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Chapter 7
Grassed Waterways

Introduction

Grassed waterways are natural or constructed
channels shaped or graded to required dimensions,
including suitable vegetation for stable conveyance
of runoff.

The grass-lined waterway is one of the most com-
monly used conservation practices. When rainfall
exceeds the infiltration rate or available water-
holding capacity of the soil, surplus water will
run off over the land. Since the success of any soil
conservation program depends on the removal of
this surplus water without undue erosion, the area
needed for waterways should be dedicated to this
purpose and forage production should be a secon-
dary consideration. Grassed waterways are ap-
plicable only to those areas where rainfall or irriga-
tion provides the moisture needed to grow and sus-
tain a good grass cover. (fig. 7-1)

Grassed waterways are used—

As outlets for diversions and terraces,

As outlets for surface and subsurface drainage
systems on sloping land,

To convey water collected by road ditches or
discharged through culverts,

To rehabilitate natural draws carrying concen-
trations of runoff.

Requirements for Use

To ensure satisfactory performance of a vegetated
waterway, prepare the area so that conditions are
favorable for vegetative growth. Waterways subject
to constant or prolonged flows require special sup-
plemental treatment, such as stone centers or sub-
surface drains capable of carrying a portion of
such flows. A grassed waterway is susceptible to
considerable erosion damage until permanent
vegetative cover is established. Erosion protection
measures such as temporary vegetative cover,
mulch, or diversion of runoff may be used to reduce
the potential for erosion damage. After establish-
ment, protective vegetative cover must be
maintained.

The waterway may be protected by using a com-
bination of the following steps that best fits the
needs of the site:

1.  Use stable natural waterways where possible.

2. Reduce the required capacity by dividing the
runoff between two or more waterways.

3. Construct and vegetate the waterway before
any other channels or structures are allowed to
discharge into it.

4. Carry prolonged low flows in a subsurface
drainage system or in a surface-protected sec-
tion such as a stone center.

5. Design the waterway for stability under condi-
tions of bare soil or sparse vegetation.

6. Establish the vegetative cover according to rec-
ommended techniques such as the following:

a. Protect the channel seeding with clean

mulch such as stubble, straw, hay, jute
netting, and tie down materials; or
strawbales, fabric, or silt fences.

Sod the channel.

c¢. Use supplemental irrigation on the new

seeding or sodding to hasten establishment.

d. When possible, divert major flows from

the waterway during establishment period.
7. Maintain vegetative cover by mowing,
spraying, fertilizing, and performing other
maintenance as needed.
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Figure 7-1.—Typical waterways.



Figure 7-1.—Typical waterways (continued).
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Planning Considerations

A preliminary site investigation is recommended
to determine the feasibility of using a natural
watercourse or constructing a waterway. Such a
survey includes the study of resource information
such as soil maps, aerial photography, and contour
maps; visual examination of potential alignment;
occasional survey shots with a hand level or dumpy
level; and estimating capacity from past work ex-
perience. A preliminary investigation should pro-
vide enough information to select a final alignment.
If possible, consider more than one location and
select the most practical, aesthetic, and least
damaging alternative. Consider outlet conditions,
topography, vegetation, land use, cultural activites,
visual quality, soil type, length of slope, and
natural features.

The location of waterways is important to a good
program of erosion and sediment control. Wherever
possible, the natural drainage system should be
preserved and used. Waterways should generally be
located in natural drainageways where water can
drain in from all sides. Moisture conditions and soil
fertility are usually best in such areas for establish-
ment of vegetation. Other advantages of natural
waterways include:

1. Flattest grade in the immediate area.

2. Most stable waterway conditions.

3. Adequate capacity.

4. Sufficient depth for outletting diversions,
terraces, and rows or grade.

A natural waterway may need to be selectively
cleared, shaped, or enlarged to accommodate the
increased flow delivered to it by terraces and diver-
sions. It also must be checked to insure stability.
Natural waterways that are providing important
woody wildlife cover and are not seriously eroding

should not be disturbed.
Waterways can also be located along development

boundaries, road rights-of-way, property lines, or
along storm sewer center lines. Special precautions
should be taken when waterways start or end near
property lines. Care must be taken to prevent sedi-
ment from damaging lower or downstream proper-
ties. If the upper or upstream end is near a proper-
ty, the transition must be stable to prevent erosion
or degradation of neighboring land.

Avoid placing waterways where there are sharp,
unnatural changes in flow direction. Land manage-
ment systems should be planned to conform to nat-
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ural land features. The location of the alignment
should not pose a threat to important landscape
elements such as unique trees, geologic formations,
or scenic features. The slope of the waterway should
not interfere with adjacent land uses. Shallower
and broader designs usually blend in better and are
less disruptive.

If buried utilities cross the proposed alignment,
contact the utility companies to determine the exact
location of underground services and analyze
compatibility.

In lieu of a constructed or natural channel, an ad-
joining pasture or meadow strip may be used. The
surface of such areas should be checked, however, to
ensure that uniform surface and adequate width are
available to spread the flow, and that the type and
density of vegetation are adequate to withstand the
expected velocities.

An area of land parallel to a field boundary
should be used for the waterway if available. One
advantage of this location is that the waterway is
less likely to be damaged by farm equipment. Such
a location often requires the construction of a chan-
nel to—

1. Provide an outlet for terraces or diversions
that cannot be extended to a natural draw.

2. Provide an outlet away from buildings or
other critical areas.

3. Avoid the use of a gullied natural draw that
would be impractical to stabilize, especially
those with large watersheds.

