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FOREWORD

This Technology Sharing Report provides procedures for determining Manning's
roughness coefficient for densely vegetated flood plains. The guidelines
should be of interest to hydraulic and bridge engineers. Environmental
specialists concerned with flood plains and wetlands may also find this
report useful.

The report was prepared by the United States Geological Survey
Division, with technical guidance from the FHWA Office of
Highway Operations Research and Development.
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cross-section area of flow ft2
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effective drag coefficient for vegetation = =—=---

particle diameter that equals or exceeds that of 84
percent of the particles ft

gravitational constant

height of water on flood plain
conveyance of a section

length of channel reach being considg
length of representative sample

correction factor for meandering
plain ‘

Manning's roughness coef hent, 1 ing boundary and

vegetation effect ££1/6
base value of hn coefficient for the
surface mater nel or flood plain f£1/6
summation trees in a sample area
multipl @&d by di ft
S hneg@coefficient, excluding the effect
ft1/6
nning's roughness coefficient for the effect
irregularity ftl/6
Manning's roughness coefficient for variations
in shape and size of channel and flood plain ft1/6
alue of Manning's roughness coefficient for obstruc- ££1/6

tions

value of Manning's roughness coefficient for vegetation ft1/6
value of Manning's roughness coefficient used in

determining ngy, representing vegetation not
accounted for in vegetation density ftl/6
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FACTORS FOR CONVERTING INCH-POUND UNITS TO INTERNATIONAL SYSTEM

Multiply

cubic _foot per second
(££3/5)

foot (ft)
foot per second (ft/s)

foot per second square
(£t/s2)

inch (in.)
square foot (ft2)
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By

0.02832

0.3048
0.3048

0.3048

25.40
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meter (m)




INTRODUCTION

There has been increasing interest and activity in flood-plain
management, flood-insurance studies, and in the design of bridges and
highways across flood plains. Hydraulic computations of flow for such
studies involve roughness coefficients, which represent the resistance to
flood flows in channels and flood plains.

The Manning's formula, frequently used as a part of an indirect
computation of streamflow, is

_ 1.486 [2/3, 1/2
n e

\Y4 (1)

in which: V
R

Se

and n

mean velocity of flow, in feet per second;
hydraulic radius, in feet;
slope of energy grade line;
Manning's roughness coefficient.

L I TR

When a large number of calculations are es i ing Manning's
formula, it is sometimes convenient to use con ce term, where
conveyance is defined as

K = l.i86”2/3 2)
in which: K = convevyance bic feet per second;
A = nnel, in square feet;
R =
and n =

ante of the channel section and it is a
measure of the car i f the channel section.

ning's n, tabulated according to factors
are found in references such as Chow (1959),
Streeter (1971). Roughness characteristics of
en by Barnes (1967). Barnes presents pictorial
al rivers and creeks with their respective n values.

Manning's roughness coefficient in this guide, but many
textbooks @@ technique manuals contain discussions of the factors
involved in the selection. Three, which could be considered as supple-
ments to this guide, are Barnes (1967), Chow (1959), and Ree (1954).

Although much research has been done to determine roughness coeffi-
cients for open-channel flow (Carter and others, 1963), less has been
done for densely vegetated flood plains, coefficients that are typically
very different from those for channels.

The objective of this guide is to develop procedures to aid engineers
in the selection of roughness coefficients for channels and flood plains,
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so that flow information needed for highway design might be computed. The
guide presents step-by-step procedures that enable determination of
Manning's n values for natural channels and flood plains.

This guide builds on the report by Aldridge and Garrett (1973), who
attempted to systematize the selection of roughness coefficients for
Arizona streams. An attempt is made to broaden the scope of that work,
in particular to describe procedures for the selection of rouchness
coefficients in densely vegetated flood plains.

the effects
e presented

The n values for channels are determined by evalua
of certain roughness factors in the channels. Two method
to determine the roughness coefficients of flood plaj
similar to that for channel roughness, involves the
effects of certain roughness factors in the flood plain.
involves the evaluation of the vegetation densit
determine the n value. This second method ig uited to
handle roughness for densely wooded flood plaing

bss coefficients

: is design gquide
e values for roughness
tographs of flood plains
ed for comparison.

There is a tendency to regard the sele
as either an arbitrary or an intuitive
presents gpecific procedures d i
coefficients in channels and floGd gla
with known roughness coefficients a

Values of the rou iCi , N, may be assigned for condi-
tions that exist at i a specific flow event, for average
conditions over a r or for anticipated conditions at the
time of a future

ied to one-dimensional, open-channel flow--such as
~backwater procedure for determining flow.

Pughness coefficients apply to a longitudinal reach of channel
lood plain. The cross section within the reach may be of
netric shape (such as triangular, trapezoidal, or semicircular)
egular shape typical of many natural channels. The flow may
be confined to one or more channels; and, especially during floods, the
flow may occur both in the channel and in the flood plain. Such cross
sections may be termed compound channels, consisting of channel and flood
plain subsections. Cross sections are typically divided into subsections
at points where major roughness or geometric changes occur., For example,
such changes may be at the juncture of dense woods and a pasture or a
flood plain and main channel. However, subsections should reflect
representative conditions in the reach rather than only at the cross
section. Roughness coefficients are determined for each subsection, and
the procedures described herein apply to the selection of roughness
coefficients for each subsection.
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There are several means of compositing the results to obtain an
equivalent n value for a stream cross section. These procedures, summa-
rized by Chow (1959, p. 136), involve use of each of the following three
assumptions: (1) The mean velocity in each subsection of the cross
section is the same; (2) The total force resisting the flow is equal to
the sum of the forces resisting the flows in the subdivided areas; and
(3) The total discharge of the flow is equal to the sum of the discharges
of the subdivided areas. It is also assumed that the slope of the energy
grade line is the same for each of the subsections. In some cases it is
not necessary to compute the equivalent n value. Instead, {@le subsection
conveyances, which are additive, are computed through ass ion (3) to
obtain the total conveyance for the cross section.

Roughness values for flood plains can be quite diffef
for channels. Therefore, roughness wvalues for flood pl
determined independently from channels. As in the cgs
roughness, a base roughness (np) 1is assigned tq
adjustments for various roughness factors are mads
n value for the flood plain.

Seasonal variability of roughness coeffic W be considered.
Floods often occur during the wintg@awhe less vegetation. Thus,
the field surveys, including photOgrapl ot be completed until
spring when vegetation growth would b In these instances, a
variable roughness coefficient ma account for seasonal
changes.

b eded t

In developing the abili values, reliance must be on n
values that have been verified$ n value is one that has been
computed where both disc oss-section geometry are known.

Although se affect the selection of an n value for a

tant factors are the type and size of the materials

banks of a channel and the shape of the channel.

procedure for estimating the effects of these

factors , he value of n for a channel. 1In this procedure,
@ may be computed by

Ny + n] + ny + n3 + ng)m (3)

where: np = a base value of n for a straight uniform, smooth channel
in natural materials;
ny] = a value added to correct for the effect of surface
irreqularities;

ny = a value for variations in shape and size of the channel
cross section;
n3 = a value for obstructions;
ng = a value for vegetation and flow conditions;
and m = a correction factor for meandering of the channel.



Proper values of np, n] to ng, and m for various types of channels

will be presented in detail in following sections.

Selection of Base n Values (np)

In the selection of a base n value for channel subsections, the
channel must by classified as a stable channel or as a sand channel.

A stable channel is defined as a channel in which the
of firm soil, gravel, cobbles, boulders, or bedrock and
relatively unchanged through most of the range in flow.
and Garrett, 1973) 1lists base np values for stable c and sand
channels. The base values of Benson and Dalrymple (1967
to conditions that are close to average; whereas,
values are for the smoothest reach attainable for a

ed is composed
hich remains

Median size of bed m ria se n value

Channel or

flood-plain Benson and Chow

type Dalrymple (1959) 2/
(1967) L/
Sand channels

(Only for upper 0.012 —-—m-

regime flow where 017 -

grain roughness 020 memee

is predominant. .022 ————

023 meee-

025 —--m-
026 —--m-

0.011

——————————— .025

.032 .020

035 --——-

Fine gravel--===== —==m—=  commemeee e .024
Gravel----======-- 2- 64 0.08- 2.5 .028- .035 = --——-
Coarse gravel--~--- -==--- = ——ceeemome e .026
Cobble---~--=-=~-- 64-256 2,5 -10.1  .030- .050 ~--——--
Boulder--~----—=~=- >256 >10.1  .040- .070 -----

l/Straight uniform channel.
2/smoothest channel attainable in indicated material.



