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"DETERMINING MANNING''S COEFFICIENT OF ROUGHNESS, 'n"

This supplement describes a method for estimating the roughness
coefficient n for use in hydraulic computations associated with natural
streams, floodways and similar streams. The procedure proposed applles
to the estimation of n in Manning's formula. This formula 1s now widely
used, it is simpler to apply than other widely recognized formulas and
has been shown to be reliable. '

Manning's formula is empirical. The roughness coefficient n is
used to quantitatively express the degree of retardation of flow. The
value of n indicates not only the roughness of the sides and bottom of
the channel, but also all other types of irregularities of the channel
and profile. In short, n is used to indicate the net effect of all
factors causing retardation of flow in & reach of channel under considera-
tion.

There seems to have developed a tendency to regard the selection of
n for natural channels as either an arbitrary or an intuitive process.
This probably results from the rather cursory treatment of the roughness
coefficlent in most of the more widely used hydraulic textbooks and hand-
books. The fact is that the estimation of n requires the exercise of
critical judgment in the evaluation of the primary factors affecting n.
These factors are: irregularity of the surfaces of the channel sides
and bottom; variations in shape and size of cross sections; obatructions;
vegetation; meandering of the channel.

The need for realistic estimates of n justifies the adoption of a
systematic procedure for making the estimates.

Procedure for estimating n. The general procedure for estimating
n involves; first, the selection of a basic value of n for a straight,
uniform, smooth channel in the natural materials involved; then, through
critical consideration of the factors listed above, the selection of a
modifying value associated with each factor. The modifying values are
added to the basic value to obtain n for the channel under consideration.

In the selection of the modifying values associated with the 5
primary factors it is important that each factor be examined and consider-
ed indepéndently. In considering each factor, it should be kept in mind
that n represents a guantitative expression of retardation of flow.
Turbulence of flow can, in a sense, be visualized as a measure or indicatox
of retardance. Therefore, in each case, more critical judgment may be ex-
ercised if it is recognized that as conditioms assoclated with any factor
change s0 as to induce greater turbulence, there should be an increase in
the modifying value. A discussion and tabulated guide to the selection

of modifying values for each factor is given under the following procedur-
al steps.
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1st step. Selection of basic n value. This step requires the selec-
tion of a basic n value for & straight, uniform, smooth channel in the
natural materials involved. The selection involves consideration of what
may be regarded as a hypothetical channel. The conditions of straight
alignment, uniform cross section, and smooth side and bottom surfaces with-
out vegetation should be kept in mind. Thus the basic n will be visualized
as varying only with the materials forming the sides and bottom of the
channel. The minimum values of n shown by reported test results for the
best channels in earth are in the range from 0.016 to 0.018. Practical
limitations associated with maintaining smooth and uniform channels in
earth for any appreciable period indicate that 0.02 is a realistic basic n.
The basic n, as it i1s intended for use in this procedure, for natural or
excavated channels, may be selected from the table below. Where the bottom
and sides of a channel are of different materials this fact may be recog-
nized 1n selecting the basic n.

Chgracter of channel Basic n
Channels in earth 0.02
Channels cut into rock 0.025
Channels in fine gravel 0.024
Channels in coarse gravel 0.028

2nd step. BSelection of modifying value for surface irregularity. The
selection 1s to be based on the degree of roughness or irregularity of the
surfaces of channel sides and bottom. Consider the actual surface irregulari-
ty; first, in relation to the degree of surface smoothness obtainable with
the natural materials involved, and second, in relation to the depths of flow
under consideration. Actual surface irregularity comparable to the best sur-
face to be expected of the natural materials involved calls for a modifying
value of zero. Higher degrees of irregularity.induce turbulence and call for
increased modifying values. The table below may be used as a gulde to the
selection.

Degree of irregularity Surfaces comparable to Modifying value
Smooth The best obtalnable for the
materials involved. 0.000
Minor Good dredged channels; slightly
eroded or scoured side slopes
of canals or drainage channels. 0.005
Moderate Fair to poor dredged channels;

moderately sloughed or eroded side
slopes of canals or drainage
channels. 0.010

Severe Badly sloughed banks of natural
channels; badly eroded or sloughed
sides of canals or drainage channels;
unshaped, Jagged and irregular sur-
faces of channels excavated in
rock. 0.020
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érd step. Selection of modifying value for variations 1n shape
and size of cross sections. In considering changes in size of cross
sections Jjudge the approximate magnitude of increase and decreass in
successive cross sections as compared to the average. Changes of con-
siderable magnitude, if they are gradual and uniform, do not cause
significant turbulence. The greater turbulence is assoclated with
alternating large and small sections where the changes are abrupt. The
degree of effect of size changes may be best visualized by considering
it as depending primarily on the frequency with which large and small
sections alternate and secondarily on the magnitude of the changes.