The use of public road ditches for the disposal of
water should be in conformance with the policy of
the local highway authority and the Soil Conserva-
tion Service. Where a field road crosses a waterway,
consideration should be given to providing a culvert,
bridge, or lining to protect the waterway from result-
ing damage.

All waterways should have stable outlets with
adequate capacity for the designed flow. The outlet
may be another grassed waterway, an earth ditch, a
structure, or other suitable outlet. In all cases, the
outlet must discharge in a manner that prevents
erosion. Outlets should be constructed and stabi-
lized before the waterway is used. Applicable state
laws and local ordinances and regulations must be
observed in locating waterways and outlets.

A successful grassed waterway depends on good
conservation treatment of the contributing water-
shed and a regular maintenance program. The bet-
ter the erosion control in the watershed, the less
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silting there will be in the waterway. Good conser-
vation practices also reduce the peak rate of runoff
and the volume of water to be carried by the water-
way. When good conservation treatment of the drain-
age area is not obtained, greater maintenance is
usually required.

Data Collection

Engineering Surveys

Surveys for waterways normally consist of sample
field notes for waterway design, layout, and con-
struction as shown in Technical Release Number
62. These notes are satisfactory when drainage
areas are small, topography is relatively uniform,
and elevations with respect to other structures are
not significant. Standard forms or data sheets ap-
proved for field offices may be used to record field
notes.

Survey information should include consideration
of outlet conditions, topography, vegetation, land
use and cultural patterns, soil type, length of slope,
and other built or natural features significant to
design (fig. 7-2). Determine the types of soil textures
that will be encountered along the alignment of
waterways to be constructed. Soil textures are need-
ed to determine retardance for permissible
velocities and channel capacities.

A profile and cross section of the original ground
surface should be exhibited in enough detail to per-
mit dividing the waterway into reaches of approx-
imately uniform slope and shape. For typical profile
and cross section survey notes, see Chapter 1 of this
manual.

- Pasture/Haylaﬁd —_

J Alternative “A”

Farmstead

Woodland

Figure 7-2.—Site survey information.
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Hydrologic Investigations

Information on the watershed area, design storm
frequency and duration, and runoff estimates are
important in determining the capacity of a water-
way. The drainage area divides can be determined
by field inspection, or by using a stereoscope on
aerial photographs and then sketching the drainage
area divides on the photographs for measurement.

Determine the watershed area at the outlet of the
waterway and at other points where it may be desir-
able to change the grade or cross section. Calculate
the runoff in cubic meters per second (cubic feet per
second), at each design point, for the frequency and
duration of storm selected. Refer to Chapter 2 of
this manual for the procedure.
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Designing Waterways

General

A constructed waterway is designed to carry the
estimated flow without damage to the waterway or
its lining. Waterways should be planned and
designed to fit the conditions of a particular site.
Commonly needed for designing a waterway is in-
formation about the following:

1. Watershed area, in hectares (acres), together-
with the soil characteristics, cover, and
topography. This information is used to
estimate runoff by the procedures set forth
in Chapter 2 of this manual.

. Grade of the proposed waterway in percent.

. Proposed vegetative cover suitable for site
conditions.

Erodibility of the soil in the waterway.
Expected height at which vegetative cover
will be maintained.

6. The permissible velocity for the conditions

encountered.

7. Allowance for space that will be occupied

by the vegetative lining.

8. Allowance for freeboard, if required by

local standards and specifications.

9. A stable starting and ending point.

10. Existing vehicular or pedestrian circula-
tion patterns that may influence alignment
or cross section.

11. Unique landscape features that will affect
alignment or other components of design.

Waterways are frequently planned for areas
where the slope is variable and where there is a
wide difference in the watershed area at various
points along the channel. In such cases, the water-
way is designed in reaches. A reach is generally a
portion of the watershed having a near-uniform
slope and drainage area. A point of significant
break in slope is a point of division between two
reaches. The point of entrance of a diversion or
other tributary where the watershed area is sig-
nificantly increased also may be a point of division
between two reaches. Where there is a significant
difference in velocity or capacity between adjoining
reaches, it may be necessary to install a transition
section between them.

Sometimes for ease of layout, construction, and
maintenance, the width of the waterway is kept
constant and the depth varied to provide required
design capacities. However, equipment-crossing re-
quirements must be considered.
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When the limits of two or more reaches have been
determined, each reach is designed separately by
procedures given in subsequent paragraphs.

Vegetative linings vary in their protective ability
according to type, density, and height. Therefore,
safe velocities under various conditions are a mat-
ter of careful consideration.

Velocities

Waterways should be planned and designed to fit
the conditions of a particular site. The design of a
grassed waterway is complicated because the value
for “n” varies with different grass linings. Tests
show that vegetation tends to bend and oscillate
under the influence of velocity and depth of flow.
Thus, the retardance to flow varies as these factors
change.

Research has shown that in both large and small
waterways, or those of different cross-sectional
shape and bed slope, and with different vegetative
covers, the retardance coefficient “n” (Manning’s
coefficient of roughness) varies with VR. See exhibit
7-1, page 7-17. VR is the product of velocity and the
hydraulic radius. This relationship will be referred
to as the “n-VR relationship,” which is the rec-
ommended basis for grassed channel design.

