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“ Symbol or term.

D
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SYMBOLS OR TEIMS
Definition

The depth of {low,

The diameter of a particle. The subscript indicates
tl"lé;pé.ri:entage of the sample that is smaller than
the indicated size.

An adjustment factor to correct for the affect of
meanders.

The Manning coefficient of roughness.

ic e

The base ‘‘n’’ value.

The adjustiments for roughness factors other than

meanders,

The hydraulic radius, which is computed by dividing.

the cross-sectional area by the wetted perimeter.
The energy slope used in the Manning eguation..
The average slope of the bed.
The slope of the water surface.
The mean velocity of flow in a cross section.

The top width of the cross section.
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b,anbol or term

Adjustment facter

[ § S

Base ‘‘n

Composite ‘“‘n’’

Regime of fiow

Stream power

Wetted perimeter

Def initigr}

B

An amount added to the base ‘“‘n’’ value to accountiifg-}r?,, )

roughness caused by channel conditions other thén i

type of bed material. The factor also may be a
rnultiplier.

The minimum value for a particular type of bed
material,

The overall ‘‘n’' value assigned t_o a cross section.

A classification for bed conditions in a sand channel.
The regime is determined by the 'st;earn power and
median particle size of the material that comprises
the bed,

A measure of energy transfer used in computing the
regime of flow in sand channels. Stream power is
computed as 62R.SWV, in which R, Sw’ and V are

. defined as above, and 82 is the specific wgight of
water,

The perimeter of the channel that is wetted at a

specified depth of flow.
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ROUGHNIISS COEFFICIENTS FOR STREAM CHANNELS
i IN ARIZONA

B v -

By

B. N. Aldridge and J. M. Garrett

INTRODUCTION

When water flows in an open channel, energy is lost through friction
along the b'anks and bed of the chamnnel and through turbulence within the
"‘channe}..-- ‘The amount :6f_ energy lost is governed by channel roughness, which
is expressed in terms of a roughness cocfficient. An g‘;(alﬁ.at,ioll of the rough-
.ess coefficient is necessary-in fnany hydraulic computations that involve flow
in-an pp'en channel... Owing to the lack of a satisfactory quantitative procedurs,
the ability to evaluate roughness coefficients can be developed only through
experience; however,ﬁya“ basic kno;vledge of the methods used to assign the
coefficients and the fact-ors affecting them will be of great help.

Orne of the most commonly used equations in open-channel hydraulics

is that of Manning, The M‘anning equation is

1.486 - 2/3- 1/2
Ver—R 8¢ .

n
in which
V = mean cross-sectional velocity of flow, in feet per second;
R = hydraulic radius at a cross section, which is the cross-sectional

ared ulviued '1)3’ e wetled peliwsiet, da 1eet;
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e = energy slope; and

n-

N

~coefficient of roughness.

Many research studies have been made to determine ‘‘n’’ values for
open-channel flow (Carter and others, 1963). Guidelines for selecting the
coeff.nclent gf 'roughne.ss for stream channels are given in most of the litera-

ture on stream-channel hydraulics, but few of the data relate directly to

streams in Arizona. The U.S. Geological Survey, at the reguest of the

Arizona Highway Department, assembled the color photographs and tables |

e
-

of the Manning ‘‘n’’ values in this report to aid highway engineers in the

_selection of roughness coefficients for Arizona strcams. Most of the photo-

oeraphs show channel reaches for which vaiues of ‘‘n’’ have been assigned by

-

experienced Survey personnel; a few photographs are included for reaches

‘where “‘'n’’ values have been verified. Verified ‘‘n’’ values are computed

from a known discharge and measured chamel geometry. Selected photo-

graphs of stream channels for which ‘‘n’’ values have been verifiad are in- i

cluded in U.S. Geological Survey Water-Supply Paper 1849 (Barnes, 1967);

stereoscopic slides of Barnes' (1867) photographs and additional photographs’ f
- can be inspected at U.S. Geological Survey offices in: 2555 E. First Street,

f".:‘-"f__'.l"ucson; and 5017 Federzl Building, 230 N. First Avenue, Phoenix.




METHODS USED TO ASSIGN ‘‘n'* VALURS

Values of the roughness coefficient, ‘'n,’’ may be assigned for.e
ditions that exist at the time of a specific flow event, for average conditio’nrs =
over a range in stage, -or for anticipated conditions at the time of some futiire .~

flow event.

The value a551gned to a reach should repr-esé{ntﬁ e i:'bmpo’s‘i;cé?élffé‘cté
of the factors that tend to retard flow. An overall value can be assigned by
considering all factors at one time, or it can be arrived at by selecting a base
value for a given size ofbed Iﬁatefial and adjusting for supplementalfactors
Although drawbacksaremherent in both methodgwhenused by ‘untramedper-
sonnel, the latter m;etho}cfi 1s recommehé‘éd. 'I‘hehterature tbat uses overall ”

values of ‘‘n’’ generally contains vague channel descriptions, and the data =
: R . = X 3

seldom cover ihepoten‘ual combmatmns of_fleld cof;‘difions. ‘The 111erature "
that uses the base“n’method giyes dlfferent éé‘;cégorile-s- of\-béd-xﬁnatex‘ia]:& -
base ‘‘n’’ values, numbersand smes of ad3ustmentfaotors,andhm1tmgva1ues =
.of roughness. The exgef»iéﬁéed,;user generally combin_e.é :the'two methodsby

developing his own criteria for base conditions and adjustments.

In developing the ability to assign ‘‘n’’ values, regardless of the method

‘'n’’ value is one that has been computed from a known discharge and channel - =




geometry, Base ‘‘n’’ values i:or stable channels have been determined mainly
s,fx_'om fi_glg_;yg;:__i_ﬁgationzstudies, and th‘ose for sand channels have been deter-
| . ‘rﬁine_d}ln‘,éi‘n-ly ﬁ'ém laboratory studies. A stable channel is defined as a chan-
nel in which the bed is composed of {irm earth, gravel, cobbles, boulders, or
'v,_._._'{b‘eAdrrq'c_k and which remains :relaf;'i.s{_e;y.t_ijxi_ﬁ_changed through most of the range in
flow. A sand channel is defined as’ a‘jchar'mel in which the bed has an unlimited
su'pply-__of sand., By definition, sand ranges in grain size from 0.062 to 2 mm

(millimeters).

- Resistance to flow varies greatly in sand channels because the bed

~.amaterial moves easily and takes on different configurations or bed forms, The

bedform is a funct‘ionﬁ-- of velocity of flow, grain size, shear, temperature, and
other variables., "I‘:he_flovs that produce the bed forms are classilied as lower
_régime- flow and upﬁef”f'e»g_ime flow according tc? depth~-discharge relaticns, In
Jlower regime fl_ow,'-;.t:hé bed may have a plane surface and no movement of sed-

.iment, or it may be deformed and have small uniform waves or large irregular

saw-toothed waves formed by sediment moving downstream, The smaller
‘waves are known as ripples, and the larger waves are known as dunes, In

f;_”upper regime flow, the bed may have a plane suriace and movement of sediment,,i g L

or it may have long smooth sand waves in phase with the surface waves. These =

waves are known as standing waves and antidunes. Bed forms on dry beds are

etween the upper regirne flew and the lower regime flow.

-4




The regime is governed by the size of the bed material and the stream

power, which is a measure of energy transfer (fig. 1). Stream power is com-

puted as 62 RSV, where e

62 = specific weight of water, in pounds per cubic foot;
R = hydraulic-radiu:s, in feet;

S = water—surface slope, “in foot per foot; and

V = mean velbcity"-v, .in feet per second.

The ‘‘n’’' value for a sand c_hannel is assigned for upper regime flow,
and the flow regimé is _c;h_gcke;_d by computing the velocity' and stream power
‘that corres;;ond to the asmgned “n” value. The computed stream power is
compared with the vah; fﬁ‘é#,m»'-pecesgéry to cause ubpef regxmeflow (f1g 1).
Tt che cnmnuted qh‘“’tm 'NWV“" 'is‘nbt iarge enough io produce upper regime
flow, a reliable vélue ofi_.‘_',n‘_'f‘.car;not be assigned.. The ‘'n'’ va.l{.teél_for. lower
and transitional regifnt; ‘ﬂ?){;rshcan vary gréétly»ar;.d_depend on the bédforms =
present at a ‘partici'ularﬁ‘-illjdé;.»t-hésje values generally will be much larger than

the values given in ':cable"_l for upper regime flow.-
FACTORS THAT INFLUENCE THE ROUGHNESS COEFFICIENT

Bed Material ‘and“- its Relation to Base ‘‘n'’ Values

Although several factors affect the ‘‘n’’ value, the prﬁnérjy factors

‘,4,ji‘§1rve'thc type and size of the material that cbmpc—)s_es the bed and banks of a -

(n
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Table 1, --Base values. of the Manning "n"

Median size of bed material|  Bage “n“j:'\}&lué-: |
: i et Benson and -
: Chow -
Chanpel type - Millimeters Inches Dalrym{)/l (1959)_/
et 1 agent
' Sand channels
(upper regime o ‘ o B
flow only) . - 0.2 m————— 0,012 | —-eea-
.3 S L017 | emmme-
I SR 020 SR
.5 e . 022 s
: T ] speees .028 | emeeee
B ameee L0985 e
1.0 | eeea-- 026 | meme—s

 Stable chadnels * | ¢t

Concrete ... ° B —ewa== .| 0,012-0, 018 " q:oi'}._
Rock cut ... ";j.,"'_"_.:ff-'-_:~‘ SEEEEES | : 025
Firm earth . . :vf: §—-- --------- . 025-,032 020 -
Coarse sand":‘. ."‘ 1-2 | —mmme 028-035 { .._ .._..-
Fine gravel;, |7 %5ter | aliil [Llioniil | osd
Gravel..,.. |  2-64 0.08-2.5| .028-.035 "--‘-"-”-;-”
‘Coarse gravel R R B . 028
£ Cobble , . . .. 64-256 2,5-10.5 .. 030-. 050 =
"5?-3°ﬁlder ceu. | . >256 510 .040-. 070 S Rl
75trd1ght uniform. channel
" _‘2/Sn;oothest channel dttanﬂble in indicated mater Lal




5.. eam channel (table 1), The values given in table 1 for sand channels are

for upper regnne flows and av*e based on extens1ve laboratory and f:eld‘data_

obtamed by thc U S Geolod1ca1 Survey, the standard’ error for these datz

about 20 percent V(Benson and 'D_alry.m'ple,‘ 19”67)._ In using thesec values, ‘ei’-'f.:»:

check must be made in th':e '-r;nen_ne;j pi*e\{i_ously described to assure that the

“s_fr"ea'm:power is large enough to :?fodoeef‘upper'regime'lilov; (fig. 1). Al—
though the base ‘n'’ values given in table 1 for stable channels are from

verification studies, the values have a wide range because the’effec_ts of bed

‘roughness are extremelyd_iﬂ‘_ieul’; to separate from the effects of other rough--

‘ness factors. The '‘n’’ values selected from table 1 will be influenced by

i),'e:r‘s‘ohal judgment and eicp‘efience.

:_»,»..

Limerinos (1970) related. “n" to hydrauiic radms and partlcle size

based on samples from 11 Stream ch'am_ie_ls" 1§avi'ngv_bed~m'aterial ranging from .

small gravel to -»mediﬁm;'sizi'é“boulders. Particles ﬁaVe three di'am'etéi:s ar’.:

d1mens1ons——1ength w1dth and tmckness——and generally or1ent so that leng*h

.‘ =¥

and width are about parallel to the pla.ne of the streambed L1mer1nos (10 :0)

related “‘n”’ to mmlmum--dlameterv(t‘hwkness)'and to mtermedlate‘ dlameter '; b

- (W1dth) his equatmn usmg mtermedmte d1ameter appears to be the most use-

"5*’(:1.111 because this d1mens1on is most easﬂy measured by screemng, from photo-

;a;g_x'_aphs, and in the field. The-equaf.lon for ffn" Aqsmgmterrpedmte ‘d:ameter- is~
0. 0926)r "/

1.16 + 2.0 log(—ﬁR——)
dgg

n:

2

"

g Y AL o P e 1,1 1 PO

I TR it = e
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that of 84" 'iaei'cent of the par:ticles (determined from a

P sample of about 100 randomly d:strlbuted partmles)

ALunermos (1970) selected reachcs have a'vmmlmu'n amount of roughrness

othcr than that caused by bed matemal and, ﬁthereforc, h1s values cerrespond

»o the base values g‘wcn by Benson and Dalrymple (1967) and shown in table 1,

l

Eope s a.‘_ = 2 EAE R 54 5 ek

The baseA ‘n’’ vall.es for channels composed of slabs of rock will be

‘mﬂuenced by tne orlentatmn of the slabs. Slabs that stand on edge will cause

= e, :
';.._' B 32 5p i

of the samc"s1ze Lhat are lymg fl‘.t

TE A F .‘_:.'Z-ZA-'Adjustﬁient Factors i

w - e - T < % - T : ,‘, L_vf. ¥ -5

shape-.- T.he dep’ch of jfl’oin,‘ changes in cha‘?nnel shape, channel irregularities,”

a: -~

eurvature 'nedndermg, obstructlons, and vegetauon 1rcrease the rox.g‘mess,

e L A - . f - v
3

and the base value of "n" must be adjusted accordmgly A generally accepted

nethod of arr1v1ng at the overall 37 g 1s to add in cremcnts of roughness to the :

5 Ak ; o i oo
= 5 3 y o B a ’

fc-r each cond1t10n that Jncreases thc rcughne.c;s. The adjustments




Chow (1959, p. 106-109) defined adjustments to be applied to the base

‘n”’ values in'the equation .

A2

ns= (f’o'l'nl Nyt fnn)m,

where '
o L no = the bas “n’’ value;
: ny, Ny, . . , n# = ad_]ust'nents for roughness factors other
_tbail meanders e and o
m = adjustment for meanders_.

