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Selection of Manning’'s Roughness Coefficient for
Natural and Constructed Vegetated and Non-Vegetated
Channels, and Vegetation Maintenance Plan Guidelines
for Vegetated Channels in Central Arizona

By Jeff V. Phillips and Saeid Tadayon

Abstract

This report describes and presents the results of a study
by the U.S. Geological Survey, done in cooperation with the
Flood Control District of Maricopa County, to (1) describe
procedures used in selection of Manning’s coefficient, n, for
stream channels located in semi-arid to arid environments, (2)
describe a method for determining impact of flow on chan-
nel-vegetation conditions, and (3) describe and evaluate a new
method for management of vegetation in stream channels.
Verified and estimated n values for natural and constructed
stream channels in Arizona have been presented in several
published documents. Much of this information is in the form
of guidelines, tables, figures, and examples. This information
has been compiled into this comprehensive document to be
used as a guideline and tool for estimating n values for hydrau-
lic computation of flow in open channels.

Proper estimation of n values for vegetated channels
in arid to semi-arid environments can present difficulties in
estimating the channel’s resistance to flow. For example,
vegetation in ephemeral and intermittent streams may change
considerably over a period of time or during a flood event.
Because vegetation can be a constantly changing factor, esti-
mating n values for the vegetation component can be difficult.
Semi-empirical relations and guidelines developed to estimate
impact of flow on channel-vegetation conditions are presented.

Developed engineering-based guidelines presented herein
are intended to aid in optimizing the preservation of a ripar-
ian habitat and aesthetics of multi-use areas, while mitigat-
ing damage from floodflows along natural and constructed
channels. The guidelines primarily are based on the vegeta-
tion component of n values that should be maintained in a
waterway to allow adequate freeboard, which is an additional
amount of conveyance area intended to mitigate risk by pro-
viding a factor of safety. Vegetation maintenance plan guide-
lines are presented, including example cases that illustrate
their use.

Introduction

The U.S. Geological Survey, in cooperation with the
Flood Control District of Maricopa County, has been studying
the hydraulic effects associated with channel-roughness ele-
ments in streams in Arizona. Computation of flow in an open
channel requires evaluation of the channel’s resistance to flow,
which is typically represented by a roughness parameter, such
as Manning’s n. The characteristics of natural channels and of
some constructed channels and the factors that affect chan-
nel roughness can vary greatly; however, the combinations
of these factors are numerous. In many cases, components of
Manning’s n cannot be determined with sufficient accuracy
by direct measurement of roughness characteristics, such as
vegetation and variations in channel shape. Therefore, selec-
tion of roughness for natural and constructed channels typi-
cally is based on field judgment and skill, which are acquired
mainly through experience. The expertise necessary for proper
selection of roughness coefficients can be obtained, in part,
by examining characteristics of channels that have known
or verified coefficients (Barnes, 1967; Aldridge and Garrett,
1973; Phillips and Ingersoll, 1998), or have been selected by
experienced personnel (Thomsen and Hjalmarson, 1991). The
roughness coefficient can be verified by computations made
by using data from streamflow measurements and from mea-
surements of the physical features of the channel. Photographs
of channel segments for which n values have been verified can
be used as a comparison standard to aid in assigning n values
to similar channels. Semi-empirical equations that relate
hydraulic and channel properties have been derived from veri-
fied values of Manning’s n. The equations also can be used as
a tool for selection of n values.

In the arid to semi-arid southwestern United States, one
factor that retards flow and that can have the greatest single
impact on energy losses and resulting computed water-surface
elevations is the vegetation occupying the channel bed, banks,
and overflow areas. Vegetation characteristics for particular
channel reaches may have a larger effect than all other flow
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resistance elements by a factor of three to four (Phillips and
Ingersoll, 1998). Vegetation is a constantly changing factor

as well; it can be laid over or removed during floodflows, or
grow to substantial spatial densities and heights in just a few
years’ time. Different species of vegetation also have differ-
ent flexural strengths for a given size or height, which further
complicates assessing flow impacts on vegetation, and the
subsequent impact of vegetation on flow-energy losses. When
vegetation for a particular channel either grows to significant
heights and densities or is laid over and possibly removed
during floodflows, the roughness coefficients selected for that
channel for earlier hydraulic studies, years, or decades may
have changed significantly, possibly significantly impacting
the earlier computed conveyance and water-surface elevations
for the design discharge. A semi-empirical relation has been
developed that relates hydraulic properties of flow to vegeta-
tion characteristics and conditions within the channel (Phillips
and others, 1998). The relation will allow the user to deter-
mine impact of flow on the vegetation so estimates of n values
for the vegetation component can be more accurately selected.
The relation is restricted primarily to vegetation growing in the
main channel of natural and constructed stream channels.