In the case of shape variations, consider the degree to which the
changes cause the greatest depth of flow to move from side to side of
the channel. Shape changes causing the greatest turbulence are those
for which shifts of the main flow from side to side occur in distances
short enough to produce eddies and upstream currents in the shallower
portions of those sections where the maximum depth of flow 1s near
either side. Selection of modifying values way be based on the follow-
ing guide:

Character of variations in size and
shape of cross sections Modifying value

Changes in size or shape occurring
gradually 0.000

Large and small sections alternating
occasionally or shape changes causing
occasional shifting of main flow from
side bo side 0.005

Large and small sections alternating

frequently or shape changes causing

frequent shifting of main flow from

side to side 0.010 to
0.015

kth step. Selection of modifying value for obstructions. The
gelection is to be based on the presence and characteristics of ob-
structions such as debris deposits, stumps, exposed roots, boulders,
fallen and lodged logs. Care should be taken that conditions consider-
ed in other steps are not re-evaluated or double-counted by this step.

In judging the relative effect of obstructions, consider: the
degree to which the obstructions occupy or reduce the average cross
sectional area at various stages; the character of obstructions,
(sharp-edged or angular objects induce greater turbulence than curved,
smooth-surfaced objects); the position and spacing of obstructions
transversely and longitudinally in the reach under consideration.

The following table may be used as a guide to the selectlon.
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Relative effect of obstructions Modifying value

Negligible 0.000

Minor 0.010 to 0.015
Appreciable 0.020 to 0.030
Severe 0.040 to 0.060

oth step. Selection of modifying value for vegetation. The re-
tarding effect of vegetation is probably due primarily to the turbulence
induced as the water flows around and between the limbs, stems and foliage,
and secondarily to reduction in cross section. As depth and velocity in-
crease, the force of the flowing water tends to bend the vegetation.
Therefore, the ability of vegetation to cause turbulence is partly relat-
ed to its resistance to bending force. Furthermore, the amount and
character of foliage; that is, the growing season condition versus dormant
season condition 1s important. In judging the retarding effect of vegeta-
tion, critical consideration should be given to the following: the height
in relation to depth of flow; the capacity to resist bending; the degree
to which the cross section is occupied or blocked out; the transverse and
longitudinal distribution of vegetation of different types, densities and
heights in the reach under consideration. The following table may be used
as a gulide to the selection:

Vegetation and flow conditions Degree of Range in modify-
comparable to: , effect on n ing value

Dense growths of flexible turf grasses

or weeds, of which Bermuda and Blue grasses

are examples, where the average depth of

flow 1s 2 to 5 times the height of vegetation. Low 0.005 to 0.010

Supple seedling tree switches such as willow,
cottonwood or salt cedar where the average
depth of flow is 3 to 4 times the height of
the vegetation.

Turf grasses where the average depth of
flow is 1 to 2 times the height of vegetation.

Stemmy grasses, weeds or tree seedlings with
moderate cover where the average depth of
flow is 2 to 3 times the height of vegetation. Medium 0.010 to 0.025

Brushy growths, moderately dense, similar to
willows 1 to 2 years old, dormant season,
along side slopes of channel with no signif-
icant vegetation along the channel bottom,
where the hydraulic radius is greater than

2 feet.
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Turf grasses where the average
depth of flow is about equal to
the height of vegetstion.

Dormaent season, willow or cotton-

wood trees 8 to 10 years old, inter-

grown with some weeds and brush, none

of the vegetation in follage, where

the hydraulic radius is greater

than 2 feet. High 0.025 to 0.050

Growing season, bushy willows about

1 year old intergrown with some weeds
in full foliage along side slopes, no
significant vegetation along channel
bottom, where hydraulic radius is
greater than 2 feet.

Turf grasses where the average depth
of flow is less than one half the
helght of vegetation.

Growlng season, bushy willows about

1 year old, intergrown with weeds 1in

full foliage along slde slopes; dense

growth of cattails along channel

bottom; any value of hydraulic radius

up to 10 or 15 feet. Very high 0.050 to
' 0.100
Growlng season; trees intergrown

with weeds and brush, all in full

foliage; any value of hydraulic

radius up to 10 or 15 feet.