The adjustment factor for a sma 1 degree of meander should be 1ncluded w1th

the:addltwe a.errns. m Whl(.h mstancé “_ 'is. conmdered 'to"be 5 i 0 m the

‘above equafion Chow s ( 1959} adgustments (table a) are apphcable when the

‘base “‘n"’ 1s selected for the smoothest v-each attamable for a glven bed mate—i :

2 P = .::' o

r1a1 The base values of -‘Benson and Dalrymple (1967) and those of lee”

(1970) generally apply to condltlons that are closer. to average, and thexefore,;{‘ i,

the1r base values reqmre smaner adJustments than do the base values of Chow ff_, wLE

(1959)-—-a *'ule of thurnb measure is about a half to three fourths of the ad— '

The ranges gwen 1n table 2 for adjustments*

Justment values glven in table 2

L‘xtremely rcugh eondltmns may requlre larger adgustme'xts than the H

:‘largest values g1ven 1n tahle 2. Rougn channel concutlons are most lmely i:o
5 2
_; g 4%
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Table 2, --Ad;ustment factors for the determmatton of- overau "n .values b Y A Ap
(Modmed from Chow. 1959) c e e Ly e TR

Channel condit

Jonk S*n'’ value
L 'adjustment‘u

ol

LI _ '.Exampié_". X . . o !

Degree of irregularity

. Ismoath -

0.000 '

' Cornp'ares _.to the 'éin’doiho’sft'éhannéi"a'tfninﬁhie"in argiven'b'ed material.

Minor

.001-. 005 |

Compares to carefully dredged channels ln good condiuon but: havlng slightly eroded
or' qcoured side slopes. , .

Moderaté - . 006-. 010

P

' (,ompares to dredged ohannels havmg moderate 1o considerable bed roughness and
moderately sloughed or eroded sxde slopea ) :

i
|

Severe .011-.02Q

Badly sloughed or scalloped banks of natura'.l streams badly eroded or sloughed sides

of canals or drainage channels unshaped, jagged, ‘and irregular surfaces of
channels in rock.

Variation in channel
cross section

Gradual - 000

‘Size and shape of channel oross_'s_'eo{i'ons change gradually. '

Alternating

.001-.005
occasionally A

O

Large and small Cross sections alternate occaqionally, or the main flow- occasionally
- shifts from side to side owing to changes in ¢ross- -sectional shape

5

Ailterniiting
frequently

,010-. 015

Larxe and small crosa sections alternate frequently, or the main flow frequently
shifts from side to sxde owing to changes m cross- sectxonal shape

—_— e ol

Effeot of obstruction

3

Negligible . 000-..004

A few scattered obstruc't'!ons. which 1nciude debris dcposxts, stumps, exposed roots,

logs, piers, or isolated boulders, that occupy less than 5 percent of the cross-
sectional area, .

Minor .005-,015

Obstructions occupy less than 15 percent of the cross-sectional area and the spacing
betwcen obstructions is such that the sphere of influence around one obstruction
does not extend to the sphere of influence around another obstruction. Smaller ad-
justments are used for curved smooth-surfaced objects than are used for sharp-
edged angular objects.

Appreciable .020-.030

Obstructions occupy from 15 to 50 percent of the cross-sectional area or the space
between obstructions is small enough to cause the effects of several obstructions to
be additive, th‘ereby blocking an equivalent part of a cross section.

Sev._ere s f o . 040-~, osQ

. “Obstructions occupy mote: ‘than

. betweer obstrqotl ‘ em: odgh to.éﬁ;ﬁgé‘ 9’5*"'»
Béétion. | T : ek Seiige ol

i ‘\(:_. .‘ FE T

turbulence across tﬁ%”’&f"tﬁg‘fe‘“

£

o

Amount of ’vege‘te'tion -

/1

1 Very 1arge_

Small .002-, 010

Dense growths oi‘ nexlble turf grass. such as Bermuda, or wecds growxng where the 4
average depth of flow is at least two: times the height of the vegetation; supple tree
. seedlings such as willow, cottonwood arrowweed, or saltcedar growing where the
average depth of flow is at least three timea the height of the vegetation.

| Medium - .010-, 025

,Turt‘ grasa growmg where the average depth of ﬂow is from one to two nmes the
height of the vegetatxon,_n_wderately’ dense atemmy grass, ,weeds, or tree seedlings

growing where the average depth of: flow is, fromtwo to three tirhes the height of the
vegeta‘tion. brushy, | moderately dens ,egetatlo sitnﬂar to,1- to 2-year-old willow

5 trees in the dormant season, growing along the bank's‘and no sigmﬂcant vegetation )
ik hodbaulic :

'ds 2 feet. . - . .t

el L e

" .025-.050 |

Turf graso growing wher
 ‘vegetation; 8~ to;lb-;ea
wecds and brqeh on

. 050-. 100

Turf grass growing where the average depth of now is less than half the hexght of thc
' vegetation; bushy willow trees about 1 year old intergrown with weeds along side
slopes (all vegetntion in full foliage) or dense cattails growing along channel bottom;
trees mtergrown with weeds and brush (all vegetatlon in full fohage)

Degree of. . .=
meanderlng-ll
(Adjustment ) valnea :
apply to Néw.
fined in the

: 'A;S;S},_-'ée{a‘m'e' :

Minor . 100

§ e

-4 dJustments for degree of lrregularitv.
tn'’ value (table 1y before multiplyinp by the’ adjustme




rracteristics, such as reusches selected for the computation of backwater

causcd by a2 structure or reaches selecied for step-backwater computations
used to determine ihe clevation at a given site corrvesponding to a given dis-
charge, Ixtremecly rough reachces may be selected for usein hydraulic com-
putations when smoother reaches are not available—{for example, in places
where channels have dense vegetal cover and very low gradients and in the

mountains where steep winding channels are cut in bedrock.

Depth of IFlow

D)

If ihe depth of flow is shallow in relation io the size of the roughnes
elements, the ‘‘n'’ value can be large. The '‘n'"’ value generally decreases
‘Il increasing depth, except where the channel banks are much rougher
1 X =
than the bed or where large amounts of brush cverhang the low~water channel,
Most relations between ‘‘n’’ and depth are too techrical {or general

vse and often involve parameters that are not usually measured in the field.

Aithough depth must be considered in assigning ‘'n’' velues, the evaluation
g g

~—~

of its effect must be based on experience, verification data {Barnes, 1967),

and pholographs such as those shown in this report.

=12-




Channel Shape

Channel shape has little effect on ‘‘n'’ values where the ratio of
width to depth is greater than about §; however, channel shape has some
effect on ‘‘n’’ values for narrow channels, The ‘'n’’ value {or a narrow tri-

1

angular channel may be a few thousandths larger than the ''n’’ value for a

trapezoidal chaunel having the same width and material.

The shape of the cross section must be considered when assigning ‘“‘n
values, although the shape, in itself, does not affect ‘‘n’’ appreciably. An
abrupt change in composite ‘n’’ may occur at the stage where shallow over-
flow areas become inundated because the wetted perimeter increases rapidly
without a corresponding inc¢rease in area and discharge; the best proceduce
for handling this situation 15 10 assi1gn separate "'n° vailues 10r the main
channel and the overflow area (Benson and Dal.ry'mple, 1967, p. 28).

Abrupt changes in shape of the cross sections along the channel in-
crease ‘‘n,’’ Chow (1959) gave a maximum increase of 0. 015 where large
and small cross sections alternate frequently or where the low-water channel

shifts freguently from side to side.
Irregularity

K71 ¢ saes 44 ey 14 3
Where the ratic of width ¢ depth ic small, roughness caused by

!

L N o+ = s




«.€ banks must be accounted for by fairly large adjustments. Chow (1959)
and Benson and Dalrymple (1967) showed that severely croded and scalloped
banks can increase "‘n’' values by as much as 0,02, Larger adjustments may

be required for very irregular bauks having projecting points.
Alinement ;

A maximum increase in ‘‘n’’ of 0. 0C3 will result from the usual
amount of channel curvature found in designed channels and the reaches of
natural streams used to compuie discharge (Benson and Dalrymple, 1967).

A sharp bend will increase ‘‘n’' as much as 0.01, and a series of bends will
increase ‘‘'n’’ even mofe._ The effects of sharp bends, constriciions, and
»:de-to-side shifting of the low-water channel may extend downstream for
several hundred feet, and the ‘‘n”’ value for & reach below these disiurbances
may require adjustmgnt, although none of the roughness-producing factors
are apparent in the study reach.

According to Chow (1959), meanders can increase the ‘‘n’’ value as
much as 30 percent where flow is confined within a stream channel; the
increase will be considerably greater where downvalley flow crosses the
meanders. Extremely large ‘“‘n’' values may be required where a meandering

‘channcl is bounded by natural dikes that are overtopped by downvalley flow,

-14~
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Obstructions

Obstructions-—such as trees, stumps, boulders, debris, pilings, and i
L idge piers-—that disturb the flow pattern in the channcl increase the ‘‘n”’ i
\-;'-{lue. The amount of increase depends on the shape of the obstruction, its ,
size in relation to that of the cross section, and the number, arrangement,
and spacing of obstructions. The effect of obstructions on the roughness u

coefficient is a function of the velocity, which can be a function of the:channel

shape. When the flow velocity is high, an obstruction exerts a sphere of in- |

fluence that is much larger than the obstruction because the obstruction affects 1118

the flow pattern for considerable distances on each side. At the velocities | ! I

~“%“at generally occur in channels that have gentle to moderately stzep slopes, !“'
~the sphere of intluence is from about 3 to o tumes the widti: ©1 the obstruction.
!

Several obstructions create overlapping spheres of influence and may cause
V;.,»art of a channel cross section. Chow (1959) assigned adjustment vaiues to
four degrees of obstruction but did not define the degrees. 7The exarmnples of
the degrees of obstruction given in table 2 are based on the authors® experience.
Obstructions that cause pools to form upstream and sharp drops fo
form over or downstream from the obstructions increase ‘‘n.’’ The increase
depends on the relative depth of the flow to thc hoight of the drop. Where the

9

. |
considcrable disturbance, although the obstructions may cccupy only a small l
depth of flow is less than 1.5 times the height of the drop, free fall may occur;




it Manning cquotion bocomes nvalid, end “'n’’ cannot be evaluated properly.
Where the depih of flow is from 2 to 3 {imes the average heipht of many

closcly spaced drops, the adjustment value may be as much as 0,04, The
adjustment value decrcasces as the ratio of depth to height of the drop increases.
Only a smull adjustment is needed where the depth of flow is morc than 5 times

the height of the drop.
Vegetation

The extent to which vegetation affects “‘n’’ depends on the denth of
fiow, the percentage of the wetied perimeter covered by the vegetation, the
density of vegetaiion below the high waterline, the degree to which the vege-
ta uis Dlaticoed by high water, and the alinement of vegetation relative to
the flow. Rows of vegetation that parallel the flow may have Jess effect than
rows of vegetation that arc perpendicular to the flow. The adjustment values
given in tabkle 2 apply to constructed channels of narrow width. 1n wide chan-
nels having small depth to width ratios and no vegetation on the bed, the effect
of bank vegetation is smazall, and the maximum adjustment is about 0. 005, 1If
the channel is relatively narrow and has steep banks covered by dense vege-
:ation that hangs over the channel, the maximum adjustment is about 0. G3,
Fhe larger adjusument values given in table 2 apply only in places where veg-
Atation covers inost of the channel. Ii vegetation is the primary factor that

~f s CF d e = > -
Hfects “'n, "' ag in flocd plains or in parts of the channel that are seldom

I3
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cooded, then the "' vaiee is assigned fer the vepetation rather than for the
material in which it is growing, Table 3 gives composite “'n’' values for
several degrees of vegcetal cover in flood plains and in different types of
consiructed channels., The “n’’ value for a brush- and iree-covered channel
where the ‘“‘n'' vatue is assigned for the vegetation is the same as that for a
brush- and iree-covered flood plain (table 3), The values given in table 3

for constricted channels can be used as a basis for assigning “‘n’’ valves

for natural channocls having about the same amounts of vegetation.

The effect of depth of flow on ‘‘n'’ values for different types of vege-

tation in an Icwa verification siudy is shown in table 4 (Chow, 1559); however,
litile is known about {he methods used in the verification study, and the values

S PO -~ - ~ 34 ~ 3+ <1 Ly
+i'C not nceessarily recommended {or use in Arizona strcams,

£ 3

Palmer (1949} conducted extensive research to determine “‘a values for
small channels-—1 foot or less deep and having bottom widths of 6 feet or
less—1lined with grass and legumes. They found ‘‘n’’ values of more than
0. 20 for the channels Jined with uncut grass and having flow depths of less
than 0. 1 foot. The values decreased rapidly as depth increased and tended
{o approach a constant value for flow depths of more than about hall a foot.
Most of the constant values for grasses ranged from 0,025 to 0.935, and

thosc for siiff-stemmed plants ranged from about 0. 05 {o 0. G8.




Table 3. --Values of ‘‘n’’ for ¢ 3 ‘tructed channels and flood

plains

— (’\lodlflcd fres« Chow, 1958) .-y
, “n*' value
Type of channel and description _ ' :
Minimum- Normal Maximum .
A. LINED OR RUILT-UP CHANNELS
a. Concrete
[. " Finished 0.011 0.015 0.016
2. Unfinished .014 017 . 020
b. Gravel hottom with sides of
1. Formed concrete 017 . 020 .025
2. Random stone in mortar . 020 . 023 . 026
3. Dry rubble or riprap . 023 . 033 . 036
¢. Vegetal lining L0300 | |eesecemccsiunaa . 500
F. EXCAVATED OR DREDGED CHANNELS
a. Earth, straight and uniform
1. Clean, after wcathering : .018 - .022 . 025
2. Gravel, uniform section, clean . 022 . 025 .030
3. With short grass, few weeds . 022. . 027 .033
b. Earth, winding and sluggish
1. No vegetation . 023 . 025 . 030
2. Grass, some weeds . . 025 . 030 . 033
3. Dense weeds or aquatic plants in deep channels . 030 . 035 . 040
4. Farth bottom and rubble sides .028 . 030 . 035
5. Stony bottom and weedy banks 025 . 035 . 040
8. Cobble bottom and clean sides . 030 . 040 . 050
. Dragline-cxcavated or dredged =
1. No vegetation . 025 .028 .033
2. Light brush on banks . 035 . 050 . 080
d. Rock cuts
1. Smooth and uniform .025 ..035 . 040
2. Jagged and irregular . 035 . 040 . 050
e. Channels not maintained, weeds and brush uncut
1. Dense weeds, high as depth of flow 050 . 080 . 120
2. Clean bottom, brush on sides . 040 . 050 . 080
3. Dcnse brush, high stage . 080 .-100 . 140
C. ¥FLOOD PLAINS
: . 3
a. Pasture, on smooth ground, no brush
1. Short grass . 025 ..030 . 035
2. High grass .030 . 035 . 050
1/
b. Cultivated areas™
1. No crop _ | . 020 030 . 040
2. Mature row crops, such as small vegetables . 025 030 . 045 .
3. Mature field crops, depth of ﬂow at least twice .030 040 . 050
the height of vegetation T
4, Dense field crops in full lcaf, such as corn or 080 Jemeeciaccececa- . 100
‘cotion, dupth of flow less than height of T————— I
vegetation
Cis Brushy
1. Scattered brush, heavy weeds . 035 . 050 .070
2. Light brush and trees, in winter .035 . 050 . 060
' 3. Light brush and trees, in summer . 040 . 060 . .080
= 4. Medium to dense brush, in winter . 045 .070 . 110
' 5. Medium to dense brush, in summer .07C . 100 . 160
d. Trees
1. Cleared land with trec stumps, Do sprouts . 030 . 040 ' . 050
2. Same as | with heavy growth &f sprouts . 050 . 060 . 080
3. Heavy stand of tinber, few dows trees, littie . 060 . 080 . 120
wmde rprowth. stage below bramches
4. Saxnc ar 3, b wnh sizge reaching branches . 080 . 100 . 160
. 160 . 150 . 200

5. Dresr willow, mesquite, and saltcedar

mmmmm e cuitivated fielde can imcrease the “°n’’ values by as much as 0. 02.