Barnes (1967) catalogued verified n values for stable channels having
roughness coefficients ranging from 0.024 to 0.075. 1In addition to a
description of the cross section, bed material, and flow conditions during
the measurement, color photographs of the channels were provided.

A sand channel is defined as a channel in which the bed has an
unlimited supply of sand. By definition, sand ranges in grain size from
0.062 to 2 mm.

Resistance to flow varies greatly in sand channels H@@euse the bed

material moves easily and takes on different configurations W@abed forms.,
Bed form is a function of velocity of flow, grain size, bed g temper-
ature, and other variables. The flows that produce the RS are

classified as lower-regime flow and upper-regime flow,
relation between depth and discharge. The lower-regime £
low discharges and the upper-regime flow with
unstable discontinuity in the depth-discharge rela
the two regimes and this is called a transitiona
flow, the bed may have a plane surface and no
may be deformed and have small uniform wav
toothed waves formed by sediment moving down
are known as ripples, and the lar
regime flow, the bed may have a plan
or it may have long, smooth sand wav
These waves are known as standin
beds are remnants of the
may not represent bed form

smaller waves
wn as dunes. In upper-
movement of sediment,
ith the surface waves.
antidunes. Bed forms on dry
ed during receding flows and
d stages.

of the bed materials and the
energy transfer. Stream power (SP)

The regime is gover
stream power, which is
is computed by the for

(4)

where: 62 = specC

= hydrau

weight of water, in pounds per cubic foot;
radius, in feet;

e slope, in feet per foot;

cTty, in feet per second.

The
using tabl

lue for a sand channel is asgigned for upper-regime f£low
, which shows the relation between median-grain size and the
n value. flow regime is checked by computing the velocity and stream
power that respond to the assigned n value. The computed stream power
is compared with the value that is necessary to cause upper-regime flow.
Figure 1, developed by Simons and Richardson (1966, fig. 28), may be used
for this purpose. 1If the computed stream power 1is not large enough to
produce upper-regime flow (an indication of lower-regime or transitional-
zone flow), a reliable value of n cannot be assigned. The evaluation of
n due to bed-form drag is complicated and different equations are needed
to describe bed forms. The total n value for lower- and transitional-
regime flows can vary greatly and depends on the bed forms present at a
particular time. Figure 2 illustrates how the total resistance in a
channel varies as bed forms progress from one type to another. The n
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values for lower- and transitional-regime flows generally are much larger
than the values given in table 1 for upper regime flow. Simons, ILee, and
Associates (1982), gave a range of n values commonly found for different
bed forms.

The values given in table 1 for sand channels are for upper-regime
flows and are based on extensive laboratory and field data obtained by
the U.S. Geological Survey. 1In using these values, a check must be made
(in the manner previously described) to ensure that the stream power is
large enough to produce upper-regime flow (fig. 1). Altd@euoh the base n
values given in table 1 for stable channels are from verif¥g@tion studies,
the values have a wide range because the effects of bed ghness are
extremely difficult to separate from the effects of
factors. The n values selected from table 1 will
personal judgment and experience.

3
» /
o
5 /
5, ° /
8
8 L r regim
o .
z < / Transition
g 7
> O
S 08 =
S A —
E:_I ,/ /
=
o » //
.
= 85 %/ Lower regime
< O
Ll
o
‘_...
w
0.2
0 0.2 0.4 0.6 0.8 1 1.2

MEDIAN GRAIN SIZE, IN MILLIMETERS

Figure l.--Relation of stream power and median grain size to flow regime.
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BED FORM

Standing waves

Plain bed Ripples Dunes Transition Plain bed and antidunes

Water

surface} /\m
s _smr— e s

Sty AN -Z}.)?‘. .[}.\\. m .’:'._.-'."-—.."::‘I:_.' '/'/\}' . .)'\5\- ° '.('I'\z'\'

\

Resistance to flow
(Manning’s roughness
coefficient)

IRy
ime Transition
Lower regi
STREm O
Figure 2.--Fo hne in sand-bed channels.
Limerinos (1970) to hydfaulic radius and particle size

nels having bed material ranging from
. Particles have three dimensions--
d are generally oriented so that length
and width are a the plane of the streambed. Limerinos
related n to (thickness) and to intermediate diameter
(width); hi n using intermediate diameter appears to be the most

based on samples from
small gravel to mediu
length, width,

n using intermediate diameter, is
_ (0.026 Y6

1.16 + 2.0 log(d——)
84

hydraulic radius, in feet;

the particle diameter, in feet, that equals or exceeds
that of 84 percent of the particles (determined from a
sample of about 100 randomly distributed particles).

(5)

where: R
dgg

Limerinos selected reaches having a minimum amount of roughness, other
than that caused by bed material, and reaches that correspond to the base
values given by Benson and Dalrymple (1967), shown in table 1.



Burkham and Dawdy (1976) showed that ecquation 5 applies for upper-
regime flow in sand channels. If a measured dgq is available or can be
estimated, equation 5 may be used to obtain a base n for sand channels in
lieu of using table 1.

Adjustment Factors for Channels

The np, values selected from table 1 or computed from the Limerinos
equation are for straight channels of nearly uniform cross-sectional
shape. Channel irreqularities, alinement, obstructions egetation, and
meandering increase the roughness; and the value for n by adjusted
accordingly. This is accomplished by adding increments oalgughness to
the base value, np, for each condition that increasg
The adjustments apply to stable and to sand channel
Aldridge and Garrett (1973) gives ranges of adjustment
that affect channel roughness for the prevailing g )

base values of Benson and Dalrymple (1967) in { e computed
from equation 5 generally apply to conditions aff® cdose to average;
therefore, those base values require smallerg adyBsi@ic an do the base
values of Chow (1959). Likewise, the adjus { ging table 2) to
base values of Benson and Dalrymple (1967) s [ Pced slightly.

The effects of depth of ection of n values for

w is shallow in relation
e n value can be large. The n
epth, except where the channel
re dense brush overhangs the

channels must be considered. If th
to the size of the roughness el
value generally decreas
banks are much rougher
low-water channel.

Where the
eroded and s

to depth is small, roughness caused by
rojecting points, and exposed tree roots
ounted for by fairly large adjustments. Chow
d Dalrymple (1967) showed that severely eroded and
increase n values by as much as 0.02. Iarger
equired for very large, irregular banks having

Variation in Channel Cross Section (nj)

The value of n is not affected significantly by relatively large
changes in the shape and size of cross sections if the changes are
gradual and uniform. Greater roughness is associated with alternating
large and small sections where the changes are abrupt. The degree of the
effect of changes in the size of the channel depends primarily on the
number of alternations of large and small sections and secondarily on the



Table 2.--Factors that effect roughness of the
[Modified from Aldridge and Garrett, 1973, td

Channel conditions ad?ugi;gitl/ Ex
Compares to the smoQti attainable in a given
Smooth 0.000 bed material.
Minor 0.001-0.005 compares to jed channels in good condition
but havin bd or scoured side slopes.
Degree of
trregularlty ged cChannels having moderate to con-
ny) Moderate 0.006-0.010 roughness and moderately sioughed or
ghed or scalloped banks of natural streams;
e 0. 011 led or sloughed sides of canals or drainage
vere : v unshaped, jagged, and irregular surfaces of
1S in rock.
Gradual 0. ge and shape of channel cross sections change gradually.

Variation in
channel cross
section
(ny)

Alternating

Large and small cross sections alternate occasionally, or
the main flow occasionally shifts from side to side
owing to changes in cross-sectional shape.

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




0T

Channel conditions

n value
adjustmentl/

include debris
logs, piers, or
less than 5 percent of

A few scattered obstru
0.000-0.004 deposits, stumps

an 15 percent of the cross-
spacing between obstructions is
sphere of influence around one obstruction
d to the sphere of influence around

tion. Smaller adjustments are used for
surfaced objects than are used for sharp-
ngular objects.

S nal area or the space between obstructions is
small enough to cause the effects of several obstruc-
tions to be additive, thereby blocking an equivalent
part of a cross section.

Obstructions occupy more than 50 percent of the cross-
sectional area or the space between obstructions is
small enough to cause turbulence across most of the

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; supple
tree seedlings such as willow, cottonwood, arrowweed, or

Negligible isolated bould
Minor 0.005-0.015
Effect of
obstruction
(n3)
Appreciable 0.
0.040-0.050
cross section.
Amount of
vegetation Sma 0.002-0.010
(ng)

saltcedar growing where the average depth of flow is at
least three times the height of the vegetation.




