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DR-05.100 FUNDAMENTALS

DR-05.100 Open Channel Flow

An open channel is defined as any conduit in which liquid
flows with a free surface such as a stream, roadside ditch,
depressed median, slope flume, or pipe flowing part full.

Open channel flow includes all types of flow, especially in
natural channels. The various types of flow are:

1. Laminar or streamline flow - all particles move parallel
to each other

2. Turbulent flow - swirls and eddies are prevalent

3. Steady flow - the quantity of water passing a cross section
is constant

4. Uniform flow = the velocity is the same at all cross
sections

5. Non-uniform flow - variable velocity

6. Steady uniform flow - the quantity and velocity are the same
at all points along the channel. For this condition the
cross section of flow must be constant, such as ditches
and excavated channels with unvarying cross sections.

7. Steady non-uniform flow - the quantity of flow is constant
at any point, but the velocity varies. This type of flow
is most common in natural streams. By subdividing the
channel reach, the available flow formulas, which
assume steady uniform flow, may be used to analyze the
reach.

DR-05.120 Equation of Continuity

If steady flow exists throughout a reach of any channel
there is a continuity of discharge or, as commonly stated,
continuity of flow. The mean velocities at all cross sections
having equal areas are equal. If the areas are not equal, the
velocities are inversely proportional to the areas of the
respective cross sections.

Thus, AV, and A,V, are the respective products of area and
mean velocity at any two cross sections in an open channel where
continuity of flow exists.

AV, = AV, and V,/V, = A,/A,
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DR-05.130 Hydraulic Radius

Area, a single numerical value, is insufficient to
characterize a cross section. The measure generally used is the
hydraulic radius, which is the quotient of the area divided by
the wetted perimeter. The hydraulic radius has a dimension of
depth, and for very wide channels with shallow depths, the value
approaches average depth.

R =A/P

hydraulic radius
area of cross section of flow

R
A
P length of wetted perimeter

([

The most efficient cross section of an open channel would be
one having a maximum capacity for a given slope, area, and
roughness factor. This cross section is the one having the
smallest wetted perimeter and is the half circle. A rectangular
cross section has the highest efficiency when the depth equals
one half the width.

DR-05.140 Specific Head

According to Bernoulli’s energy theorem, flowing water
contains the same total energy at all points, neglecting energy
loss due to friction. Energy of the water may be of two forms:
potential energy due to depth of the water and elevation above
some zero datum plane and kinetic energy due to velocity.
Potential energy is represented by potential head depth plus
height (d + Z), above the zero datum plane, in feet; and kinetic
energy is represented by the velocity head (V? /2g), in feet. 1In
Exhibit 5.930, the total head at point 1 in a stream is equal to
the total head at point 2 in the stream plus head losses
occurring between the two points:

d, + V?/29 + 2, = d, + V,2/29 + Z, + h;

It is often convenient to consider the energy content with
respect to the channel bottom. This is called the specific
energy, or specific head, and is equal to the depth of the water
plus the velocity head (d + V?/2g). The slope of the energy line
is a measure of the friction slope or rate of energy head lost
due to friction(S = h; /L).

For small channels, the specific energy is constant. Thus
the friction loss, h; is equal to the elevation difference
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between the two points in the channel (2, - Z,). The friction
slope is used in the Manning’s equation below to determine the
flow conditions.

For large channels, the specific energy can not be assumed
constant and a Standard Step Backwater procedure must be used. By
trial and error, the above energy equation is balanced using the
Manning’s equation below.

DR-05.150 Manning’s Equation

Manning’s formula for computing flow in open channels is
widely used because of its simplicity:

V = (1.486/n) (R*) (8%)
Where: velocity, ft./sec.
hydraulic radius, ft.

slope of channel, ft. per foot
roughness coefficient

Snx<

The roughness coefficient, n, accounts for the character of:

a. Stream or channel bed
b. Banks or side slopes
c. Vegetation both in channel and on banks

Values of n for use in Manning’s formula are given in Exhibit
05.901.

