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STATEMENT OF PURPOSE

The Central Coast Private Roads Maintenance Guide
(“Guide”) is designed for California Central Coast residents
who work, live or own property in rural areas, and are
concerned about road safety, accessibility and maintenance.
A well planned, constructed, and maintained road system
is essential for community safety and wise resource
management. Nearly everything discussed in this Guide is
aimed at producing efficient, low-maintenance roads that
have minimal impacts on our watersheds.

The Guide is an introduction to basic road drainage and
maintenance concepts and practices. As such, it presents
recommended practices and guidelines for maintaining
mostly unpaved ranch, forest and residential roads that
are described in considerably more detail in the more
authoritative roads manuals that were used and referenced
as sources for this Guide. This document can be used by
the average landowner in communicating and planning
with neighbors, road contractors and agencies regarding
road management. Some landowners may need to consult
more technical documents for the detailed guidance needed
for actual project implementation. The Guide includes
some technical information, but is presented in a manner
more accessible to those without technical or engineering
training. The concepts presented in this handbook are
tools which should serve as one of your many sources of
information and guidance. The success you achieve will be
reflected not only in the stability of your roads, but also in
the quality of the water and the health of the streams and
watersheds through which they pass.
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INTRODUCTION

California’s Central Coast contains thousands of miles

of private roads whose care and upkeep are the sole
responsibility of landowners with property along

these roads. Road erosion, washouts and costly annual
maintenance requirements are a continual problem for
many rural residents. Steep slopes, concentrated rainfall
and erosive soils contribute to soil instability, erosion and
drainage problems on rural roads. Soil erosion and runoff
can pollute streams with sediments that damage habitat
for fish and other wildlife, impair or destroy roads, and
threaten other properties.

Road erosion is a pervasive challenge. Roads by their nature
expose bare ground to the forces of rain and runoff in a
form that intensifies their erosive power across changes in
slope, soil and land use.

Not surprisingly, roads without safeguards to handle those
forces are major sources of erosion and sedimentation

in hilly and mountainous regions such as the Central
Coast. Although erosion is a natural occurrence in most

of the local watersheds along California’s Central Coast,
such human-induced erosion can cause an unhealthy
abundance of sediment in streams that degrades habitat
for fish, channel stability and water quality. Over the

past 50 years, coho salmon and steelhead trout native to
our local streams have experienced a significant decline,
and are now in danger of extinction. One of the highest
priorities for improving their habitat is reducing impacts
from rural roads. Furthermore, when too much sediment
enters streams, both bank stability and the stream’s ability
to carry floodwaters are impaired. A well designed and
maintained road sheds runoff effectively without excessive
sediment. This saves time and worry for those responsible
for maintaining the road while providing safe passage and
limiting impacts on the environment it occupies.

This Guide describes basic road design principles and
provides information that will assist rural landowners in
their efforts to:

» Better understand what factors create a need for
road maintenance;

» Reduce the frequency and cost of road
maintenance and;

» Create low maintenance roads by applying
user-friendly road drainage management
techniques to existing roads.

After an introduction to the terms and concepts related

to erosion and road design (Chapter 1), the heart of this
Guide includes an overview of a variety of road drainage
management techniques (Chapter 2), erosion control
measures to take during construction (Chapter 3), and
maintenance of installed practices and existing roads
(Chapter 4). Because critical maintenance and restorative
needs on many rural roads are shared by multiple
landowners, you will also guidance for creating one of

two formal structures for coordinating such work: road
associations and County Service Areas (Chapter 5). These
road maintenance organizations can make the task of road
management much easier to plan, implement and fund.
The Guide concludes with information about permitting
requirements for road work (Chapter 6). A list of resources
by county is provided in Appendix A.

The techniques described in this Guide are commonly
described as Best Management Practices or “BMPs.” They
constitute those principles and engineering design practices
that have been tested and proven to protect water quality
as well as the function of the road when properly applied.
The use of BMPs often costs less than repeated repair

and maintenance of ineffective road drainage systems.
Typical BMPs include properly located and sized culverts,
energy dissipaters at culvert outfalls, cross-drains such as
waterbars and rolling dips, and proper disposal of spoils
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from construction and maintenance of road surfaces.