1T

Turf grass growing where the average depth of flow is from
one to two times the height of the vegetation; moder-
ately dense stemmy gr , weeds, or tree seedlings
growing where the averd@h depth of flow is from two to

Medium 0.010-0.025 three times the height _gof e vegetation; brushy, moder-
ately dense vegetatig
willow trees in the son, growing along the
banks and no signifié get on along the channel
bottoms where : i

Turf grass grg the average depth of flow is

Amounttoiion about e t of vegetation; 8- to 10-year-
Yege_? old wil pd trees intergrown with some
(gggtinued) ' of the vegetation in foliage)

draulic radius exceeds 2 feet; bushy

1 year old intergrown with some weeds
pes (all vegetation in full foliage)
0 signiticant vegetation along channel bottoms
e hydraulic radius is greater than 2 feet.

Large 0.025-0.050 ‘

rass growing where the average depth of flow is less
half the height of the vegetation; bushy willow
trees about 1 year old intergrown with weeds along side
slopes (all vegetation in full foliage) or dense cat-
tails growing along channel bottom; trees intergrown
with weeds and brush (all vegetation in full foliage).

Very large

Pegree of meander-
ing/ (Adjust-
ment values
apply to flow
confined in the
channel and do
not apply where
downvalley
flow crosses
meanders.) (m)

Ratio of the channel length to valley length is 1.0 to
1.2,

Ratio of the channel length to valley length is 1.2 to
1.5.

Ratio of the channel length to valley length is greater
than 1.5.

l/Adjustments for degree of irregularity, variations in cross section, effect of obstructions, and
vegetation are added to the base n value (table 1) before multiplying by the adjustment for meander.



magnitude of the changes. The effects of sharp bends, constrictions, and
side-to-side shifting of the low-water channel may extend downstream for
several hundred feet. The n value for a reach below these disturbances
may require adjustment, even though none of the roughness-producing
factors are apparent in the study reach. A maximum increase in n of
0.003 will result from the usual amount of channel curvature found in
designed channels and the reaches of natural charnels used to compute
discharge (Benson and Dalrymple, 1967).

Obstructions (n3)

Obstructions--such as logs, stumps, boulders, debris
bridge piers--disturb the flow pattern in the channe
roughness. The amount of increase depends on the shape
tion; its size in relation to that of the cross section;
arrangement, and spacing of obstructions. The effeg
the roughness coefficient is a function of the
flow velocity is high, an obstruction exerts a s
is much larger than the obstruction because affects the
flow pattern for considerable distances on e sphere of
influence for velocities that generally oc i els that have
gentle to moderately steep slopes a times the width of the
obstruction. Several obstruction n ver lapping spheres of
influence and may cause considera e, even though the
obstructions may occupy only a 11 t of a channel cross section.
Chow (1959) assigned adj four degrees of obstruction
(table 2).

jon affects n depends on the depths of
flow, the percent d perimeter covered by the vegetation,

less el vegetation that are perpendicular to the flow.
The adj en in table 2 apply to constructed channels that
are narrd Win wide channels having small depth-to-width ratios
and no ved ion on the bed, the effect of bank vegetation is small, and

the maximi@adjustment is about 0.005. If the channel is relatively
narrow and R@E steep banks covered by dense vegetation that hangs over the
channel, aximum adjustment is about 0.03. The larger adjustment
values given in table 2 apply only in places where vegetation covers most

of the channel.
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Meandering {m)

In selecting the value of m, the degree of meandering depends on the
ratio of the total length of the meandering channel in the reach being
considered to the straight length of the channel reach. The meandering
is considered minor for ratios of 1.0 to 1.2, appreciable for ratios of
1.2 to 1.5, and severe for ratios of 1.5 and greater. According to Chow
(1959) , meanders can increase the n values as much as 30 percent where
flow is confined within a stream channel. The meander adjustment should
only be considered when the flow is confined to the chanpgg@l. There may
be very little flow in a meandering channel when there lood-plain
flow.

METHODS FOR ASSIGNING n VALUES FOR FLOOD PLA

As stated earlier, it is usually necessary
values for channels and flood plains separately.
plain can be quite different from that of a
of a flood plain is different from that of
covering a flood plain is typically differ
channel. The procedure given in the following
determining an n value for flood pl#ns.

e vegetation
¥t found in a
agrapns is designed for

Modified Chan Meth

t was developed for esti-
mating n values for chann equation can be used to
estimate n values for a flood
(6)

where n

"

£}

o
+

for the flood plain's natural

e, with nothing on the surface,

ect for the effect of surface

ularities on the flood plain,

or variations in shape and size of the

ain cross section, assumed to equal 0.0,

for obstructions on the flood plain,

a value for vegetation on the flood plain,

a correction factor for sinuosity of the flood
plain, equal to 1.0.

Np

nj

Using equatidn 6, the roughness value for the flood plain is determined
by selecting a base value of np for the natural bare soil surface of
the flood plain and adding adjustment factors due to surface irregularity,
obstructions, and vegetation. The selection of an np value is the same
as outlined for channels in the previous section. A description of the
major factors follows, and table 3 gives n value adjustments. The adjust-
ment for cross-section shape and size is assumed to be 0.0. The cross

13



¥T

Table 3.--Factors that affect roughness of flood,plains
[Modified from Aldridge and Garrett, 1973, tab¥

. s n value
Flood plain conditions adjustment
Smooth 0.000 Compares to attest flood plain
: & material.
Degree of irregularity Is a £ g inor irregularity in shape.
(n7) Minor 0.001-0.005 ' e & or sloughs may be visible
Moderate 0.006-0.010 es and dips. Sloughs and hummocks may

Cccur.

The od plain is very irregular in shape. Many
ri and dips or sloughs are visible. Irregu-
r ground surfaces in pastureland and furrows
erpendicular to the flow are also included.

Severe 0.0

Variation of flood-
plain cross section
(ng)

Not applicable.

A few scattered obstructions, which include debris
deposits, stumps, exposed roots, logs, or isolated
boulders, occupy less than 5 percent of the cross-
sectional area.

0.000-0.004

Effect of obstructions

(n3) Obstructions occupy less than 15 percent of the

0.005-0.019 cross-sectional area.

Obstructions occupy from 15 to 50 percent of the
cross-sectional area.

Mppreciable  0.020-0.030




ST

Dense growth of flexible turf grass, such as Bermuda,
or weeds growing where the average depth of flow is
at least two time@lthe height of the vegetation; or

Small 0.001-0.010 supple tree seedli such as willow, cottonwood,
arrowweed, or saltcee growing where the average
depth of flow is three times the height of
the vegetation.

Turf grass average depth of flow is
height of the vegetation;
stemmy grass, weeds, or tree
Medium 0.011-0.025 | ere the average depth of flow
Oderately dense veqetatlon,

to l— to 2-year-old willow trees in the

Amount of vegetation

(ng) f grass“growing where the average depth of flow is

ut equal to the height of vegetation; or 8- to

1 ar-old willow or cottonwood trees intergrown
wi some weeds and brush (none of the vegetation

n foliage) where the hydraulic radius exceeds 2 ft;
or mature row crops such as small vegetables; or
mature field crops where depth of flow is at least
twice the height of the vegetation.

Large

Turf grass growing where the average depth of flow is
less than half the height of the vegetation; or
moderate to dense brush; or heavy stand of timber

0.050-0.100 with few down trees and little undergrowth with

depth of flow below branches; or mature field crops
where depth of flow is less than height of the
vegetation.

Dense bushy willow, mesquite, and saltcedar (all veg-
0.100-0.200 etation in full foliage); or heavy stand of timber,
few down trees, depth of flow reaching branches.

Degree of meander (m) 1.0 Not applicable.




section of a flood plain is generally subdivided where there are abrupt
changes in the shape of the flood plain. The adjustment for meandering
is assumed to be 1.0, because there may be very little flow in a meander-
ing channel when there is flood-plain flow. In certain cases where the
roughness of the flood plain is caused by trees and brush, the roughness
value for the flood plain can be determined by measuring the "vegetation
density” of the flood plain rather than directly estimating from table 3.
This is discussed under "Vegetation Density Methods".