‘ y Skt m acrousganied by sn irrcgutar gmuad ‘surface in pastureland or brushland and by deep
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Table 4. --Values of 'n'" for various slages in the Nishnabotna River,
Iowa, for the average growing season

(Moaified from Ciiow, 1859)

Flood-plain cover

Depth of

- ’ Small Brush and
water, Corn Pasture Meadow S 7
grains waste

in feet

Less than 1 0.06 0.05 0,10 0.10 0.12

1
b

2. .04 ith 08 na .

=
o~
C

3to 4 .07 .04 .06 « 07 .08

More than 4 .06 .04 .05 .06 .08

- J 07




A zlimy growih of algae can reduce the base "n'’ by several thousandihs
at shallow depths and moderate velocities, Algac generally will have litlle

effect on the ‘‘n’" value at flood stages.

Channel Gradient

~ P2

Considerable evidence exists to indicate that “'n’’ valucs may be a
function of channel gradient, but, at the present time, there are no criteris
for relating “‘n’’ to gradient. Verification studies in channels that are rela-
tively clear of vegetation indicate a direct relation between channel gradient
and ‘‘n’’ values; channels having low gradients have much lower ‘“‘n'’ values
than similar channels having steep gradients. Values as small as 0. 025 have
pecn optained IOr channels naving very low gradients ana large poulders; con-
versely, large ‘‘n’’ values have been obtained for fine-grained sand in stream-
beds having steep enough gradients to cause what is called chutes and pool fiow
by Simons and Richardson (1966, p. 59). They reported in detail the effects
of depth and slope on resistance to flow in alluvial channels. In channels having
densec vegetation the ‘‘n'’ value appears to be inversely related to gradient, as
shown by Ree and Palmer (1949, p. 15) for vegetation that bends with the flow
of water., Values of *‘n’’ of as much as 0. 25 have been verified for swarnpy

sHanrale bayors 5 . .
channele having dense treeg, brush, and vines and very low gradients.

B
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SPLECIAL FACTORS 1 ]{;\ T TRET.O
TOR STREARMS IN AID

Most verifications of “‘n’' have been made for channels in humid regions,

and inexperiencog persomnel find it difficult to relate the verified values of “n
to channels in arig regiouns. Although the same {actors influence the ‘'n’’ values

I arid regions and humid regions, the number of factors and the way in which

the factors combine differ.
saudy low-water

In arid regions the streams commonly have narrow s

channels bounded by ore or more long gravel and cobble bars that parallel the

bty

stream. The tops of the bars commonly are less than 2 feet above the bed o
the low-water channel. If a bar is filooded frequently, it may stay clean; how-

er, i it is inundated only occasionally. a dense growth of brush may be
PI‘O'&.‘%(%nt. If the channel banks slope genily, they also reay be covered by a
dense growth of brus sh above the average flood level. Large blocks of fallen
rock and outerops of bedrock often cause extreme roughness near the channel
cdges.  One method used to select an “‘n’’ value for a channel of this type is
lo assign “n’’ for each segment of a cross section and to combine these values
Lo obtain the overall “n'’; the method is outlined in the section entitled “‘A
Sugigesicd Procedure for Assigning ‘n’ Values.’

Vegetation may cover the entire stream channel, and low-flow channels

May be at right angles to the strearn channel and cross bars that parallel the
keneral flow dircetion, Few verifications have been made for this type of

‘el and 'n valges ranet be essigned mainly on the basis of experience.

=81




Some stream chaimels have beds composed of thin layers of coarse
sand underlain by semistable gravel and cobbles, rock, or conglomerate, or
pockets of sand may be present between widely spaced rock riffies., During
low stage and velocity, the supply of sand in the chamel is greater than the
amount thai can be transported, and the channecl reacts as a sand channcl,
During high {low velocity, the supply of sand is insufficient to mect the sirearm's
capacity to transport sediment; the sand is removed, and the underlying mate-
rial is exposed. The rjoughness of the underlying bed material may be much
greater than the roughness of the sand bed present before and after a flood.
Some streambeds may consist of alternating layers of locsely cemented fine-
grained material and rough well-cemented conglomerate. The contant be_tween

e Invers mayv be rough and irregular: ihe "n"’ value is devendeni on the laver
that ie exposed at the time of the flow event and the amount of sand moving
along the bed. Simomns and Richardson {1966) showed that a stream moving a
large amount of sand has a smaller ‘‘n’’ value than a strearm moving a small
amount of sand and that the resistance to flow is less cover a piane bed having
sedirment movement than over a static plane bed. The ‘n’’ values for these
channels must be selected for the conditions present at the time of the flow
cvent being considered; the “‘n’’ values and the cross-sectional areas must be
bascd on the same conditions.

Bedrock exposures arce common in Arizons stream channels. Few

verifications of ‘i’ have been made for bedrock channels, but “‘n’’ values

[altal
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can he assigned by relating the roughness to that of concrete, masconry, or

L v i |

excavated rock channels. A long rcach of smooth bedrock has a base ‘‘n
value of 0. 625, but such reaches are rare. Generaily, bedrock channels
have projecting points, curving beds, and steep drops that cause turbulence
and relatively large ‘'n’’ values. Isolated bedrock exposures can be treated
much the same as boulders of corresponding size; the roughness caused by
bedrock exposures can be accounted for in: the base ‘‘n’’ or in an adjustment
factor for irregularity.

Table 5 gives typical ‘‘n’’ values for several types of Arizona channels
having moderate widths and average amounts of irregularity, obstructicn, and
variztion in channel shape and depths of flow equal to those that will occur

- em S —_ B B T e e T = I A B B et e L Do (P, I R
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obstruciicns, or variations in channel shape. The factors cconsidered at speci-
fic sites are given in the descriptions accompanying the photographs in this

report.
A SUGGESTED PROCEDURE FOR ASSIGNING ‘‘n"’ VALUES

The overall “‘1i’’ value for a channel reach may be determined in many
ways, and at the present time ne procedure is available by which all users will
obtain the same value of “‘n.’’ The procedure given in the following paragrsphs
is designed specifically for assigning ‘‘n’’ for a channel that is composed of

parallcl bandz of material, each of which has a different degree of roughness
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Table 5.

(Values are for stream channels having moderate widths and having depths of
flow equal to those that will occur during average floods)

--Typical roughness coefficients assigned for several types of Arizona stream channels

—_— B “*n’’ value
otograp : .
Channel type number ° |
' Minimum Normal Maximum al
1. Clean straight movable bed and sernistable banks 1-5 0.012 0,015-0, 020 0. 025
of silt to fine sand (<0, 25 mn:, median diam-
eter), no vegetation, upper regime flow,
2, Same as 1l except that vegetation is present on 6-9 .015 . 025 . 032
banks and bed is median to coarse sand (0, 25
to 1,0 mm) and scattered gravel,
3. Same as 2 except that bed is semistable and is 11-15 . 025 . 027-,030 , 035
composed of silt to small cobbles,
4, Clean straight grass-covered banks, very fiat 16-17 . 025 . 030 , 035
slope (<0, 001 ft/ft), bed material ranges from
8ilt to median boulders,
5. Low-water channel of sand along a gravel and 18-21 . 025 . 032-,035 . 040
cobble bar or conglomerate outcrop,
little vegetation below the floodline,
8, Same as 5 except that vegetation is presenton = | ----- . 035 . 040 . 050
the bars and banks,
7. Clean swale having a cover of short grass and 22-23, . 030 . 035 L 045
occasional clwiups of larger vegctation, 29-30
8. Sand, gravel, and cobble bed, sparse vegeta- 24-25, . 025 . 035 , 045
tion in channel, 27-28, 31
9, Sarme as 8 except that vegetation covers much —————— . 035 . 040-, 0435 . 035
or all the bed, May have some boulders -and
conglemerate or hedrock outerons. .
10, Samnie as 8 except that numerous boulders and (or) 32-33, , 040 , 050 . 060
dense patches of vegetation are present, 36-38
11, Deep narrow channel on a very fiat slope, 41 .030 |} ------- -- , 060
densc stands of brush occupy 1uch of the
channel and hang over the low-water channel,
12, Flat-iying cobbles and small boulders that give 44-46 . 045 . 050 . 055
the bed a scaly appearance, grass between
rocks, scattered brush and trees along
sloping banks,
13, Scattered boulders in smooth gravel bed, banks 42-43, . 045 . 050-, 055 . 065
Tofirregular bédrock or bowlders and brush;—— 4748 s
noderate channel slopes from about 0, 005
ft/ft to 0, 02 ft/ft,
14, Large bouiders randomly distributed on a2 gravel 49-50 . 050 . 060 . 075
and cobbic bed, irrezuiar bedrock bauks,
sou:€wnat sinuous chanael,
15, Large boulders n stawrstep fas%.on foriing alter-] 52-535 . 060 . 0890 . 150
pating prols and swep rilies, Channcl slope
abioaat 2, w3 N or oeater,




(fig. 2); however, prots of the precedure apply equally weli o any type of
channel. 7The proceduras is for a speeific DTow event thal is confined within
the bariks of the chammel. At the point where overbank ffow begins, a sudden
increase in wetted perimeter without a cocresponding increase in area is
common. The increase in wetied perimeter may be accompanied by a sharp
change in roughness. Methods for applying the Mauning equation when over-
bank flow occurs are given by Benson and Dalrymple (1967, p. 28). The pro-
cedure can be adapted for use in prediciing stage and velocity during future
flow events by making a few minor changes.

The procedure involves a series of decisions that are based on the
interaction of roughness-causing faciors; these decisions are not clear cut
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is discussed by steps, which are arranged to permit charting in logical order
fig. 3); however, affer using the procedure a few times, the user may wish
o combine steps or to change the order of the steps. Ixperienced personnel
nay perform the entire operation mentally, but the inexperienced user may
ind the form shown in figure 4 useful. The examples given in table € and
igure 4 arc for the hypothetical channel shown in figure 2, and the following
teps shouid be used in conjunction with figure 3,
1. Determine the channel type-—stable channel, sand channel. or a
>mbination of hoth-—znd whether the conditions are representative of those

- v d oo dl sl ot @ -~ 2 ; .
at existed dnring the flow event being considered. Locok especially for
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1. Determine channel type, and estimate conditions at time
of flow event; compare the channel with photographs
and description of other channels,
2. Determine extent of reach to which roughness factor
will apply.
3. Determine how base "n" will be assigned.
By assigning ''n'' for individual seg-
For the entire channel, ments of channel and deriving an
"'n'' for the entire channel.

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

and how each will be accounted for,

5. Mentally divide channel into segments so
that the roughness factor within a segment
is fairly uniform.

6. Determine type and size of boundary material

6. Determine type and size of bed material, in each segment,

7. Assign a base "n' from tables, formulas, 7. Assign a base ''n" for each segment from
and comparison with other channels and tables, formulas, or comparison with
verification photographs. other channels and verification photo-

graphs.

8. Apply adjustment factor~ ‘~r individual seg-
ments if applicable.

9. Select the method for weighting 'n'',

| |
By wetted perimeter By area
10a. Estimate wetted perimeter for each seg- 10a, Estimate area for each segment of
ment of channel, channel.

b. Weight the 'n" values by assigning weight- b, Weight the '"n" values by assigning
ing factors that are proportional to the weighting factors that are propor-
wetted perimeter. tional to the area,

|

11,

Adjust for 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 equation.

I

12,

Compare value determined with that for other channels,
and verification photographs to test for reasonableness.

d ver — .

13.

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

Figure 3, «-=-Flow chart for assigning '"n' values.
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Item numbers refer to steps described in the section
"A Suggested Procedure fir Assigning "n" Values."