The five general retardance curves, designated as
A, B, C, D, and E in exhibit 7-1, page 7-17, have
been developed for various cover conditions. The
vegetal conditions under which the various retar-
dances apply are shown in exhibit 7-2, page 7-18.
These cover classifications are based on tests per-
formed in experimental channels when the vegeta-
tion was green and generally uniform.

Most of the vegetation used in waterways does not
exceed 45 cm (18 in) in height and may be much
shorter at times during the year. Therefore, it is
recommended that when designing the waterway
for safe velocity, a retardance no greater than D be
used. After the waterway is designed for safe veloci-
ty, it must be checked for capacity to accommodate
the peak flow under conditions where vegetation
gives the highest retardance. The retardance used
in this instance is the curve corresponding to the
expected vegetal cover and;in most ¢ases, it will be
retardance C, though curves B-and“A may be used
where considered appropriate.

On urban and recreational developments, vegeta-
tion is generally maintained at a low height of 25
to 50 mm (1 to 2 in), such as for a lawn or turf, A

retardance value of E should be used under these
conditions.

All pertinent design data and computations shall
be recorded.

In designing grassed waterways, care must be
taken to ensure that the design velocity is within
the limits of permissible velocities for the soil condi-
tions given in exhibit 7-3, page 7-19. These values
apply to average, uniform stands of each type of
cover.

Erosion-resistant soils are cohesive (clayey) fine-
grained and coarse-grained soils that have cohesive
fines and a plasticity index of 10 to 40. Unified soil
classifications include CL, CH, SC, and GC. Easily
eroded soils do not meet the requirements for
erosion-resistant soils. Easily eroded soils do not
meet the requirements for erosion-resistant soils.
Erosion resistance is also affected by soil density.
Some soils such as dispersed clays and nonplastic
fine silty sands may be so erosive that successful
grassed waterways cannot be constructed.

The prevailing range of maximum permissible
velocities used for design is from 0.8 to 2.4 m/s (2.5
to 8.0 ft/s). The maximum permissible velocity will
be determined by individual site conditions:

1. A velocity of 0.9 m/s (3.0 ft/s) should be the
maximum if, because of shade, soils, or
climate, only a sparse cover can be estab-
lished or maintained.

2. A velocity of 0.9 to 1.2 m/s (3.0 to 4.0 ft/s)
should be used under normal conditions if
the vegetation is to be established by
seeding.

3. A velocity of 1.2 to 1.5 m/s (4.0 to 5.0 ft/s)
should be used only in areas if a dense,
vigorous sod is obtained quickly or if water
can be diverted out of the waterway while
the vegetation is being established.

4. A velocity of 1.5 to 1.8 m/s (5.0 to 6.0 ft/s)
may be used on well-established, good-
quality sod. Special maintenance may be
required.

5. A velocity of 1.8 to 2.4 m/s (6.0 to 8.0 ft/s)
may be used only on established, excellent
quality sod, and only under special cir-
cumstances in which the flow cannot be
handled at a lower velocity. Under these
conditions, special maintenance and ap-
purtenant structures will be required.

If the vegetative lining is supplemented by stone
centers, or other erosion-resistant materials, the
velocity given in exhibit 7-3 may be increased by
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0.06 m/s (2.0 ft/s) or in accordance with local
technical guides.

Channel Cross Section

Vegetated waterways may be built in a parabolic,
trapezoidal, “V,” or “W”’ shape. Parabolic water-
ways are the most common and generally are the
most satisfactory. This shape is ordinarily found in
nature. Small flows are less likely to meander. Most
waterways constructed with a trapezoidal section
tend to revert to a parabolic cross section. A
modified trapezoidal cross section with the bottom
center constructed 0.09 to 0.15 m (0.3 to 0.5 ft)
lower than the edges is sometimes used on wide
waterways. The cross section should be designed to
permit easy crossing by equipment where necessary.
Typical waterway cross sections are shown in
figure 7-3. The “W” shape is sometimes used on flat
land so spoil can be placed in the center section.
Other uses of “W” shape are to divide flows and to
provide a roadway in the center section.

The shape selected should be compatible with sur-
rounding landform and landscape characteristics.
Side slopes may be varied to better balance cut and
fill and to add visual diversity.

Capacity

Waterways are constructed to discharge the peak
flow expected from at least a 10-year frequency,
24-hour duration storm, as estimated in accordance
with Chapter 2. Out-of-bank flow may be permitted
on land slopes parallel to the channel where the
slope is not greater than one percent and where it
is evident that no erosion damage or serious proper-
ty damage will result. In every case it is necessary
to provide adequate capacity and safe velocities in
accordance with site conditions.

Exhibits 74, pages 7-20 through 7-33, and 7-5, pages
7-34 through 7-47, have been prepared to simplify the
determination of waterway size for given site condi-
tions. The tables conform to the principles outlined
in SCS-TP-61, “Handbook of Channel Design for
Soil and Water Conservation.” Programmable cal-
culators can be used instead of exhibits 7-4 and 7-5
if appropriate software is available.
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Grades

Grades should be selected to meet velocity, capaci-
ty, and lining requirements. When permanently
vegetated waterways are used in developments to
manage or convey storm water, the grade of the
channel should be such as to minimize standing
water or wetness problems.

Stability

Consider the possible future conditions of the
vegetative lining based upon natural succession and
maintenance. In some cases the expected stand of
vegetation is not attained, or frequently it will
deteriorate under normal maintenance. Therefore,
it is necessary to check the waterway design for
stability against erosion.