A further basis for Judgment in the selection of the modifying
value for vegetation may be found in Table 1 which contains descrip-
tions and data for actusl cases where n has been determined. In each
of the cases listed in Table 1 the data were such that the ilncrease
in n due to vegetation could be determined within reasonably close
limits.

6th step. Determination of the modifying value for meandering
of channel. The modifying value for meandering may be estimated as
follows: Add the basic n for Step 1 and the modifylng values of
Steps 2 through 5 to obtain the subtotal of ng.
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Let {é = the straight length of the reach under consideration.
{m = the meander length of the channel in the reach.

Compute modifying value for meandering in accordance with the following table

Ratio {m/{s, Degree of Modifying
meandering value
1.0 to 1.2 Minor 0.000
1.2 to 1.5 Appreciable 0.15 ng
1.5 and Severe 0.30 ng
greater

Where lengths for computing the approximate value of {m/{s are not readlly
obtainable the degree of meandering can usually be judged reasonably well.

[th step. Computation of n for the reach. The value of n for the reach
1s obtained by adding the values determined in Steps 1 through 6. An 1llus-
tration of the estimation of n is given in Example 1.

Dealing with cases where both chamnel and flood plain flow occurs.

Work with natural streams and floodways often requires consideration of
a wide range of discharges. At the higher stages both channel and overbank
or flood plain flow are involved. Usually the conditions are such that the
channel and flood plain will have different degrees of retardance and, there-
fore, different n values. In such cases the hydraulic computations will be
improved by dividing the cross sections into parts or subdivisions having
different n values.

The reason for and effect of subdividing cross sections 1s to permit
the composite n for the reach to vary with stage above the bankfull stage.
This effect 1s illustrated by Example 2. The usual practice 1s to divide
the cross section into two parts; one subdivision being the channel portion
and the other the flood plain. More than two subdivisions may be made 1if
conditions indicate wide variations of n. However, in view of the practical
aspects of the problem, more than three subdivisions would not normally be
Justified.

In estimating n for the channel subdivision, all of the factors dis-
cussed above and all of the procedural steps would be considered. Although
conditions might indicate some variation of n with stage in the channel, it
is recommended that an average value of n be selected for use in the hy -
draulic computations for all stages.

In the case of flood plain subdivisions, the estimate of n would con-
sider all factors except meandering. That is, the estimate would employ
all of the procedural steps except Step 6. Flood plain n values will
normally be somewhat greater than the channel values. Agricultural flood
plaln conditions are not likely to indicate an n less than 0.05 to 0.06.
Many cases will Jjustify values in the 0.07 to 0.09 range and cases calling
for values as high as 0.15 to 0.20 may be encountered. These higher values
apply primarily because of the relatively shallow depths of flow. The two
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factors requiring most careful consideration are obstructions and vege-
tation. Many agricultural flood plains have fairly dense networks of
fences to be evaluated as obstructions in Step 4. Vegetation probably
would be Judged on the basls of growing season conditions.

Field and office work.

It is suggested that field parties record adequate notes on field
conditions pertinent to the five factors affecting n at the 'time cross
sectlon surveys are being made. The actual estimates of n may then be
made in the office. This will require tralning of both field and
office personnel. The conditions to be covered by field notes and
considered in the estimate of n apply to a reach of channel and flood
plain. It is not adequate to consider only those conditions in the
immediate vicinity of a cross section. Note the sketch on Figure B.l.
With cross sections located as shown, field notes should describe the
channel and flood plain conditions through the reach indicated as a
basis for estimating the n values (assuming subdivided sections) to
be incorporated in the hydraulic computations at Section 2.

Figure B.2 shows a sample set of notes that 1llustrate the type
of field information to be recorded as a basls for estimating n.
Field men should be trained to recognize and record in brief state-
ments those conditions that are necessary for reallstic evaluatlon
of the five factors discussed under procedural Steps 1 to 6.

Example 1. Estimation of n for a reach.

This example is based on a case where n has been determined so
that comparison between the estimated and actual n can be shown.

Channel: Camp Creek dredged channel near Seymour, Illinoisj
see USDA Technical Bulletin No. 129, Plate 29-C for photo-
graph and Table 9, page 84, for data.

Description: Course straight; 661 feet long. Cross
section, very little varlation in shape; variation in
size moderate, but changes not abrupt. Side slopes
falrly regular, bottom uneven and irregular. Soil,
lower part yellowlsh gray clay; upper part, light
gray silty clay loam. Condition, side slopes cover-
ed with heavy growth of poplar trees 2 to 3 inches in
diameter, large willows and climbing vines; thick
growth of water weed on bottom; summer condition with
vegetation in full foliage.