Determination of Manning's ''n"

(Itern numbers refer to steps described in the section ""A Suggested Method
for Assigning 'n' Values'; reaches and segments are shown in figure 2)

Stream and location. See figure 2
Reach or section: Sections 1-3; example for section 2, reach B,
Event for which ''n' is assigned: Flood depth.
Describe channel (If needed draw sketch on back of sheet): Reach B has a low-water
sand channel bounded by bedrock on one side and a sloping bar of gravel, cobbles, and
boulders on the other. Dense brush grows high on the sloping bank. Flow extended
about 20 feet into the brush. Section should be divided into five segments - (1) bedrock,
(2) sand, (3) gravel and cobble 1 to 6 inches in diameter, (4) boulders 1 to 3 feet in
diameter, and (5) brush.
Are present conditions representative of those during flood: Basically, yes.
If no, describe probable conditions during flood; include any evidence of a moving bed.
The sand in the low-water channel was probably moving. Downstream from section 2;
more gravel and cobble may have been exposed. Assign '"n'" for present conditions.
Is roughness uniformly distributed across channel? _No. If no, on what basis should
"n'" for individual segments be weighted? 3y area.
How will the roughness producing effects of the following be accounted for?
Bdnk roughness: Bedrock bank will be used as a separate segment.
Bedrock outcrops: None except bank,
Isolated boulders: Add adjustment for two large boulders at start of reach.
Vegetation: Brush occupies a definite part of the channel; use as a separate segment,
Obstructions: Mats of debris plastered against brush increase ''n'" for that segment.
Meander: Not applicable.
0. Computation of weighted ''n"

camaent number | 322205t [WoTed Taren Thiodinn A h Tyesgul oo
il Ntepial : » | Pe (square | grain Base "n" |just- ljusted |f,ctor g
in feet meter | feet) size for segment{ments| ''n" factor
Width | Depth | {feet) .
Bedrock 10 0-10 50 [~==== 0. 045 -=--- 10,045| 0. 08 0. 0026
Sand 25 10 250 0. 8mm . 025 ———— .025[ .40 . 0100
Gravel & cobble| 20 10-6 160 6 in. . 035 —ew- | L035] .26 , 0091
Boulders 25 6-4 125 2 ft. . 050 ———- .050| .20 . 0100
Brush 20 4-0 40 | -=--=- . 070 +0.010| .080] .06 , 0048
625
Sum 1.00 . 0375
Weighted "'n'" 0.038
Adjustements:
Factor Describe conditions briefly Adjustment
s Included above. oo
inel alinement )
7ses and bends) | Bend in reach A causes some turbulence, +0, 002
ges in shape Channel has a fairly uniform shape within reach B. 0
Dense mats of debris in brush were included above; two large
‘uctions boulders at upstream end of reach add roughness. + .002
tation Includedabove. ] e;cm====-
Multiply by: Add:
der Not used. e . o -
Weighted '"n" plus added adjustments . 042
Use "n'" = . 042

Figure 4. -~ Sample form for computing ''n" values
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S e < PP L PR ¢ arat v dn et t VA TUMCS UBD FO.8YRIEG R TYRINGS SEp gk S — g
" S S L T (Anxge-'"n-- valués tar ueucnlll i the hypothetical” cinmul shwn in fgien) U
LJ) o be.determir iy T G : e
: Sup _r’:rperltidn tb'bn:‘d‘ ' e e, vt 4 Y 3 ‘ dwhlch decluom are bued and the results
;.:erforpae-d, , 2 ‘5,,,“,;“ e Cathe el e nE T i gy ot s U w i Section 3
1 (a) Type of Tc.hannel Sand channel with :ubl_e banks, S EEE X s ¥ Oom%lnnuou of sand and stable channel, - Comldcr th-& Stablé:ehgnnel of gmvel and cobbics,

Al K cl‘awul ruct- as » stable chnnnel.r

(b} Conditions during|. Bed hu no und waves.’ Acnume that channel Gondltlm Somh mwemem ol' tqml may havc occurred durmg thc No evidencc of bed movement.

1

- flow event ' | - are represeututm of thoae that exxsted during the ' | penk flow, but assiyne that channel conditions are’ are pt bcd level. oot erowns of bushes
- pea\: flow. = Py 1 rﬂprescmaﬁve of those that exlsted during the" peak. :
(e). Compl.n'ble Barnea {1967) did not ahow any similar. chnnnels. Lo Bames (1961) dld not lhow amy slm!.hr channels, . - = ,n:run {1987, p. 48-45, 88-89) gave photographs that .
. streams .| - Channet appears similar to those shown in photurlphl - ‘Channel ' appear- similar to those shown in photogriphs|  -appear to have about the sante bed material but more
3 S 8-9, 11, 12, 18, and 19 in thig. report; o pro&b\y " 27, 28, and 36 in this report; "h" prolub’ly is betvmen " brush on the banks. The “'n’' probably is between 0. 030
" i between 0. 022 and 0. 030. 4 S X *oss -and 0. 045, - , . and 0. 040. L
2 | Extent of, reach B $ectxon\{s 100 f et vlde then!ore. the reuh extends F‘rom mid\vay betw-.-en sections 1 md 2 to m!dwny F‘rom midway beétween sections 2 and 3 to 100 feet belc.)w
: . ] ‘from 100 fe¢t above section'1 to midway between | + betwéen sections 2 and 3. Designated ar reach B section 3. Designated as reach C/(ﬂ-g. 2).
' .- sactions 1 gnd 2, Denmtcd as reach A (ft; 2).- (fig, 2). . 1 o
. A 5 = !
Q_ " | Method to be used in | The sand bed is%jm ed by steep irregular bedrock 6n | The. .chanm] is eomposed of distinct hands. each having The channel is liravel and cobble throughout. QCAIIEI‘B(.!
asslgning "n" " the west and scattered trees on the east. D_erlvo " 2 dmerqnt roughness. Darlve *'n'* by we'igmlng . brush does not constitute a distinct area of vegetation,
" by welghting segmem . ks ) 3 sqgments - : L i E : Anlgn “m’ l‘or the entire channel,
4 Roughness llctor!_ ©{ (1) Sand bcd—prmclpﬂ cause of roudhneu» Welgh! ) (1) Bedrock bank—may be accounted for by addmg an | (0 Assign & base L fv‘alue for the gravel and cobble bed,
. as a segment. ; . ''') adjustment factor to the 7'n’’ value for the bedor | - : ’
) ' { _asa separa.te segment.. "Use the latter. . {2) Add adjustments for scattered brush, blocks of rock,
(2 Bedroek—-weight as a segment. . A : ' channel alinement; and change in channel lhnpe
G =% Nt Bed—divlde into segments- aceording to type of
{3) Irregularities on.bedrack surface—affect only the’ oo mlterul

bedrock. Compare the *‘n’' value obtaincd by T
using w.high base ''n'* with that obtained by uﬂng {8y Brush‘—a:sign an "'’ tur brush as a negment, and

a low bue *'n'" and adjustment facwrs. ] - ldjum for debris caught on brunh
(4) .Add ad]ustmenu to the composite "n lor bank 14 Bould-ra at head of reach-—add an ad;uﬁtment
irregularity and trees, . - !actor to the composn.te ot
. Divide into segments | (This mental process probably was done when " S 1 ('rhlq menta! procens problbly wag done when . ‘Not applicable; "'a*" 1s to be assigned for entire section.
! ) mew performing steps 3 and 4 but is restated for ) . perlurming ‘steps’ 3 and 4 but is restated for o T
ez continuity, ) ) : " ‘ y cuuunuity )

$on o 3 The bedrock bank cansmn\e: one segment. the nnd bnd . The c)mmel has ﬁve basid 1ypes of roughness caused by
i N ' : - constitutes a second Begment, . . ‘parallel bands of bedrock, sand, gravel and cobbles,

i .o - . . L - .. | boulders, and brush that extend through most of thc e )
o, ¢ . . ; .- . : rezch each band constitutes a segment, o /
1 8. . Type of material _. (1) Bedrock—cm mw:ml having 6+ to 8- . o ll ,nedrock-—sll.ghtly u;::egul,ur with I;irl,y sha;:p . | As determu:ed from s 100-+point grid system, \he medinn
¢ and grain size | “inch projectiunl. - ) o oy © -7 projections havmg a maxzmum height of about 3 . i parqcle size is 4 inches.
! g o inches. . Sou i
(2) Sandi-as determined by sieve smalyns. which i . . - T : . ’ ¢ A
- not ingluded in this report, the medun paruclo {2} Sand—same as at gection 1. o . ol v
L . size is 0. 8 mm. ) . ) M g . o 5 )
‘ . | (8} Gravel and cobblés—as determined by examination, \ SN
( . the material is from 2 to 10 inches in diameter. - ’ /
The median size is a little hrger than that at
tion 3; use 6 h
i

1 (4) Boulders-—as determined by examination, the 1
o boulders are from 1 to 3 feet 'ln diameter; median

[ - size is 2 feet. }
1 i
) ) ,Brush—-at determined by examination, the brush is
!,' . : . 3 te medium -dense mesquite; the space between the
- " : s : trunks is only wide enough Yor one pereon to walk
) through
{ - - T : e 1‘ - - -
' 7 Base "'n'’ (1) Bedrock—compare ‘‘n'' values derived !rom the | (1) Bedrock—smoother than that in section 1; appéars ““Table ;1 shows that the base ‘'n’* ranges from 0. 030 to- .
! : LI following methods: ) . " to be more nearly what would be expected in an . 0,080, The median diameter is small for the size
! TR ' average irregular cut. The *'n'’ value ranges " range for, cobbles, and depth of flow {8 fairly large.
Method 1—table 3 shows that the ‘'n’" for a jagged-, -{ . from 0. 040 to 0, 050; use 0.045. " Useabase 'n’* value of 0,030, A similar ''n'’ wopld
“and frregular rock cut is {rom 0,035 to 0. 050. - : B . ; © | be derived using the chiannels seiected for comparistn
Assume that the projectiohs have the same rough- -(2) Sand—same as that in section ). The ‘n" {8 0.025.] ~instep 1. The verified ''n"* values for the selected
ness as the roughelt cut; "'n is 0. 050, 5 . = ; ", : 5 . chagnels are 0. 032 and 0, 038, The verified values
. | (3. Cobblea—slightly rougher than the bed at section 3. | . include roughness caused by supplemental factors;
( al. . Method 2-—table 1 shmn ‘that the bnse ‘“'n"’ for the | :  The.''n'' is a few thousandthn hlgher' use a base - “the base values would be lower, probably between
: smoothest channel attainable in rock is 0,025, ' | " “n"‘value of 0.035. - ' i : 0.028 and 0. 034, Use a buse "n'’ value of 0. 030,

Adjust for projections. . )
; ' : 1 H) Boulders—tnblc 1 shows that the "n“ ranges trom
(2) Sand—table ] gives a base '‘n'' value of 0.025. .+, 0,040 to 0.070." For narrowing the range, com-
; 1 - pare the channel with the chanoels shown in the
" photographs glves by Barnes (1967)-and those .
* , given in this report. The bed material and depth
of flow appear comparahle to those shown in )
- photographs given by Barnes (1967, p, 180)and
those in photographs 42 and 43 in this repori.
Usea bau "n" value of 0. 050

: (53 Bruah—-ublc 3 lhows that the "n" ranges from.

0.048 to 0, 110 and generally is 0. 070 for medium .
R . dense brush in the winteér, ' Brush appears more
L I ' denge than that in photograph 5T and considerably
A , e ‘. less dense than that in photograph 85 in this
ey r" ' . " report. Use an “fﬂ” value. of 0.070. .
8 Adjustment factors .| Add 0. 005 for the granular nature of the rock and 0.020 |° Owing to tho mats of debris. plnstcred on brush, the | Not applicable,
for segments for the projections (severe irregularity, table 2), brush reacts as if it were more dense, .Add 0. 010 :
. ' The adjusted *'n"* for bedrock is 0, 050 (nme ag for the debris. The adjusted.''n'' for segment 5is
above). ’ 0, 080. i
9 Basis for weighting The bedrock and sand form the entire wened perlrneter  The depth varies considerably acrose the channel, amd Not applicable. z
Ce “n" A Wetght on basis'of wetted perimeter. . o -, :.bfush occupies a distinct part of the charinel, Weight
B 3 buu ot area. .
. " - 71. . L |
10 .. Welpmng factore ) About 10 feet of the wetted perimeter is bounded by 5 "uu-. welghung factors, and weightqd “n" are .. | Not applicable. . " .
) 1 " “and Weighted "i'* |1 ' " bédrock, and abdaut 100 feet is bounded by sand. -~ - . " computed in figurrd ~The- wcig!)teé"n" is 0.080, R e e
Woightmg factors are 0.1 and 1,0. The unadjusted . ’ . .
gy value!s( 1x. os+1x,uzs)/1 1w, 021 . A o . K )
| . .
o' . ; . R
11 ‘Add adjustments (1) The scallops and ridges in the bedrock and the (l) Boulderl at head of reach are llight obatructions, (1) Scattercd brush and blocks of rock cavse a minor
. for entire channel : trees and brush.along the bank cailse a minor © ..} 'Add 0,002 ‘(table 2), . degree of obstruction. Use aa ‘'n*' value of
o : ' amount of irregularity, The adjustment of 0. 003 0,002 (table 2),
. was selected from table.2. : .| (2 [The e bend near the lower end of reach A (tig. 2) -
C;. causes slight irregularity; add 0.002 (table 2). .(2) Change in ch 1 shape flow to alternate
¢5) Gradual change {n channel shape and possibly somie : . : from side to side occasionally., Add 0.002
turbulence occur at the bend in the lower end of T adjustment s 0. 004. (table 2).
the reach, but affects are negligible. Use no .
' adjustment for alinement. Adj§sted composite 'n’’ is 0.042." . 3 su(ul:;u;;unl of brush in reach. Add 0.002
A : Z table 2).
£ 8 Total adjustment ie 0.0083, b

Vo * Total adjustment is 0. 008.
Adjusted composite 'n'* is 0. 030.

g Adjusted composite-*a°* is 0.038.
Round value to 0. 035,
o ry ]
12 ‘_Co_mp;n,wﬁh.,:_ ’ The ''n'’ value ig'in the range given in step 1. cbn- The ‘““a’’ value is in the range given in step 1. Cou-" The “‘n’'’ value is {a the range given in step 1.” Con-
‘'other streams -lder the value'satisfactory. - Ter the value satisfsctory. sider the value satisfactory.
.13 Chéck_'.ﬁow .reg'lme' From separate computltionl not included in this npo.n.‘ .Sutficient sand was not present to warrant a cheok. Unm y for stable ch )|
s . §se i Slope s 0. 01 foot per foot, hydraulic radiue is B. 8 d
" feet, and velocity 18 12 feet per second. .
. 62R$*V-82x5 8x0.01x 12 = 43.4. Plot the .
I G I 5 value on figure I at a median particle size of 0. 8 mm; ) i
k) S {he. value will plot outside the dlagram. The flow is i . % " s
clussified as upper rogime, and the “‘a'’ value is . !
satiafactory.




wwidence ol Loed movemant and erecessive amownts of boank scour, I the ean-

ditions do not appear to be the game as those that existed during the {low event,
attempt to visualize the conditions during tne event, Compare the channel with
other chamnels for which “n'' values have becen verified or essigned by experi-

enced personnel in order to estimate the possible range in “'n’' values., [See

£

the photographs in the report by Barnes (186%) and those in this report, ]

2. Determine the extent of reach to which the roughness factor wiil
apply. Although “n’" may be applied tc an individual cross section thai is
typical of a reach, it must account for the roughness in the reach of channel
thet encompasses the sectien. When two or more cross sections are being
considered, the reach that encompasses any one section is considered to extend
nalfway to the next section—that ig, in figure 2 the “'n’’ value for seetion 1
re;ﬁresents the roughness in reach A, and the ‘'r’’ value for section 2 repre-
sents the roughness in reach B, If the roughness is not uniform throughout
the reach being considered, ‘‘n'’ should be assigned for the average condition,

3. If the roughness is not uniforrn across the widih of the channel,
determine whether a base ‘'n’' should be assigned to the entire cross section
or whether a composite “‘n”’ should be derived by weighting values for individ-
ual segments of the channel having different amounts of roughness., (See steps
4-10.) When the base value is assigned to the entire cross section, the chan-
nel constilutes the one scgment being considered, and steps 5, 8§, 9, and 10

dn notl apply.