Adjustment Factors for Flood Plains

Surface Irregularities (nmj).--Irregularity of the s

plain causes an increase in the roughness of the f]
physical factors as rises and depressions of the land s
and hummocks increase the roughness of the flood pldass
defined as a low mound or ridge of earth above
depression. A slough is a stagnant swamp, marsh

Shallow water depths, accompanied by aRii ‘ pund surface in
pastureland or brushland and by deep furrows &r to the flow in
cultivated fields, can increase t‘ n

Obstructions (m ).--The rough on of some obstructions

on a flood plain, such as debrjig de hts, stumps, exposed roots, logs,
or isolated boulders, c irectly but must be considered.
Table 3 lists values of ctions at different percent-
ages of occurrence.

Vegetation (ng) .

used in selecting a
table 3. An adj
obstacles is d

vation, judgment, and experience may be

s for the effects of vegetation from
for tree trunks and other measureable
next section. Although it is relatively
cupied by tree trunks and other major
quch more difficult to measure the area occupied by
w vines, briars, grass, and crops. Adjustments of
e to these types of vegetation can be determined

case of open fields and cropland on flood plains, several
reference@lare available to help determine the roughness factors. Ree
and Crow P77) conducted experiments to determine roughness factors for
earthen chalnels of small slope planted to wheat, sorghum, lespedeza, and
grasses. The roughness factors were intended for application to the
design of diversion terraces. However, the data can be applied to the
design of any terrace, or they can be used to estimate the roughness of
flood plains planted to the type of vegetation used.

16



Chow (1959) presents a table giving minimum, normal, and maximum
values of n for flood plains made up of pasture and cultivated crops.
These values are helpful as a comparison for roughness values of flood
plains having similar vegetation.

Vegetation Density Methods

In cases where a flood plain is wooded, the vegetation-density
method can be used as an alternative to the previous me@hod for deter-
mining n values for flood plains. In a wooded flood plS@m, where the

can be determined.

Determining the vegetation density is an effective
plant height and density characteristics, as a functjigp of
to the flow resistance of vegetation. Applicatiop
model presented below requires an estimate of th
function of depth of flow. The procedure reguil
determination of vegetation density at a giw
value through a range in depth is required, t
tion density through that range is‘eces ary.

t or indirect
e change in n
ion of vegeta-

Techniques of Determin Vegeta Density

density" to determine the
roughness coefficient for etaled flood plain was developed
by Petryk and Bosmajian (1975 the forces in the longitudinal
direction of a reach Aituting in the Manning's formula, the
following equation was

A method of analysi

(7)

oundary roughness coefficient, excluding the
the vegetation (a base n);

where?

e effective drag coefficient for the vegetation in the
direction of flow;

he gravitational constant, in feet per second squared;

A = the cross-sectional area of flow, in square feet;
R = the hydraulic radius, in feet;
LA{ = the total frontal area of vegetation blocking the flow in
the reach, in square feet;
and L = the length of channel reach being considered, in feet.

17



Fquation 7 gives the n value in terms of the boundary roughness,
ng; the hydraulic radius, R; the effective drag coefficient, Ci; and
the vegetation characteristics, ZAj/AL. The vegetation density, Vegqy,
in the cross section is represented by the expression

i (8)

The boundary roughness, ng, can be determined from the following
equation.

no=nb+nl+n2+n3+n4'

Equation 9 contains all of the roughness factors of
describes the boundary roughness. The definition of the

n, and nj through n3 are the same as those in equat ng’
factor is for vegetation, such as brush and grass . of the
flood plain that could not be measured directly The
value for the above roughness factors can be d sing table 3,
The ny  factor would be defined in the smallf toWg r@Bge in table 3

because the tree canopy would prohibit a de
wooded area.

The hydraulic radius, R, ross-sectional area of
flow divided by the wetted perimete in a wide flood plain
the hydraulic radius would be e e depth of flow. 2An effective-
drag coefficient for de plains can be selected from
figure 3, a plot of eff ent versus hydraulic radius

Indirect Technig
determined through i
flood data that J
available, hydra

ion resistivity value, Veggr, can be
(Petryk and Bosmajian, 1975). When
e a m@@8sured discharge and depth of flow are

sis be made and the roughness coefficients

can be determi ain. By rearranging equation 7 and using
the hydraulic ra and n value computed from the discharge measurement
and a vegetation resistivity for the reported flood can
be de llowing equation:
2 2
) (n —no )29 (10)
(1.49)2 R4/ 3

The v@lue of Vegr determined at this known depth of flow can be
used to estimate Vegr for other depths by estimating the change in the
density of growth. This can be done from pictorial or physical descrip-
tions of the vegetation. By evaluating the change in Vegyr, an evalua-
tion of the n value as a function of flow depth can be determined.

Direct Technique.--Tree trunks are major contributors to the rough-
ness coefficient in a densely wooded flood plain. Where trees are the
major factor, the vegetation density can be easily determined by measuring
the number of trees and trunk size in a representative-sample area. The
n value as a function of height can be computed using equation 7.

18
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Figure 3.--Plot of effective-drag coefficient versus hydraulic radius
for wide, wooded flood plains using verified n values.

Sampling area.--A representative-sample area must be chosen on the
cross section to represent the roughness of the cross section accurately.
The flood plain can be divided into subsections due to geometric and (or)
roughness differences in the cross-section reach. The vegetation density
is determined for each subsection.
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It is important that the sampling area be representative of the
" roughness coefficient of the cross section. By examining the cross
section closely in the field, a representative-sampling area can be
chosen. Another way to better determine the roughness coefficient is to
select several representative areas and compare the results. It should
be pointed out again that cross sections should be divided into subsec-
tions when changes in roughness properties dictate. :

All of the trees, including vines, in the sampling area must be
counted and the diameter measured to the nearest 0.1 . Each tree
diameter is measured at a height that will give an averad@ldiameter for
the expected flow depth of the sample area.

Determining the area of the trees in the sampling j

difficult. A sampling area 100 ft along the cross sect ( in
the flow direction is generally adequate to determine \(@h ation
density of an area when the sample area is rep i flood
plain. A 100-ft tape is stretched out perpendic egqflow direction
in the sample area. Every tree within 25 i side of the
100-ft tape is counted. The position of t ed on a grid
system by measuring the distance to each tr nterline along
the 100-ft tape and the diametergof is recorded on the grid
system. (See fig. 4.) ‘

The area, I Aj, occupied by t
computed from the number
in the flood plain. On
vegetation density can be
the subsection can be determ
for ng, R, and Cx.

sampling area can be
iameter, and the depth of flow
ea, LAy, is determined, the
ation 8 and the n value for
ation 7 with appropriate values

Equation

(11)

tion of number of trees multiplied by
ter, in feet;

of water on flood plain, in feet;

anple area width, in feet;

the sample area length, in feet.

Examp¥@ of use of direct technique.--An example of how to compute n
for a floodPplain using the direct method for vegetation density is shown
in figures 4 and 5. A representative sample area along the cross section
is chosen. The Vegg of the sample area is determined by measuring the
number and diameter of trees in the 100 ft by 50 ft area. This is easily
done by plotting the location and diameter of the trees, in the sample
area on the grid shown in figure 4. The numbers by the dots in figure 4
are the diameters of the trees, in tenths of a foot, except for those
numbers underlined. The numbers underlined are the diameters of the
trees in feet.
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SITE: Poley Creek, Cross-Section 2, March 14, 1979

Tree diameter Total number
in feet of trees (nj) (di)
(dj) (nj)
. 128
65
10

HFHEEHREFHFOOOODOODOOO
*
BWHOWONIOAU S WN -

= W NOY U] 0O0 WO

It

where: In.d.;

i

h flood plain, in feet;
w i ea, in feet;
i

R =

n =

no=0.025 (1 + (0.0115) (11.0) =222 (1 2.9)%/3
. . O \57035 ) \gz.3 )%

n = 0.136

Figure 5.--Example of determination of Manning's n by direct technique of
vegetation density.
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Figure 5 summarizes the number of trees and their diameter; by using
this information and equation 11, Vegy can be determined.

A value for flow depth must be determined for the flood plain, and
depth of flow is assumed to equal the hydraulic radius, R, for the flood
plain. An effective-drag coefficient is selected from figure 3. The
boundary roughness, ng, 1is determined for the flood plain using
equation 9 and the n for the flood plain is computed using equation 7.

PHOTOGRAPHS OF FLOOD PIAINS

The following series of photographs (figs. 6-20) rg densely
vegetated flood plains for which roughness coeffiqg ic  been
verified. The coefficients for these sites were determ

of heavily vegetated flood plains by Schneider
using these photographs for comparison with o sltuations, n
values can be selected in the field. The photodii en be used to
verify n values computed by other methods.