DR-05.160 Critical Flow

Relative values of potential energy (depth) and kinetic
energy (velocity head) are important in that channels may be at
various slopes thus causing various depths and velocities for a
specific discharge. There will be a specific slope for which the
total energy content, in order to maintain a specific discharge,
will be minimum. This slope is known as critical slope (Sc), and
the velocity and depth of flow at this slope are known as
critical velocity and critical depth. Flow at slopes steeper
than critical is termed supercritical and at slopes flatter than
critical is termed subcritical. When flow is supercritical,
downstream changes in channel slope or roughness will not be
reflected upstream; whereas, in subcritical flow, downstreanm
channel changes will be reflected upstream and affect the flow in
the upstream channel.
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DR-05.170 Depth of Flow
Depth of flow in an open channel depends upon 4 factors:

1. Quantity of flow, Q
2. Slope of channel, S
a. Longitudinal grade when flow is at normal depth. Water
surface will be parallel to channel bed.

b. Normal depth is approached in long reaches of uniform
sections. This is difficult to find on many small
streams where cross sections are irregular. When this
occurs, averadge cross sections for reach will do.

3. Roughness of channel,n
4, Shape of cross section as reflected in hydraulic radius, R

For given values of Q, S, n, and R, the normal depth, dn,
may be found by applying the Manning formula.

For given values of Q, n, and R, and a varying slope, the
depth will vary:

1. When the slope is flat:

a. Normal depth, dn, is large
b. Flow is controlled by conditions downstream
2. As the slope increases:
a. Normal depth decreases
b. Velocity increases
3. When the slope reaches a certain value, control passes from
downstream to upstream:
a. Slope is critical slope, Sc
b. Normal depth, dn, equals critical depth, dc
c. Critical depth, dc, will vary with different channels

or flow discharges

4. As the slope increases beyond critical:
a. Normal depth decreases
b. Velocity increases

Critical depth, dc, and critical velocity, Vc, are:

1. Dependent upon:
a. Discharge
b. Size of area
c. Shape of channel
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Independent of:
a. Roughness of channel

Critical slope, Sc, is:

Dependent upon:

a. Discharge
b. Size of area
c. Roughness of channel

NOTES AND COMMENTS
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DR-05.200 HIGHWAY DITCHES

DR-05.210 General

This section discusses various types of ditches and channel
changes used in highway applications. The ditches have been
named based on their general use and location. Roadway ditches
refer to ditches that are constructed in conjunction with roadway
cut sections.

Interceptor ditches are also associated with cut sections,
but they are constructed at the top of cuts to prevent excess
water from ever reaching the roadway ditch. They are also used
at the top of cuts where the soil may be highly erodible.
Surface ditches are associated with fill sections. Usually a
berm is constructed near the toe of a fill to deflect surface
water from the fill into the ditch. These ditches are formed by
excavating the ditch shape into the existing groundline surface.
Median ditches are located in depressed medians between the
opposing traffic flow lanes of what is usually a multi-lane
highway facility.

Special ditches are those roadway ditches in cuts where the
geometry varies from the normal typical section. If a roadway
ditch is constructed wider, deeper, or is shaped differently than
the typical roadway section, then it is classified as a special
ditch.

The term "channel change" usually refers to a change in the
location of a channel or stream. The new channel should be
designed to duplicate the old channel as nearly as possible. Do
not confuse short inlet and outlet ditches to and from pipes or
culverts with channel changes.

The term "channel improvement" refers to that work in a
stream where perhaps one side of the channel is reconstructed, or
excess sediment is removed to improve flow. The widening of a
channel to improve flow is not a good engineering practice.
Attempting to improve hydraulics in a localized area through
channel widening produces only a temporary cosmetic improvement.
The widened channel will eventually fill itself to the extent of
the pre-construction conditions. Therefore, channel widening
should be avoided.
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DR-05.220 Normal Roadway Ditches

Normal roadway ditches are defined as open channels
alongside and parallel to the highway in cuts which carry runoff
from the roadway and adjacent areas. These ditches are to be of
sufficient depth as to allow the seepage of water from the
subgrade into the ditch to insure permanency.

Normal roadway ditches usually have a "V" shape. They can
also have a flat-bottom shape, or be part of a rock cut ditch
bench. The geometry of normal roadway ditches is determined by
the category of highway. The category of highway is based. on:
(1) the purpose of the highway and (2) the traffic volume.

Normal roadway ditch dimensions for Interstate highways and
projects designed with full safety shall be an 18 foot ditch on a
6:1 side slope from the edge of the shoulder. This will give a
usable ditch depth of 1.5 feet.