In past decades, these heavy growths of vegetation may
have been modified or removed completely to allow for ade-
quate conveyance of floodflows. With a shift in emphasis in
recent years toward preserving riparian vegetation to provide
habitat for many species of wildlife and aesthetically pleas-
ing multi-use areas for homeowners and businesses, however,
engineering-based vegetation maintenance guidelines are now
deemed to be necessary. Vegetation maintenance guidelines
presented in this document are intended to optimize the preser-
vation of riparian habitat and the aesthetics of multi-use areas,
while mitigating damage from floodflows along natural and
constructed channels.

Purpose and scope

Limerinos (1970) stated that it is unlikely the determina-
tion of n values for channels will ever be an exact science;
and Barnes (1967) indicated the selection of n values remains
chiefly an art primarily developed through experience.
According to Chow (1959), veterans at selecting n values
should exercise sound engineering judgment and experience;
for a beginner, selection of n values can be no more than a
guess, and different individuals will obtain different results.
The methods and guidelines herein, therefore, are intended to
be an aid for development of experience necessary to negate
gross errors in the selection of n values for open-channel flow
hydraulic computations. These guidelines also are intended to
be a tool for (1) selection of roughness coefficients by veteran
engineers and hydrologists, (2) assessment of flow on vegeta-
tion conditions, and (3) evaluation of vegetation conditions
in constructed channels to determine the potential need for
vegetation maintenance.

Engineering based vegetation assessment and mainte-
nance guidelines are necessary to optimize preservation of
riparian habitat and aesthetic value of multi-use areas, while
ensuring channel conveyance is adequate to mitigate flood

damage. The compilation of information from past publica-
tions into a new comprehensive manual, as well as newly
developed vegetation-maintenance plan guidelines, can pro-
vide a substantive mechanism by which private sector manag-
ers and engineers; and local, state, and federal officials, as
well as the public, can acquire better estimates of n values for
open-channel flow computations in central Arizona, as well as
similar arid to semi-arid regions of the United States and the
world.

Description of Study Area

The basin and range topography typical in most parts
of Arizona is characterized by steep block-faulted mountains
separated by gently sloping valleys. Ephemeral and intermit-
tent streams in the study area (fig. 1) cover a wide variety of
conditions ranging from unstable alluvial channels, generally
stable channels of cobble to boulder-sized bed material, and
extremely stable bedrock channels. Sand-dominated stream-
beds commonly are characterized by unstable boundary condi-
tions, high sediment loads, and long periods of low or no flow
punctuated by brief periods of flooding that increase discharge
several orders of magnitude within minutes. Although gener-
ally more stable than sand channels, some gravel-dominated
channels in Arizona are ephemeral or intermittent and subject
to flooding for brief periods. Flash flooding and the general
instability of the beds of natural channels in Arizona compli-
cate the task of accurately selecting roughness characteristics
that may represent conditions during peak flow. Many stream
channels in urban areas are manmade and fairly stable. They
may be composed of either soil, cement, concrete, riprap,
grouted and wire-enclosed rock, firm earth, grass, or a combi-
nation of these materials.

The type, distribution, and density of riparian vegeta-
tion can vary in the study area. Vegetation types found in
and along many streams in central Arizona include saltcedar,
willow, cottonwood, mesquite, palo verde, and many shrub
and grass species. Effluent-dominated streams in the study
area may contain elevated nutrient levels resulting in increased
vegetation growth. Vegetation in ephemeral and intermittent
streams and constructed channels in central Arizona can be the
primary factor in estimating total resistance to flow.

Mean annual precipitation in the study area ranges from
about 7 in. near Phoenix to more than 30 in. in adjacent moun-
tain ranges. Precipitation in Arizona mainly occurs during
June through October and December through March; rainfall
is about equal in each period. Summer precipitation normally
is produced by convective thunderstorms. These storms are
characterized by rainfall of high intensity and short duration.
They usually cover small areas and may result in flash floods.
Winter precipitation normally is produced by regional frontal
systems that are characterized by low-intensity rainfall of long
duration that covers a large areal extent. Dissipating tropi-
cal cyclones cause storms in Arizona that occur primarily in
September and October (Webb and Betancourt, 1992). These
storms can cause record floods of regional extent.
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Figure 1. Map showing study area in Maricopa County, Arizona.