The appropriate practices to implement for your specific
private road are best identified by consulting with

a qualified engineer, geologist or other professional
certified in erosion and sediment control with specific
experience in local road construction. Such professional
guidance is necessary to adequately evaluate problems,
consider local conditions and resources, and implement or
adapt these practices as appropriate.
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CHAPTER 1.

INTRODUCTION TO EROSION AND ROAD DESIGN

Before getting into a discussion of how to keep a road safe
and stable, it is important to understand the parts of a
road (Figure 1 and 2) and their functions, as well as the
nature of soil and water interactions associated with roads.
This section will start with a few key definitions before
providing descriptions of the processes and significance of
rural road erosion.

ROAD ANATOMY TERMS

Aggregate: Mechanically crushed, angular rock used for
road surfacing.

Base course: The layer of road surface rock between the
subgrade and the surface layer of crushed rock.

Cross slope: The slope of the road measured perpendicular
to the direction of travel.

Culvert: A drainpipe that channels water underneath and
off a road.

Cut slope/cut bank: The inside road slope cut into the face
of the hill slope.

Ditch relief culvert: A drainpipe to carry water from the
inboard ditch to a safe outlet.
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Fill: Earthen material used to build a structure above
natural ground level.

Fill slope: Area on the downbhill side of a roadway that must
have excavated material placed on it to build a road section
up to grade.

Inboard ditch: A ditch at the base of a cut-slope to carry
water from the slope and road surface.

Outboard berm: A small ridge along the outer edge of a
road typically placed to keep drainage off the fill slope, but
also often inadvertently formed from the spoils of periodic
road maintenance grading.

Road alignment: The physical path of a road, typically as
defined by a road’s longitudinal centerline.

Road grade: The slope of a road surface in the direction of
travel, usually expressed in percent of ‘rise over run’. For
example, a 20% grade equals a change along the road of
20 feet vertical in 100 feet

horizontal. See ‘slope’, below. (200% o~ %:1) 200

Slope: The steepness of
the ground expressed most
commonly as a percent of
‘rise over run’, or as a ratio (s0% o 2:1) ¢

of horizontal to vertical (257 4:4) 25 _.xrﬁﬁ.,
distance (Figure 3). For 5 feo!
example, a 2-1 slope means

(lo0% = 1:1) 100

Figure 3. Slope diagram

s
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that for every two feet in the horizontal direction the land
surface rises or falls 1 foot in elevation. A 2-1 slope is also
said to have a gradient of 50%. A 100% gradient would
correspond to a 1-1 slope, and a 25% grade has a 4-1 slope.
If you know the degree of the angle, just enter it into your
scientific calculator then hit Tangent for the slope and
then multiply by 100 for the percent grade. The slope is the
tangent of the angle.

Spoils: Excavated soil that can be used and compacted as
‘fill’ on-site or transported for use or stockpiling elsewhere.

Subgrade: The layer of roadbed on which the base or surface
course is placed. On an unsurfaced (dirt) road, the finished
subgrade is the traffic-bearing surface.

Surface course: The top layer of a road surface.

SOIL EROSION AND ROADS:
WHAT'S THE CONNECTION?

Roads are a major source of erosion on most private, forest
and ranch lands.

Paved and unpaved roads, driveways, trails, and footpaths
collect and channel surface runoff, resulting in erosion

and possible slope instability. Erosion of unpaved roads
occurs when soil particles are loosened and carried away by
water, wind, traffic, or other transport means. Loosened
soil particles can be carried from the roadbed into the road
drainage system where they diminish the carrying capacity
of roadside ditches, culverts and other drainage structures.
This reduced drainage capacity can cause roadway flooding,
which subsequently leads to more erosion.

The Importance of Managing Road Erosion
Road erosion and washouts are a problem for numerous
residents of the Central California coast. Many conditions
combine to cause soil instability, erosion and drainage
problems which can pollute streams with sediment, damage
or destroy roads, and threaten other property.

