35
woodland 0.30
Heavy clay soil or those with a shallow impeding cultivated 0.50
horizon: shallow over bedrock:
pasture 0.45
woodland 0.40

2. Sdectingan"'l" vaue:

In sdecting an "I" vdue, two factors are conddered: @ the travel time or time of
concentration, Tc, for the runoff to reach the crossng, and b) the precipitation conditions
for the particular watershed in question.

a Time of concentration, T can be cdculated using the formula

Tc= |_11.9 L?l 0.385

H

Where: T =time of concentration (in hours)
L = length of channd in miles from the head of the watershed to the crossing point

H = devatiion difference between highest point in watershed and the crossng
point (in fegt)

b. Uniform rate of rainfdl intengty.

Once the time of concentration has been determined, then that value is used to
determine which rainfal duration to use (i.e, if Tc = 1 hour, then use 50-year, 1 hour
precipitation duration; if Tc=4 hours, then use 50-year, 4-hour duration). Precipitation
frequently, duration tables are available for precipitation Sations throughout the dHeate
gmilar tofigure 1 (DWR, 1981).
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Figure 1. Short-Duration Precipitation-Depth-Duration-Frequency Data
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The valuesin Figure 1 must be converted to inches per hour as shown in the following

examples:
Example 1:
Tc=3hours
from Figure 1, 50-year, 3-hour ppt = 1.89
1.89/3=0.63 inchesper hour | =0.63
Example 2:

Tc = 15 minutes
from Figure 1, 50-year, 15-minuteppt =0.48

0.48x4 = 1.92 inches per hour |1 =192

3. Oncethe"C" and "I" values are determined, apply vaues aong with area of watershed "A" to rationa
equation.

Q=CIA

Example:
Digger Creek (Near Fort Bragg, California)

C = 0.30 (loam woodland soil, from Table 1, page A3)

Tc= [11.9 18 mi.EI‘)-385 where: L = 1.8 mi., A =200 ft.
200

= 0.67 or 40 min. from the Intensity Duration Frequency table (see example
above and Figure 1, page A4)

| = 14in/hr.
A =536 acres
Q=CIA

Q=030x14x 536
=225cfs
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Step 2: Using the Culvert Capacity Nomograph to determine needed culvert size
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Determine the "entrance type" from the sketches above.

Calculate the expected "Headwater Depth" in diameters from field measurements (e.g., a 36 inch culvert whose bottom will be
8 feet below the lowest point on the road grade over the crossing has a headwater depth of 8 feet, or 2.7 culvert-diameters
(8ft./3 ft. = 2.7).

3. Place astraight edge connecting the Headwater Diameter scale (right side of nomograph) through the calculated 50-year flood
discharge (from the Rational Method, in this example).

4. Read off the needed culvert diameter on the left scale of the nomograph.

5. Inthe example, the Headwater Depth for a Type 1 entrance (1.8), Type 2 entrance (2.1) or a Type 3 entrance (2.2) culvert to be
installed on a small stream with a calculated 50-year flood discharge of 66 cubic feet per second would require a 36-inch
diameter culvert.
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APPENDIX B: STREAMBED ALTERATION AGREEMENT

Notification No. . THP No.
AGREEMENT REGARDING PROPOSED STREAM OR LAKE ALTERATION

THIS AGREEMENT, entered into between the State of California. Department of Fish and Game. hereinatter called the Department.

and
of | Stateof , hereinafter called the operator. is as follows:
WHEREAS. pursuant to Division 2, Chapter 6 of California Fish and Game Code. the operator. on the day of
19—, notified the Department that he intends to substantially divert or obstruct the natural flow of, or substantially change the bed
channel, or bank of, or use material from the streambed of, the following water: . in the County ot

. State of California, $ T R

WHEREAS. the Department (represented by has made an inspection of subject area on the

—  davot .19 . and) has determined tha-
such operations may substantially adversely affect existing fish and wildlife resources including:

THEREFORE, the Department hereby proposes measures to protect fish and wildlife during the operator’s work. The operator hereby
agrees to accept the following recommendations as part of his work: Numbers

from the list of recommendations on the back of this page and the following special recommendations:

1. All work in or near the stream or luke shall be confined to the period

The aperator. as designated by the signature on this agreement. shall be responsible for the execution of all elements of this agreement
A copy of this agreement must be provided to contractors and subcontractors and must be in their possession at the work site.

It the operator’s work changes from that stated in the notificaticn specified above. this agreement is no longer valid and a new
notification shall be submitted to the Department of Fish and Game. Failure to comply with the provisions of this agreement and with other
pertinent Code Sections, including but not limited to Fish and Game Cede Sections 3630. 3652 and 5948, may result in prosecution.

Nothing in this agreement authorizes the operator to trespass on an

v land or property. nor does it relieve the operator of responsibility
for compliance with applicable federal, state. or local laws or ordinances.

THIS AGREEMENT IS NOT INTENDED AS AN APPROVAL OF A PROJECT OR OF SPECIFIC PROJECT
FEATURES BY THE DEPARTMENT OF FISH AND GAME. INDEPENDENT REVIEW AND RECOMMENDATIONS WILL
BE PROVIDED BY THE DEPARTMENT AS APPROPRIATE ON THOSE PROJECTS WHERE LOCAL. STATE. OR
FEDERAL PERMITS OR OTHER ENVIRONMENTAL REPORTS ARE REQUIRED.