Manning’'s Equation

Owing to its simplicity of form and to the satisfactory
results it lends to practical applications, Manning’s equation
has become the most widely used of all uniform-flow equa-
tions for open-channel flow computations (Chow, 1959).
Manning’s equation in the following form is commonly used
to compute discharge in natural channels:

Q = (1.486 /n)AR**S/?, (1)

Lol
- MARICOPA
~~_COUNTY

~

where
Q =discharge, in cubic feet per second,
A = cross-section area of channel, in square feet,
R =hydraulic radius [A/P, in feet, where P = wetted
perimeter],
S, =energy gradient, in feet per foot, and
n = Manning’s roughness coefficient.

Equation 1 was developed for conditions of uniform flow
in which the area, depth, and velocity are constant throughout
the reach (Thomsen and Hjalmarson, 1991). The equation is
also valid for non-uniform reaches if the energy gradient is
modified to reflect only the losses due to boundary friction. In
applying Manning’s equation, the greatest difficulty lies in the
determination of the roughness coefficient, n (Chow, 1959).
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Values of Manning's n For Natural
and Constructed Main Channels and
Overbank Areas

Values of Manning’s n may be assigned for conditions
that exist at the time of a specific flow event, for average
conditions over a range in water-flow depths, or for anticipated
conditions at the time of some future flow event. The value
assigned to a reach should represent the composite effects
of the factors that tend to retard flow (Aldridge and Garrett,
1973). In developing the ability to assign n values, a person
must rely to a great degree on values that have been verified
and on values that have been assigned by experienced person-
nel (Aldridge and Garrett, 1973; Thomsen and Hjalmarson,
1991).

Base Values of nfor Unstable Channels

An unstable, or sand channel is defined as a channel in
which the bed has an unlimited supply of sand (Aldridge and
Garrett, 1973). Sand ranges in grain size from 0.062 to 2 mm.
Resistance to flow varies greatly in sand channels because the
bed material moves easily and takes on different configura-
tions or bed forms. The type of bed form is a function of many
components, including velocity of flow, grain size, boundary
shear, and other variables. The magnitude of Manning’s n
may relate directly to the type of bed form that is manifested.
The flows that produce the bed forms are classified as lower
regime and upper regime flows separated by a transition zone
(fig. 2).

The flow regime is governed by the size of the bed
material and the stream power, which is a measure of energy
transfer. Simons and Richardson (1966) defined stream power
(SP) as

SP = 62.4RS,V, ()

where
62.4 = specific weight of water, in pounds per cubic foot,
R = hydraulic radius, in feet,
S = water-surface slope, in feet per foot, and
V' =mean velocity, in feet per second.

In lower-regime flow, the bed may have a plane surface
with little or no movement of sand or small, uniform waves
(ripples), or it may have large, irregular waves (dunes) that
are formed by sediment moving downstream. Water-surface
undulations manifested in lower-regime flow generally are
out of phase with the bed surface (fig. 3). The fact that the
water surface is out of phase with the bed surface is a positive
indication that the flow is tranquil or subcritical (Simons and
Richardson, 1966, p. J9).
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Figure 2. Relation of stream power and median grain size to flow
regime.

The bed configuration in the transition-zone regime
can be erratic and may manifest bedforms typical to those in
upper-regime flow depending mainly on antecedent conditions
(Simons and Richardson, 1966, p. J11). Resistance to flow
and sediment transport also has the same variability as the bed
configuration in the transition zone.

In upper-regime flow, the bed may have a plane surface
or it may have long, smooth sand formations in phase with
the surface waves (Leopold and others, 1964; Karim, 1995).
These surface waves are known as standing waves or antid-
unes (fig. 3; Simons and Richardson, 1966). As the size of
the antidunes grow, the water-surface slope on the upstream
side of the waves becomes steeper, and the antidune may
eventually collapse. Following collapse of the antidunes, the
flow generally will shift back to plane-bed conditions. When
antidune formations occur in upper-regime flow and the water
and bed surface are in phase, the flow is rapid or supercritical
(Simons and Richardson, 1966, p. J9).