Poorly placed drains and culverts weaken slopes and create
a threat to neighboring properties. Incorrectly designed
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Figure 4. Severe erosion on a poorly constructed insloped road.

roads create expensive erosion and maintenance problems
that result in sedimentation to waterways and dangerous
road conditions. If your road drainage is inadequate or
improperly installed, you could be liable for damages.

Poor drainage can result in standing water on your road
surface resulting in the formation of potholes, thereby
increasing repair costs. Proper, timely and selective surface
maintenance, including water dispersal, can prevent and
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minimize erosion problems and lengthen the life of
your road.

Deterioration of a road can be caused by frequent

and excessive disturbance of the roadway surface and
ditches. Failure to properly slope the road for drainage
leads to additional issues causing other roadway
problems, which may impair traffic flow and safety.

Physical Factors That Influence Erosion
Some factors that may effect the condition of a road
include climate, vegetation, the slope of the land, the
types of bedrock and soils through which the road passes,
as well as surface and subsurface drainage across the
road. The slope of the land is one of the most important
elements in determining where and how roads are built.
Roads built on steep slopes are more likely to have
erosion and stability problems. The stability and viability
of a road alignment is controlled by the underlying
bedrock and soil material. Bedrock composition and the
properties of soils vary dramatically along most road
routes. Each soil and bedrock type reacts differently to
road construction and road drainage.

Climate

The amount, intensity and frequency of rainfall, and

the temperature, all have effects on road erosion.
Erosion is normally more severe on bare soils in areas
having abundant rainfall than in areas having little
rainfall. However, the intensity and frequency of rainfall
must be considered when comparing areas of similar
precipitation. Both of these rainfall factors influence

the amount of runoff that occurs. Runoff occurs when
the intensity of rainfall exceeds the infiltration rate

and storage capacity of the soil. Frequency of rainfall
influences the moisture content of the soil, which in turn
has a major influence on the infiltration rate. The higher
the moisture content, the lower the infiltration rate, and
the greater the potential for runoff.

Vegetation

Vegetation performs a number of important functions:
shielding the soil from the impact of raindrops; retarding
surface flow of water, thereby permitting greater infiltration;
maintaining a pervious soil surface capable of absorbing
water; anchoring soil with the addition of root structure;

and removing subsurface water between storm events

by transpiration. On a graded slope, the condition of the
installed vegetation will determine its effectiveness in
reducing erosion. A cover of vegetation that is not properly
established or maintained will not be fully effective in
controlling erosion.

Soil

The types of soil at a site are another major factor affecting
soil loss. Soil properties most closely associated with
erodibility are texture, structure, and moisture content.
Texture refers to the relative distribution of the various
sized soil particles. A fine-textured soil having large amounts
of clay is least susceptible to erosion from raindrop splash
and runoff. Soil structure, on the other hand, refers to the
arrangement of soil particles. It influences both the ability of
the soil to absorb water and its physical resistance to erosion.
Granular structured soils containing large amounts of fine
sands and silts with little clay are usually more erodible than
soils with a blocky or massive structure. Erodibility is also
affected by moisture content because saturated soils are less
stable and generate more runoff.

Length and Steepness of Slope

All other factors being equal, long slopes will collect more
runoff than short slopes. The more water collected, the
greater the concentration of water at the base of the slope
and the greater the likelihood of erosion. To minimize this
problem, long slopes can be constructed so they function as
a series of short slopes by utilizing diversion structures such
as benches, terraces, ditches, or dikes. Steepness of slope,
surface roughness, vegetative cover and the amount and
intensity of rainfall govern the velocity of the runoff flowing
down the slope.

Central Coast



Figure 5. This road washout is the result of an undersized and improperly placed culvert.
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CHAPTER 2.