4., Determine the factors that cause roughness and how eachk 18 {c be
faken inle account. Some factors may predominate in a particular segment of
the channel, or they may affect the entire cross section equally. The manner
in which cach factor is handled depends on how it combines with other factors.
A gently sleping bank rnay constitule a separaic segment of the cross section;
whereas, & vertical bank may add roughness either to the adjacent segment or
to the entire channel. Obstructions, such as debris, may be concentrated in
one segment of the channel, Isolated boulders generally should be considered
as obstructions, but, if boulders are scattered over the entire reach, it may
be necessary to consider them in determining the median particle size of the
bed material. Vegetation growing in a distinct segment of the channel may be

vAantrhnnoo Aaniiond by vvacatetinn
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growing only along steep banks or scattered on the channel bottom will be
accounted for by means of an adjustment factor that can be applied to either

a segment of the channel or to the enlire cross section. Parts of the channel
that have very dense vegetation and those downstream from projection points
of banks may be areas of dead water. If it seems desirable {o eliminate these
areas from the cross section, the ‘‘n’’ for the adjacent segment should he
sufficiently high to account for roughness along the face of the brush. Ifa
composite ‘'n’’ is being derived from segments, the user should continue with

8tep 5. In the other instances step 5 is omitted.

(]
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6. Divide the channcl width into segiments according to general rough- i

ness. If distinct pvarallel bands of bed material of different particle sizes or :h
of diiferent roughness are present, it is fairly easy to define the contact be- L’
tween the types of material (see fig. 2). The dividing line between any two l
segments should parallel the general flow lines in the stream and should be
.t:c»]_;;»cated as to represent the average contact between types of material. The
dividing line must extend through the entire reach, as defined in step 2, al-
though one of the types of bed material may not be present throughout the
reach; for example, in figure 2 the gravel and cobble segment in reach B

does not extend through the reach. If a segment contains more than one type

>« =":zughness, it may be necessary to use an average size of bed material;

- e ,2
.. ~ 1 - .. re s € AP Ty o s=as 3 e W¥s e AVo¥as ) i sscuw sveadh  meclBraes i v Ba ekl e
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_~»mstream and if the gravel and cobbles started near section 2. Figure 2

=hows two distinct segments having material id the gravel- to boulder-size
rznge; in the field, however, material of this size cominonly grades from
fine gravel at the edge of the sand channel to boulders near the brushline or
th_o boulders and gravel are intermingled. (See photograph 28 in this report. )

In either instance, segments 3 and 4 generally should be combined as one

segment. Where sand is mixed with gravel, cobbles, and boulders through-

ont a channel, i{ is impractical to divide the main channel. (See photographs

26 and 36 in this report.) A channel such as that shown in photograph 36

b > : - . . ~ . . 3
would be divided into a maximum of three segments-—the main channel, including

I
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sand, pravel, ccbhbles, and boulders, and a reugher segment of brush and
bouiders along cach bank,

6. Determine the lype of material that bounds or occupies each seg-
ment of channel, and compute the median particle size in each segment using
either method a cr method b, 1f the Limerinos equation is used, the size
corresponding to the 84th percentile should be used in the computaticn.

.
(a) U the pariicles can be separated according to size
by screeniné, small samples of the bed material should
be collected at 8 or 12 sites in the segment of the reach,
'The garaples are combined, and the composite sample is
passed through screens that divide it into a minimum of
IiVU Diéc I'd!lgcb. T;H;.‘ \-'U;.Llllic UL W’Clg)hi Uf 1.'1d.LCJ. .;.d.l lu
each range i¢ measured and converted {o a percentage
of the total.
{b) I{ the material is too large to be screened, a grid
system having 50 to 100 intersecting peints 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

cles in each range is recorded and converted to o per-

cenfage of the total sample,

2

23
Ll ® R




both meothads, the gize that corresponds to the 50th or 84th percentile is

obtained from a distribution curve derived by f)lo{:i.ing particle size versus the
7 /

percentage of sample smaller than the indicated size. Experienced personnel
generally can make a fairly accurate estimate of the median particle size by
inspeciion of the channel if the range in particle size is small.

7. Determine the base '‘n’’ for each segment of channel using tables
1 or 3, ithe LLimerinos equation, or the comparison given in step 1. Chow's
(1959) base values are for the smoothest condition possible for a given mate-
rial (table 1). The values of Benson and Dalrymple {1967} are for a straight

—

wniform channel of the indicated material {iable 1) and are closer to actual

field values than are those of Chow. If a composite ‘‘n’’ is being derived from

B e 2z o e meE wh ks pes B eemae B | 4 ~t A Q TE 6621 5 o : P B
E causeais, Wit uocr chould procssd with ptop 8. IE V2™ ic boing nesigeett sor

the channel as a whole, the user should go to step 11.

g. Add the adjustment factors from table 2 that apply only to individnal
segments of the channel. In the example shown in figure 4, the base ““n'* for
the brushy segment of section 2 has been increased because of the large
amcunts of debris matted against the brush.

9. Select the basis for weighting ‘‘n'’ for the channel segments, Wetted
perimeter should be used for trapezoidal and U-shaped channels having banks of

one matcrial and beds of another material; wetted perimeter also should be used

where the depth across the channel is fairly uniform. Area should be used where

_34..




the depth voaries considerably or where dense brush occupics a large and
distinct sesnmoent of the channel.

10. Estimate the wetted perimeter or arca for cach segment, and
assipgn a weighting factor {o each segment that is proportional to the total
wetted perimeter or area. Weight “‘n”’ by multiplying the ‘‘n’’ for each seg-

nent by its weighting factor and dividing the sum of the products by the sum
of the weighting factors.

1i. Select the adjustment faciors from table 2 for conditions that in-
fluence “'n’’ for the entire channel. Do not include adjustment factors for any
iterns used in steps 7 and 8. Consider upstream conditions that may causc a

isturbance in the reach being studied. 1f Chow's (1958) base values are used,

e ~ . P . - R ~ - . o e - LY
IO U jido LENIELIL LU LSS A Lol o llia P Ubtu ultieoLLy A1l VDT Valut,s ! © ULl
J i
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putea from the Ldimerinos equation or are those of Benson and Dalrymple {1867

the adjustment factor's should be from half to three- -fourths as large as thos-2
given in table 2; if *'n’’ is assigned on the basis of a comparison with other
streams, the adjustment factors will depend on the relative amounts of rough-
e

ness in the two strearns. Add the adjustment factors to the weighted ° fron:

slep 10 te derive the overall “‘n’' for the reach being considered, When a mul-
tiplying factor for meander is used, it is applied after the other adjustments
bave heon addnd tn the hage “n ' Round the “n’' value as desired. The vaine

obtained is the composile or overall “‘n’’ for the reach selected in step 2. Wheu

imere thay one reach is used, repext steps 3-11 for each reach.
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12, Compare the study reach with other channels, as discussed in
step 1, to determine if the final values of ‘‘n’' obtained in step 11 appear
reasonable.

13. Check the flow regime for all sand channels. Use the ‘‘n’’ from

step 11 in the Manning equation to compute the velocity, which is then used to
compute stream power. The flow regime is determined from figure 1. The
ascigned value of ‘'n'' is not reliable unless the stream power is sufficient to

cause upper regime flow.

PEOTCCGRAPHS AND DESCRIPTIONS OF ARIZONA STREAMS

This section of the report inciudes the photographs and descriptions
ted main channcls and flood plains in Arizona for which “‘n’' valuss
either have been computed from a known discharge or have been assigned by

(See table 7 for list.) Although the assigned “‘n"’

O]

xperienced personnel.
values may not be exact, the values were assigned and reviewed by experi-
enced perscnnel of the U, S. Geological Survey and are belicved to closely
The values for each reach

approxirate the true value for the reach involved.

were assigned for conditions at the time of a particular flow event. The values

are given to the ncarest 0. 001 in order to account for minor roughness vari~
ations within and among the reaches; however, except for very smooth channels,

v i

such refinement generally is not warranted. Values of “n’’ that are between




Table 7. --Assigned ‘n'’ values {or stroagm chapneds and flood plains
for which photographs are mves in this 1report
Photo- A ssi 3
; Assigned
graph TLocation A8SIg Pag>
S n’' value :
nunibher
MAIN CHANNELS
1 Chinle Wash near Mexican Water, 012
Ariz,
2 Canada del Oro near Tucson, . 018
Ariz.
3 Laguna Creek near Kaventa, Ariz, 018
4-5 Dinnebito Wash near Oraibi, Ariz. . 020
L5 » x I ] P 1 =
6-7 Santa Cruz River at Cortaro, Y .0132-,022
Ariz,
o-4 tlassayampsa Hiver al pox dainsite, . 025
near Wickenburg, Ariz.
10 Kanab Creek near Fredonia, Ariz. .025
11-12 Santa Cruz River at Tucsen, Ariz., . 027
13 IFlato Wash near Sahuarita, Ariz. L0217
14 St. Mary'!s Wash at Tucson, Ariz. . 027
i5 Arcadia Wash at Tucson, Ariz. L N217
16-1% Verde River near Paulden, Ariz. 3 p29~
18-19 Greens Wash near Lloy, Ariz. .030
20-21 San Pedro River at Charleston, By .032
Ariz,
<3 ) v —— e - - " 4 ~ -—
22-23 Picnic Creek near Springerville, . G35
Ariz,
Centennial Wash near Salome, +035
Ariz,
; -37-
See footnote at end of {nlile,




Tahh

for which photographis are given in this report-—Centinued

V. --Assigned “'n'’ values for stream choimels and fiood plains

Pheto-

Assignoed .
graph Locttion ,?‘ sgnec Page
ey n'" vahue i
number
MAIN CHBANNELS— Continued
26 Cave Creek near Cave Creek, Ariz, 0. 032-0. 040
27-28 New River near Rock Springs, .035-.040
Ariz.
29-30 Qutlet Canyon near Rorth Rim, .038
Ariz,
31 Gibson Arroyc at Ajo, Ariz. . 038-.040
32-35 San Pedro River at Charlesion, —1—/ 048,..036,and.021
Ariz,
6 New River at Iiell Hoad near . 042-, 045
Phoenix, Ariz.
37-38 I.ewis and Pranty Creek near . 045-.058
Tortilla Flat, Ariz.
39-40 Powder House Wash near . 045
Wickenburg, Ariz,
41 Chevelon Creck near Winslow, . 045
JAriz, 2
42-43 East Verde River near Childs, . 050
Ariz.
e Woods Canyon near Sedoila, Aviz. . 050
45-46 Fish Creck near Eagar, Arviz. A o053
s5(4 Houston Creek necar Gisela, Ariz. .050-,055
mt::r;g:’,;,;w..‘.:-:’::t-r:‘s(.?c;‘,fiée;tnﬁ}tﬁ.;at;éi).d:@.g' D@ o s e e




Table 7. --Assigned ‘‘n’’ values for stream channels and tlood plains

for which photographs are given in this report—Continued
Photio- .
graph Localion ‘{Xs?'sugned. Page
number . n** value
MAIN CHANNELS— Continued
48 Shinumo Creek near Grand Canyon, 0.055-0. 060
Ariz.
49-50 Cherry Creck near Globe, Ariz. . 060
51 West Fork Sycamore Creek near _1/ . 067
~ Sunflower, Ariz.
52 Foster Creek near Rimrock, Ariz. 070
3-54 Red Tank Draw near Rimrock, , 080
AN vier
Do S. F. Rattlesnake Canycn near . 090
Rimrock, Ariz.
FLOOD PLAINS
56 Chevelon-Creek near Vfinslow, 035
Ariz.
57 Santa Cruz River below Sonoita . 060 =
Creck ncar Nogales, Ariz.
Brawley Wash near Three Points,
Ariz. '
58 Section 1 .030
59 Section 2 .035
i&&h&“‘.‘:‘:ﬁgq‘*&.x 4 ’;,:'.:;-»,;'.:.‘§.%§.ti9£3;3\?:§:.‘;:‘?ﬁ:‘:;T:‘A: LR | & 045
61 Section 4 050

=39
See footnote at end of table,




Table 7. --Assipned “‘n'’ values for stream channels and {iood plains
for which photographs are given in this report—Continued

F:hf’t(;" y 0 Assigned
{_{ [‘dp 3 J0Ccalion . rn ) \Z-':llu e
numbeoer

Page

FLOOD PLAINS—Continued

Les Robles Wash near Marana,
Arciz.

G2 _ Areca 1 0.045
63 Area 2 ! .070
G4 Area 2 . 080

65-68 Area 4 ; . 100

1/ Verified 'n’’ value. Computed from a known discharge.

-40-
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¢ 5 and 0, 080 comnmonly are used to the nearecst 0. 005, and values tha
are larger than 0. 080 commoply are used to the nearest 0.01,

The *‘n’’ values given for stable channels having clean gravel and
cobble beds are the most reliable because many verification studies have
been made for such channels. The assigned values for these channels gen-
erally are expected to be within about 20 percent of the true values. The
values for smooth sand channels are assigned with the same degree of
numerical accuracy, but the percentage error may be larger. Unless other-
wise noted, the errors in the assigred values arc belicved to be in the fol-

lowing order of magnitude:

“n’* value Probable maximum error
<0, 050 + 0,008
0.050 - 0. 075 +0.010
>0, 075 +0.015

Some assigned values may not appear to be consistent with the photo-~
graphs and tables given in this report; the two-dimensional photogranhs do
not show many of the minor details and subtle differences in channel rough-
ness, which influenced the selection of “‘n’’ at the sites. The differences
can be seen more clearly in stereographic slides.