The n value for a sand channel is generally assigned for
upper-regime flow, and the flow regime is checked by com-
puting the velocity and subsequently the stream power that
corresponds to the assigned n value. The computed stream
power is compared with the n value necessary to cause upper
regime flow.

Aldridge and Garrett (1973, p. 5) suggest that n values
for lower- and transitional-regime flows can vary greatly and
depend on the bed forms present at a particular time; these
values generally will be much larger than the values for upper-
regime flow. Unfortunately, there is a lack of definition of
roughness coefficients available for the lower regime (Benson
and Dalrymple, 1967). Most flood peaks on sand channels,
however, occur when the bed configuration is in the upper
regime (fig. 4A and B). According to Benson and Dalrymple
(1967), the n values for upper-regime flow are dependent on
the median grain size of bed material (table 1).
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A. Lower-regime flows

A. No-flow view

Plane-bed
regime prior
to movement
—_

. . P ——
Ripple regime

A/\

//
. ~
Dune regime 2 D J

B. Transition-regime flows

Plane-bed
transition
regime

C. Upper-regime flows

Standing-
wave <
regime

Antidune
regime

NOTE: Blue arrows denote flow direction

Figure 3. Idealized diagram of bed and surface configurations
for alluvial streams for various regimes of flow.

Table 1. Base values of Manning’s nfor upper-regime flows in
sand channels.

[Modified from Benson and Dalrymple (1967)]

Median size of bed material, in Base nvalue
millimeters
0.2 0.012
3 017
4 .020
5 .022
.6 .023
8 .025
1.0 .026

NOTE: Rod indicates water-surface elevation
for the peak flow of January 8, 1993

B. Flow view

NOTE: A flow of 6,480 cubic-feet per second
was measured with a verified Manning’s
nvalue of 0.024 (from Phillips and Ingersoll,
1998, p. 40). Median diameter of bed
material, ds5p=0.42 millimeters

Figure 4. Typical unstable sand channel in central Arizona. A,
View upstream of midchannel during no-flow period. B, View from
cableway looking upstream during flow of February 9, 1993.

Base Values of nfor Stable Channels

A stable channel is defined as a channel in which the
bed is composed of firm earth, gravel, cobbles, boulders, or
bedrock and remains relatively unchanged through most of the
range in flow (Aldridge and Garrett, 1973). Base n values for
stable channels have been determined mainly from field-veri-
fication studies. Base n values for firm earth, gravel, cobble,
and boulder channels can be selected by visually comparing
the characteristics with those of channels that have known
or verified coefficients (Barnes, 1967; Aldridge and Garrett,
1973; Phillips and Ingersoll, 1998), by comparing measured
size of bed material with verified values of Manning’s n (table
2), or by use of equations derived from channel and hydraulic
parameters and verified values of Manning’s n. Base n values
for bedrock channels can be selected by visual comparison
with bedrock channels where Manning’s n has been verified.
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Table 2. Base values of Manning’s nfor channels considered
stable.

[—, not available; >, greater than; Modified from Aldridge and Garrett (1973)]

Channel type  Median size of bed Base nvalue
material
Millimeters Inches  Benson and Dal- Chow
rymple (1967)  (1959)
Firm earth — — 0.025-0.032 0.020
Coarse sand 1-2 — .026-.035 —
Fine gravel — — — .024
Gravel 2-64 0.08-2.5 .028-.035 —
Coarse gravel — — — .028
Cobble 64-256 2.5-10.5 .030-.050 —
Boulder > 256 > 10 .040-.070 —

Equations for selection of base nvalues for
stable channels

Base n values for stable channels also can be assigned
through the use of equations developed from verified channel
reaches that relate Manning’s n to easily measured hydraulic
and channel parameters (eqs. 3 and 4). Several investigators
have presented data that indicate trends exist among depth or
hydraulic radius, median grain-size diameter, and verified base
values of n. For example, Limerinos (1970) examined verified
values of n for 11 streams in California (fig. 6). Limerinos
developed an equation to assign base n values for stable chan-
nels that is expressed as

0.0926R'/° R
n=—"——+20log(—), (3)
1.16 dg,
where
R =hydraulic radius, in feet, and
d., = intermediate diameter of bed material, in feet, that

84
equals or exceeds that of 84 percent of the particles.

Figure 5. Typical cobble-bed channel in central Arizona for
which Manning's nwas verified; and used for development of
equation 4.