UNDERSTANDING DRAINAGE

ROAD DRAINAGE

Experienced road engineers like to say that three of the
most important aspects of road design are drainage,
drainage, and drainage. Adequate road drainage requires
careful attention to detail. Those responsible for road
design and maintenance should observe the road during
rainy periods to see how the water is actually moving,
where it is concentrated, what damage it may cause, and
what measures are needed to prevent damage and keep
drainage systems functioning properly. Standing water
in potholes and low spots will weaken the subgrade and
accelerate damage. Water concentrated in ruts or kept on
the road surface for long distances can accelerate erosion
and wash off the surface material. Steep road grades
accelerate erosion unless surfaces are armored or water is
dispersed or removed frequently.

Runoff water is a powerful agent capable of destroying a
road and making it unusable. The ability of water to erode
increases exponentially with both volume and slope. If
water volume is doubled, the ability of water to erode

is increased approximately four times. Likewise, water
flowing down a steep slope also increases its ability to erode
at an exponential rate. Water flowing at a 10% gradient has
four times the erosive ability of water on a 5% gradient.

Accordingly, it is important to design road drainage
systems properly. Incorrectly placed cross-drains can
weaken already unstable slopes and also create a threat to
neighboring properties.

Drainage refers both to subsurface drainage (groundwater
flow) and surface drainage (runoff). The key to proper road
drainage is to safely divert runoff from the road frequently
enough to eliminate or greatly reduce erosion on the road
itself or on the slope below.

Subsurface drainage: Water held in the soil is called
ground water. If too much water is in the soil (because of
seasonal wetness or poor drainage) the weight of vehicles
can deform the soil and turn it into mud. On a sloping road,
the mud can become a safety hazard, the roadbed may be
damaged, and sediment can flow into ditches and nearby
streams, causing water quality problems. Some soils are
naturally wet and poorly drained, and should be avoided
during road building operations. These are often indicated
by pools and wet areas on the ground surface, especially
during the wet winter months.

Surface drainage: The key to successful surface drainage
is to get the water off of the cut slopes, fill slopes and road
surface as quickly as possible, before it has the opportunity
to concentrate into a large volume of flow. The most
important rules for accommodating surface runoff are 1)
get water off the road rapidly so it cannot erode or seep into
the roadbed, 2) move water off the road often to stop large,
flows from developing in long, undrained ditches, and 3)
avoid practices that concentrate water flow.

CROWNED DITCH

( 2-4% 2-4%
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Figure 6. Road surface shapes.
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Road surface

PRACTICES TO AYOID drainage is
. accomplished
Long sustained road grades by insloping,
that concentrate flows. outsloping or
. . crowning (Figure
Dls.char'gmg water ont? 6) the roadbed.
erosive, unprotected soils. Without adequate

cross-slope (3 to 5%
is best), the road
surface will either

“Eyeballing” grades in flat
terrain®

pond water, or
concentrate runoff
down the roadbed
and create surface
erosion. Roads with springs along the cutbanks are often
insloped with an inside ditch. Roads with smaller cutbanks
or dry cutslopes may be outsloped for most of their length,
and some larger roads are crowned to drain runoff most
rapidly from their surfaces.

Drainage practices include controlling surface water and
adequately passing water under roads where they intersect
with existing drainages. Drainage issues that must be
considered include roadway surface drainage, control

of water in ditches and at cross drain inlets and outlets,
crossings of natural channels and streams, wet area
crossings, subsurface drainage, and selection and design of
culverts, low water crossings, and bridges.

Outsloped roads best disperse water and limit the
necessary road width by reducing the need for an inside
ditch, but may require roadway surface and fill slope
stabilization. An outsloped road minimizes concentration
of water and need for culverts, which means lower
installation and maintenance costs. Outsloped roads with
slippery road surface materials (such as native soil) often
require rock surface stabilization or limited use during
rainy periods to assure traffic safety. On road grades over
10 to 12 % and on steep hillslope areas, outsloped roads are
difficult to drain and can feel unsafe.

Insloped roads best control the road surface water but
concentrate water and thus require a system of ditches,
cross-drains, and extra road width for the ditch. Cross-
drains, using either rolling dips or culvert pipes, must

be spaced frequently enough to remove all the expected
road surface water before erosion occurs. The maximum
recommended distances should be used for guidance on
spacing of cross-drains and ditch relief structures (Table 1).
Specific locations should be determined by observing actual
water flow patterns, rainfall intensity, road surface erosion
characteristics, and available erosion resistant outlet areas.