Channel Lining

Vegetative channel linings should be established
as soon as possible after construction. Any of the
following will help achieve this:

1. Establish vegetative cover by sodding part
or all of the waterway channel.

2. Use mulch on all waterway seedings.

3. Irrigate sod or seedings as needed.

On sites where it is impossible to establish suit-
able permanent vegetation, or it is desired to deter-
mine the stability of the channel in an as-constructed
condition, the design can be based on bare ground
conditions. Site conditions may warrant designing
the waterway with a structural lining.

Linings should be designed for capacity and sta-
bility in accordance with the principles given in the
Handbook for Channel Design (SCS-TP-61) by use of
Manning’s velocity equation given in Chapter 3 or
by other approved procedures.

Perforated concrete blocks may be used as struc-
tural lining in residential, commercial, or recrea-
tion areas where aesthetics, safety, maintenance,
and rodent populations are primary design factors.
First introduced as cellular concrete blocks by SCS
in the 1950’s, the improved versions are now referred
to generally as “grid pavers.” Designed to carry
heavy loads and allow turf to grow within the cells,
their use is becoming more widespread as an alter-
native to conventional pavement surfaces or rock
riprap (See figure 7-4).



Parabolic

| oo

Cross-sectional area (A) = 2/3 Td
1.5A

Design top width (T) =

Trapezoidal
wi_ " »
d

Cross-sectional area (A) = bd + 2d?
Design top width (T) = b + 2dz

Triangular “V”

1 T

d = design depth

Cross-sectional area (A) = zd>

Design top width (T) = 2dz b = design bottom width
z = side slope ratio

Figure 7-3.—Typical waterway cross sections.

Vegetation growing from cells

Perforated grid pavers

( / Figure 7-4.—Cross section showing perforated gird pavers.
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Appurtenant Structures

Effective vegetated waterways, are not subjected
to low flows of long duration nor kept wet for long
periods. Subsurface drains, underground outlets,
stone center drains, or other means of providing
drainage and protecting the center of the waterway
should be considered where low flows or wet condi-
tions are prolonged.

Subsurface Drains

Subsurface drains should parallel the center of
the vegetated waterway but be offset from the cen-
terline at least one-fourth of the top width of the
waterway. Two drains may be required in some
cases, one on each side of the center. The principles
outlined in Chapter 14 of this manual should be fol-
lowed in designing and installing the subsurface
drains. The subsurface drains may be outletted
through a drop structure at the end of the water-
way or through a standard pipe outlet.

Underground Outlets

Underground outlets can be used to carry prolonged
low flows. Buried conduits with surface inlets are
frequently used downstream of highway culverts or
other locations where low flows are concentrated.
Blind inlets are sometimes used, but they frequent-
ly become a maintenance problem.

w = width

|
\
|
' d = design depth
|
|

Figure 7-5.—Waterway with stone center.
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Stone Center Drains

In areas where field stones or other sources of
rock are plentiful, a stone center drain may be the
best solution to problems of prolonged flow and
wetness. A gravel bedding or filter fabric is com-
monly used under the rock to prevent erosion of the
underlying soil. These drains are installed as shown
in figure 7-5. An alternate cross section would have
a stone center that could carry the flow from a
1-year, 24-hour event. Required stone size in rela-
tion to grade of waterway and depth of flow can be
determined from the nomograph, exhibit 7-6, page
7-48.

Steps in the Design of a Waterway

1. Plan the location of the waterway centerline
that minimizes impacts.

2. Select design points along the waterway
where grades change or drainage areas
and type of lining change significantly.

3. Determine the watershed area for the
points in step 2 and for the outlet.

4. Find the peak runoff produced by the
design storm.

5. Determine the slope of the channel from
the topographic map, profiles, or cross sec-
tions.

6. Select the appropriate channel cross sec-
tion and the type of channel protection to
be used—bare, vegetated, or lined.

7. Design the channel for stability by select-
ing the maximum permissible velocity (ex-
hibit 7-1).
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8. Design the channel for adequate capacity
using Manning’s formula.

9. Design a system to adequately dispose of
base flow and to keep the channel or lin-
ing well drained.

10. Select depth of waterway from exhibit 7-4
or 7-5.

The dimensions given by exhibits 7-4 and 7-5 are
the minimums required to carry the actual flow.
These tables do not include a factor for extra depth
required for space occupied by sedimentation or
freeboard. Where local standards require such fac-
tors, they should be added to the dimensions given
in these tables. It is important that the depth be
adequate to permit unimpeded discharge from ter-
races, diversions, and crop rows.

Permanent waterway channels should be protected
from sediment. If sediment is not controlled before
it reaches the waterway, several methods may be
used, including the following:

1. Installing a vegetation filter strip on each
side of the waterway where surface water
enters.

2. Increasing the depth and channel width to
store trapped sediment.

3.  Providing for clearing out the channel
when its design capacity deteriorates.

Example of Parabolic Waterway Design

The following example demonstrates how to use
the exhibits to design a parabolic channel.

Problem-—
Determine the permissible velocity and dimen-
sions for stability and capacity for a waterway
with parabolic cross section.

Given—
Runoff: Q@ = 1.6 m3/s (565 ft3/s)
Grade: 5 percent
Vegetative Cover: Kentucky Bluegrass
Soil: Easily eroded.