A similar equation was developed for generally lower-
gradient stable channels in central Arizona for which the base
n value was the only perceivable factor that contributed to total
roughness (fig. 5; Phillips and Ingersoll, 1998). That equation
is in the form of

0.0926R'/¢ R
=————— +2.23log(—), 4
1.46 dy,
where
d. = intermediate diameter of bed material, in feet, that

50
equals or exceeds that of 50 percent of the particles.

The equation was developed by utilizing channels with a
median diameter of bed material that ranged from 0.28 to 0.36
foot. These equations have their limitations, but can be utilized
as a check or reference for assigning base values of n.

Figure 6. Typical high-gradient cobble-bed channel in California
for which Manning'’s nwas verified and utilized for development of
equation 3.

Flow Depth and Channel Gradient

Previous investigations indicate there is a relation
between depth of flow and n values (Jarrett, 1985; Phillips and
Ingersoll, 1998). In the absence of bank vegetation and other
obstructions, the roughness coefficient for flows in a uniform
stable streambed generally decreases with increasing depth
of flow (eqgs. 3 and 4). With increased flow depth, the energy
losses associated with the channel-bed roughness elements
generally become less significant. As flow approaches bank-
full stage, the roughness coefficient may approach a constant
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value for a given median bed-size material (Limerinos, 1970;
Jarrett, 1985; Phillips and Ingersoll, 1998).

Channel roughness seems to be directly related to chan-
nel gradient or slope (Riggs, 1976; Jarrett, 1985). Channels
with low gradients have been shown to have lower roughness
coefficients than channels with high gradients (Jarrett, 1985).
Because of the relation between channel slope, size of bed
material, and energy losses, the effect of slope on 7 should
be considered in the selection of base n values (Aldridge and
Garrett, 1973). Information presented by Jarrett (1985) can be
used as a reference for selecting n values that may be impacted
by the channel gradient.

Values and Descriptions For Components of
Manning's n

The general procedure for determining n values is to
select a base value of n for the bed material (tables 1 and 2)
and then select n-value adjustments for channel irregularities,
alignment, obstructions, vegetation, and other factors (table 3;
Cowen, 1956). Utilizing this procedure, the value of n is com-
puted as follows

n=(n,+n +n,+..4+n,)m, Q)
where
n, = base value of n for a straight, uniform chan-
nel,
n,n,, ...,n = adjustments for roughness factors other than

meanders; and
m = adjustment for meanders.

Degree of Channel Irregularity

The impact of channel irregularity may be negligible
where channel margins are extremely smooth (fig. 7). Rough-
ness caused by eroded and scoured banks, projecting points,
and exposed tree roots along the channel margins, however,
can be accounted for by adding adjustments to the base value
of n (figs. 8 and 9). Chow (1959) and Benson and Dalrymple
(1967) indicate that severely eroded and scoured banks can
increase n values by as much as 0.020 (fig. 10; table 3).

Variation in Channel Cross Section

Gradual changes in the size and shape of a channel cross
section should have no impact on energy losses (fig. 11).
Where large and small cross sections alternate occasionally,
or the main flow occasionally shifts from side to side, adjust-
ments to the base n value can range from 0.001 to 0.005.
Chow (1959) gave a maximum increase of 0.015 in channels
where large and small cross sections alternate frequently or
where the low-water channel frequently shifts from side to
side (table 3).

Figure 7. The Manning n component for channel bank is considered
smooth with a corresponding component of 0.000 (table 3).

Figure 8. The Manning n component for the eroded and scoured
banks is considered moderate with a range of 0.006 to 0.010
(table 3).

Figure 9. The Manning ncomponent for the eroded and slightly
scoured banks is considered minor with a range of 0.001 to 0.005
(table 3).
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Table 3. Adjustment factors or component ranges for various channel conditions used to determine Manning's n values.

[Adjustment to degree of meandering values apply to flow confined in the channel and does not apply where flow crosses meanders; Modified from Cowen,
1956; and Chow, 1959]

Channel Manning's n
conditions  adjustment Example
Degree of irregularity

Smooth 0.000 Smoothest channel attainable in a given bed material.

Minor .001-.005 Channels with slightly scoured or eroded side slopes.

Moderate .006-.010 Channels with moderately sloughed or eroded side slopes.

Severe .011-.020 Channels with badly sloughed banks; unshaped, jagged, and irregular surfaces of channels in rock.

Variation in channel cross section

Gradual .000 Size and shape of channel cross sections change gradually.