Information included with th
n value determined for the are
flood plain; date of flood; and dat

e s10&€ name and location;
ng; depth of flow on
aken.

f channels for which roughness
pful in determining roughness
ented photographs of natural,
ing from 0.023 to 0.075; a few

Several reports present p
coefficients are. known a i
values of other areas
stable channels hav1ng know
flood plains were inclu

factors for earth nels pM@nted with certain crops and grasses, The
values that were e used to help estimate the roughness of
of vegetation used in their experiments.

(1973) presented photographs of channels and
zona having known roughness coefficients. Included
with tha otographs are channel geometry and a description of the
actors involved in assigning an n value for the site.

959) presented photographs of a number of typical channels,

accompanied by brief descriptions of the channel conditions and the
corresponding n value.
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near Downsville, Ia.

efficient: Manning's n = 0.10

Date bru 21, 1974
February 13, 1979
w in flood plain: 2.6 ft

Descriptionof flood plain: The vegetation of flood plain consists
mostly of trees including oak, gum, and pine. The base is
firm soil that has slight surface irregularities., Obstructions
are negligible (a few downed trees and limbs). Ground cover
and vines are negligible. Vegg = 0.0067 and Cx = 12.0.

The selected values are ny = 0.025, n1 = 0.005, n3 =
0.005 and ng = 0.035.
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Date , 1973

Date of re: February 14, 1979

Depth of w in flood plain: 3.6 ft

[Wutre near Farmerville, ILa.

efficient: Manning's n = 0.11

Description’of flood plain: The vegetation of the flood plain consists
mostly of large, tall trees, including oak, gum, ironwood, and
pine. The base is firm soil and is smooth.
and ground cover and undergrowth are sparse.
Cx = 8.8. The selected values are np = 0.020, nj = 0.002,

]

n3 0.003, and ny = 0.025.

25

Obstructions are few
Vegq = 0.0067 and



Figure @8k --Bayoflle Youtre near Farmerville, Ia.

Com roughne oefficient: Manning's n = 0.11

Date rcW18, 1973

ure: February 14, 1979

ow in flood plain: 3.7 ft

Descriptioh of flood plain: The vegetation of the flood plain consists
mostly of large, tall trees including, oak, gum, and ironwood. The
base is firm soil that has slight surface irregularities and
obstructions caused by downed trees and limbs. Ground cover and
undergrowth are negligible. Vegg = 0.0075 and Cx = 7.7. 'The
selected values are np = 0.020, n1] = 0.002, n3 = 0.003, and
‘ng = 0.025.
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Computed roughne

Figure -Bayoude M@utre near Farmerville, Ia.

oefficient: Manning's n = 0.11

Date o ruary 14, 1979

w in flood plain: 3.7 ft

f flood plain: The vegetation of the flood plain consists
mostly of trees including oak, gum, ironwood and pine. The base is
firm soil that has slight surface irregularities and obstructions
caused by downed trees and limbs. Ground cover and undergrowth are
negligible. Vegg = 0.0072 and Cx = 8.0. The selected values

are np = 0.020, n3 = 0.002, n3 = 0.003, and ny = 0.025.
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Figu --Coldwiller River near Red Banks, Miss.

oughnes fficient: Manning's n = 0.11

Date O ary 22, 1971

Date of

Depth of

ure: April 5, 1979

yw in flood plain: 3.0 ft

Description of flood plain: The vegetation of the flood plain consists

mostly of trees including oak, gum, and ironwood. The base is silty
soil that has slight surface irregularities. Few obstructions with
some flood debris. Ground cover is short weeds and grass with little
undergrowth. Vegg = 0.0077 and Cx = 10.2. The selected value

are np = 0.020, n} = 0.002, ng” = 0.005, and np = 0.027.
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er River near Red Banks, Miss.

oughnes efficient: Manning's n = 0.11
Date U 22, 1971
Date of ure: April 5, 1979
w on flood plain: 3.0 ft

Description of flood plain: The vegetation of the flood plain consists
mostly of trees including oak, gum, and ironwood. The base is silty
soil that has slight surface irregularities. Few obstructions with
some flood debris. Ground cover is short weeds and grass with little
undergrowth. Vegq = 0.0090 and Cx = 8.6, The selected values
are np = 0.020, ny = 0.003, ng” = 0.005, and ny = 0.028.
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Figure 12@&-Yocka arW River near Thomastown, Miss.

oefficient: Manning's n = 0.12

rin2, 1969

rch 28, 1979
ow on flood plain: 4.0 ft

Descriptioh of flood plain: The vegetation of the flood plain consists
mostly of trees including oak, gum, and ironwood, and there are many
smaller diameter trees. The base is firm soil and the surface has
little irregularity. Obstructions are negligible. Ground cover and
undergrowth are negligible. Vegg = 0.0082 and. C«—=7.6. The
selected values are np = 0.025 and ng = 0.025.
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Yockano@llany River near Thomastown, Miss.

fficient: Manning's n = 0.12
Date G 2, 1969

ure: March 28, 1979

yw on flood plain: 4.0 ft

Description of flood plain: The vegetation of the flood plain consists
mostly of trees including oak, gum, and ironwood, and there are many
smaller diameter trees. The base is firm soil and the surface has
little irregularity. Obstructions are negligible (a few downed
trees and limbs). Ground cover and undergrowth are negligible.

Vegq = 0.0082 and Cx = 7.6. The selected values are np =
0.025 and n, = 0.025.
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e 14.--Wagoh Bayou near Libuse, Ia.

roughne oefficient: Manning's n = (0.13

peceBer 7, 1971

Date oNgEf@Ture: April 10, 1979

ow on flood plain: 3.2 ft

Description of flood plain: The vegetation of the flood plain consists

mostly of a mixture of large and small trees including oak, gum, and
ironwood. The base is firm soil that has minor surface irregulari-
ties with some rises. Obstructions are negligible (some exposed
roots and small trees). Ground cover and undergrowth are negligible,
Vegg = 0.0087 and Cx = 11.5. The selected values are np =

0.025, ny = 0.003, n3 = 0.002 and ngy = 0.030.
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15.--Pd@ Creek near ILouisville, Ala.

gefficient: Manning's n = 0.14

Date O r 21, 1972

Date of

Depth of

ure: March 13, 1979

pw in flood plain: 2.9 ft

Description of flood plain: The vegetation of the flood plain consists

mostly of a mixture of large and small trees including oak, gum, and
ironwood. The base is firm soil., Minor surface irreqularity (some
rises and depressions). Obstructions are minor (downed trees and
limbs and a buildup of debris). Little ground cover with a small
amount of undergrowth made up of small trees and vines. Veg, =
0.0085 and C« = 15.6. The selected values are np = 0.025,

n; = 0.005, n3 = 0.015, ng” = 0.005, and ng = 0.050.
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6.--Pel Creek near Iouisville, Ala.

ficient: Manning's n = 0.14

Date O r 21, 1972

March 13, 1979

w on flood plain: 2.8 ft

Description of flood plain: The vegetation of the flood plain consists

mostly of a mixture of large and small trees including oak, gum, and
ironwood. ‘The base is firm soil. Minor surface irreqularity (some
rises and depressions). Obstructions are minor (downed trees and
limbs and a buildup of debris). Ground cover is negligible with a
small amount of undergrowth made up of small trees and vines.

Vegg = 0.0102 and Cx = 15.6. The selected values are np =

0.025, ny = 0.005, n3 = 0.015, ng” = 0.005, and ng = 0.050.
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-Termil®@ Creek near Elizabeth, Ia.

Computs icient: Manning's n = 0.15

Date of ey 7, 1971
Date of pi@BLre: April 12, 1979

Depth of flo@on flood plain: 4.1 ft

Description of flood plain: The vegetation of the flood plain is covered
with a mixture of large and small trees including oak, gum, and
ironwood. The base is firm soil that has minor surface irregulari-
ties caused by rises and depressions. Obstructions are negligible
(some exposed roots). Ground cover is negligible except for a small
amount of undergrowth. Vegg = 0.0067 and Cs« = 14.4. The
selected values are np = 0.025, ny = 0.003, n3 = 0.002, and
no = 0.030.
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--Sixmie Creek near Sugartown, Ila.