The hydraulic design of roadway ditches consists of: (a)
determining whether the normal roadway ditch is sufficient to
carry the design flow without encroaching on the highway
shoulder, and (b) determining the lining necessary to prevent
scour or undesirable sedimentation in the ditch. The general
procedure for obtaining the Rational Discharge is to subdivide
the ditch into sections by stations. For each section the area
contributing runoff should be determined as well as the weighted
value of "C." A 10 -Year Return Interval shall be used to
determine the Rainfall Intensity for the Rational Formula: Q =
CIA. The discharge for any section shall be determined by
totaling the CA’s and calculating the longest Time-of-
Concentration for the area.

The capacity of the ditch will vary with its cross-section,
the longitudinal slope, roughness, and hydraulic radius; and may
be determined by the Manning Formula. In the event the normal
roadway ditch exceeds the allowable depth of flow and there is no
outlet for disposal of the water, it will be permissible to re-
sort to a special ditch as needed to carry the flow. See 5-230.

In sections on steep grades and unstable soils, it is
desirable to use a widener ditch to control velocity. When this
cannot be accomplished a ditch lining should be designed to fit
that situation.

When depressed medians are used on divided highways, the
side ditches shall be designed to carry additional runoff in the
event water from the median must be cross drained to the side
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ditch. This will require a larger side ditch. A comparison
between the cost of larger ditches and the cost of storm sewers
should be made to determine the best alternative.

DR-05.230 Median Ditches

Median ditches are associated with multi-lane facilities
which have depressed medians. These ditches intercept the
surface drainage from the pavement area and the inside shoulders.
They also collect seepage from the subgrade. The typical median
ditch is V-shaped. 1Its geometry is based on the median width
established for the project.

A minimum median ditch grade of 0.5% should be maintained if
at all possible. 1In cut sections with flat roadway grades use
special ditches to adjust the ditch to obtain the minimum ditch
grade. In fill sections the surface ditches can usually be
designed to accommodate the minimum grade. There are, however,
areas in Kentucky where the surrounding terrain is flat enough to
prevent the use of the minimum grade. Where those situations
arise, use the best engineering judgement in determining the
minimum slopes.

DR-05.240 Special Ditches

When roadway or median ditches are designed to exceed the
geometrics as described on a typical section, they shall be known
as "special ditches." They may be deeper or wider or both deeper
and wider than the prescribed geometrics for roadway or median
ditches.

Special ditches should be shown on the cross sections and
the quantities included with those computed for the regular
typical section.

All special ditches should be shown on the Plan and Profile
Sheets whether or not the cross sections are a part of the plans.
When cross sections are included, special ditches shall be
detailed in accordance with Exhibit 5.902(a).

DR-05.250 Interceptor Ditches

Interceptor ditches are used on all categories of highways
to intercept surface water at the top of cuts. Interceptor
ditches may be used when erodible soils are encountered. The
ditch is used in this situation to stabilize the problem by
eliminating erosive actions of surface water. Interceptor
ditches should also be used when one or more existing drains are
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undercut. This surface water should be ditched on top of the cut
to eliminate icing or water problems which could occur.

Care must be exercised in the positioning of these ditches.
They should be a minimum of 10 feet back from the top of the cut
and of sufficient depth and width to accommodate the volume of
water intercepted. For an example of interceptor ditch place-
ment, see Standard Drawings RDD-001-02 and RDD-002-03 for details
regarding the paving of interceptor ditches.

Interceptor ditches are to be shown on the cross sections
and quantities shown as a separate item when plotted manually.
This is to show the Contractor that the quantities have been in-
cluded and not overlooked. When the computer method is used in
lieu of cross sections, the volume of the ditch will not be
shown. This item will be shown on the final construction plans
and paid for as Roadway Excavation.

Interceptor ditches are to be shown on the Plan and Profile
Sheets whether or not the cross sections are a part of the plans.
When cross sections are included, interceptor ditches shall be
detailed in accordance with Exhibit 5.902(b).

Interceptor ditches should be designed using the same pro-
cedure developed for normal roadway ditches. An alignment and
grade should be developed to eliminate abrupt changes. Juncture
points should be radiused toward the downstream flow. These
measures are intended to streamline the flow and lesson the ero-
sive forces acting at points of adverse turns.