Alternating oc- .001-.005 Large and small cross sections alternate occasionally, or the main flow occasionally shifts from side to side owing to

casionally changes in cross-section shape.

Alternating .010-.015 Large and small cross sections alternate frequently, or the main flow frequently shifts from side to side owing to changes in

frequently cross-section shape.
Effect of obstructions

Negligible .000-.004 A few scattered obstructions, which include debris deposits, stumps, exposed roots, logs, piers, or isolated boulders, which
occupy less than 5 percent of the channel.

Minor .005-.015 Obstructions occupy from 5 to 15 percent of the cross-section area and spacing between obstructions is such that the sphere
of influence around one obstruction does not extend to the sphere of influence around another obstruction. Smaller
adjustments are used for curved, smooth-surfaced objects than are used for sharp-edged, angular objects.

Appreciable .020-.030 Obstructions occupy from 15 to 50 percent of the cross-section area, or the space between obstructions is small enough to
cause the effects of severe obstructions to be additive, thereby blocking an equivalent part of a cross section.

Severe .040-.060 Obstructions occupy more than 50 percent of the cross-section area, or the space between obstructions is small enough to
cause turbulence across most of the cross section.

Amount of vegetation

Negligible .000-.002  Grass, shrubs, or weeds were permanently laid over during flow.

Small .002-.010 Dense growths of flexible turf grass, such as Bermuda, or weeds growing where the average depth of flow is at least two
times the height of the vegetation where the vegetation is not laid over. Trees, such as willow, cottonwood, or saltcedar,
growing where the average depth of flow is at least three times the height of the vegetation. Flow depth is about two
times the tree height, and the trees are laid over.

Medium .010-.025 Moderately dense grass, weeds, or tree seedlings growing where the average depth of flow is from two to three times the
height of vegetation; brushy, moderately dense vegetation, similar to 1- to 2-year-old willow trees growing along the
banks. A few 8 to 10-year old willow, cottonwood, mesquite, or palo verde, which blocks flow by approximately 1 to 10
percent, and spheres of influence or turbulence do not overlap.

Large .025-.050 8- to 10-year-old willow, cottonwood, mesquite or palo verde trees (block flow by approximately 10 to 30 percent where
the sphere’s of influence overlap) intergrown with some weeds and brush where the hydraulic radius exceeds 2 feet.

Very large .050-.100 Bushy willow trees about 1-year old intergrown with weeds alongside slopes or dense cattails growing along the channel
bottom; trees intergrown with weeds and brush. Moderately dense (blocks flow by approximately 30 to 50 percent and
the sphere’s of influence overlap) 8- to 10-year old trees spaced randomly throughout channel where depth of flow ap-
proximates height of vegetation.

Extremely .100-.200 Mature (greater than 10 years old) willow trees and tamarisk intergrown with brush and blocking flow by more than 70

large percent of the flow area, causing turbulence across most of the section. Depth of flow is less than average height of the
vegetation. Dense stands of palo verde or mesquite that block flow by 70 percent or more and hydraulic radius is about
equal to or greater than average height of vegetation.
Degree of meandering
Minor 1.00 Ratio of the channel length to valley length is 1.0 to 1.2.
Appreciable 1.15 Ratio of the channel length to valley length is 1.2 to 1.5.

Severe 1.30 Ratio of the channel length to valley length is greater than 1.5.
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Figure 10. The Manning n component for the sloughed banks;
jagged and irregular surfaces is considered severe with a range
of 0.011 to 0.020 (table 3).

Figure 11. Channel reach where the size and shape of sections
change gradually. The Manning n component for this example is
considered negligible or 0.000 (table 3).

Effect of Obstructions

Isolated boulders, debris deposits, logs, power poles
and towers, and bridge piers that disturb the flow pattern in
the channel increase energy losses, or n values (figs. 12—16).
The amount of increase depends on the shape of the obstruc-
tion, its size in relation to other roughness elements in the
cross section, the number, arrangement, and spacing of the
obstructions, and the magnitude of flow velocity (Aldridge and
Garrett, 1973). When the flow velocity is high, an obstruc-
tion exerts a sphere of influence that can be much larger than
the obstruction because the obstruction can affect the flow
pattern for considerable distances on each side. At velocities
that generally occur in channels that have gentle to moderately
steep slopes, the sphere of influence is about 3 to 5 times the
width of the obstruction (fig. 12; Aldridge and Garrett, 1973).
Several obstructions create overlapping spheres of influence
and can cause considerable disturbance and loss of energy
even though the obstructions may occupy only a small part of
the cross section. Aldridge and Garrett (1973) assigned values
to four degrees of obstructions (table 3).
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Figure 12. General flow disturbance caused by bridge piers at
Colorado River near Moab, Utah.