Compu ] ficient: Manning's n = 0.18
Date o 23, 1973

+ April 11, 1979

on flood plain: 5.0 ft

Description of flood plain: The vegetation of the flood plain is covered
with mostly large trees including oak, gum, ironwood and pine. The
base is firm soil that has moderate surface irreqularities caused by
rises and depressions. Obstructions are negligible (a few vines).
Ground cover and undergrowth are negligible. Vegg = 0.0084 and
Cx = 13.3. The selected values are np = 0.025, n1 = 0.008,
n3 0.002, and ny = 0.035.
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--Thom@8on Creek near Clara, Miss.

Comput! icient: Manning's n = 0.20
Date of , 1971

Date of pN re: March 29, 1979

Depth of f1d@on flood plain: 2.9 ft

Description of flood plain: The flood plain is covered by a mixture of
large and small trees including oak, gum, and ironwood. The base is
firm soil that has minor surface irregularities. Obstructions are
minor with some ground cover and a large amount of undergrowth such
as vines and palmettos. Vegg = 0.0115 and Cx = 22.7. The
selected values are ny = 0.025, n1 = 0.005, n3 = 0.010,
ng” = 0.015, and ny = 0.055.
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son Creek near Clara, Miss.

Manning's n = 0.20

March 29, 1979

on flood plain: 2.9 ft

Description of flood plain: The flood plain is covered with a mixture of

large and small trees including oak, gum, and ironwood. The base is
firm soil that has minor surface irregularities. Obstructions are
minor (some downed trees and limbs). Vegetation is medium with some
ground cover and a large amount of undergrowth such as vines and
palmettos. Vegg = 0.0115 and Cx = 22.7. The selected values

are ny = 0.025, np = 0.005, n3 = 0.010, ng” = 0.015 and

ng = 0.055.

38



PROCEDURES FOR ASSIGNING n VALUES

The procedure given in the following paragraphs is designed to
determine n values for a cross section. Parts of the procedure apply
only to roughness of channels, and other parts deal with roughness of
flood plains.

The procedure involves a series of decisions that are based on the
interaction of roughness-causing factors. A flow chart (fig. 21)
illustrates the steps in the procedure. A description each step
follows. A form is also provided to help in the computat¥
values. After using the procedure a few times, the use
combine steps or to change the order of the steps. Experi
may perform the entire operation mentally, but the inexpe
find the form in figure 22 useful. Steps 3 through 13 ag
roughness, and steps 14 through 23 apply to floodzg
procedure is adapted from the report by Aldridge
it is extended to include assigning n values for

1. Determine the extent ofk
factor will apply. Although n ma
section that is typical of a rea
roughness in the reach that encompasse
cross sections are being nsi th

? NA\tc which the roughness

into account the
e section. When two or more
ach that applies to any one
next section. For example

the roughness is not ghout the reach being considered, n
should be assigned for i

2. If the
section, determj
Determine

uniform across the width of the cross
sion of the cross section should occur.
n between channel and flood plain is
subdivision of the channel or flood plain is also
hness is not uniform across the width of the

(See steps 4-10.) When the base value is assigned
e channel, the channel constitutes the one segment being

considered; d steps 5, 8, 9, and 10 do not apply.

Channel Roughness (Steps 3-13)

3. Determine the channel type--stable channel, sand channel, or a
combination--and whether the conditions are representative of those that
may exist during the design event being considered. Look especially for
evidence of bed movement and excessive amounts of bank scour. If the
conditions do not appear to be the same as those that would exist during
the flow event, attempt to visualize the conditions that would occur.
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1. Determine extent of reach to which roughness factor will apply. FIOOD PLAIN
2. Determine if and where subdivision between channel and flood plain . FLOW
is necessary. Determine how base n will be assigned. l

@

I?or the entire channeil

at cause roughness
ounted for.

into segments so
tor within a segment

4. Determine the factors that cause roughness
and how each will be accounted for.

6. Determine type and size of bed materi e type and size of boundary material

ase n for each segment from tables,
r comparison with other channels
and verification photographs.,

Apply adjustment factors for individual seg-

r* 7. Assign a base n from tables, formulas, an
comparison with other channels and verifi-
cation photographs.

ect the method for weighting n.

IBy areal

10a. Estimate area for each segment of
channel.
b. Weight the n values by assigning
weighting factors that are pro-
portional to the area.

r factors not considered in steps 7 and 8, including channel
alinement, change in channel shape, vegetation, obstructions, and
meander. Round off as desired for use in the Manning's eguation.
Compare value determined with that for other channels and verification
photographs to test for reasonableness.

For sand channels: Check flow regime by computing velocity and stream
power for the above n; determine regime from figure 1. The n from table
1 is valid only for upper-regime flow.

Figure 2l1.--Flow chart of procedures for assigning n values.
(Modified from Aldridge and Garrett, 1973, fig. 3)
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A FIOOD-PLAIN FLOW

14. Determine type of flood plain, and estimate conditions at time of
flow event; compare the flood plain with photographs and descriptions
of the other flood plains.

15. Determine method to be used in assigning n to flood p@in, whether
vegetation-density method will be used with boundary r3
factors, or boundary roughness factors only.

{16. Determine if roughness is uniform throughout f
flood plain needs to be subdivided. i O each
subdivision. )

17. Determine the factors that c*e royghnes
accounted for.

18. Assign a base np fro CO: ison with other flood plains
and verification pho

19. m tables.

Boundary roughness method with

vegetation density method.

20. Determine ng value from tables and
formulas.

21. Determine vegetation density of repre-
sentative sample area of flood plain.

1
|

22,

Determine n for flood plain by using formulas.

23.

Campare value determined with that for other flood plains and
verification photographs to test for reasonableness.

Figure 21.--Flow chart of procedures for assigning n values--Continued.
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Stream and location:

Reach or section:

Event for which n is assigned:

1. TIs roughness uniform throughout the reach being considered?

If not, n should be assigned for the average condition of the reach.

2. Is roughness uniformly distributed along the cross sec

Is a division between channel and flood plain necessa
(Channel roughness uses steps 3-13, flood-plain roug
steps 14-23).

Is roughness uniformly distributed across th

If not, on what basis should n for the indiv ts be
weighted?

3. Describe the channel. ’
Are present conditions represen jve O during the flood?

If not, describe thegoroba s during the flood.

Figure 22.--Sample form for computing n values.

(Modified from Aldridge and Garrett, 1973, fig. 4)
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1384

5—100

Computation of weighted n for the chagnel.

Segment Approx@nate . .
number d}men51ons, Wé?ted ' Area, Medlgn Base n Adju Adju Weight Ad]us§ed n
and in feet perimeter, | in square grain for ment n fact X weight
. in feet feet size, mm | segment actor factor
material .
Width Depth
Sum

Weighted n =




44

Factor

Describe conditions briefly

Adjustment

Irregularity, nj

Alinement, np

Obstructions, n3

Vegetation, ny

Meander, m

14. Describe the £lgod

Are present cond

If not describe p

15. 1Is the roughness coel

density method?

Weighted n plus adjustments

Use n =

ptative of those during the flood?

Pble conditions during the flood.

icient to be determined by roughness factors only or to include vegetation-



4

16. 1Is roughness uniformly distributed across the flood plain?

If not, how should the flood plain be subdivided?

17-23. Computation of n for flood plain.

Adjustment factors wighout

etat

-density method

Subsection

Base n,

Irregulari

uctions,

Vegetation,
n4

Computed
n




9%

Adjustment factors including vegetati

Subsection

Base n,
Np

Irregu~
larity,
ny

Obstruc-
tions,
n3

Boundary
r SS,

No

~d

ege
ensity,
Vegq

t

ethod

Effective
drag,
Cx

Hydraulic
radius,
R

Computed.
n




Water surface

Weeds & willow

</

A
\4
N CROSS SECTION 2
'\
Subsections
h 1 2 3
h i
N 1,000 | 30 t,000
I
N

10 |
ss 8 : Water surface
Seomon s NLLL T 1L Aemn o s
greaca® 3 4

oo fields 29
gou--

(Not to scale)

CROSS SECTION 3

| <«—— Reach C —|—<<——— Reach B — |
|

Figure 23.--Hypothetical cross section showing reaches, segments,
and subsections used in assigning n values.
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Compare the channel with other channels for which n values have been
verified or assigned by experienced personnel in order to estimate the
possible range in n values. (See pvhotographs in the report by Barnes
(1967).)