Culvert cross-drains are used to move ditch water across
the road. They are the most common type of road surface
drainage, and are most appropriate for high standard roads
where a smooth road surface is desired. However, the pipes
are expensive, and the relatively small culvert pipes used
for cross-drains are susceptible to plugging and require
cleaning.

Rolling dip cross-drains (broad-based dips) are designed
to pass slow traffic, while also dispersing surface water
(Figure 7). Rolling dips usually cost less, require less
maintenance, and are less likely to plug and fail than
culvert pipes. Rolling dips are ideal on low volume, low to
moderate speed roads (10-30 mph).

Figure 7. Rolling dip with rock dissipater
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Spacing of dips is a function of road grade and soil type, as
noted in Table 1.

Other types of roadway surface cross-drain structures
occasionally used include open top wood or metal flumes
and rubber water deflectors.

Steep road grades are undesirable and problematic, but
occasionally necessary. On grades up to 10%, cross-drains
with culverts or rolling dips may be used. With grades
between 10 and 15%, frequently spaced culvert cross-drains
are appropriate, often in conjunction with ditches that have
reinforced sides such as rock or concrete lining. On grades
over 15%, it is difficult to slow down the water or remove

it from the road surface rapidly. On such steep grades, it

is best to use frequently spaced cross-drain culverts, with
armored ditches. Also, the road surface will need armoring
or surfacing with some form of pavement to resist erosion.
For seasonal or low use roads, interim drivable waterbars
could also be constructed.

Waterbars are used to control drainage on closed or
inactive roads, 4-wheel drive roads, skid roads, and skid
trails. Waterbars are frequently spaced for maximum
erosion control and can be shaped for the passage of high
clearance vehicles or to limit traffic.

All of these types of cross-drains are described in more
detail in the following pages. With the exception of
culverts, all of them are inexpensive to install and can be
used to correct existing drainage problems with a minimum
of disturbance to the road.

On both outsloped and insloped roads, cross-drains help
direct surface runoff to limit its potential to cause erosion,
potholes and slippery or muddy road surfaces. On roads
which are neither outsloped nor insloped, cross-drains
should be used regardless of the grade of the road. When
the grade of your insloped road is steeper than 8%, cross-
drains should be used.

Installing cross-drains on insloped roads can be challenging
since the road surface must be reshaped into a dip or swale
around each cross-drain, to ensure the proper gradient for

the cross-drain. However, if water drains into a stabilized
inside ditch from an insloped road, no reshaping of the
roadbed is necessary.

CROSS-DRAINS

Waterbars

A waterbar, also known as a water break, consists of

a shallow trench with a parallel berm or ridge on the
downslope side and is angled down across the road. They
are often installed on infrequently used or closed roads to
control surface runoff. Waterbars can be constructed by
hand, with a backhoe, or with a blade-equipped tractor.
They are usually made of compacted soil, but can also be
asphalt or cement for longer life. Waterbars and other cross-

0-5 75 40
6-10 60 30
11-15 45 20
16-20 35 15
21-30 30 12

30+ 15 10

Table 1. Recommended waterbar spacing (meters).
*Coarse rocky, gravelly soils and some clay.
** Fine, friable, silty or fine sandy soils.

drains should be installed at a 30 to 45 degree angle off
perpendicular to the road alignment and properly spaced
(Table 1 and Figure 8).

Earthen waterbars are best used for low or seasonal
access unpaved roads. The optimal size of an earthen
waterbar is 12 inches above the road surface and 6 inches
below the road surface. If it is smaller, the waterbar may

be less effective in diverting water, will require increased
maintenance and will probably break down faster. However,
for well-traveled roads, smaller waterbars may be necessary
(Figure 9). In order to prevent water from bypassing the
waterbar, cut the trench 4 to 6 inches into the cutbank.
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Figure &. Proper cross-drain orientation. Figure 9. Waterbar

! BARTIED IN
-~~~ fTO CUT SLOPE

'
~ y !