Condition of Vegetation—

Good stand—After cutting to 50-mm (2-in) height:
D curve retardance (from exhibit 7-2)

Good stand—Headed 150 mm to 300 mm
(6 in to 12 in): C curve retardance
(from exhibit 7-2)

Maximum Permissible Velocity—V;: 1.2 m/s
(4.0 ft/s) (from exhibit 7-3)

Horizontally opposite 1.6 m¥/s (55 t3/s) in exhibit
7-4 (5 percent slope) in the columns headed V, =
1.2 m/s (4.0 ft/s), find T = 10.4 m (34.1 ft), D = 0.2
m (0.7 ft), and V, = 1.0 m/s (3.3 ft/s). Therefore, a
waterway with a parabolic cross section, a top
width of 10.4 m (34.1 ft), and a depth of 0.2 m
(0.7 ft) will carry 1.6 m?s (565 ft?/s) at a maximum
velocity of 1.2 m/s (4 ft/s) when the vegetative lin-
ing is short, 50 mm to 100 mm (2 in to 4 in) in
height, and 1.0 nv/s (3.3 ft/s) when vegetative lining
is tall, 150 mm to 300 mm (6 in to 12 in). This com-
plies with the requirements for safe velocity when
vegetation is short (D retardance) and for capacity
when vegetation is tall (C retardance).

If a stone center is used, the maximum permissi-
ble velocity can be increased to 1.8 m/s (6 ft/s). In
time, stone center waterways usually become veg-
etated; so, for practical design purposes, the same
retardance values in the preceding example can be
used and dimensions changed to T = 4.8 m (15.9 ft)
and d = 0.3 m (0.9 ft).

If the waterway must be crossed by farm equip-
ment and other forms of traffic, consideration
should be given to the need for increased width
(fig. 7-6). Large combines, pickers, sprayers, and
similar equipment may require a significant in-
crease in width over that needed for hydraulic
capacity and freeboard. This problem deserves con-
sideration so that the proper modifications are
made in waterway width and side slopes to meet
the needs of equipment common to the locality.
Where paved channels are to be crossed, the lining
must be designed to carry the expected loads.
Culverts or bridges of adequate capacity may also
be used.
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Figure 7-6.—Waterway crossing.
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Layout and Construction

Layout

The layout of the waterway should begin at a key
point. Usually, this is the outlet, but it may be a
point determined by a building, property boundary,
gully, or other landscape feature.

Adjustment and Marking

After the centerline has been staked, check and
move some stakes, if necessary, to avoid landscape
features or to improve alignment. The waterway
should then be staked for construction. Mark all ex-

isting vegetation (trees, shrubs, etc.) and other land-

scape features to be protected during construction.

Construction

Site Preparation

A good time to build waterways is when the

site has a good cover so that runoff and silting will
be at a minimum. All debris and vegetation not
marked for retention should be removed from the
site and disposed of in such a manner that does not
adversely affect the environment or proper function
of the waterway. For typical design and construc-
tion survey notes see Chapter 1 of this manual.

Excavation

The soil removed from the waterway should be
deposited where it will not interfere with the flow
of water into the waterway. Normally, the soil can
be shaped and graded to fill low spots in the nearby
fields or mounded to create visual interest and
screening or to reduce noise and control wind.

The topsoil may be saved and spread in the con-
structed waterway if necessary for obtaining a good
vegetative cover. Where this is done, the waterway
should be overexcavated to allow for replacement of
the topsoil without encroaching on the design cross
section.

Equipment

Many kinds of farming and construction equip-
ment are adapted to the construction of waterways.
However, it may be necessary to use equipment
that will load and transport the excavated material
to locations where it is needed, such as low spots in
the surrounding field or washes in the waterway.
Although scrapers that can be pulled by farm trac-
tors are satisfactory for waterway construction,
large self-propelled scrapers, bulldozers, and motor
graders are the preferred equipment.

Appurtenant structures

Special features such as subsurface drains, under-
ground outlets, stone center drains, drop structures,
energy dissipators, and traffic crossings should be
installed as designed.

Establishment of vegetation

If vegetation is to be used for erosion protection, it
should be established as soon after construction as
weather conditions permit. (Check technical guide
for local planting dates.) Prepare a seedbed and
seed with a mixture of grasses and legumes adapted
to soil conditions and local climate. Most excavated
areas will require fertilizers to establish good cover.
If weather conditions are not favorable for perma-
nent seeding, it may be necessary to use a tem-
porary seeding, mulch, or lining. Irrigation may be
needed to assure adequate germination and growth
initially. If an immediate turf cover is desired or if
it is difficult to establish turf from seed, it may be
necessary to use sod. Sodding by sprigging or broad-
casting root stalks and stolons give good results
with bermudagrass and other grasses in favorable
climates. In other areas, direct planting of sod in
strips is practical. Woody plantings may be appro-
priate on channel back slopes to improve screening,
wildlife habitat, space definition, and climate con-
trol (fig. 7-7). Check technical guides for tree plan-
ting dates.

Mulching materials such as straw, hay, jute,
paper, or plastic mesh should be used to protect new

7-13



seeding. At least the center-third portion of the
cross section should be anchored. If temporary
seedings or nurse crops are used, they should be
mowed to reduce competition to permanent seeding.
All seeding, planting, sodding, and mulching should
conform to standards as given in the local technical
guide.

Figure 7-7.—Woody vegetation on back slope.
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Maintenance

General

Timely maintenance is important for keeping a
waterway in good working condition. Recommended
maintenance generally requires mowing of water-
ways and removing vegetation so as not to retard
water flow and cause excessive sedimentation in the
channel. Timely mowing is critical for wildlife. The
cool season grasses typically should be fertilized for
hay production, while the native grasses may not
need fertilizer. Very often herbicides in field runoff
can kill introduced grass species, while native
grasses may not be affected as much by this prob-
lem. Grazing, if permitted, should be rigidly con-
trolled. Livestock should be excluded during wet
periods. Vehicular traffic should be excluded except
at designated crossings.