4. Determine the factors that cause roughness and how each is to be
taken into account. Some factors may be predominant in a particular
segment of the channel, or they may affect the entire cross section
equally. The manner in which each factor is handled depends on how it
combines with other factors. A gently sloping bank constitute a
separate segment of the cross section; whereas, a vertiCq@Abank may add
roughness either to the adjacent segment or to the
Obstructions, such as debris, may be concentrated in g
channel., Isolated boulders generally should be cons
tions; but if boulders are scattered over the entire
necessary to consider them in determining the medis
bed material. Vegetation growing in a disting
may be assigned an n value of its own; whg
vegetation growing only along steep banksgqor on the channel
bottom will be accounted for by means of a tor that can be
applied to either a segment of the channel o C re cross section.
If a composite n is being derivghl fr

e channel
ness caused by

5. Divide the channel width o segments according to general
roughness. If distinctg par material of different particle
sizes or of different , it 1is fairly easy to define
the contact between the (See fig. 23, section 2.)
The dividing line between ents should parallel the general
flow lines in the s ould be located so as to represent the
average contact bet aterial. The dividing line must extend
through the entire fiMed in step 1, although one of the types
of bed materia esent throughout the reach. If a segment
contains more roughness, it may be necessary to use an
average size . Where sand is mixed with gravel, cobbles,
ders th hout a channel, it is impractical to divide the main

the type of material that occupies and bounds each
channel and compute the median-particle size in each segment,
er method a or b (below). If the Limerinos equation (equation
, the size corresponding to the 84th percentile should be used

(a) If the particles can be separated according to size by
screening, small samples of the bed material should be
collected at 8 to 12 sites in the segment of the reach.
The samples are combined, and the composite sample is
passed through screens that divide it into a minimum of
five size ranges. FEither the volume or weight of
material in each range is measured and converted to a
percentage of the total.
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(b) If the material is too large to be screened, a grid
system having 50 to 100 intersecting points or nodes per
segment is laid out. The width, or intermediate diameter
of each particle that falls directly under a node is
measured and recorded. The sizes are grouped into a
minimum of five ranges. The number of particles in each
range 1is recorded and converted to a percentage of the
total sample.

In both of the above sampling methods, the size that corrg
50th percentile (using table 1) or the 84th percenti
Limerinos method) is obtained from a distribution curvée
plotting particle size versus the percentage of sample s
indicated size. Experienced personnel generally can W airly
ccurate estimate of the median-particle size by ins
annel, if the range in particle size is small.

sponds to the
(using the
lerived by

7. Determine the base n for each segment of
or equation 5, or the comparison given in step
values (table 1) are for the smoothest conditid
material. The values (table 1) of Benson an
straight, uniform channel of the indicated W are closer to
actual field values than are tho?of a composite n is being
derived from segments, the user o ith step 8. If n is
being assigned for the channel as a w should go to step 11.

(1959) base
for a given
67) are for a

8. Add the adjustmgnt £ table 2 that apply only to
individual segments of th

9. Select the basis
Wetted perimeter shoul
having banks of one
perimeter also should
uniform.

n for the channel segments.
or trapezoidal and V-ghaped channels
beds of another material; wetted
e depth across the channel is fairly
e the depth varies considerably or where

ect the adjustment factors from table 2 for conditions that
influence for the entire channel. Do not include adjustment factors
for any itd used in steps 7 and 8. Consider upstream conditions that
may cause aVdisturbance in the reach being studied. If Chow's (1959)
base values are used, the adjustment factors in table 2 may be used
directly. If base values are computed from the Limerinos equation or are
taken from Benson and Dalrymple (1967), the adjustment factors should be
from one~-half to three-fourths as large as those given in table 2. If n
is assigned on the basis of a comparison with other streams, the adjust-
ment factors will depend on the relative amounts of roughness in the two
Streams. Add the adjustment factors to the weighted n from step 10 to
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derive the overall n for the channel reach being considered. When a
multiplying factor for meander is used, it is applied after the other
adjustments have been added to the base n. Round the n value as desired.
The value obtained is the composite or overall n for the channel reach
selected in step 1. When more than one reach is used, repeat steps 1-13
for each reach.

12. Compare the study reach with photographs of other channels
found in Barnes (1967) and Chow (1959) to determine if the final values
of n obtained in step 11 appear reasonable.

13. Check the flow regime for all sand channels. he n from
step 11 in the Manning's equation to compute the veloci g is then
used to compute gstream power. The flow regime is dete figure
1. The assigned value of n is not reliable unless th er is

sufficient to cause upper-regime flow.

14. As in step 1, the n value select epresentative of
the average conditions of the r i Determine if the
flood-plain conditions are repre@ se that may exist during
the design event being considered flood plain with other
flood plains for which n values h ermined, or assigned by
experienced personnel, imate the possible range in n
values. Compare with bhs design guide and in other
references,

15. The n valu lood plain may be determined using the
measurement of vege or resistivity; there may be cases
where the roughnes by a qualitative evaluation of the
roughness, usirn i d the adjustment factors in table 3. A
decision must h method will be used.

A representative sampling area is selected
flood plain.

the factors that cause roughness and how each is to
into account. Such factors as surface irregularities and
s may be accounted for in the boundary roughness, whereas
y be accounted for in the boundary roughness or by using the

quantitat method.

18. A base value, np, for the flood plain's surface (bare soil
without anything protruding on the surface) must be chosen. A value for
N is chosen from table 1.

19. Select the adjustment factors from table 3 for conditions that
influence roughness of the flood-plain subsection.
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20. Determine the ny value by equation 9, using the adjustment
factors selected in step 19. The ng” value is the adjustment factor
for vegetation not accounted for by the vegetation-density method.

21. The vegetation density of the sampling area is determined using
equation 11 by measuring the cross-sectional area occupied by the trees
and undergrowth in the sampling area. An estimate of the depth of flow
on the flood plain is necessary to determine vegetation density and the n
value. By measuring 2 or 3 sampling areas in a subsectlon, a more
representative value for vegetation density can be determineg.

22. The n wvalue for the flood-plain subsection is
using equation 6 or 7, depending on which method has been cj
quantitative method is being used, the n value for each
flood plain is computed, using equation 7 and vegetat
boundary-roughness values for each. subarea.

23. Compare the study reach with photographg
in this report and in other references to dete
of n obtained in step 22 appear to be reasonab

ood plains
final values

n values

A sketch of a hypothetical ch plain is shown in
figure 23 and procedures for determlnl are outlined in table
4. The channel and flood divided into three separate
reaches (A, B, C) and ea s section (1, 2, 3). The

shape of each cross section

In section 1, the
composed of firm soil
Steps 1 through 13 in
computation of n
conditions.,

med to the channel. The channel is
ision of the channel is necessary.
Assigning n Values" are used in the
These steps apply only to channel

is also confined to the channel, which is composed
el bands of (1) bedrock, (2) sand, (3) gravel and
r each segment is determined and a composite n

in section 3 is channel and flood-plain flow. The cross
section is dMvided into three subsections. Subsection 1 is flood-plain
flow through woods, subsection 2 is channel flow, and subsection 3 1is
flood-plain flow through a cotton field.

In subsection 1, the flood plain is made up of dense woods having
little undergrowth. The procedure using the vegetation density of the
woods 1is used to determine the n value for the flood plain. The
vegetation density is determined from a representative sample area of the
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Table 4.--Outline and example of procedures for determining n values
for a hypothetical channel and flood plain

[Modified from Aldridge and Garrett, 1973, table 6]

SECTION 1
Ste Jtem to be determined or Factors on which decisions are
P operation to be performed based and the results
1  Extent of reach The reach extends one tion width

above section 1 to mid between
sections 1 and 2. g ;
reach A (fig. 23).

2 Subdivision of cross
section

3 (@) Type of channel

conditions are
entative of those that
during the peak flow.

(b) Conditions during
fiow event

(c) Comparable stream

4  PRoughness facto Add adjustments for grass and
trees in channel and for channel

alinement.

Not necessary.

Firm soil.

Table 1 gives a np value for
firm soil of 0.020-0.032.  Use
0.025.

None.

9 Basis for weighting n Not applicable.

10 Weighting factors and Not applicable.
weighted n

93]
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Table 4.--Outline and example of procedures for determining n values
for a hypothetical channel and flood plain--Continued

SECTION 1--Continued

Channel Roughness (steps 3-13)--Continued

Item to be determined or Factors on which decisions are

Step operation to be performed based and the results

11  Add adjustments for entire Vegetation (ng)--weeds ané
channel seedlings along bottom of

ng = 0.005
Meander is minor, m

0.030.

12  Compare with other streams

13 Check flow regime

1 Extent of reach

ay betw@en sections 2 and
ted as reach B (fig.