Figure 13. Large angular boulder in mid channel.

Figure 14. Power pole obstructing less than 5 percent of the channel
area. The Manning's n component for the obstruction is considered
negligible, with a corresponding range in n of 0.000 to 0.004 (table 3).
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Figure 15. Removed brush caught on more flow resistant
vegetation resulting in a localized angular obstruction with a
larger sphere of influence than the resistant vegetation alone.

NOTE: Pileup of debris on upstream
side of pier, resulting from a
recent flow event

Figure 16.  Bridge pier for which the Manning's n component is
considered to range from 0.005 to 0.015 (table 3).

Amount of Vegetation

The degree to which vegetation affects flow depends on
the depth of flow relative to vegetation height, the percent-
age of flow obstructed by the vegetation, the degree to which
vegetation is affected or flattened by high water, and the align-
ment of vegetation relative to the flow (figs. 17-24; Phillips
and others, 1998). In wide channels having small depth to
width ratios and no vegetation on the channel bed, the effect of
bank vegetation is generally small, and the maximum adjust-
ment is about 0.005. If the channel is relatively narrow and
has steep banks covered by dense vegetation that hangs over
the channel, the maximum adjustment would be about 0.030.
The larger adjustment values given in table 3 apply primarily
in places where vegetation covers most of the main channel.
If vegetation is the primary factor that affects n, as in flood
plains, in parts of a channel that are seldom flooded, or in
the main channel of ephemeral or intermittent streams, the n
value is assigned for the vegetation rather than for the mate-
rial in which it is growing (Thomsen and Hjalmarson, 1991).

Similar to the impact of obstructions on energy losses, at flow
velocities that generally occur in channels that have gentle to
moderately steep slopes, the sphere of influence can be about
3 to 5 times the width of the vegetation. Closely clumped
trees or reaches where flow-resistant vegetation blocks flow
by more than 50 percent of the cross sectional area can create
overlapping spheres of influence and can cause considerable
disturbance and loss of energy with n-value adjustments that
range from 0.050 to 0.200 (table 3).

Figure 17. Tall grass laid over as a result of a flow of 6,480 cubic
feet per second.

Figure 18. Lone tree that is approximately 20 feet in height.

Figure 19. Randomly scattered shrubs. Flow elevation
approximated level of the survey rod for a discharge of 403 cubic
feet per second.
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Figure 20. Large mesquite with branches that hang over the
main-channel area.

Figure 21. Randomly distributed mesquite and palo verde
approximately 15 to 20 feet in height (table 3).

Figure 22. Image showing flow altered by vegetation (table 3).

Figure 23. The Manning n component for the vegetation is
considered extremely large, with a corresponding range in n of
0.100 to 0.200 (table 3).

A. View before flood event

B. View of flooding

Figure 24. Extremely dense vegetation in the channel that drains
this urban area. A, Downstream from midchannel before the flow
of December 10, 1991. B, upstream from left bank during the flow
of December 10, 1991.

Utilizing verified roughness coefficients for a site in
central Arizona (Skunk Creek above Interstate 17), Phillips
and Ingersoll (1998) developed a semi-empirical relation for
non-submerged and randomly-distributed shrubs. The relation
or equation is in the form of

n,, = 0.0008B —0.0007, (6)
where
n, = vegetation component of Manning’s n, and
B = percentage of flow blocked by vegetation.

Use of the equation is somewhat limited to channel and
vegetation conditions similar to those in Skunk Creek above
Interstate 17, Arizona (fig. 19; Phillips and Ingersoll, 1998).
Extrapolations to other channels with similar types of flow,
channel, and vegetation conditions can be made, but should be
done so with caution.
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Values of Manning’s n For Agriculture or
Overbank Areas

Values of n for fields with crops, as well as for natural
vegetation in overbank areas, can be selected on the basis of
the work of Chow (1959; table 4). Mature cotton plants are
comparable to dense brush in the summer, and defoliated cot-
ton is comparable to medium to dense brush in the winter (fig.
25A and B). For overbank areas, the value of n generally varies
with the stage of submergence of the vegetation (Thomsen and
Hjalmarson, 1991). In general, higher stages should result in
lower Manning’s n values.