This agreement becomes effective on

Ciperator

) Depariment Representative

Title Title

Organization Department of ~ Fish and Game, State of California
Date Date
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The depariment has 30 days from date of T.H.P. No.

receipt of a completed application in which

to make its recommendations. This time

period does not begin until the department .

receives the appropriate fee (see attached STATE OF CALIFORNIA

fee schedule) THE RESOURCES AGENCY
DEPARTMENT OF FISH AND GAME

NOTIFICATION OF REMOVAL OF MATERIALS AND/OR ALTERATION
OF LAKE. RIVER, OR STREAMBED BOTTOM, OR MARGIN

A. APPLICANT Pursuant to Sections 1601-1607 of the California Fish and Game Code
L of

Name of Applicant Mailing Address

Notification No. Received

Representing

Name and address of individual. Agency, Company, etc owning property or doing work.
Hereby notify the California Department of Fish and Game of operations to be carried out by or for me

from to on or affecting
Starting Date Ending Date
of County. tributary to
Name of Stream. River, or Lake 4 . Major Water Body
Located
Distance and Direction to Landmarks
Section Township Range
USGS Map Co. Assessor’s Parcel No.

Property owners name and address (if different from applicant)

is responsible for operations at the site.

Name of Person to Be Contacted at Site During Operations

He/she can be reached at

Mailing Aadress Telephone
B. Description of operation 1. The nature of said operations will be as follows:
Check all squares which apply.
(1 Soil. sand. gravel. and/or boulder removal or displacement [_] Timber harvesting or anv related activity required for harvesting timber

(0 water diversion or impoundment O Temporary. recreational or irrigation dam
[ Mining—other than aggregate removal [ Fill or spoil in bed. bank. or channel
{1 Road or bridge construction {3 Other—Describe below
(0 Levee or channel construction
2. Tvpe of material removed, displaced or added 3 Soil T3 Sand T Gravel T Boulders
Volume
5. Equipment to be used in the described site
4. Use of water -i.e.. domestic, irrigation, gravel. washing, etc. Quantiny
3. Describe type and density of vegetation to be affected. and estimate area involved.

What actions are proposed to protect fish and wildlife resources and or mitigate for project impacts”

“a. Does project have a local or state lead agency or require other permits®> T Yes _ No
Th. If Taanswer is ves, please attach or identifv any available environmental document.

‘. For state-designated wild and scenic rivers. a determination of the project’s consistency with the Cuiifornia Wild and Scenic Rivers Act
must be made by the Secretarv for Resources. Until the Secretary determines the project is consistent with the Act. the Department
cannot issue a valid agreement. A tentative agreement will be issued. vonditioned upon a finding of consistency by the Resources
Secretary.

“d. THIS AGREEMENT IS NOT INTENDED AS AN APPROVAL OF A PROJECT OR OF SPECIFIC PROJECT FEATURES BY
THE DEPARTMENT OF FISH AND GAME INDEPENDENT REVIEW AND RECOMMENDATIONS WILL BE

PROVIDED BY THE DEPARTMENT A3 APPROPRIATE ON THOSE PROJECTS WHERE LOCAL. STATE. OR FEDERAL

PERMITS OR OTHER ENVIRONMENTAL REPORTS ARE REQUIRED.

S. Brietly describe proposed construction methods. Attach diagram or sketch of the location of your operation to clearly indicate the stream
or other water and access and distance from named public road. Indicate locked ates with an "X Show existing features with a solid
line t-—————"und proposed features with a broken line 1= =~ = - -~ show compass direction. Attach larger scale map it necessary.

NO CARBON NEEDED

Swnature of Apoucant Dute
S32023 IREvV. 11. 87

37 33409

B2 - Appendix B: Streambed Alteration Agreement



DEPARTMENT OF FISH AND GAME
Notification of Proposed Removal of Materials and/or
Alteration of Lake, River, or Streambed Bottom or Bank
{Pursuant to Sections.1603-1606, Fish and Game Code)

Tne following information that accompanies the Timber Harvesting Plan is not a part
of the Timber Harvesting Plan to be enforced by the Department of Forestry. Such
information is given cnly for convenience in providing notice to the Department of
Fish and Game as reguired by Sections 1803 and 16G5 of the Fish and Game Ccde of
proposed timber operations that will substantially divert, cbstruct, or change the
flow or bed of any river, stream, or lake. IT the proposed timber operations in the
Timber Harvesting Pian area do not involve any such disturbance to rivers, streams,
or lakes, this attachment shouid be left blank. I7 at a later date it is decided
that operations will irvolve disturbances to rivers, streams, or lakes, a saparate
notification should bs submitted to the Department cf Fish and Game at that time.

ttacn a sketch of the tocation of the prooosed operation which clearly indicates the
siream or other water, and access from e named pubiic road. Locked gates and the
compass direction shall be indicated. Plizase indicate the location of all proposad
Stream crossings, fills, dikes, excavations, log landings (near streams), streambed
vegetation removal, channei changes, impcundments, diversions or otner significant
alterations to rivers, streams, or lakes. (Tnis mey require 2 larger scale map.)