DR-05.260 Surface Ditches

Surface ditches are those ditches cut in the original ground
which, more or less, parallel the toe of a fill to protect the
fill from the surface water washing against and eroding it. They
also intercept water from the pavement and fill slope and trans-
port this water to safe disposal areas. A flat-bottom shaped
ditch is generally used for surface ditches because of ease of
construction.

Surface ditches shall be placed outside and away from the
toe of fill as shown in Exhibit 5.902(c). They shall be designed
for a depth and width that will efficiently accommodate and
transport the surface water.

The designer should attempt to develop an alignment for the
surface ditch which is fairly straight, whenever practical. For
ditches with substantial volumes of water and steep gradients,
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severe horizontal breaks in alignment will create maintenance
problems and impair the hydraulic efficiency of the ditch down-
stream.

Surface ditches are to be shown on the cross sections and
quantities shown as a separate item. Channel lining should be
plotted below the ditches.

Surface ditches are to be shown, on the Plan view, as two
parallel solid lines, indicating the flat-bottom shape. The flow
line of the ditches shall be plotted in the profile as a single
continuous line. The slopes of the ditch segments should be
indicated or the elevation at each break in grade provided.

Surface ditches should be designed using rainfall intensity
for a 10 - Year storm. An alignment and grade should be developed
to eliminate abrupt changes. Juncture points should be radiused
toward the downstream flow. These measures are intended to
stream-line the flow and lesson the erosive forces acting at
points of adverse turns.

NOTES AND COMMENTS
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DR-05.300 CHANNEL DESIGN

DR-05.310 General

This section will outline a process for assessing a natural
stream channel and a more specific design procedure for roadside
channels.

DR-05.320 Stream Channels

The analysis of a stream channel in most cases is in con-
junction with the design of a highway hydraulic structure such as
a culvert or bridge. In general, the objective is to convey the
water along or under the highway in such a manner that will not
cause damage to the highway, stream, or adjacent property. An
assessment of the existing channel is usually necessary to deter-
mine the potential for problems that might result from a proposed
action. The detail of studies necessary should be commensurate
with the risk associated with the action and with the environ-
mental sensitivity of the stream and adjoining flood plain.

Although the following step-by-step procedure may not be
appropriate for all possible applications, it does outline a
process which will usually apply.

STEP 1
Assemble site data and project file.
A. Data Collection (see Data Collection, Chapter 3 )

Topographic, site, and location maps
Roadway profile

Photographs

Field reviews

Design data at nearby structures
Gaging records

B. Studies by other agencies
e Flood insurance studies

e Floodplain studies
o Watershed studies
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C. Environmental constraints

e Floodplain encroachment

e Floodway designation

e Fish habitat

e Commitments in review documents
D. Design criteria
STEP 2

Determine the project scope.
A. Determine level of assessment

e Stability of existing channel
e Potential for damage
® Sensitivity of the stream

B. Determine type of hydraulic analysis

® Qualitative assessment
® Single-section analysis
e Step-backwater analysis

C. Determine additional survey information

Extent of streambed profiles
Locations of cross sections
Elevations of flood-prone property
Details of existing structures
Properties of bed and bank materials

STEP 3

Evaluate hydrologic variables.

A. Compute discharges for selected frequencies.
B. Consult Hydrology Section, Chapter 4.
STEP 4

Perform hydraulic analysis.
A. Single-section analysis
® Select representative cross section.
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® Select appropriate "n" values (Exhibit 05.901).
® Compute stage-discharge relationship.

B. Step-backwater analysis
C. Calibrate with known high water.
STEP 5

Perform stability analysis.

A. Geomorphic factors

B. Hydraulic factors

C. Stream response to change
STEP 6

Design countermeasures.
A. Criteria for selection

Erosion resistance

Stream characteristics

Construction and maintenance requirements
Vandalism considerations

Cost considerations

B. Types of countermeasures

Meander migration countermeasures
Bank stabilization countermeasures
Bend control countermeasures
Channel braiding countermeasures
Degradation countermeasures
Aggradation countermeasures

C. For additional information
e HEC-20 Stream Stability
e Highways in the River Environment
® See Reference List

STEP 7

Documentation
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® Prepare report and file with background information.
® See Site Specific Documentation, Chapter 3.

DR-05.330 Channel Changes

Channel changes are artificially created trenches which
replace sections of natural channels. These man-made channels
should be of sufficient depth and width to carry the flow without
creating a potential hazard to either the roadway or surrounding
property. Positioning the channel change to provide uninterrup-
ted flow is important in eliminating a potential damage factor.