~ T IPATH OF

Asphalt or cement waterbars can be smaller in size and
thereby provide greater ease of access for vehicles. These
more permanent waterbars should not be installed until
the road surface is stabilized. Asphalt or cement “drainage
bumps” can be as low as 6 inches. They should be anchored
into the roadbed at least 6 inches deep, as well as into the
cutbank, to prevent water from by-passing this type of
cross-drain.

Install energy dissipaters at all waterbar outlets as
discussed on page 19.

For driveways or other roads used by passenger cars, a
“drainage bump” can be constructed. This is similar to a
speed bump except that it should be installed at a 30 to 45
degree angle to the road like a waterbar. A “drainage bump”
can be made of soil or asphalt, as shown in Figure 10.

Rubber Waterbars' on outsloped roads are a durable,
highly effective method of diverting surface runoff from the

road. These can be used on road grades ov.er 8'%’ and s}.lould Figure 10. Asphalt waterbar and culvert outlet, both with rock dissipater
be spaced closely enough that runoff erosion is not an issue to reduce erosion.

e

1 Source; OSU, 2001
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(Table 1). Rubber waterbars can be fabricated from a 20-
foot length of 4x8 pressure-treated wood and a 1-foot wide
piece of 5-ply, 12-inch-wide industrial conveyor belting of
matching length. Attach the belting to the narrow face of
the board with galvanized lag screws as shown in Figure

11 and place it in an excavated trench that runs 30 to 45
degrees off a line perpendicular to the road alignment. The
depth of the trench should be such that three to four inches
of the belting protrudes above the finished road surface
after backfilling and compacting around it.
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Figure 11. Cross section of a rubber waterbar

Unless the subgrade material is fairly resistant to
erosion, such waterbars should not outlet onto fill slopes
with a height of more than five feet at the outside of the
road shoulder.

Channel Drains

To minimize disturbance to vehicles, a channel drain may
be installed. Channel drains can last several years on most
low volume roads provided they are adequately installed,
maintained, and built of durable materials.

Channel drains (Figure 13) can be constructed of logs

or treated lumber. The trough of the drain should be

four inches wide and six inches deep to ensure adequate
drainage. The slope of the drain should be no less than 4%,
or 1/2 an inch per foot of length, to prevent clogging from
sediment and debris. As an example, for a 16-foot-long
channel drain, the outlet should be eight inches lower than
where the drain ties in with the cutbank.

Figure 12. Cross drain set in concrete.

In areas where twig and leaf accumulation is high, channel
drains may fill with debris quickly. Under these conditions,
it may be better to install a culvert, “drainage bump”, or
rubber waterbar.

Channel drain spreaders should be spaced about every three
to four feet to keep culvert sides from collapsing. Spreaders
can be made of wood or metal pipe and should also be
placed at both ends of the drain.

As with the waterbar, remember to connect the end of the
channel drain into the cutbank by extending the downslope
plank four to six inches into the bank.

Channel drains should be placed at a 30 to 45 degree angle
off perpendicular to the road alignment.
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Figure 13. Wood channel drain.
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Figure 14. Proper cross-drain locations.
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Rolling Dips

A rolling dip is a shallow, rounded dip in the road that
reverses grade for a short distance, and directs water off

the surface of the road to a controlled or protected outlet.
Rolling dips are installed as needed to drain the road surface
and prevent erosion. As a road becomes steeper, rolling dips
should be made deeper and wider to capture and divert road
runoff adequately. Rolling dips are much easier to traverse
and require less maintenance than waterbars. Unlike
waterbars, they are also substantial enough that they cannot
be ‘graded out’ by routine road-smoothing,.

Rolling dips require significant skill to install correctly, so
selection of an adequately-experienced road contractor is
critical for successful implementation. Install rolling dips
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Figure 15. Rolling dip technical perspective.
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rather than culvert cross-drains on low volume, low speed
roads with grades less than 12%. Rolling dips should be deep
enough to provide adequate drainage, angled 0 to 25 degrees
from perpendicular to the road, with a 2-5% outslope, and
long enough (50 to 200 feet) to pass vehicles and equipment.
All outlets should be armored. In soft soils, the mound and
dip should be protected with gravel or rock (Figure 15).