Date THP Nurber

(Teave bTank)

Please Fil1l In Aoplicable Blanks

{1}  Streambed Excavations:

(a) Approximate volume of material to be removed fromstreambed: cu. yds.*

{b) Type of material removed (rock, gravel, sand, soil, etc.):

(c¢) Equipment to be used bulldozer, backhoe, dragline, bucket drédge, etc.):

(d) Type, density and area of vegetation toc Se removed:

(2)  Stream Crossings, Channel Changes, Landings cr Other Fills Near Sireams:

{a) Purpose of activity (culvert, bridge, skid crossing, ford, landing,
dike, etc.). Please indicate wnich crossings are permanent:

{p) Approximate volume and type of material *s be deposited in -streambec:

(c) Tvpe of ecuipment to be used:

* Excavations are generallynot permitted within the flowline of a stream unless the
water is cixed off from the excavation.

Zzacament I Form FM-53 (12/76)
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(3)

—
(o))
—

—
(o)}
~

(d) How long will equipment be-used in flowing water to install crossings or
isolate work area from flowing water? (Prolonged work in flowing water
is usually not permitted):

(e) Type, density and area of vegetation to be removed:

Impoundments and Diversions:

(a) Volume and type of material to be deposited in streambed:

(b) Quantity of water to be used:

(c) Intended water use (i.e., fire and dust control, etc.):

(d) Describe the period of time in which operations will be carried out:

Name and/or Legal Description of Area (include names of USGS Quadrangle ap).

Work in or near the stream or lake is to be performed during the period

to

1f an onsite inspection, in your cpinion, is not possible because of wezther
or other circumstances within the next 30 days, you may enter into a mutual
agreement to extend the period fcr inspection an additional 30 days. :~ you
agree to an additional 30 days, indicate a new notification date which will
start the 30 day period.

Notification Date Signature

If the proposed activity 1is amended tc change any of the above, or if it is not
completed within the agreed upon time period, the Department shall be notified.

Please fill in the following:

Name (Print or Type) Signature

Address Cicvy State z
( ) -

Telenhone MNo.

|
4
)

Zode
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APPENDIX C: FORESTRY RULES FOR ROAD CONSTRUCTION

AND MAINTENANCE

Article 12. Logging Roads and Landings

8§ 923, 943, 963. Logging Roads and Landings. [All Districts]

All logging roads and landings in the logging area shdl be planned, located, constructed, reconstructed,
used, and maintained in a manner which: is consstent with long-term enhancement and maintenance of
the forest resource; best accommodates appropriate yarding systems, and economic feasibility; minimizes
damage to soil resources and fish and wildlife habitat; and prevents degradation of the quality and
beneficial uses of water. The provisons of this article shal be applied in a manner which complies with
this standard.

Factors that shall be considered when selecting feasible dternatives (see 14 CCR 897 and 898) shdll
include, but are not limited to, the following:

(@) Use of existing roads whenever feasible.
(b) Use of systematic road layout patterns to minimize tota mileage.

(c) Planned to fit topography to minimize disturbance to the natural features of the site.

(d) Avoidance of routes near the bottoms of steep and narrow canyons, through marshes and wet
meadows, on unstable areas, and near watercourses or near existing nesting sites of threatened or
endangered bird species.

(e Minimization of the number of watercourse crossings.

(f) Location of roads on natural benches, flatter dopes and areas of stable soils to minimize effects
On Watercourses.

(g) Use of logging systems which will reduce excavation or placement of fills on unstable areas.

8§8923.1,943.1,963.1. Planning for Roads and Landings. [All Districts]

The following standards for logging roads and landings shall be adhered to:

(@ All logging roads shall be located and classified on the THP map as permanent, seasond, or
temporary. Road failures on existing roads which will be reconstructed shall also be located on the
THP map. In addition to the requirements of 14 CCR 1034(v), the probable location of those
landings which require substantial excavation or which exceed one quarter acre in size, shal be
shown on the THP map.
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(b) New logging roads shall be planned in accordance with their classification and maintenance
requirements.

(¢) Logging roads and landings shal be planned and located, when feasible, to avoid unstable
areas. The Director shall approve an exception if those areas are unavoidable, and site-specific
measures to minimize dope instability due to construction are described and justified in the THP.

(d) Where roads and landings will be located across 100 feet or nore of lineal distance on any
dopes over 65% or on dopes over 50% which are within 100 feet of the boundary of a WLPZ,
measures to minimize movement of soil and the discharge of concentrated surface runoff shall be
incorporated in the THP. The Director may waive inclusion of such measures where the RPF can
show that dope depressions, drainage ways, and other natural retention and detention features are
sufficient to control overland transport of eroded material. The Director may require end-hauling
of materia from areas within 100 feet of the boundary of a WLPZ to a stable location if end
hauling is feasible and is necessary to protect water qudity. The Director shall require
maintenance provisions in the THP for drainage structures and facilities provided that such
maintenance is feasible and necessary to keep roadbeds and fills stable.

(e) New logging roads shall not exceed a grade of 15% except that pitches of up to 20% shall be
allowed not to exceed 500 continuous feet (152.4m). These percentages and distances may be
exceeded only where it can be explained and justified in the THP that there is no other feasible
access for harvesting of timber or where in the Northern or Southern Districts use of a gradient in
excess of 20% will serve to reduce soil disturbance.

(f) Roads and landings shall be planned so that an adequate number of drainage facilities and
structures are installed to minimize erosions on roadbeds, landing surfaces, sidecast and fills.

(9) Unless exceptions are explained and justified in the THP, general planning requirements for
roads shall include:

(1) Logging roads shdl be planned to a single-lane width competible with the largest type
of equipment used in the harvesting operation with turnouts at reasonable intervals.

(2) Roads shdll be planned to achieve as close a balance between cut volume and fill
volume asisfeasible.