Table 4. Values of Manning’s n for agriculture or overbank areas.

[Modified from Chow (1959) and Thomsen and Hjalmarson (1991)]

Manning's n
Description Minimum  Normal  Maximum
Pasture, no brush
Short grass 0.025 0.030 0.035
High grass .030 .035 .050
Cultivated areas

No crop .020 .030 .040

Mature row crops .025 .035 .045

Mature field crops .030 .040 .050

Shrubs

Scattered shrubs, .035 .050 .070
heavy weeds

Light shrubs and trees, .035 .050 .060
in winter

Light shrubs and trees, .040 .060 .080
in summer

Medium to dense shrubs, .045 .070 110
in winter

Medium to dense shrubs, .070 .100 .160
in summer

Trees

Dense willows, mesquite, 110 150 .200
saltcedar

Cleared land with tree .030 .040 .050
stumps, no sprouts

Same as above, but heavy .050 .060 .080
growth of sprouts

Heavy stand of timber, a few .080 .100 120
down trees, little under-
growth, flood stage below
branches

Same as above, but with .100 120 .160

flood stage reaching
branches

A. Mature cotton

B. Defoliated cotton

Figure 25. Fields of A, Mature cotton in the summer and B,
defoliated cotton in the fall.

Composite Values of n For Constructed Channels

Composite values of n are presented in table 5 for various
types of stable constructed channels. The degree of the n value
for a selected channel type is related to the newness of the
channel and degree of subsequent maintenance (fig. 26A and
B). For example, minimum values correspond to new construc-
tion, normal values correspond to good maintenance, and the
maximum n value corresponds to deteriorated or poor mainte-
nance.
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A. Channel survey

B. Channel conditions following flow

NOTE: Horizontal rod at the
approximate elevation
of the peak water-surface
elevation

Figure 26. Manning's n-verification measurement made at a
well-maintained constructed channel (Phillips and Ingersoll,
1998). A, Channel survey made for verification of Manning's n. B,
Channel conditions following flow.

Procedure For Subdivision of Cross Sections

The Manning’s equation was designed for uniform steady
flow in trapezoid channels. Most natural channels, however,
are not uniform. The hydrologist or engineer using Manning’s
equation, therefore, should be aware of its shortcomings and
use reasonable judgment to come up with the best results
(Cruff, 1999). One of the largest shortcomings of the equa-
tion when working with natural channels, and even some
constructed channels, is the change in energy loss, or n, across
or perpendicular to the channel. Because of these changes
there is a tendency to subdivide the channel section at changes
in roughness. This subdivision method can greatly affect the
computation for hydraulic radius, R, and significantly and
erroneously impact the final computations.

Table 5. Composite values of nfor stable constructed channels.

[Modified from Chow (1959)]

nvalue
Type of channel and description Minimum Normal Maximum
A.LINED OR BUILT-UP CHANNELS
a. Concrete
1. Finished 0.011 0.015 0.016
2. Unfinished .014 017 .020
b. Gravel bottom with sides of
1. Formed concrete .017 .020 .025
2. Random stone in mortar .020 .023 .026
3. Dry rubble or riprap .023 .033 .036
B. EVACUATED OR DREDGED CHANNELS
a. Earth, straight and uniform
1. Clean, after weathering .018 .022 .025
2. Gravel, uniform section, clean .022 .025 .033
b. Earth, winding and sluggish
1. Earth bottom and rubble sides .028 .030 .035
2. Stony bottom .025 .035 .040
3. Cobble bottom and clean sides .030 .040 .050
c. Rock cuts
1. Smooth and uniform .025 .035 .040
2. Jagged and irregular .035 .040 .050

In most cases the main channel should not be subdivided,
and an average n should be selected (Cruff, 1999). Cross sec-
tions with distinct changes in shape, however, should be subdi-
vided into subsections and the n values determined separately
for each subsection. In this manner the Manning’s equation
will solve a series of near rectangular or trapezoidal channels,
which can produce much more accurate results (Davidian,
1984). Cross sections should be subdivided if the flow-depth
in the main-channel is greater than or equal to twice the flow
depth at the stream edge of the overflow area (Thomsen and
Hjalmarson, 1991; fig. 27). Subdivision also should be consid-
ered where the width of the overflow area is at least five times
the flow depth in the overflow area (fig. 27).

-

| b

Subdivide if D4 is greater than or
equal to 2dp

Subdivide if D4 is approx