A deep rolling dip or ‘critical dip’ can be used as an
emergency spillway adjacent to culvert drains and channel
crossings. This allows water to move safely across the road and
into the intended ditch or channel in case of culvert blockage
or failure (See ‘Constructing Stream Crossings, page 29).
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Limitations
» Never outlet rolling dips onto unprotected fill slopes.

Install dissipat ize drains at outlet ends.
nstall energy dissipaters or oversize drains at outlet ends 0-3 120 75
» Use gravel to stabilize the diversion where significant 4-6 20 50
vehicular traffic is anticipated.
7-9 75 40
» R.olhng dips shc.>uld not be constructed in areas of 10-12 60 %5
high-speed vehicle travel.
12+ 50 30
Construction Guidelines Table 2. Recommended maximum distance between rolling dips or
. . . culvert cross-drains (meters).
» Rolling dips should be built at an angle of *Coarse rocky, gravelly soils and some clay.
approximately 0 to 25 degrees to the centerline of **Fine, friable, silty or fine sandy soils.

the road.

» The axis of the dip should have a minimum outward

grade of 2% .

» For rolling dips, the height of the channel bottom to
the top of the settled ridge should be 18 inches and
the side slopes of the ridge should be 2:1 or flatter
where practicable.

» See Table 2 regarding recommended distances
between dips.

» Signs alerting motorists to the dip or waterbars
should be installed in both directions.

» Entire structures should be excavated and not
composed of fill, especially the reverse grade portion
of the dip.

Maintenance
» Periodically inspect rolling dips. Inspect after every
heavy rainfall for erosion damage.

» Immediately remove sediment from the flow area.

» Check outlet areas and make timely repairs as needed.
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PROPER ROAD CULVERT USE

A ditch relief culvert is used to convey water (often storm
water runoff) from one side of the road to the other.
Culverts can be made out of corrugated metal pipe,
corrugated plastic pipe, rigid plastic pipe, concrete pipe, or
other suitable materials.

Design Considerations

Engineering

Culverts for road drainage should be part of an overall
road runoff management system that considers type of
road surface, road cross-slope, road gradient, roadside
ditch design, size of drainage area, and protection of
cut/fill slopes. Culverts for stream crossings should

be designed by a registered engineer and approved by
state and local officials. They should be designed with
consideration of stream alignment, anticipated flood
flows, stability of the existing channel location, and
the need for fish passage. On a stream, this type of
installation will require multiple permits, including a
Department of Fish and Game Streambed Alteration
Agreement and review of the work plan by your county’s
planning or building inspection department.

Culvert Capacity

The capacity of a road drainage culvert should be designed
for at least the peak runoff from a 10-year, 24-hour storm.
Stream crossing culverts should have an opening at least
equal to the cross-sectional area of the entering stream
during flood periods. Factors to consider when determining
culvert size include: fish passage; intensity, duration, and
frequency of maximum rainfall; area and shape of the
watershed drained by the watercourse; vegetative cover;
and soil. Engineers have formulas, special tables, and other
devices to compute needed sizes.

To reduce clogging in road drainage culverts, the minimum
diameter should be 18 inches. For reference, in the high-
rainfall Santa Cruz Mountains, an 18-inch culvert will
adequately handle runoff from a six-acre drainage area if
properly installed and maintained.

Alignment and Elevation

Where streams or natural drainage ways cross the road,
culverts should have the same alignment as the drainage
channel and should be placed on the normal stream grade.
All stream-crossing culverts should be approved beforehand
by the California Department of Fish and Game.

Culverts that drain a roadside ditch should be skewed
downslope at a 30 to 45 degree angle from a line drawn
perpendicular to the direction of travel. Culvert inlets
should be slightly higher than the ditch bottom. The culvert
grade should be at least one or two percent more than the
ditch grade. A slope of at least 5 to 10 % is recommende