(3) When roads must be planned so that they are indoped and ditched on the uphill side,
drainage shall be provided by use of an adequate number of ditch drains.

(h) Road congtruction shall be planned to stay out of Watercourse and Lake Protection Zones.
When it is a better aternative for protection of water quality or other forest resources, or when
such roads are the only feasible access to timber, exceptions may be explained and justified in the
THP and shall be agreed to by the Director if they meet the requirements of this subsection.
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(i) [Coast] The location of al logging roads to be congtructed shal be flagged or otherwise
identified on the ground before submission of a TUP or mgor amendment. Exceptions may be
explained and justified in the THP and agreed to by the Director if flagging is unnecessary as a
substantial aid to examining (1) competibility between road location and yarding and silvicultural
systems, or (2) possible sgnificant adverse effects of road location on water qudity, soil
productivity, wildlife habitat, or other special features of the area.

(i) [Northern, Southern] All logging roads shall be flagged or otherwise identified on the ground
before submission of a THP or magjor amendment, except for temporary roads less than 600 feet in
length that would meet the requirements for a minor deviation (see 14 CCR 1036,1039,1040) if
they were submitted as such. Exceptions may be explained and justified in the THP and agreed to
by the Director if flagging or other identification is unnecessary as a substantia aid to examining
(1) compatibility between road location and yarding and slvicultura systems or (2) possible
significant adverse effects of road location on water qudity, soil productivity, wildlife habitat, or
other special features of the area.

88 923.2, 943.2, 963.2. Road Construction. [All Districts]

Logging roads shall be constructed or reconstructed in accordance with the following reguirements or as
proposed by the RPF, justified in the THP, and found by the Director to be in conformance with the
requirements of this Article.

(8 Logging roads shal be constructed in accordance with the approved THP. If a change in
designation of road classification is subsequently made, the change shall be reported in accordance
with 14 CCR 1039 or 1040, as appropriate.

(b) Where aroad section which is greater than 100 feet in length crosses slopes greater than 65
percent, placement of fill is prohibited and placement of sidecast shall be minimized to the degree
feasible. The director may approve an exception where site specific measures to minimize sope
instability, soil erosion, and discharge of concentrated surface runoff are described and justified in
the THP.

(c) On dopes greater than 50 percent, where the length of road section is greater than 100 feet, and
the road is more than 15 feet wide (as measured from the base of the cut slope to the outside of the
berm or shoulder of the road) and the fill is more than 4 feet in vertica height at the road shoulder
for the entire 100 feet the road shall be constructed on a bench that is excavated at the proposed
toe of the compacted fill and the fill shall be compacted. The Director may approve exception to
this requirement where on a site-specific basis a Registered Professional Forester has described
and judtified an dternative practice that will provide equal protection to water quality and
prevention of soil erosion.

(d) [Coadt] Fills, including through fills across watercourses shall be constructed in a manner to
minimize eroson of fill dopes using techniques such as indoping through-fill approaches,
waterbars, berms, rock armoring of fill dopes, or other suitable methods.

(d) [Northern, Southern] Roads shall be constructed so no break in grade, other than that needed
to drain thefill, shall occur on through fill; bresks in grade shall be above or
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bdow the through fill, as appropriate. Where conditions do not allow the grade to bresk as
required, through fills must be adequately protected by additiona drainage structures or facilities.

(e) Through fills shall be constructed in approximately one foot lifts.

(f) On dopes greater than 35 percent, the organic layer of the soil shall be substantially disturbed
or removed prior to fill placement. The RPF may propose an exception in the THP and the
Director may approve the exception where it is justified that the fill will be stabilized.

(9) Excess material from road construction and reconstruction shall be deposited and stabilized in
amanner or in areas where downstream beneficial uses of water will not be adversely affected.

(h) Drainage structures and facilities shall be of sufficient size, number and location to carry
runoff water off of roadbeds, landings and fill dopes. Drainage structures or facilities shal be
installed s0 as to minimize erosion, to ensure proper functioning, and to maintain or restore the
natural drainage pattern. Permanent watercourse crossings and associated fills and approaches
shall be constructed where feasible to prevent diversion of stream overflow down the road and to
minimize fill erosion should the drainage structure become plugged.

(i) Where there is evidence that soil and other debris is likely to significantly reduce culvert
capacity below design flow, oversize culverts, trash racks, or smilar devices shdl be instaled in a
manner that minimizes culvert blockage.

() Waste organic material, such as uprooted stumps, cull logs, accumulations of limbs and
branches, and unmerchantable trees, shal not be buried in road fills. Wood debris or cull logs and
chunks may be placed and stabilized at the toe of fills to restrain excavated soil from moving
downdope.

(k) Logging roads shdll be constructed without overhanging banks.

(1) Any tree over 12 inches (30.5 cm) d.b.h. with more than 25 percent of the root surface
exposed by road construction, shdl be felled concurrently with the timber operations.

(m) Sidecast or fill materia extending more than 20 feet (6.1 m) in dope distance from the
outside edge of the roadbed which has access to a watercourse or lake which is protected by a
WLPZ shdl be seeded, planted, mulched, removed, or treated as specified in the THP, to
adequatdly reduce soil erosion.

(n) All culverts at watercourse crossings in which water is flowing at the time of installation shall
be installed with their necessary protective structures concurrently with the fill, construction and
reconstruction of logging roads. Other permanent drainage structures shall be ingtaled no later
than October 15. For construction and reconstruction of roads after October 15, drainage
structures shdl be installed concurrently with the activity.