2 Subdivision of cross secti ins in channel, no over-
nk flood-plain flow. The channel
omposed of distinct bands, each
ha¥ing a different roughness.
Derive n by weighting segments.

ness (steps 3-13)

Combinations of sand and stable
channel. Consider that channel
reacts as a stable channel.

(b) itions during flow Some movement of sand may have

t occurred during the peak flow, but
assume that channel conditions are
representative of those that
existed during the peak.

{c) Comparable streams None.

4 Roughness factors (1) Bedrock--may be accounted for
by adding an adjustment factor to
the n value for the bed or as a
separate segment. Use latter.
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Table 4.--Outline and example of procedures for determining n values
for a hypothetical channel and flood plain--Continued

Channel Roughness (steps 3-13)--Continued

Ste Ttem to be determined or Factors on which decisions are
P operation to be performed based and the results
(2) Divide into segments according
to type of material.
(3) Boulder at head o
as an adjustment facto
composite n.
5 Divide into segments The channel has three
of roughness c
bands of hed
and cobbles. is a
Ssegment.
6 Type of material and (1) irregular

grain size harp projections hav-

height of about 3 in.

(2 and--determined by sieve
nal , median particle size is
mm

(3) ¥Gravel and cobbles--as deter-
mined by examination, the material
is from 2 to 10 in. in diameter.
As determined from 100-point grid
system, the median particle size
is 6 in.

(1) Bedrock--table 1 shows that np
for jagged and irregular rock cut
is from 0.035 to 0.050. Assume that
the projections have an average cut,
np for this segment is 0.040.

(2) Sand--table 1 gives an np
value of 0.025.

(3) Gravel and cobbles--table 1
shows that the base np for

cobbles ranges from 0.030 to 0.050.
The median diameter is small for
the size range. Use a base np
value of 0.030.
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Table 4.--Outline and example of procedures for determining n values

for a hypothetical channel and flood plain--Continued

SECTION 2-=-Continued

Channel Roughness (steps 3-13)--Continued

Ste Item to be determined or Factors on which decisions are
P operation to be performed based and the results
8 Adjustment factors None.
for segments
9 Basis for weighting n Use wetted perimeter fo
weighting n for the chal
segments.
10 Weighting factors and About 10 ft of ¢
weighted n meter is boyndd , about
30 ft by s i
bounded by
j n value is (0.1 X
. 025 + 0.6 X
0.
11 Add adjustments for egtire ers at head of reach are

channel uctions, add 0.002

ch A (fig. 23) causes slight
regularity; add 0.002 (table 2).
(np + n] + ny + n3 + ng)m
(0.030+0.002+0+0.002+0)1.0
0.034.

[ T

12 None.
13 Sufficient sand was not present to
warrant a check.
SECTION 3
1 Extent &f reach From midway between sections 2 and

3 to one section width below
section 3. Designated as reach C
(Eig. 23).
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Table 4.--Outline and example of procedures for determining n values
for a hypothetical channel and flood plain--Continued

SECTION 3--Continued

Item to be determined or

Step operation to be performed

Factors on which decisions are
based and the results

2 Subdivision of cross
section

There is overbank flood-plain flow
on both sides of the
Subsection 1 is flood

field. Assign a bass
subsection.

Type of channel

(b)y Conditions during
flow event

(c) Comparable s

4 Roughness

1 conditions are
of those that
the peak flow.

ographs of similar

in Barnes (1967, p.
Channel made up of same
type of material. Barnes used n
of 0.026 for the channel.

Trees along the bank should be
considered as obstruction (n3)
for the channel.

Not necessary.

Firm soil (clay).

Table 1 gives a base np value
for firm soil of 0.020 to 0.030.
Use 0.025.

8 Adjustment factors for
segments

None.

9 Base for weighting n

Not applicable.

10 Weighting factors and
weighted n

Not applicable.
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Table 4.--Outline and example of procedures for determining n values
for a hypothetical channel and flood plain--Continued

Channel Roughness (steps 3-13) Subsection 2--Continued

Ttem to be determined or Factors on which decisions are

Step operation to be performed based and the results

11 Add adjustments for entire Obstructions (n3)--negligd
channel scattered trees and tree

n3 = 0.003
Meander is minor, m

n = (np+ ny +ny + n3
n= (0.025+0 + 0 + 0.
n = 0,028,
12 Compare with other streams Similar to cha t@k ogr aphs
in Barnes . The n

value repo

13  Check flow regime ‘ot

Flood-Plain Roughne
Subsection 1 de

trees)

14 (@) Type of flood pl irregular flood plain
with hardwood trees. No

underdfowth.

ume present conditions are
epresentative of those that
existed during the peak flow.

(b) Conditions ing
flow even

Flood plain is similar to one
shown in fig. 14 of this report.

Compar
plains

Use the "vegetation density"
method. Need to determine a value
for boundary roughness.

sion of flood plain The flood plain is uniform
throughout.

17 Roughness factors Trees are major roughness factor,
surface irregularity and some
obstructions are on flood plain.

18 Base np Table 1 gives a base np value
for firm soil of 0.020-0.030. Use
0.020.
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Table 4.--Outline and example of procedures for determining n values
for a hypothetical channel and flood plain-~-Continued

Flood-Plain Roughness (steps 14-23)--Continued
Subsection 1 (made up of trees)--Continued

Item to be determined or Factors on which decisions are

Step operation to be performed based and the results

19 Adjustment factors Irregularity is minor few rises
and dips across the flo8
ny = 0.005 (table 2).
tions are negligible,
of scattered debris,
and downed trees.

(table 3).

20 ng

21 Vegetation density of ‘Ve
representative sample area

22 n for the flood-plas
subsection

2
n, \/l + (Vegy) (Cy) (———lr')i9> (5-(:3L—>R4/ 3

2
\/1 + (.0115) (11.0)(%—2—) (éﬁ) (2.9)43
n = 0.137

Photographs of similar flood plains
found in this report (fig. 14).

Flood-Plain Roughness (steps 14-23)
Subsection 3 (cotton field)

14 (@) Type of flood plain Flood plain is a cotton field in
full growth.
(b) Conditions during Conditions are similar to flood
flow event event.,
(c) Comparable flood None.
plains
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Table 4.--Outline and example of procedures for determining n values

for a hypothetical channel and flood plain--Continued

Flood-Plain Roughness (steps 14-23)--Continued
Subsection 3 (cotton field)-~Continued

Ste Item to be determined or Factors on which decisions are
p operation to be performed based and the results,
15 Method to be used in. Assign n by evaluation of boundary
assigning n roughness only.
16 Subdivision of flood plain No division of flood plai
necessary.
17 Roughness factors Roughness factors to be
are surface irregularity
vegetation.
18 Base np
19 Adjustment factors 61:
to flow on flood
{cable 3).
n is cotton crop, depth of
equal to height of
ng = 0.040 (table 3).
20 np applicable.
21  Vegetation densit applicable.

representative

= (nb+nl+n2+n3+n4)m
n = (0.025+0.01+0+0+0.040)1.00
= 0.075

Ree and Crow (1977, p. 39-40)
assigned cotton fields an n value
of about 0.08.
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wooded-flood plain. A boundary roughness, ng, 1is determined from
equation 9 and the n value is determined using equation 7. Steps 14
through 23 in "Procedures for Assigning n Values" are used in the
computation of n for this subsection.

Subsection 2 of this cross section has channel flow. The channel is
composed of firm soil, and no subdivision of the channel is necessary.
Steps 1 through 13 are used in the computation of n for this subsection.

in is a field
ion, and the

Subsection 3 is also flood-plain flow. The flood p
planted in.cotton. There is no need to subdivide the sub
depth of flow is equal to the height of the vegetation. St
23 are used in the computation of the n for this subsecti
6 is used to determine the n value for the flood plain.

SUMMARY
In this design guide, procedures are g for assigning
reliable n values to channels and fi1 ] he roughness
coefficient applies to a reach of a channel : representative
of that entire reach. It may be 1vi a channel and flood

plain into subsections and to as ach subsection,

ure 1is presented that

on the interaction of
assigned to the channel and
using factors.

In the case of channel roughn
involves a series of decig#ens
roughness-causing facto
adjustments are made for

to asSign n values to flood plains. A
ood plain related to certain roughness
he measurement of vegetation density
to determine the total roughness of
egetation density of the flood plain is
of the vegetation in a

A similar procedu
base value is determi
factors; then an op
of the flood piai
flood-plain su
determined

the determination of roughness coefficients. The
used for comparison with field situations to help

for channels and flood plains, and examples showing how to
use the procedures are included.
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