The potential adverse environmental effects of channel chan-
ges underscore the importance of evaluating reasonable alterna-
tives. Consideration of prime farmland, floodplain encroachment,
and wetlands further restrict the use of channel changes. Esti-
mates of cost for various alternatives to avoid channel changes
shall be prepared and included in the documentation of the final
recommendation. The emphasis is on avoiding channel changes
whenever possible, but it must be understood that other factors
may result in highways being located where channel changes are
unavoidable.

Inlet and/or outlet ditches associated with Blue-Line
Streams shall be classified as channel changes when the Ditch
Disturbances are over 200 feet long. Otherwise they are just in-
let and/or outlet ditches as applicable.

Channel changes are grouped into two categories - small
channels and large channels. For the basic evaluation of channel
changes each is defined as follows:

Small Channel- Stream having an average flow of 5 cfs or
less. Flow can be intermittent.

Large Channel- Stream having an average flow of more than 5
cfs.

The first step in the evaluation process is to review
proposals at the Preliminary Line and Grade Inspection. Channel
changes greater than 100 feet in length on "large channels" must
be outlined on the preliminary plans. Plans may be furnished to
the Department of Fish and Wildlife Resources and the Division of
Environmental Analysis for their use in evaluating potential
impacts. An invitation to attend the inspection may also be
extended. The designer may prepare preliminary cost estimates
for alternative proposals at this point.
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A decision concerning channel changes must be made at this
stage. Unavoidable channel changes must be documented and the
Division of Environmental Analysis requested to prepare a Water
Quality and Aquatic Ecosystem Study if one has not been prepared
already. Plans depicting the affected areas will be submitted to
that office as an attachment.

The P L G I report must include a discussion of recommended
channel changes. At this stage, special plan and profile sheets
for channel changes longer than 500 feet on "large channels" will
be required. The plan shall be on a scale of 1" = 100’.
Horizontal alignment data and the relationship of the proposed
channel to the highway will be included. Design controls such as
houses or other structures shall be located and critical
elevations shown for each. The profile shall show both the
proposed stream profile with existing ground as well as the
existing stream profile. Highwater profiles and normal water
surface profiles will be shown.

Whenever feasible, the design of a channel change should
incorporate the following measures:

1. Adding curvature and meanders to channel change alignment to
minimize loss of length

2. Varying bottom slope in individual channel changes to create
variations in velocity and depth of flow

3. Approximating natural stream width with channel change width

4. Approximating natural stream bank slope with channel change
bank slopes

5. Revegetating banks of the channel change with trees indigen-
ous to the area in concentrations conforming with the cover
on the natural stream

6. Refraining from unnecessary rip-rapping above the high flow
level on the bank because this practice retards the rate of
revegetation and succession of the stream bank

7. Approximating the natural riffle-pool ratio by using
gabion riffle structures and non-uniform placement of bottom
materials (i.e. placing large boulders, etc.)

8. Designing channels to have adequate depth of flow during dry
weather to maintain habitats for aquatic life. This might
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include side pools, slanting streambeds to provide a shallow
side and a deep side, and using a small channel within the
main channel to carry this flow.

Cross sections for the channel changes may be handled in one
of two ways. One way would be to use separate sections for the
channel, which is desirable since the channels will normally be
at variable distances from the highway centerline. Another means
would be to use cross section extensions from the highway, which
may be used for "small channels" or "large channels" where less
than 500 feet is changed. Hydraulic sections spaced ap-
proximately 500 feet apart, which depict at least the 100 year
floodplain (500 Year floodplain if in a Regulatory Floodway),
must be plotted and included with the special plan and profile
sheet. These sections will be used to evaluate the need for a
detailed floodplain encroachment study.

The final joint inspection should be a time for discussing
measures to mitigate the effect of proposed channel changes. The
Department of Fish and Wildlife Resources again will receive
plans and be invited to the inspection. On most channel changes,
the Department of Fish and Wildlife Resources and the Department
of Transportation will have reached an agreement on mitigation
measures in compliance with the Fish and Wildlife Coordination
Act. On other locations, mitigation measures such as riffle pool
structures, habitat improvement deflectors, rip-rap, and stream
meanders will be considered by the designer. Final selection of
appropriate measures will be left to the inspection party.