(o) Drainage structures and drainage facilities on logging roads shall not discharge on credible fill
or other credible material unless suitable energy dissipators are used. Energy
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dissipators suitable for use with waterbreaks are described in 14 CCR 914.6(f) [934.6(f), 954.6(f)].

(p) Where roads do not have permanent and adequate drainage, the specifications of Section 914.6
[934.6, 954.6] shdll be followed.

(q) Drainage facilities shall be in place and functiona by October 15. An exception is that
waterbreaks do not need to be constructed on roads in use after October 15 provided that al such
waterbreaks are ingtalled prior to the start of rain that generates overland flow.

(r) No road construction shall occur under saturated soil conditions, except that construction may
occur on isolated wet spots arising from localized ground water such as springs, provided measures
are taken to prevent material from significantly damaging water quality.

() Road construction not completed before October 15 shall be drained by outdoping, waterbreaks
and/or cross-draining before the beginning of the winter period. If road construction does take
place after October 15, roads shall be adequately drained concurrent with construction operations.

(t) Roads to be used for log hauling during the winter period shal be, where necessary, surfaced
with rock in depth and quantity sufficient to maintain a stable road surface throughout the period of
use. Exceptions may be proposed by the RPF, justified in the THP, and found by the Director to be
in conformance with the requirements of this subsection.

(u) Slash and other debris from road construction shall not be bunched against residual trees which
are required for silvicultural or wildlife purposes, nor shal it be placed in locations where it could
be discharged into Class | or n watercourses.

(v) Road construction activities in the WLPZ, except for stream crossings or as specified in the
TUP, shal be prohibited.

8§ 923.3, 943.3, 963.3. Watercourse Crossings. [All Districts]

Watercourse crossing drainage structures on logging roads shal be planned, constructed, and maintained
or removed, according to the following standards. Exceptions may be provided through application of Fish
and Game Code Sections 1601 and 1603 and shall be included in the THP.

(&) The location of al new permanent watercourse crossing drainage structures and temporary
crossings located within the WLPZ shall be shown on the THP map. If the structure is a culvert
intended for permanent use, the minimum diameter of the culvert shal be specified in the plan.
Extra culverts beyond those shown in the THP map may be

installed as necessary.

(b) The number of crossings shall be kept to a feasible minimum.

(c) Drainage structures on watercourses that support fish shall allow for unrestricted passage of
fish.
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(d) When watercourse crossings, other drainage structures, and associated fills are removed the
following standards shdl apply:

(1) Fills shdl be excavated to form a channel which is as close as feasible to the natural
watercourse grade and orientation and is wider than the natural channe.

(2) The excavated material and any resulting cut bank shal be doped back from the
channd and stabilized to prevent dumping and to minimize soil erosion. Where needed,
this materia shal be stabilized by seeding, mulching, rock armoring, or other suitable
treatment.

(e) Permanent watercourse crossings and associated fills and approaches shall be constructed or
maintained to prevent diverson of stream overflow down the road and to minimize fill erosion
should the drainage structure become obstructed. The RPF may propose an exception where
explained in the THP and shown on the THP map and justified how the protection provided by the
proposed practice is at least equal to the protection provided by the standard rule.

88§ 923.4, 943.4, 963.4. Road Maintenance. [All Districts]

Logging roads, landings, and associated drainage structures used in a timber operation shall be maintained
in a manner which minimizes concentration of runoff, soil eroson, and dope instability and which
prevents degradation of the quality and beneficial uses of water during timber operations and throughout
the prescribed maintenance period. In addition those roads which are used in connection with stocking
activities shal be maintained throughout their use even if this is beyond the prescribed maintenance
period.

(8) The prescribed maintenance period for erosion controls on permanent and seasona roads and
associated landings and drainage structures which are not abandoned in accordance with 14 CCR
923.8 [943.8,963.8] shall be at least one year. The Director may prescribe a maintenance period
extending up to three years in accordance with 14 CCR 1050.

(b) Upon completion of timber operations, temporary roads and associated landings shall be
abandoned in accordance with 14 CCR 923.8 [943.8,963.8].

(c) Waterbreaks shall be maintained as specified in 14 CCR 914.6 [934.6,954.6].

(d) Unless partially blocked to create atemporary water source, watercourse crossing facilities and
drainage structures, where feasible, shall be kept open to the unrestricted passage of water. Where
needed, trash racks or similar devices shal be installed at culvert inlets m a manner which
minimizes culvert blockage. Temporary blockages shall be removed by November 15.

(e) Before the beginning of the winter period, all roadside berms shall be removed from logging
roads or breached, except where needed to facilitate erosion control.

(f) Drainage structures, if not adequate to carry water from the fifty-year flood level, shal be
removed in accordance with 14 CCR 923.3(d) [943.3(d), 963.3(d)] by the first day of the winter
period, before the flow of water exceeds their capacity if operations are conducted during the
winter period, or by the end of timber operations whichever occurs
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first. Properly functioning drainage structures on roads that existed before timber operations need
not be removed. The RPF may utilize an dternative practice, such as breaching of fill, if the
practice is approved by the Director as providing greater or equal protection to water quality as
remova of the drainage structure.

(9) Temporary roads shall be blocked or otherwise closed to normal vehicular traffic before the
winter period.

(n) During timber operations, road running surfaces in the logging area shal be treated for
stabilization (rocked, watered, chemically treated, asphalted or oiled) where necessary to prevent
excessive |oss or road surface materials.