Average cross section approximates a trapezoid with
side slopes about 1.5 to 1 and bottom width about 10
feet. At bankfull stage, average depth and surface
width are about 8.5 and 4O feet respectively.
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Step Remarks Modifying values
1 501l materials indicate minim@im basic n. 0.02
2 Description indicates moderate irregularity. 0.01
AL Changes in size and shape judged insignificant. 0.00
L. No obstructions indicated. 0.00
5. Description indicates very high effect of 0.08

vegetation.

6. Reach described as straight. 0.00
Total estimated n 0.11

USDA Technical Bulletin No. 129, Table .9, page 96, glves the following
determined values for n for this channel: for average depth of 4.6
feet n = 0.095; for average depth of 7.3 feet n = 0.10L.

Example 2. Effect of subdividing cross sections.

The sole purpose of this example is to 1llustrate the effect of
subdividing sections on the value of n for the complete section. It is
not an illustration of hydraulic computations for determining water sur-
face profiles or stage-discharge relationships.

This illustration is based on the following:

1. An actual stream cross section for which curves
showing depth versus area and depth versus hydraulic
radius for the channel and flood plalin subdivisions
and for the complete section are plotted on Figure B.3.
Values of n are: for the channel subdivision 0.0L; for
the flood plain subdivision 0.08.

2. The conditions of uniform, steady flow are assumed.

Manning's formula is handled in accordance with Leach's
method. See Handbook of Hydraulics, McGraw-Hill Book
Company, 3rd edition, page 534; Lth edition, page 8-65.

Notation:
Q = discharge - cfs
a = cross section area - ft.Z
r = hydraulic radius, ft.
p = wetted perimeter, ft.
So= channel slope, ft. per ft.

n = roughness coefficient
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Q= 1'286 ar 2/ 8¢ /2 (B.1)
Let K.d = 24%§§ ar 2/3, then
Q=Kygs, Y2 (B.2)

Assume the conditions are such that i1t is desirable to recognize
more than one subdivision, each having a different n. Let subscripts
1l, 2, and 3 refer to the section subdivisions and subscript t to the
total section.

From equation B.2

@ =(ay + Fao + Ko - - - -+ Kan) 5 /2 =2y 5o M2 (8.3)
Also: Q 1. h86

U

o
_1.486 ay ry 2/3
ZKy

ay Ty 2/3; therefore

(B.4)

Teble B.2 shows the computations for Example 2 and Figure B.3
shows a plot of roughness coefficient for the complete section verdus
depth.

In natural streams n normally shows a minor decrease as stage in-
creases up to, or somewhat above, the bankfull stage, then appreciably
increases as overbank stage increases. When n is significantly dif-
ferent for different parts of the cross section, subdivision of the
cross section, as a basis for making the computations, automatically
causes ny to vary with stage above the bankfull stage. This 1s true
although n{ 1s not computed in methods for determining water surface
profiles. Note on Figure B.3 that nt, which has been computed in
Example 2 for illustrative purposes, shows considerable increase with
stage above the 10-foot depth and that this increase is automatically
recognlized by subdivision of the cross section.

The plot of hydraulic radius on Figure B.3 illustrates a typical
characteristic of natural streams. Note that the hydraulic radius for
the complete section increases up to bankfull depth, then \decreases
through a limited range of depth, and again increases as depth of over-
bank flow increases.

This example also illustrates that recognition of high retardance
for flood plain subdivisions by the use of relatively high n values does
not cause n for the complete section, nt, to be unreasonably high. In
this case, the channel and flood plain are assigned n values of 0.0L4
and 0.08. The value of n, ranges up to 0.072 as shown by Table B.2 and
Figure B.3.
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3-WI-42q

CHANNEI, COEFFICIENT OF ROUGHNESS DETERMINATION
Manning's "n" wvalue

Project/Site Name Prepared By

Watershed Checked By

Tributary

Date

Cross Section

1. Basic "n"
Earth .020
Rock .025
Fine Gravel .028

2. Irregular or Roughness of
Channel Sides & Bottom
Smooth .000
Minor .005
Moderate .010
Severe .020

3. Changes 1n Size and Shape
of Cross Section
Gradual Changes .000
Occasional changes .005
Freq. & Wide Var. .010-.015

4. Effect of Obstruction
Negligible .000
Minor .015
Appreciable .030
Severe .060

5. Effect of Vegetation
Low Retardance .005-.010
Medium Retardance .010-.025
High Retardance .025-.050
Very High Retardance.050-.100

SUBTOTAL, ng

6. Degree of Meandering
Minor .000
Appreciable .15 X ng
Severe .30 X ng

TOTAL, n

Overbank Cover

Channel Length

Valley Length
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3-WI-42r

Typical Values for Manning’s n

s 1 n Values
Type and Description of Channel Min, Design Max.