Removal of Sediment

The waterway channel may require maintenance
to remove small sediment deposits. However, if the

deposit extends over long reaches or for the full
length of the waterway, the channel should be re-
constructed by use of appropriate construction
equipment. Sediment should be used onsite or dis-
posed of properly.

Repair Work

Eroded areas or damage to lining materials
should be repaired promptly. This will prevent or
reduce further degradation of the waterway system.

The transition section of waterway outlets is the
most susceptible to erosion damage. Repairs should
be made promptly to prevent gullying from advane-
ing up the waterway channel. If vegetation proves
inadequate in the transition section, it may be nec-
essary to line this section of channel or construct a
grade stabilization structure.

If the outlet is under ground, it is important to
keep it free of trash that may plug it and cause
failure.
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Retardance Cover Condition
A Weeping lovegrass Excellent stand, tall (average 30 inches)
Reed canarygrass or Excellent stand, tall (average 36 inches)
Yellow bluestem ischaemum
Smooth bromegrass Good stand, mowed (average 12 to 15 inches)
Bermudagrass Good stand, tall (average 12 inches)
Native grass mixture (little
bluestem, blue grama, and
other long and short midwest
grasses Good stand, unmowed
Tall fescue Good stand, unmowed (average 18 inches)
B Sericea lespedeza Good stand, not woody, tall (average 19 inches)
Grass-legume mixture—
Timothy, smooth bromegrass,
or orchardgrass Good stand, uncut (average 20 inches)
Reed canarygrass Good stand, uncut (average 12 to 15 inches)
Tall fescue, with birdsfoot trefoil
or ladino clover Good stand, uncut (average 18 inches)
Blue grama Good stand, uncut (average 13 inches)
Bahiagrass Good stand, uncut (6 to 8 inches)
Bermudagrass Good stand, mowed (average 6 inches)
Redtop Good stand, headed (15 to 20 inches)
Grass-legume mixture—summer
C (orchardgrass, redtop, Italian
ryegrass, and common
lespedeza) Good stand, uncut (6 to 8 inches)
Centipedegrass Very dense cover (average 6 inches)
Kentucky bluegrass Good stand, headed (6 to 12 inches)
Bermudagrass Good stand, cut to 2.5-inch height
Red fescue Good stand, headed (12 to 18 inches)
Buffalograss Good stand, uncut (3 to 6 inches)
Grass-legume mixture—fall,
D spring (orchardgrass, redtop,
Italian ryegrass, and common
lespedeza) Good stand, uncut (4 to 5 inches)
Sericea lespedeza or Kentucky
bluegrass Good stand, cut to 2-inch height. Very good
stand before cutting
Bermudagrass Good stand, cut to 1.5-inch height
E Bermudagrass Burned stubble

Exhibit 7-2.—Classification of vegetation cover as to degree of retardance.
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Permissible velocity!

Slope Erosion resistant Easily
Cover range? soils? eroded soils?
percent m/s (fils) m/s (ft/s)
Bermudagrass <5 2.43 (8) 1.82 (6)
5-10 213 () 1.22 (4)
over 10 1.82 (6) 0.91 (3)
Bahiagrass
Buffalograss
Kentucky bluegrass <5 2.13(M 1.52 (5)
Smooth brome 5-10 1.82 (6) 1.22 @)
Blue grama over 10 1.52 (56) 0.91 (8
Tall fescue
Grass mixture 2« 1.52 (5) 1.22 (4)
Reed canarygrass 5-10 1.22 @) 0.91(8)
Sericea lespedeza
Weeping lovegrass
Yellow bluestem 5«5 1.06 (3.5) 0.76 (2.5)
Redtop
Alfalfa
Red fescue
, Common lespedeza® <5 1.06 (3.5) 0.76 (2.5)
Sudangrass®
1Use velocities exceeding 1.52 m/s(5ft/s) only where good covers and proper maint can be obtained

Do not use on slopes steeper than 10 percent except for vegetated side slopes in combination with a stone, concrete, or highly resistant vegetative center section.
Cohesive (clayey) fine-grain soils and coarse-grain soils with cohesive fines with a plasticity index of 10 to 40 (CL, CH, SC, and CG).

Soils that do not meet requirements for erosion-resistant soils.

Do not use on slopes steeper than 5 percent except for vegetated side slopes in combination with a stone, concrete, or highly resistant vegetative center section.
Annuals—use on mild slope or as temporary protection until permanent covers are established.

Use on slopes steeper than 5 percent is not recommended.

Exhibit 7-3.—Permissible velocities for channels lined with vegetation.
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Note - Depth *D” does not include allowance for freeboard and settiement.
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(D) AND V2 FOR RETARDANCE "B"

DEPTH'
1.75 PERCENT

GRADE

TOP WIDTH (T),
v1=3.5

V1 FOR RETARDANCE "D".
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(D) AND V2 FOR RETARDANCE "B"
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(D) AND V2 FOR RETARDANCE "B"

DEPTH'

TOP WIDTH (T),

V1 FOR RETARDANCE "D".