() Soil sahilization treatments on road or landing cuts, fills, or sSdecast shal be ingtaled or
renewed, when such treatment could minimize surface erosion which threatens the beneficia uses
of water.

(j) Drainage ditches shall be maintained to allow free flow of water and minimize soil erosion.

(k) Action shall be taken to prevent failures of cut, fill, or sSidecast dopes from discharging
materials into watercourses or lakes in quantities deleterious to the quality or beneficial uses of
water.

(1) Each drainage structure and any appurtenant trash rack shall be maintained and repaired as
needed to prevent blockage and to provide adequate carrying capacity. Where not present, new
trash racks shall be ingtdled if there is evidence that woody debris is likely to significantly reduce
flow through a drainage structure.

(m) Inlet and outlet structures, additional drainage structures (including ditch drains), and other
festures to provide adequate capacity and to minimize eroson of road and landing fill and
Sdecast to minimize soil eroson and to minimize dope ingtability shal be repaired, replaced, or
installed wherever such maintenance is needed to protect the quality and beneficia uses of water.

(n) Permanent watercourse crossings and associated approaches shall be maintained to prevent
diverson of stream overflow down the road should the drainage structure become plugged.
Corrective action shall be taken before the completion of timber operations or the drainage
structure shall be removed in accordance with 14 CCR Section 923.3 (d) [943.3(d), 963.3(d)].

(0) Except for emergencies and maintenance needed to protect water quality, use d heavy
equipment for maintenance is prohibited during wet weather where roads or landings are within a
WLPZ.

(p) The Director may approve an exception to a requirement set forth in subsections (b) through
(o) above when such exceptions are explained and justified in the THP and the exception would
provide for the protection of the beneficia uses of water or control erosion to a standard at least
equal to that which would result from the application of the standard rule.
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8§ 923.5, 943.5, 963.5. Landing Construction. [All Districts]

Landings shdl be constructed according to the following standards:

(a) On dopes greater than 65 percent, no fill shall be placed and sidecast shall be minimized to the
degree feasible. The director may approve an exception if, site specific measures to minimize
dope ingtability, soil erosion, and discharge of concentrated surface runoff are described and
justified in the THP.

(b) On dopes greater than 50 percent, fills greater than 4 feet in vertical height at the outside
shoulder of the landing shall be: 1) constructed on a bench that is excavated at the proposed toe of
the fill and is wide enough to compact the first lift, and 2) compacted in approximately 1 foot lift
from the toe to the finished grade. The RPF shall flag the location of this bench or shdl provide a
description of the bench location (narrative or drawing) in the THP for fills meeting the above
criteria, where the length of landing section is greater than 100 feet. The RPF may propose an
exception in the THP and the Director may approve the exception where it is justified that the
landing will be stabilized.

(c) Waste organic materia, such as uprooted stumps cull logs, accumulations of limbs and
branches, or unmerchantable trees, shal not be buried in landing fills. Wood debris or cull logs
and chunks may be placed and stabilized at the toe of landing fills to restrain excavated soil from
moving downsope.

(d) Constructed landings shal be the minimum in width, sze, and number consistent with the
yarding and loading system to be used. Landings shdl be no larger than one-half acre (0.202 ha)
unless explained and justified in the THP.

(e) No landing construction shall occur under saturated soil condition.

(f) The following specifications shall be met upon completion of timber operations for the year or
prior to October 15, whichever occurs first:

(1) Overhanging or ungtable concentrations of dash, woody debris and soil aong the
downdope edge or face of the landings shall be removed or stabilized when they are
located on dopes over 65 percent or on slopes over 50 percent within 100 feet of aWLPZ.

(2) Any obstructed ditches and culverts shal be cleaned.

(3) Landings shall be doped or ditched to prevent water from accumulating on the
landings. Discharge points shal be located and designed to reduce erosion.

(4) Sidecast or fill material extending more than 20 feet in dope distance from the outside
edge of the landing and which has access to awatercourse or lake shall be seeded, planted,
mulched, removed or treated as specified in the THP to adequately reduce soil erosion.

(5) Sidecast or fill materia extending across a watercourse shal be removed in

accordance with standards for watercourse crossing removal set forth in 14 CCR
923.3 (d).
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(g) On dopes greater than 35 percent, the organic layer of the soil shall substantially removed
prior to fill placement

(h) When landings are constructed after October 15 they shall be adequately drained concurrent
with construction operations and shall meet the requirements of (f)(I) through (f)(4) of this
subsection upon completion of operations at that landing.

(1) The RPF may propose and the Director may approve waiver of requirements in (f)(I) through
(F)(4) of this subsection if the Director finds they are not necessary to minimize erosion or prevent
damage to downstream beneficial uses. The Director may also approve an exception to the
October 15th date for treatment of slash and debris, including the practice of burning.

88 923.6, 943.6, 963.6. Conduct of Operations on Roads and Landings [All Districts]

Routine use and maintenance of roads and landings shal not take place when, due to general wet
conditions, equipment cannot operate under its own power. Operations may take place when roads and
landings are generaly firm and easily passable or during hard frozen conditions. Isolated wet spots on
these roads or landings shall be rocked or otherwise treated to permit passage. However, operations and
maintenance shall not occur when sediment discharged from landings or roads will reach watercourses or
lakes in amounts deleterious to the quality and beneficial uses of water.