Channels, Lined
Asphaltic concrete, machine placed 0.014
Asphalt, exposed prefabricated 0.015
Concrete 0.012 0.015 0.018
Concrete, trowel finish 0.012 0.014
Concrete, float finish 0.013 0.017
Concrete, gunite 0.016 0.022
Concrete, rubble 0.016 0.029
Flagstone 0.020 0.025
Metal, smooth (flumes) 0.011 0.015
Metal, corrugated 0.021 0.024 0.026
Plastic 0.012 0.014
Shotcrete 0.016 0.017
Wood, planed (flumes) 0.009 0.012 0.016
Wood, unplanned (flumes) 0.011 0.013 0.015
Channels, Earth
Earth bottom, rubble sides 0.028 0.032 0.035
Drainage ditches, large, no vegetation

a. <2.5 hydraulic radius 0.040 0.045

b. 2.5-4.0 hydraulic radius 0.035 0.040

c. 4.0-5.0 hydraulic radius 0.030 0.035

d. >5.0 hydraulic radius 0.025 0.030
Small drainage ditches 0.035 0.040 0.040
Stony bed, weeds on bank 0.025 0.035 0.040
Straight and uniform, clean (no vegetation) 0.017 0.022 0.025
Straight and uniform, with short grass, few weeds 0.022 0.027 0.033
Winding, sluggish, no vegetation 0.023 0.025 0.030
Stony bottom and weedy banks 0.025 0.035 0.040
Channels not maintained, clean bottom, brush on sides 0.040 0.050 0.080
Natural Streams
a. Clean, straight bank, full stage, no rifts or deep pools 0.025 0.033
b. Same as “a” but some weeds and stones 0.030 0.040
c. Winding, some pools and shoals, clean 0.033 0.045
d. Same as “c”, some weeds and stones 0.035 0.050
e Sam'e as “d” but lower stages, more ineffective slopes and 0.040 0.055

sections
f.  Same as “d” but more stones 0.045 0.060
g. Sluggish reaches, weedy, deep pools 0.050 0.080
h. Very weedy reaches 0.075 0.150
Rock Riprap (Ds*) n=0.04D"°**
2-inch diameter (0.17 feet) 0.030
4-inch diameter (0.33 feet) 0.033
6-inch diameter (0.50 feet) 0.036
8-inch diameter (0.67 feet) 0.037
10-inch diameter (0.83 feet) 0.039
12-inch diameter (1.00 foot) 0.040
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3-WI-42s

o . n Values
Type and Description of Conduits Min, Design Max.

Pipe
Asbestos cement 0.009
Cast iron, coated 0.011 0.013 0.014
Cast iron, uncoated 0.012 0.015
Clay or concrete drain tile (4-12 in.) 0.010 0.0108 0.020
Concrete 0.010 0.014 0.017
Metal, corrugated 0.021 0.025 0.0255
Steel, riveted and spiral 0.013 0.016 0.017
Vitrified sewer pipe 0.010 0.014 0.017
Wood stave 0.010 0.013
Wrought iron, black 0.012 0.015
Wrought iron, galvanized 0.013 0.016 0.017
Subsurface Drains and Conduits
Corrugated plastic tubing

a. 3to 8inch diameter 0.015

b. 10t 12 inch diameter 0.017

c. >12inch diameter 0.020
Smooth plastic, unperforated 0.010 0.012
Smooth plastic, perforated 0.010 0.012
Annular corrugated metal 0.021 0.025
Helical corrugated 0.015 0.020
Concrete 0.012 0.017
Vitrified sewer pipe 0.013 0.015
Clay drainage tile 0.012 0.014

*  Where “D” is diameter of rock, the size of which is such that by weight, 50% is larger and 50% is
smaller than this diameter.
** Din feet.

'References:
Chow, Ven Te. 1959. Open Channel Hydraulics. McGraw-Hill, New York, NY.
Barfield, B. J., R. C. Warner, and C. T. Haan. 1983. Applied Hydrology and Sedimentology for Disturbed Areas. Oklahoma Technical Press,
Stillwater, OK.
Fangmeier, D. D. et. Al. 2006. Soil and Water Conservation Engineering (5lh Ed.). Thomson Delmar Learning. Clifton Park, NY.
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