Acceptance of the final channel change plan will be re-
quested from the Department of Fish and Wildlife Resources. A
final cost estimate for alternatives will be submitted by the
designer to the Drainage Section. The normal assessment for
projects which have no formal Environmental Impact Statement will
be prepared by the designer and supplemented by the addition of a
Water Quality Aquatic Ecosystem Report prepared by the Division
of Environmental Analysis. Documentation pertinent to the final
decision to adopt the channel change will be submitted as part of
the Section 404 permit application.

Small channels normally do not require a permit, but care in
recommending channel changes should still be exercised. Because
of the requirement of the Fish and Wildlife Coordination Act,
many of these small channels will have mitigation
recommendations agreed to in the planning stage. Additional
coordination will not be required but alternatives must be

DR-05 - 18 August 3, 1993



CHAPTER DR-05
CHANNELS AND DITCHES

analyzed and mitigation employed where possible.

Channel changes for culverts are undesirable. The designer
should locate structures on skews of 0, 15, 30 or 45 with the
inlet and outlet in the natural channel. No more than 200 feet
of channel change in most situations will be approved. An
exception to this will be for those designs complementing
proposed channelization by other agencies.

Channel cleanout, or other such measures proposed at bridge
crossing, will be avoided unless a significant obstruction is
present. Rip-rap will be used on the banks only when there is a
stability problem or at the recommendation of the Division of
Materials. Uniform bank slopes above and below the stream
crossing should be left undisturbed.

The positioning of channel changes relative to the highway
embankment should be done as detailed in Exhibit 05.903. If it
is not possible to attain the minimum berm distance, the side of
the channel adjacent to the roadway may be lined with rip-rap or
other suitable material.

When a channel change is required in the proximity of fill
slopes, an accurate highwater elevation is important. In the case
of fills constructed of earth or other easily erodible materials,
saturation and/or scour could occur if the known highwater elev-
ation exceeds that of the toe of the fill. This could result in
slipping or sloughing conditions resulting in fill deterioration.
If such conditions are anticipated, special precautions must be
taken. This may be done by constructing a rock berm against the
face of the fill to an elevation above the known highwater. The
rock berm should be at least 10 feet horizontally to facilitate
construction. If suitable rock fill material is not available,
Cyclopean Stone Rip-Rap may be used. The standard use of rip-
rapping is a 2 foot thickness. For cases of extreme erosive con-
ditions, the thickness should be 3 to 4 feet (see Exhibit
05.903). :

The construction of channel changes involves excavating
areas originally used for some other function. Soil conditions
may vary from those where the original channel was located. The
channel slopes are nearly always cleaner, thus resulting in a
velocity increase. Erosion can become a serious maintenance
problem unless input is obtained from the Division of Materials.

Channel side slopes are an important factor for consider-
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ation. The type of soil or rock should ultimately determine the
side slope but the following list can be used as a guide:

Earth slope - 2:1, preferably 3:1
Shale slope - 1/2:1, preferably 1 1/2:1
Solid rock - 1/4:1, if deemed necessary

DR-05.340 Design Procedure

Each project is unique, but the following six basic design
steps are normally applicable:

STEP 1
Establish a roadside channel plan.
A. Collect available site data.

B. Obtain or prepare existing and proposed plan/profile layout,
including highway, culverts, bridges, etc.

C. Determine and plot on the plan the locations of natural ba-
sin divides and roadside channel outlets. An example of a
roadside channel plan/profile is shown in Exhibit 5.940.

D. Plot the layout of the proposed roadside channels to
minimize diverted flow lengths.

STEP 2
Obtain or establish cross section data.

A. Provide channel depth adequate to drain the subbase and minimize
freeze/thaw effects.

B. Choose channel side slopes based on geometric design criteria
including safety, economics, soil, aesthetics, and access.

cC. Establish bottom width of trapezoidal channel.

D. Identify features which may restrict cross-sectional design:
° right-of-way limits
° trees or environmentally-sensitive areas
° utilities
o existing drainage facilities
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STEP 3
Determine initial channel grades.

A. Plot initial grades on plan/profile layout. Slopes in roadside
ditches, in cuts, are usually controlled by highway grades.

B. Provide minimum grade of 0.5% to minimize ponding and sediment
accumulation.

C. Consider influence of type of lining on grade.

D. Where possible, avoid features which may influence or restrict the
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