This section shall not be construed to prohibit activities undertaken to protect the road or to reduce
erosion.
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APPENDIX D: STIcCK METHOD OF CURVE LAYOUT

Horizontal Curve Layout

Two simple procedures are described. The first, the center stake method, has been described in the text of
the Handbook. The second, a stick procedure, is described below. The center stake method is limited to
gentle terrain and good visihility while the latter is more suitable to difficult Sites.

Stick Method

Simple curves may be staked on the ground with a stick and a tape. Using a 25 or 50 foot staking distance,
consult Table D-I for the proper stick length to set the radius shown. Figure D-I shows the process.

Adjustments needed for Topography and Grade

The curve layout description assumes that the areais flat. Seldom is this the case. Measurements of length
then need adjustment to compensate for slopes.

When the distance being measured is short, the tape can be held level. For longer lengths, measure the
distance by segments-each held level. Where the distance is longer than convenient for the leveling
method, adjust the measured dope's length by using Table 11 (see Chapter ffl).

Grade may be carried around the curve by running a line with the desired dope for the distance of the
curve. Thiswill often be away from the center line of the road due to the topography. If this occurs, run a
level line to the point of tangency (PT), where the curve ends (see Figure D-2).
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Table D-I. Stick length for curve radius by stake distance (ft)
Curve Radius Feet Stake Distance
25 feet 50 feet

50 6.7

60 55 26.8

80 41 17.6
100 32 134
150 21 8.6
200 16 6.4
250 13 51
300 11 4.2
350 0.9 3.6
400 0.8 31
600 0.5 21
800 04 16
1000 0.3 13

! Convert tenths offeet to inches by multiplying 12 x decimal shown in table. For example: 6.7 ft.; 0.7 x 12 = 8.4 or 8; 6ft. 8 inches.

Switchbacks

Where two control points cannot be reached by running maximum grade in a single direction, switchbacks
arerequired. They are placed at the point where a grade reverses direction on adope. Find the location for
a switchback by running the greatest alowable grade downhill from the higher control to a location
auitable for the turn.

Good switchback sites are areas with little side dlope where the loop may be constructed with the least
excavation. Look on low gradient benches or along broad, flat ridges for suitable sites.

Once the switchback has been located, you reverse the course of the tagline and continue downhill to see
if additiona turns are needed. Maximum grade is maintained until al switchbacks are located. Some
adjusment can take place after one is assured of reaching the two control points.

Switchbacks usually require much earth movement. For this reason a comparison should be made between
crossing controls and the added work to install a switchback.
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Figure D-1

CURVE LAVOUT STICK METHOD

I USING TABLE 2.4-2, SELECT A SUITABLE STAKING AND
MATCHING STICK LENETH ECGR THE DESIRED RADIVS
CURVE AND MARY YOUR STICK.

Z SET STAKE A AT BEGINNING OF THE CLRVE AND EXTEND
THE STRAIGHT LINE BA THE CHOSEN STAKING
DISTANCE TO TEMPORARY STAKE ﬂ, FIGURE 2.4-3.

9. SET STAKE D AT RIBHT ANGLES TO LINE AC WITH LD
EQUAL TO STICK LENGTH. PULL C.

4 SET TEMPORARY STAKE E 50 DISTANCE AE EQUALS

AND ED EQUALS CD WITH ED BEING AT RIGHT
ANGLES TD AE.

5 EXTEND AE TD STAKE FA DISTANCE EQUAL TD AE.

PULL E.

& REPEAT STEPS 4 AND & UNTIL CURVE IS COMPLETE.

NOTE: 1. IF THE MEASUREMENTS ARE CONSISTENT,
A SMOOTH CURVE WILL RESULT,

2 IF THE CURVE DOES NOT QUITE FIT,
LENGTHEN OR SHORTEN THE STICK DISTANCE
AND TRY AGAIN. A SHORTER STICE WILL
MAKE A LARGER RADIVS GURVE,

Figure D-2.

CURVE LAYOUT AND BRINGING GRADE FORWARD
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Reduce the grade of the straight stretches into and out of the switchback. This will help maintain the grade
through the curve. The curve itself is set at not more than 8 percent grade, and preferably much less.

There should be no more excavation of the hilldope than that needed to form fill dong the lower side of
the switchback. This is accomplished by offsetting the center of the curve until about haf the curve is

excavated.

To congtruct a switchback, do the following:
Figure D-3.

1. Stake intersection of the two
grade lines, stake 1, Figure D-3.

2. Bisect the intersection angle,
and set stake 2 on the line a
curve radius distance from the
point of intersection (PI).

3. Along the line hisecting the 3

angle, place a stake 3 on its
path where a right angle line
equal to the curve diameter just
touches the two grade lines. Set
stakes 3.

Dow’n I_E i dﬁ

- %Ffﬂdg 3’

e

|
e
'

3

SETTING A SWITCHBACK

4. From the upper tagline,

run a new grade line back to the curve from stake 3 feet at approximately 2 percent less than the tagline
grade. Where this new line reaches the extension of aright angle line from stake 2, set a new stake 4.

5. Measure the radius distance dong the right angle line from stake 4 and place a new stake 5 for the

center of the curve.

6. Mark out a curve using the center stake 5 until the extended right angle line from stake 2 is again

reached. Set a stake 6.

7. From stake 7 run a grade line that will reach stake 3 feet along the lower side of the curve.

8. Note: Distances measured are horizonta (correct for dope. Table 11 (Chapter 111). Constructing a right

angle. Figure D-4. Bisecting an angle, Figure D-5.
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Figure D-4.