3.00 PERCENT

GRADE

v1=3.5
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TOP WIDTH (T), DEPTH' (D) AND V2 FOR RETARDANCE "B"

V1 FOR RETARDANCE "D".
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(D) AND V2 FOR RETARDANCE "B"

DEPTH'

TOP WIDTH (T),

V1 FOR RETARDANCE "D".

5.00 PERCENT

GRADE

v1=3.5
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(D) AND V2 FOR RETARDANCE "B"
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(D) AND V2 FOR RETARDANCE "B"
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(D) AND V2 FOR RETARDANCE "C"
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v1=3.5

7-36

VIi=6.0

5.5

Vi

vi=4.5 Vi=5.0

Vi=4.0

3.0

\'2

V1=2.5

v1=2.0

ve

NNNNNNNN
NI FxI>ao

-

T OO NN~

~MOVNKNO O MO
-0 N

\O\O OO0\ \O\O\O

—— = =y - -

ONONNNNNN

e NN

P g g g - g g g
O NN N

NNNNNNNNN
oo~ m

OO NI IND

[l ol o ol ol ol

00 00 G0 0 C0 O 0 W O D

NN DM M
CooooONONOVONONDY

ANNNNN ™= —
PO~ NI INOM~0

O ITINO~NOONO

——————— - O O

ANNNANNNNNNNN

MMM MInT Mo
[ S S

OO MmO~
e NNNNNNN

[l el o Ra Rlojle fNo R o jN o ANe]

NANNNNNNNNNN
FaNIaNTaRiaNTiaRiaNToRTaNIa NI o NT Y

...........

e

NN NONROVINMm N

QNI OO NN~
NANANNNNmm N

T,

NANNNNNANNNNN
T ISTTIITIS

e — -

Py OV e O OV

DO NOVOA~FTON T
N men I TINN

OOV OOV OOOONO

e -

NANNANANNNNNNN

——— = -

NN OO NON~IN

M NN MDD Mo

0O N N NN
—OOND OO~

MmO NNNNNN
N OO

OO

Lot dl ad agl ol ol ol

VXXV OOONOND

I ITIT
[FaRTaNTAR-gb~ P g g P

NNNANNNNNAN
~NTNOMNOmO~T

.........

IO M~OCO

Ll ol ol il ol A il

TrxTITITT

TS
NNNNNNNN-

NNANNNNNNN
NOO~NITITN-O

MNROONO =AM
reremANANNN

ool ol o - ol ol ot nd

MMM MMM
aAOONOVOVOVONOVON

NABINO~ONO —
NANNNNNNH

NANNNANNNNN

.........

NN
PP P P P

.........
e —

NN SO FONWO

DIV~ O
MmO TS

R N

NNNNNNNNN
EaNTaRiaYTaRio RIoRTaNTaNToY

ladl ol ek ol el o R

—oOOMNMNINT-O

~AFODON IO
e e e e i T @ WU R NT A NT AN

NAUNNNNNNN
B0 g g o g g g g

~OVA N~ O NN O
NINO OO R~~~

VOO0 OOVOOY

—r— T —— -

NNNNNNNNN

.........
e

QOOMmr=ONMNITN

3 OF 14)

( SHEET

EXHIBIT 7-5 PARABOLIC WATERWAY DESIGN
(RETARDANCE "D" AND "C")



(D) AND V2 FOR RETARDANCE "C"
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(D) AND V2 FOR RETARDANCE "C"
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(D) AND V2 FOR RETARDANCE "C"
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{D) AND V2 FOR RETARDANCE "cC"

DEPTH'
1.75 PERCENT
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(D) AND V2 FOR RETARDANCE "C"
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(D) AND V2 FOR RETARDANCE "C"

DEPTH'

TOP WIDTH (T),

V1 FOR RETARDANCE "D".

3.00 PERCENT

GRADE
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EXHIBIT 7-5 PARABOLIC WATERWAY DESIGN
( RETARDANCE "D" AND "C")



(D) AND V2 FOR RETARDANCE "C"

DEPTH'

TOP WIDTH (T),

V1 FOR RETARDANCE "D",

GRADE 4.00 PERCENT

3.5

6.0

\Al

vV1=5.5

5.0

A

4.5

v1=3.0 Vi Vi=4.0 V1

vVi=2.5

v1=2.0

v2

[ad INM~OO ™o

- ——

[N aRTa TTaRToRTa P~ -4
TITTITITT
[=R=Ralo Yo, Yo Y0 Yo
—re—e—O0000
AN~ TN

[l TLOoONITOD

—_————

999999999
333333333
099999999
100000000
DI~ NVOON

.........

= MY oOmInNM~ON

—rr—r— 0NN

N It
MM Omenm
ON 00 €O 00 €0 €0 0 O O
COOOO0OO00
Nr-ONONN OO0

= NSO OMmONN I~
——me 0NN

N OOV LD
ANNNNMNNNNNN
€O €0 O 0 00 0 A W O
COCOOO0O00
O ONTOMONMN

= VOMmMMNO N~
—emANNNOm

W33333333hﬂu.
NNNNNNNNNN

et
COCO0CD00O00

—OITOMMNS = \OOWN

OO~ MNO-INO T
~rNNno» T

NOODOOOAONO

oM

CooooooOoee
=N

FRNOISIOOVNOISTO
—r-0NMmn N0

wuhwu.h.hwhwh.b.h.u.

— . ——

06666666666

OCOO0COOCoCOO0OC
NNOTOOVNDITO

O~ NS— OO0
NI NNOO NSO

[l el e ANoRVe RN Ao Ao R0 RN o]

[EaRTaNVaNToRIoRTo NI RIo NToRT o T o

Ll ol ol ol el o
...........