The lecation of the study reach, a brief description of the channel,
and a discussion of the factors considered in assigning the ‘‘n’’ value for the

reach are given for each site. The base values of ‘‘n’’ given in the descriptions
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» from table 1, Ir the descriplions the stream banks are referred to as
left or right bank according to the bank position viewed looking downstream.

The four channel properties given for each stream are:

W = top width of the cross section,

D = depth of flow as measured from the average bed
elevation across the low-water part of the cross
section,

_S;) = average slope of the bed, and

V = mean velocity of flow in a cross section.

Depth of flow in the low-water part of the channel has been used in preference
to mean depth or hydraulic radius because it is easily observed in the field and
minatea the effert nf hars and sloning nanks: therefare. it is easier o reliale
this value to other channels than either the values for mean cepth or hydraulic
radius. The surveying rod that appears in most of the following photographe

shows the depth of flow for which the ‘‘n’’ value was assigned.
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Channel, --The channel is etr‘airrht for s‘e‘veral“ hup'dr“cd feet, is rectangular
in cross ‘séction,’ and is bounded by‘:fme* gramt&d .,andc;tone The bed con="

sists of looso sand hav ving a. methan grain size of 0.1.mm and a max1mum

size of about *0. 4 mm. Banks aré stralght and have. httle 1rregular1ty

V=5, 5 ft/sec

Maming!'s *‘n"'. —-—The Bmallest sand for Wthh relxable 1aboratory teste are
available J.SB 2 mm. ‘Sand of this size has al ‘\/lannmg s coefficient of 0.012
for upper regxme flow. Exirapo‘latmn of the labov-atory data shows a base
value-of less than 0. 010 for 0.1 mm sand. 'To allowfor bank roughness “
the coefficient was. mcreased to 0 012 On° rev1ewer felt that ‘‘n”’ could

be as hlgh as 0.4

Tne bed matern‘l 1s fau-ly cearSe sand havmg
A thm surzace 1ayer of fme sand havin;

'ectmﬂ.
s1ze of 0 ] rrm._




Chinle Wash
Dovnstream from middle of reach.
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= Upstream: from lower end-of reach.
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l LAGUNA CRERK REAR KAYENTA, ARIZ. ki
‘Locatmn. - —Abtaut ) 000 feet upstream frorn concrete Jand masonry. diversmn
dam, 3 mil¢s Westm Kayenta E: : B oS

_Chdnnel --Thé channel has a nearly rectangular cross sccuou- in compacted
_silt-and fine #and. The strea‘nbe‘& is loose sand and. 8ilt having a median’
gram size ‘of dess t’han 0.1 mm Bankq are near‘.ty vertical t6 a he1gh*t of

V=12 ft/se‘i;';

Manmng's * --Dase "n for thrs gram size is iLesE ihan 0.010. The" .
narrow- channel and the pomts pro;gecung f‘rom the. bank increase this to
about 0 OIa Gr 0. 018 A value OI 0. 018 was used ¢ a

w& sec. 35‘,.'1* --311«..__ 5 "wE.,:

= - A

5 f'_:'llavm'v 2. '*rem'x gr.am siz** cfi} 1 mm. “The. bed is: ﬁ«ear of a:lly'e f X
‘and bed material is easﬂy moved by . ﬂowmg Wa‘ter., 'l'he banks a
vert:cally in sﬂt ancLare genﬂy scalloped : - >

WaTsgt »D-=4ft B g ono:ft/fy

BmM&m:mg*s*‘*%’w m’I‘hWﬁd 2879 , Te
©.010, but the channel cu;vaturé and scalloped. bz
to abont 0 018 or 0 020 A value o* 0 020 wajshu d




Laguna Creek

i \ Downstream through reach.
Slide No. 3

\_’:
. Dimmebito Vash

Upstrean along left bark.

1 o oy aes 1
Upstream at reaclha

S1ide Noo 4 ‘8lide No. 5




' SANTA CRUZ RIVER AT CORTARO, ARIZ. '

Location. --1n SWiSW2 sec. 26, T. 12 S., R. 12 E., at Cortarc Road, e
"half of a mile west of Cortaro. L

Charnel. --The channel has a flat bed and steeply sloping dirt banks having
a fairly heavy brush cover. The cross section is trapezoidal in shape
-and fairly uniform. The bed material is principally sand mixed with some
silt and cobbles that are 6 inches or less in diameter. The median grain
size is 0. 6 mm.

W = 180 ft D=§{t So = 0.004 ft/ft V = 13 ft/sec

Manning's ““n’’. --The roughness coefficient was computed from a known
discharge. The verified values in three separate reaches varied from
0. 019 where the brush on the banks was fairly scattered to 0. 022 where
brush was more dense and overhanging as shown in foreground of photo-
graphs.

HASSAYAMPA RIVER AT BOX DAMSITE, NEAR WICKENBURG, AR.IZ.

Location. --In SIZ.; sec. 7, T. 8 N., R. 4 W., at The Box, 7% miles up-
stream from Wickenburg.

Channel. --The channel is straight throughout the reach and is bounded-on
both sides by nearly vertical rock cliffs. The banks are irregular, and
there are dense groves of brush in the coves between rock points. The
channel bottom is composed of sand having a median grain size of 0.55 mm.

W =90-110ft D=8 ft So = 0.0035 ft/ft V= 11-14 ft/sec -

we.Manning's.' ‘n!'~-The:basen'*for h*isztsize sand is' 0,023 The rocks=e

o~ d St e - Tesasa ~ta 4 <
pv.um‘,u .‘:..".'C: Laa I-\—A v CAALAA& ~ A Mu i ;A‘\.I‘C&S Lhc ,l bA G abcub Ve Vu5
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= 0.077 - 0.025

Santa Cruz River
Downstream along left bank Looking downstream aleng right bank
from upper end of reach. from upper end of reache.
Slide Nou. 6 Slide No. 7

Haseayanpa River

through reach. Looking dewnstream through reach.

Slide No. Slide No. 9




c TANAN CRELK NEAR FREDCONIA, ARIZ.

Location. --In SI3Y sec. 14, 'T. 40 N., R. 3 W., at gage, 67 miles south-

e —

west of P redonm.

Channel. -~The chamnel is roughly U-s .hncd. Tke bottom is composed of
sand, qandc.oug, and shale thai mg¥e a series of {lat surfaces between
short drops. ‘The sloping banks are irregular stairstep layers of sand-

stone having no brush cover.

W = 80 fit D=6 ft S, = 0.003 ft]it V = 7 ft/sec

Manning's ‘‘n’”’, --The texture of the sandstone bed is comparable to that
of coarse concrete., The base ‘“‘n'’ is abcout 0. 02C. The stairsicp drops
appear rough but the upstream faces are nearly flush with the bed and
the drops are small in relation to depth. The roughness caused by the
dreps is offset part ialiy by the smoothing effect of fine sand moving along
the bed. An ‘“‘n'’ of 0. 025 was used, but this value could be in error
+ 0. G1.

SANTA CRUZ RIVER AT TUCSON, ARIZ.

Location. --In NW{NEZ$ sec. 14, T. 14 S., R. 13 E., just upstream from
Speedway Boulevard in Tucsorn.

Channel. --The channel is straight and is composed of sand having a median
- grain size of 0. 7 mm, cobbles, and beulders. The left bank is formed of
silt and cobbles and supports occasional trees. The right bank has a low
grass-covered flood terrace below rock riprap that is covered with wire
and protected by railroad rails driven in the bank. The bed of the low-
water channel, which is about 50 feet wide, is firm dirt with a shallow

layer of sand and gravel. No vegetation occurs on the bed.

W= 170 ft D=10ft Sy = 0.0015 ft/ft V = 11-15 ft/sec

Manning's ‘'n’’. --The median grain size of the sand indicates an ‘n’’ of
0.024. Because the sand makes up only a thin surface layer, it does not

. have the same cffect as if the entire bed were of sand. The large number
of rocks on the bed indicates a slightly higher ‘n}’ and bank roughness. ..

E2 e i RN

has some small eﬁect An “n’* of 0. 027 was .used.
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ot = 0,025 - 0,027

Kanab Creek
Downstream from near middle of reach.

A :
; / Stide No. 10

s- - Santa Cruz River
o con aleng the main channcl. Upstream at left bank showing
A i : Suffdce lafur UL [gepS-any Silie
Slide Noo 11 Slide No. 12
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FLATO WASH NEAR SAHUARITA, ARIZ.

i

Location. --In SWiSES sce. 7, T. 16S., R. 14 E., 300 feet upstream
“from U.S. Highway 8%, and 6 miles north of Sahuarita.

Chamnnel. --The streambed is a flat 20-{foot width of loose sand having a
" median grain size of slightly less than 1 mm. The left bank slopes
gently and has a dense growth of Johnson grass aleng the channel and
smooth grass higher on the bank. The upper part of the left bank is a
railfoad embankment. The right bank is a steep dirt bank having a
dense growth of mesquite above the high waterline; and sparse brush

and exposed roots below.
W = 45 ft D=4ft Sg = 0.007 ft/1ft V = 6 ftf/scc

Manning's ‘“‘n’’. ~-The base ‘‘n*’ is about 0.025. The dense grass on the
left bank increases this to about 0.027. As the stage rises the left bank
becomes smoother but roots and overhanging brush make the right bank
‘rougher. The ‘‘n’’ for this channel ranges from 0.027 to 0. 030 for all
stages.

ST. MARY'S WASH AT TUCSON, ARIZ.

Location. --In 8Wi sec. 10, T. 14 S., R. 13 E., 0.2 mile west of St.
Mary s Hospital at Tucson.

Channel. --The channel is straight and has a flat sand bottom and stable
sloping banks. The sand has a median grain cize ¢f slightly less than
1 mm. The banks are covered with scatiered brushk, most of which is
above the high waterline.

W = 35 ft D=2-31t S, = 0.003 ft/ft V = 6 ft/sec
Manning's “‘n’’. --The base ‘n’’ for this channel is about 0. 025. The brush
and bank irregularities increase the value a few thousandths. An “‘n’’ of
0.027 was used for this depth. As depth increases the *‘n’’ value increases
because the brush has much more effect on the roughness. At a depth of
about § feet, which is.bankfull stage, “‘n'’ is 0.930 or slightly I higher. -
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Flato Wash
Downstream through reach.

Slide No. 13

St. Mary's Wash

Unstraam thronoh reach.
Slide No. 14
T
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. ARCADIA WASH AT TUCSON, AR1Z. P
[/

Location. --Tn SEZSWi see. 35, T. 13 S., R. 14 5., 400 fect downstream
from cast Grant Road in Tucson.

Channel, --The straight artificial channel has a trapezoidal shape and a

—?i;;rr,*si}ty clay bottom overlain by small ammounts of sand. The banks
are dirt and are covered with grass, scattered tumbleweed, and catclaw
bushes.

W = 30 ft D= 43 ft So = 0.005 ft/ft V = 6 ft/sec

Manning's ‘“n’". ~-An ‘‘n'’ of 0. 027 was used. The base ‘‘n’’ for the smooth
alined channel is about 0. 022, but the grass, scattered brush, and narrow
channel tend to increase the ‘‘n"’ value. When water is flowing the banks
are very slick.

VERDE RIVER NEAR.PAULDEN, ARIZ.

Loeation, --At gage, in SWI sec. 35, T. 18 N., R. 1 W., 7% miles east of
Paulden.

Channel. --The low-water channel is from 40 to 50 feet wide and has irreg-
ular, vertical banks about 2 feet high. The bed is hard and is composed
of compacted sand, gravel, and scattered boulders up to 2 feet in diameter.
Above the low-water channel are grass-covered benches. The right bench
is narrow and clean except for a growth of very short grass; the bank
slopes steeply above the bench. The slope of the.left bank is very gentle.
The bed has a negative slope of 0. 3 foot per 100 feet, whereas the water
surface has a very small positive slope.

W = 50-80 ft D =233t S, = negative V = 2 ft/sec

Manning's *‘n’’. --The ‘‘n’’ value was computed from a known discharge as
0.029. This value is lower than would be indicated by the size of the bed
wezsmaterial;-but-most-of<the rocks- are*immersed-in-a~smooth flow-of-water..
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Arcadia Wash

Upstream from lower end of reach.

' Verde River

S R

. “Aislircan through the reach Downstream through reach at t;imfg
f}" Inw water. of veritication measurement.
Slide Ro. 1€ Slide No. 17




, GREENS WASH NEAR ELOY, ARIZ.

Location, --Jn NWJ sce. 4, T, 10 5., R. 8 E., 11} miles south and 1 mile

L

cost of Lloy.

Channel, -~The low-water channel, which is about 200 feet wide and has no
vegetation, is boundued by a wide flood terrace that supporis a light grewth
of small brush and stiff weeds, The averagpge Jevel of the terrace is about
4 feet above the low-~water chamnel, The bed of the low-water channel and
the terrace are composed of sand that, from the photographs, appears to

be quite fine; the median grain size might be less than 0, 5 mm.

W = 500 it D= 8-6 1t So = 0.0001 ft/ft  V =8 ft/sec

Manning's ‘‘n'’., -«The base value for the entire channel cross section was
congidered to he @, 025, There are numerous heles and mounds around
weeds on the fleod ierrace, and the Jow=-water channel shows evidence of
cross flow., These itenas along with the relatively shallow depths in parts
of the overflow area were considered to add about 0. 005 to the roughness,
An ‘“n'' of 0. 030 was uged. A bed-sample analysis used in conjunction
with table 1 might reduce “'n'’ by as much as 0. 005,

SAN PEDRO RIVER AT CHARLESTON, ARIZ.

Location. --In NEZNEZ$ sec. 11, T. 21 8., R. 21 E., upstream from the
bridge on the county road a quarter of a mile south of Charleston.