STEPS:

1. SET STAKE A

2 SET STAKES BAND C
EQUAL DISTANGE b
FROM A .

3 SET STAKE D 50 BC,
CD AND DB ARE EQUAL

4 LINE AD I5 AT RIGHT ANGLES
1O LINE BC.,

ALTERNATIVES:

1. LAY QUT A TRIANGLE WITH THE
MEASUREMENTS SHOWN IN FEET.

2. HOLD ARMS SHOULDER HIGH AND STRAIGHT.
LINE UP EXTENDED ARMS WITH SURVEY LINE
NOW BRING ARMS FORWARD UNTIL THE
FINGERTIPS TOVCH. THE LINE OF SIGHT
OVER THE FINGERTIPS IS APPROXIMATELY
A RIGHT ANGLE.

CONSTRUCTING A RIGHT ANGLE

Figure D-5.

STEPS:

1. PLACE STAKE 1 AT
INTERSECTION FOINT.

2. MEASURE EQUAL DISTANCE
ALONG TANGENTS AND
SET STAKE Z.

3 HALFWAY BETWEEN THE
TWO STAKES ALONG A
STRAIGHT LINE PLACE STAKE 3.

4. THE LINE BETWEEN STAKES
1 AND 3 BISECTS THE ANGLE.

BISECTING A ANGLE

DS -
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APPENDIX E: ESTIMATING CULVERT LENGTHS

Determining needed culvert lengths

The following simplified procedure 1 can be used to determine culvert lengths needed for ingtdlation of a
new stream crossing or a ditch relief drain. Refer to the following diagram for specific locations and

distances described in the step-by-step procedure. A complete example follows the step-by-step
instructions.

STEP DO THIS..

1. Edimatethedepth of thefill (F) at the running surface on the inside of theroad above
theculvert inlet (point " a").

2. Additional width (C) duetofill isthen estimated as 1.5 timesthefill depth (F) (that is,
all fill dopesareassumed to be 1.5:1 in steepness)

3. Add half the road width (*2W) and the fill width (C). Measure this distance
horizontally upstream from the center line of the road and place stake at location
A. The horizontal distance must be converted to dope distance before you can tape
it off on the ground. Converting horizontal distance to dope distance (on-the-
ground distance) is smple using the following chart.

4. Repeat steps 1 through 3 for the culvert outlet side of the crossing and place stake at
location B.

5. Measure the dope length between stakes A and B. This measurement, plus two to four

extra feet, isthe length of culvert needed for the installation. The extra several feet
are added to extend the inlet and outlet beyond the edge of thefill.

1 Method for estimating required culvert lengths described in USDA (1981).

E1 - Appendix E: Estimating Culvert Lengths



Slope correction factors to convert horizontal distance to slope distance

Hillslope or stream channel
gradient (%)

Correction factor (multiplier)

Hillslope or stream channel
gradient (%)

Correction factor (multiplier)

10 1.00 45 1.10
15 1.01 50 1.12
20 1.02 55 1.14
25 1.03 60 1.17
30 1.04 65 1.19
35 1.06 70 1.22
40 1.08 75 1.25

1 for aslope of 10% or less, no correction factor is needed.

For example: 44 feet horizontal distance equals 52.4 feet dope distance on a 65% dope.

horizontal distance X

correction factor =

Slope distance

(44ft) X (1.19) = 52.4ft
() {c)
ri—ROAD  WIDTH ——m| oo vens Figure E-l.
ks ) ==y = — FILL
| ol _I Winirs g
{a) +
-
. (F) .
;-
T Wi -
Ve - B T
STAKEB  Beg ¥ |
e - i
| |
DETERMINING CULVERT LENGTH '
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Example
problem:

Step 1.
Step 2:
Step 3:

Step 4:
Step 5:
Step 6:

Step 7:

What culvert length is needed for a 14 foot wide road crossing a stream with
a 55% gradient. The estimated inside/ill depth, above the cmp inlet, will be
6 feet and the fill depth above the outlet will be 13 feet.

Estimated depth of fill (F) at culvert inlet = 6 feet
C=15x6=9feet

Want 14 foot wide road (W), so " x 14 = 7 feet

Stake A (the location of the culvert inlet) should be placed on the ground a distance of
(9+7) = 16 horizontal feet up the stream channel from the flagged centerline of the road.
According to the correction table, 16 feet horizontally on a 55% dope is 18.2 feet dope
distance (16' x 1.14 = 18.2). Place the inlet stake (A) 18.2 feet up the channel from the
centerline of the road.

Estimated depth of fill (F) at culvert outlet =13 feet
C=15x13 = 20 feet

Want 14 foot wide road (W), so ¥2 x 14 = 7 feet

Stake B (the location of the culvert outlet) should be placed on the ground a distance of (13
+ 20) = 33 horizonta feet down the stream channel from the flagged centerline of the road.
According to the correction table, 33 feet horizontaly on a 55% dope is 37.6 feet dope
distance (33 x 1.14 = 37.6). Place the outlet stake (B) 37.6 feet down the channel from
the centerline of the road.

Length of culvert needed = 18.2' + 37.6' =55.8' or about 56 feet. Approximately two to
four feet should be added to this length to make sure the culvert inlet and outlet extend
aufficiently beyond the base of thefill.

Final culvert length to be ordered and delivered to the site = 56' + 4' = 60 feet
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