At ol ol ol ol el el

VWOANMONNROMmIN

NI OO FING
NN NN N

COCOCOOOO00

[EaNiaNTaNTaRTa RToNTaRToNTQ RToRTol
COOOOCOO0O0OC00

...........
e ————

OO0~ 000

CON=NIFN~DO
e NANNNNNO;

I AN aNTaNT o YT NToYToNTaRTa R oY

...........

TSIy
ARV DN

...........

CCOCOOOOO00
COOCITNr— NN -

MmN~ ONITIOD
ANNNANNNOMN O

[ep¥e Yoo Yo e Yo Ne N e Ne,

...........

OO
OO

COOQOOCOO00
OO~ ONN IO

TOO N~ ON IO
NNNMmnenn T

SIS

DM NN N
€0 €0 O €0 G0 00 0O O O O K

COO0OOOODOO00
NODVOMNre=OOMNr—

OMIND— T ON NN
MMM ITIONN

@ OO0 W DO W

NNNNNNNNNNN
[Lof ol ol oo o B off - o s o] o X o - o}

COCCOOOOOoOOCQ
N~—Or-InoOnON O

8158259259&
T ITUNNNNONOO M~

B = = = g g g g g S g

NANNNNNNNNNN
I S e

OCOOOOOOO00Q0O
NAIFTONHNOVONOT

DO~ NO—INQTOM
TINNOO MM 0O

ANy

Al ol el et ol ol

[t e N e N A A

COOOOOCOO0O00
IaRiaRTaNoVod ol ol - o N o3 Y

WVNDIFIOOVNRIOW
OO OANOO=NN

-

E RS AR g S = - - g g

—— e -

OO \C\OWOOOOOW0

COOCOCOOOCO00o
WNOIFOO0VN©RITOW0

TO~ONNMNOIHNO
NO = ANNMFINDOMNDO

-

NI e

.........

.........

-

WONNMONN®

~OVD - O INO I
NN m

COOO00COQ0O0

.........

Y altaFiaRTatTa N IaRIa Nl
COOO000O0Oo

NTON OO N A

[[aRTaRiaNIaRiaRiaRTaYTa T el

F¥TTFLTTIs
AN

.........

QCOOOOO000
A~ ITITNOOOT

Ne= NN~ ONO N I
M ITIONIN

(oY e Yo Ne NN e No Na e N

MmN MmMnMm,
[o)9e Yo Yo Yo Re Yo N0, R0 )

.........

COOOoOLOO0O0
ROMUNNONT MO

RN ONN IO
TN NN NO OO

Eoat= g g g g g g O

M YN MMMy
€O 00 O 0 M 0 O 0 ©

[=Xeoialaloo) el
O™ OO Me— O\

OMLO—I~0N
O\ OO~

0 00 0 0 0 O 0 O O

ANNNNNNNN
@0 0 O 0 &0 0 O O O

COCOOOO00O0
MOMONM~NO—

NDOANOOMM~O
MMNOOMNONONO O
~—

Pali g g B~ g g g S

(VR N VR VRSV X NENY VX ]
N N

.........

COOCOOCO00
OOMNNO=NO T

~SANYO—INO O™
NOO=r—ONANN™

-

OOV

COCOO0OOO00
OO Orrrr— NN

NONE~mON N r—
T INNOO NSO

-

T TIIITIS

— e =g

O \O\O\O OO \O OO

(SHEET 10 OF 14)

EXHIBIT 7-5 PARABOLIC WATERWAY DESIGN
(RETARDANCE '"D" AND "C")
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EXHIBIT 7-5 PARABOLIC WATERWAY DESIGN
(RETARDANCE "D" AND "C")
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EXHIBIT 7-5 PARABOLIC WATERWAY DESIGN
(RETARDANCE "D'" AND "C")
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EXHIBIT 7-5 PARABOLIC WATERWAY DESIGN
(RETARDANCE "D" AND "C")
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Max. size ~— “D7; Slope “8”

Design depth “d” 75% of the rock of drain
%irrlx fegt) (in inches) (in %)
3.0 — 100.0 — — 20.0
2.5 ~ - [ 15.0
50.0 — —
= 40.0 — :
2.0 —= L
= 30.0 — — 10.0
- 20.0 —] —
1.5 —3 15.0 —=3 B
- - S = 5.0%
Jd=101ft —— T B
- d _}_.——-.——-———__ - — D;s = 7.91in. — 4.0
1.0 —= = -
5.0 —
0.9 — ‘0 — 3.0
0.8 — o L
30.0 — —
0.7 — = :— 2.0
2.0 — —
0.6 — - =
] 15 \
0.5 — 1.0 — — \J
. 1.0
0.4 — B |
0.5 — —
0.4 — —
0.3 — 0.3 — B
- 0.5
0.2 — B
] — 0.4
0.2 — B B
0.1 — 0.3

Example: “d” — 1.0 foot “S” — 5%
Place straight edge at “d” value in Design Depth
column and at “S” value in “Slope” column. Read
rock size in middle column, 7.9 inches; round to 8
inches.

For Design:
25% of the rock by volume should be in sizes of 8
inches or slightly larger. The remaining 75% or less
should be of well-graded material, smaller than 8
inches, including sufficient sands and gravels to fill
the voids between the larger rock.

v

Exhibit 7-6.—Determination of rock size for stone center waterway.
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