Channel. ~-The channel is nearly straight; it has slight roughness along
the left bank and some scattered brush along the right bank. The bed
material is a firmly cemented conglomerate overlain by sand having a
median grain size of 0.3 to 0. 4 mm. Along the low-water channel, which
occupies the left half of the waterway, the sand cover is deep enough to
cause the channel to react in the marnner typical of sand channels. In
the right half of the waterway, the conglomerate is cxposed in rough
rmounds having the appcarance of concrete.

W = 180 ft D=7it S = 0.005 ft/ft V = 8-9 ft/sec
P‘ Manning's ‘'n’". ~~The “‘n’’ value was computed from a known discharge

.2s.0.032... .,Ihewcomnuted “'n'~vatwesis ‘between the valucs that ‘wouldbe ™
expected for a channel of all sand or of all conglomerate.

PR 2 e
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Greens Wash

Downstream and across
fram the riocht hank,

Slide No. 18

San Pedro River

— Unslream Tron bridgze showing
crnplomerate along rigﬁt bank,
Slide No. 20

Unt = 0,030 - 0.032

Downstream along left bank.

Slide No. 19

Upstream at sandy main chanuel
along left bank.
Slide No: 21
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Lc;cation. --In SW% sec. 13, T. 4 N., R. 11 W., 12.1 miles southeast of

Channel. --The channel bas a slight curvature, but has a fairly uniform

Msnning's ‘‘v'*.»-An “'n'’ of 0. 035 was assigned to this channel, but the

PICNIC CREEK NEAR SPRINGERVILLE, ARIZ.

L.ocation. --In \“’J;— sce, 35, T. 9N., R. 20 2., about 1 mile above the
coufluence with the Nutrloso Creek and 2 miles east of Springerville.

Channel. --The reach is in a broad, gently sloping, grass-covered swale
“with po defined channecl. The surface material is sand and gravel with
some protruding rocks. Scattered small juripers grow in parts of the
channel.

W=120-180§t D =23-331ft S, = 0.012 ft/it V = 6-9 ft/sec

Manning's ““n”"’, ~-Assigned values of ‘‘n’’ vary from 0,030 to 0.035 de-
pending on depth of flow and amount of brush near the section. A value
of 0. 035 was used for the reach shown in the photographs.

CENTENNIAL WASH NEAR SALOME, ARIZ.

Salome.

cross section. The bed is a series of mounds of material that ranges
from silt t¢ 2-inch-diameter gravel. Banks are of dirt and gravel
covered with a few scattered bushes. The bed shows evidence of con-
siderable cross flow and sand movement.

W = 80 ft D=5 f{t So = 0.005 ft/ft V = 6-7 ft/sec

tained flow following the peak. The stream-power, function, . described. crusis

moving bed material makeb the value uncertain. The ‘‘n'’ depends on
ttie bed form at the time of the peak flow. In this type of channel the
bed form remaining after a period of flow is dependent on the magnitude
and duration of flow. The bed form shown may have been left by a sus-

“ifi*the introductory ] pagns of this rcport is large enough to produce
upper regime flow at this depth.
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Picnic Creek
lpstream from lower end of reach Upstream through middle of reach.

Slide No. 22 Slide No. 23

Centennial Wash
Vownslream at left bank Downstream through reach.
Stide No. 24 Slide No. 25
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CAVE CRELR NEAR CAVIE CREEK, ARTZ.

e . e Lt v A M- & 3
Location. --In SW sec. 12, T. 5 N., R. 3 ., 500 feet downstream from
gage, and 4% miles souihwest of the town of Cave Creek.

Channel, --The channel ig straight and trapezoidal in cross gection and has
a becd of cobbles, scattered boulders, gravel, and large deposits of sand.
The send appears to have been largely in suspension and was given only
minor consideration in the selection of ‘‘n.’" The left bank is high and
steep and has occasicnal bushes; the right side is a steep bank cut from
s0il of the desert floor and is lined with mesquite and paloverde irees.

W = 110 it D= 10 ft So = 0.005 ft/ft V= 11-13 fi/sec

Manning's ‘‘n"’, -~The assigned ‘‘n’‘ values are 0. 038 to C. 040 for the
rougher part of the channel near the left edge of the photograph, and
0. 032 to 0. 035 for the smoother part near the right edge.

NEW RIVER NEAR ROCK SPRINGS, ARIZ.

Location, --In SWi sec. 6, T. 7N., R. 3 E., a quarter of a mile below

e AR B PR s R A T I L e A Lo : -
gagc iicar Cline Ranch, and 6 miles soulheasi of Rock Springs.

Channel. --The channel bed is composed of material that ranges from sand
with & median grain size of less than 1 mm to boulcers about 24 inches in
diameter. The left half of the channel consists mainly of a flat sand bed
with a few scattered boulders and bushes. The right half is a bar con-
sisting mainly of 6- to 10-inch cokbles and scattered boulders. There zre
smooth sand packets among the rocks and scattered clumps of arrowweed.
Near the middle of the reach boulders and brush extend most of the way
across the channel. The banks are irregular bedrock. Scatiered trees
and brush grow in coves between rock points.

W = 140-170ft D = 6-8 ft Sy = 0.007 ft/ft V = 10-12 ft/sec

Manning's ‘‘n’’. --The composite nature of the channel makes the ‘n’’ value®

indefinite because the bed may react partly as a sand channel and partly as
a fixed-bed channel. A fair ccmparison can be made with Salt River below
Stewart Mountain Dam for which ‘‘n’’ was computed as 0. 032 (Barnes, .1967,
p. 54-57). New River has rougher banks, more boulders and brush, and a
steeper slope than Salt River; however, it also has greater depth. The bed
of Salt River is usually very slimy and slick at the stage at which the veri-

_fication was made... Based on this-comparison, an*‘n’*of 0: 035 was used >

for the sandy part of the channel at the upper end of the reach, and an ‘‘n’'
of 0. 040 was used for the rougher area in the middle of the reach.

B0~
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Cave Creek

Downstream through reach.

b‘ Siide No. 26

New River

Downstream through reach; Downstream from right bank.
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. OUTLET CANYON NEAR ROR'TH RIM, ARIZ.

Location. --Lat 36°15'25", long 112*06'05", downstream from road

crossing, and 24 miles northwesl of Bright Angel Ranger Station and
Norih Rim.

Channcl. --The flow was confined to a narrow V-shaped grass-covered
““channel that eurves throughout the reach. Grass is well sodded in fine-
grained soil that overlies chunks of Kaibab Limestone. The limestone
is exposed in several scars where the sod was eroded. Because of the
scour, bed slope is negative in some parts of the reach, but the overall

slope is positive,

W =30 ft D=4 ft Se = 0.003 ftfft V = 6 ft/sec
Manning's ‘‘n’’, ~-The base ‘‘n’" for a smooth well-sodded channel is
_about 0, 030. The curvature of the channel and roughness produced by
scour holes inereases the ‘‘n’’ to about 0, 038,

GIBSON ARROYO AT AJO, ARIZ.

Location. --In NWiSW3 sec. 14, T. 12 8., R. 6 W., along a railroad
embankment upstream from 2nd Avenue in Ajo.

Channel. --The channel is straight; the bed is composed of gravel, sand,
and scattered cobbles and has scattered vegetation. One bank has a
dense growth of brush; the other is somewhat scalloped and has a cover
of stiif weeds and grass.

W = 40 1t D =231t So = 0.008 ft/ft V = 51-7 ft/sec
Manning's ‘'n’’. --The base value for this channel is between 0.030 and
=07 035r"Because of the shallow depth;“mounids arouhd vegetation growing =
in the channel, and the large amount of romghiess due Lo scalloped banks
and dense brush, values of 0.038 to0 0. 040 were used.
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it = 0,038 - 0,040

Qutlet Canyon

'\ Downstream from middle of reach. Upstream from below reach.

diide Noue 27

L__ Gibson Arroyo
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Upstrean thirough TEache
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. SAN PEDRO RIVER AT CHARLESTON, ARIZ. ¢

Location. --In NEINEL sec. 11, T. 21 8., R. 21 E., downstream from
the bridge on the county road a quarter of a mile south of Charleston.

Channel. -~The bed material is mainly hard conglomerate overlain by
surficial deposits ranging from sand to angular and rounded boulders
2 {0 3 feel in diameter. At ihe upper end of the reach, conglomerate
projections are exposed across the entire channel. The projections
are several feet across and many stand 2 to 3 feet above the average
bed level. Boulders and ccbbles have accumulated among the projec-
tions. There are two low-water channels with an island between. The
reach becomes progressively smoother in the downstream direction.
At the second of four sections, the projections are generally 6 to 12
inches above the average bed and are overlain mainly with sand; a few
boulders arec scattered on a bed of cobbles embedded in sand. Grass
and small brush grow 2long bars at the side of the channel and on the
harrow tip of the island between low-water channels. At sections 3
and 4, the overlying material is almost entirely sand and small gravel.
The congloinerate is exposed only along the right bank. The bed ma-
terial of the low-water channel has a median grain size between 1 and
2 mm. At section 3, the conglomerate is 1 to 2 feet below the sand
. surface. Near the middle of sentinn 4, the conglomerate wace not found
within 2. 6 feet of the surface. At section 4, the left bank is a sand and
gravel terrace covered.with smooth grass and small brush. Channel
properties given below are for the channel without any allowance for
ecour at sections 3 and 4.

W D So v
Section _(_{t_)_ _(_i:t_l (ft/1t) (ft/sec)
1 290 6 6.0
2 250 7 % géi 6.0
3 170 7 062 8.2
4 160 6.5 : 9.7

Manning's ‘n’’. ~~The ‘‘n'’ values for each reach beiween adjacent cross
sections were computed from a known discharge. For the conditions
found after the flow, the ‘‘n’’ values were 0. 048 in reach 1-2, 0.036 in
reach 2-3, and 0.021 in reach 3-4. The latter two values increased to
0.043 and 0. 033, respectively, where the cross-sectional areas were
measured to the underlying conglomerate.

.—mm i A S, G A S o R s RSO
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Upstream at right end of section .

Slide No. 32

) Downstrecam at left end of section 3.
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iigy!! 0.021 -~ 0.048

Pedro River
Upstream at middle part of section e

Slide No. 33

Upstream from section 4,
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a NEW RIVER AT BELL ROAD NEAR PHOENIX, ARIZ.

Location. --In NEINEf sec. 3, T. 3 N., R. 1 E., at Bell Road crossing,
"3, 1 miles north of Peoria.

Chamnel. --The channel has a wide flat bottom and bed material of loose sand
-fombbles.‘ Small brush is scattered in the main channel, light brush
along the right bank, and heavy brush along the left bank. The basically
“flat surface of the bed is covered with mounds and cross channels. The
thalweg follows an erratic path from the right side of the channel to the
left side. Flow depth was very shallow at the upper end of the reach but
increased in the downstream direction as the channel narrows.

- W = 110-190 ft D=2-41t S = 0.007 ft/ft V = 3-4 ft/sec

Manning's ‘“n”’. -~-The channel has many of the characteristics of New River
near Rock Springs, but the depth of flow is less and the bed surface is more
irregular. The assigned ‘‘n’’ values range from 0. 042 to 0, 045, depending
on percent of channel eovered by loose sand, depth of flow, amount of brush,
and number and size of bed irregularities.

Y 1.797S AND PRANTY CREEK NEAR TORTILLA FLAT, ARIZ.

_ Lwocation. --Lat 33°32'20", long 111°16'15"", just downstream from a highway
maintenance yard, 7.0 miles east of Tortilla ¥lat.

Channel. --The streambed is composed of large boulders and cobbles and

.some coarse sand. The banks are rough and have a fairly heavy vegetal
growth. The left bank is a gently sloping continuation of the streambed,
whi¢h has a scattered growth of brush near the high waterline; the right bank
has a low flood terrace with dense growths of brush. The upper part of the
reach has a steep gradient and many large boulders and cross channels. The
channel becomes smoother in a downstream direction. The lower end of the
rcach has a nearly flat bed of sand and gravel between brush-covered banks.

w D S v

0
(ft) {#t) (ft/ft) (ft/sec)
Upper part 90 6 0.03 1t
P cwer part 60-10C 5-6 .02 10-14

Manning's ‘‘n"’. --The assigned ‘‘n’’ values range from 0. 045 at the Iower end
of the reach to 0. 058 at the unper end. The base value at each section is

about 0. 010 lower than the final value assigned. The bu')pleriental factors

e that add to the ‘‘n'' are mainly brush and channel irregularity in the lower
part and shallowwh and cross- channel flow in the upper part. A bend in.. -i
the reach and turbulence caused by Lp.,tream conditions also increase the :
““n’' in both parts of the reach.
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New River
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POWDER HOUSE WASH NEAR WICKERBURG, ARMZ.

Location. --In SWiNW§ sec. 6, T. 7N., R. 4W., about 1 mile north-
cast of Wickenburg.

Channel. --The eross section of the sand channel, which has a relatively

h—@-é?grad:ient. resembics a section threugh a shallow bowl. The low-
water channel is about 30 feet wide and is clear of vegetation; the re-
maining part of the channel is mostly 6 to 12 inches above the low-water
channel and is covered by scattered desert brush and trees. In the
overflow ares, water meanders considerably. Root crowns occupy much
of the cross-sectional area.

W = 80-110 ft D=2%-311t So = 0.02 {t/ft V = 71-9% ft/scc

Manning's ‘“‘n''. --The “‘n’’ for this reach is indefinite. ‘The base value for

the channel without vegetation is probably between 0. 025 and 0. 030, but
‘n’'* was increased to 0.045 to allow for the shallow depths and roughness
in the overflow area. This ‘‘n'' value is believed to be within 0.010 of
the correct value.

CHEVELGN CREEK NEAR WINSLOW, ARIZ.

Location. ~-In SWi sec. 27, T. 18 N., R. 17 E., 600 feet below gage, 3
miles above mouth, and 12 miles southeast of Winslow.

Channel. --The channel has formed in silt and varies in cross-sectional
shape from trapezoidal to U-shaped; it has a dense growth of saltcedar
along each bank. The brush overhangs the low-water channel and occupies
about 30 percent of the total area at bankfull stage. The middle of the
reach is lower than either end and the net bed slope in the reach is zero.
Water-surface slope is 0. 001 foot per foot.

W = 75-95 ft D= 16 ft Sg =0 V = 53 ft/sec

Manning's ‘‘n'’. --The base ‘‘n'’ for the channel without ithe brush would

be between 0. 020 and 0.025. The ‘n’’ for the brush is about 0. 1.
Weighting the two values on the hasis of area gives an “‘n’’ of 0, 045,
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Powder House Wash

K Downstream at reach from a hill; extent
b of channel is outlined by white sand
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Chevelon Creek

Downstream through reach.
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j EAST VERDE RIVER NEAR CHILDS, ARIZ. «

Location, --Lat 34°1G'10", long 111°37'45'', 0. & mile above gage, 2 miles
above mouih in Tonto National Forest, and 6.5 miles southeast of Childs.

Channel. --The bed is a long riffle of cobbles, boulders, and very little
sand. The left bank is a sloping bar of gravel and cobbles having a
small amount of brush near the high waterline. Brush becomes very
dense above the high waterline. The right bank is bedrock thai has
been eroded in an irregular shape and from which rectangular blocks
have fallen into the channel. Brush and trees grow in the coves between

rock points.
W = 100-120 ft D = 8-9 ft S, = 0.011 ft/ft V = 8-9 ft/sec

Manning's “‘n’'. --A value of 0. 050 was used. This reach is typical of
mountain streams having gravel and cobble botloms and relatively
small amounts of bank roughness.

WCODS CANYON NEAR SEDONA, ARIZ.

Location. --In SEf sec. 13, T. 17N., R. 7T E., 300 feet downstream
" “from U.S. Fov'est Service gage, 9 mﬂes east of Sedona.

Channel. -~The channel material is mostly well-rounded to angular basalt
cobbles and 1-foot-diameter boulders that are generally flat lying and
firmly compacted in the bed. Small clumps of grass grow throughout
the channel bottom. The banks slope gently and are covered with pine
trees and grass. Trees, which occupy a width of about 20 feet on each
side of the channel, catch some debris.

W = 90-100 ft D =6-8 fi So = 0.012 ft/ft V=18 ft/sec

C Mannmg'q ‘““n’’. --A value of 0.050 was used. The base value is about - ‘
~0.045 hut thls was increased 0. 005 hecanze of debris ('aught in trees. i

T~
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East Verde River
Upstream along center of channel. Upstream at right bank.
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Woods Canyon

Downstream—glong left bank.
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FISH CREEK (TWENTY-IFOUR DRAW) KEAR EAGAR, ARIZ.

Location. --In NE} sec. 23, T. £ N., k. 27 E., 400 fcet upsiream from
State Highway 73, 10 miles west of Eagar,

i

Channel. --'The sireambed is composed of cobbles and boulders that form short
“steep riffies. between long pools. The banks are covercd with grass. At the
upper end of the reach, the channel is basically U-shaped, but midway along
the reach {he main channel narrows to a 15-foot-wide V having shallow slop-
ing overflow areas on both sides. At the lower end of the reach, ihe cross
section consists of a 15-foot-wide irapezoidal-shaped main channel and 15

feet of gently sloping overflow area where the depth of flow was about 1 foot.
W=30f D=23ft S, =0.0181t/ft V=8it/sec

Manning's ‘“‘n’’. -~An ‘‘n’’ of 0. 053 was computed from a fair verification.

it LR

Although there was a wide spread between the two “'n’’ values obtained for
individual subreaches, the computed value is considered reliable. A value

LR L

‘'of 0. 050 was assigned to the reach before the ‘‘n’’ was computed.

HBOUSTON CREEK NEAR GISELA, ARIZ.

Location. --In SE{NEf sec. 18, T. 9 N., R. 11 E., 8.7 miles southeast )
ol Paysorn,

Channel. -~-The channel is U-shaped and the bed is composed mainly of i-
ic 5-foot boulders. Small deposits of sand, gravel, and cobbles occur
between the boulders. The banks consist mainly of exposed cobbles and
boulders and support moderate amounts of brush.

W = 70 ft D=8 ft Sg = 0. 02 ft/ft V = 9-11 ft/sec

Manning's '‘n’'. --The ‘‘n’’ values assigned for three cross sections range
from 0. 050 to 0.055. The diiferent values were used to account for minor
variations in the reach.

SHINUMO CREEK NEAR GRAND CANYON, ARIZ.

Lecation. --Lat 36°15'20", long 112°19'20", in Grand Canyon National Park,
about 160 feet upsiream from confluence with White Creek and about 2 miles
above mouth.

Channel. --Same as the channel description for Houster Creek near Gisela.

W = 50 ft D =5-6 ft Sg = 0.022 ft /it V = 9.5 ft/sec

Manmng's “*n’". --'The **n*’ values assigned 1or three cross sections ranged
fromn 0. 055 to 0. 060.
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Fish Creek

Upstream through reache. Dovnstream at lower part of reach.
Sltide No. 45 Siide Na. 46

Houston Creek Shinumo Creek
Downstr os Yy o o R .
ewnslrean through resach. Upstream through reach.
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CHERRY CRIELR NEAR GLOBE, ARIZ.

Location, --Jn SW% sec. 30, T. 8 N., K. 15 E., 30 miles north of Globe.

Py g e st

Channel, --The channel is boulder-siréwn and has brush and trees along

s o e

the right bank., Boulders reach several feet in diameter; many are large
angular blocks that have fallen from the bedrock banks.

W = 115 ft D=28ft S,* 0.012 ft/ft V = 9-10 ft/sec

Manning's ‘“‘n’’. -~An ‘‘n'’ value of 0. 060 was assigned for the reach,
Verification computations on similar streams in other States have given
corresponding values.

WEST FORK SYCAMORE CREEK NEAR SUNFLOWER, ARIZ.

Jocation. --In sec, 13, T. TN., R. 8 E., just below gage and 6 miles
norihwest of Sunflower,

Channel. -~The reach consists of a series of shallow pools behind riffles
of gravel, eobbles, and small boulders having diameters of generally
less than 2 feet.

W = 34 it D=13-21t So = 0.014 ft/ft V = 3-3% ft/sec

. Manniog's w’’, --The "'u’’ was compuied {rom a known discharge. A
. value of (.067 was obtained for each of the two subreaches.

FOSTER CANYON NEAR RIMROCK, AR!Z.
(U.S. Fores:t Serviee Beaver Creek Watershed No, 7)

Location. --In SW1 sec. 21, T. 16 N., R. 8 E., 100 feet downstream from
gage northeast of Rimrock.

Channel. -~ The bed material is composed of angular recks up to 3 feet in
diameter, some of which have accumulated in mounds and ridges. Few
of the rocks are embedded and the surface is rough. The main channel
is 20 to 30 feet wide, having banks with a slope of ahost 1:3 (vertical to
horizental). The banks have a cover of ozk trees and locust brush. Logs
and other debris have accumulated on trees making the banks very rough.

"W = 50-60 ft ‘D= 8t So = 0.033 ft/ft V = 8-10 ft/sec

Manning's ‘'n‘'. -~An *'n’’ of 0. Q70 was assigned to the reach. The base
value is about G. 855, This figure was increased because of sharp drops,
brushy and debris-strewn banks, and rocks not being embedded.

.
= AR B = -
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' ’ RED TANK DRAW NEAR RIMROCK, ARIZ.

Location. --In NE# sec. 16, T. 15 M., R. 6 E., 800 feet downstream from
gage, and 3.5 miles nartheast of Rimrock.

Channel. --The channel bed is composed of rounded baszlt boulders and-
lJarge blocks of sandstone that have fallen from the nearly vertical sand-
sione canyon walls, These blocks arc several feet ona side. There are
some trees in coves between rock points along the banks. Prior to the
flood for which ‘‘n’’ was assigned, there were trees and brush across most
of the channel. '

W =110 #t D= 12 ft 5, = 0.02 fi/ft V = 9% ft/sec
Manning's ‘n’’. --An ‘‘n’’' of 0. 080 was assigned for this reach., The

value is based primarily on judgment and experience. Few verifications
of ““n** are available for this type of channel.

SOUTH FORK RATTLESNAKE @ANYON NEAR RIMROCX, ARIZ.
(U.S. Forest Service Beaver Creek Watershed Na., 8)

Location. --In SEY sec. 5, T. 18 N., R. 8 E., about 700 feet below gage,
and 15 miles portheast of Rimrack.

Channel. --The streambed is steep and is composed of large boulders that
form stairstep drops. In places, a single boulder may occupy a large
part of the cress-sectional area. The banks consist of the same materiad
as the sireambped and have a tangle cover of small trees, oak ghrub, and
other brush. The top width is about twice the width of the main channel.

W =40 ft D=5ft S, = 0.05 ft/1ft V= 7-8 ft]/sec
2 S
“ Manning's “‘n!.-~-The assigned “‘n’* values for four sections average ' ’ '
ghout 0, 020 and are baced mainly on judgment ond expericnce.  Few

verifications of ‘'n’' are available for similar channels.
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RED TANK DRAW NEAR RIMROCK, ARIZ.

Location. --In NE;— sec. 16, T. 15 N., R. 6 E., 800 feet downstream from
gage, and 3.5 miles northeast of Rimrock. '

Channel. --The channel bed is composed of rounded baszlt boulders and-
Jarge blocks of sandstone that have fallen from the nearly vertical sand-
slone canyon walls. These blocks arc several feet ona side. There are
some trees in ¢coves between rock points along the banks. Prior to the

flood for which “‘‘n’' was assigned, there were trees and brush across most
of the channel.

= 110 & D= 12 {t So = 0.02 fi/ft V = 9%— fi/sec

Manning’s ‘‘n"’. --An “‘n'’ of 0. 080 was assignad for this reach. The
value is based primarily on judgment and experience., Few verifications
of ‘‘n'* are available for this type of channel.

SOUTH FORK RATTLESNAKE WY’QN NEAR RIMROCK, ARIZ.
(U.S. Forest Service Beaver Creek Watershed Na. 8)

Location. --In 8€% sec. 5, T. 18 N., R. 8 E., about 700 feet below gage,
and 15 miles mortheast of Rimrack.

Channel. --The streambed is steep and is composed of large boulders that
form stairstep drops. In places, a single boulder may occupy 2 large
‘part of the cress-sectional area. The banks consist of the same malerial
as the sireambed and have a tangle cover of small trees, ocak shrub, and
other brush. “The top width is about twice the width of the main channel.

W = 40 ft D=51t Sq = 0.05 ft/ft V = 7-8 ft]sec
P. - Manning's-“‘n*.—-The assigned “‘n**values for fout sections averé"gé‘ TR
gbout 0, O"‘" and are baced mainly onr judgment cnd expericnce, - Few

verifications of ‘‘n'' are available for similar channels.
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RED TANK DRAW NEAR RIMROCK, ARIZ.

Locaiion. --In NE% sce. 16, T. 15 N., R. 6 E.-, 800 feet downstream from
gage, and 3.5 miles northeast of Rimrock. ‘

Channel. --The channel bed is composed of rounded baszlt boulders and-
large blocks of sandstone that have fallen from the nearly vertical sand-
sione canyon walls. ‘These blocks are several feet onra side. There are
some {rees in ¢oves between rock points along the banks. Prior to the:
flood for which ‘‘n’* was assigned, there were treew and brush across most
of the channel.

W = 110 ft D= 12 ft S, = 0.02 ft/ft V = 91 fi/sec

Manning's ‘“n’’. --An “‘n’' of 0. 080 was assigned for this reach, The
value is based primar :dy on judgment and experience. Few verifications
of ‘‘n’* are available for this type of channel.

o

SOUTH FORK RATTLESNAKE %N'%N NEAR RIMROCK, ARIZ.
(U.S. Forest Service Beaver Creek Watershed Na. 8)

Location. ~-~In 8€% sec. 5, T. 18 N., R. 8 E., about 700 feet below gage,
and 15 miles mortheast of Rimrack,

Channel. --The streambed is steep and is composed of large boulders that
form stairstep drops. In places, a single boulder may occupy 2 large
part of the cress-sectional area. The banks consist of the same matjerial
as the sireambed and have a tangle cover of small trees, oak shrub, and
other brush. The top width is about twice the width. of the main channel.

W =401t D=51t S = 0.05 ft/1t V'= 7-8 ft]sec

B .Manmngas *p! —~~The -assigned #pt values foF TOUF sections averafge e
ghout 0. 0“"- and are baced mainly on judgment and expericacc, - few

verifications of ‘‘n'* are available for similar channels.
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ptt = 0,080 - 0.090

Red Tank Draw

' Downstream at lower end of reach. Upstream at lower end ¢f reach.

R1iAde W K% Slide NA  &h4

' South Fork Pattlesnake Canyon

N

Downstrecam at upper evd of reach.

Slide Noa. 55
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CIHEVELON CRELK NEAR WINSLOW, ARIZ.

Locatio_r_z. --In SW-}vscc. 27, T. 18 N., R. 17 E., 600 {eet below gage,
3 miles above mouth, and 12 miles southeast of Winslow.

Channel. --The flood plain is bounded by densc salicedar along the main
siream and by an irregular bank of weathered sandstone. The flood-
plain material is fine sand that forms numerous mounds around low
scatiered vegetation. An occasional island causes the flow {o meander
within the overflow area. Depths of flow were less than 4 feet. (Main
channel is shown in photograph 41.)

Manning's ‘‘n’’. --The base “‘n’’' for the {ine sand is about 0. 020. The
mounds, vegetiation, and meandering flow increase this value sbout
0.015. A value of 0.035 was used for this reach.

SANTA CRUZ RIVER BELOW SONOITA CREEK, NEAR NOGALES, ARIZ.

Location. --In $W§ sec. 35, T. 22 8., R. 13 E., upstream from Ric Rico
bridge, 8% miles north of Nogales, Ariz.

Charmel. --The section shown is the right-bank overflow area, which

" consists of a very sandy flood terrace that supports moderately dense
c¢lumps of brush. Depths of {low were less than 2 feet and considerable
debris had caught on the brush.

D=2ft Sp = 0.0014 ft/1t V=2 ft/sec

Manning's ‘‘n"’. --An *“‘n’’ of 0. 060 was assigned on the basis of judgment
and experience. Few, if any, verifications have been made_in brushy.

overilow arcas.
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Flood plain; "o" = 0.03% - €.060

Chevelon Creek

Downstream thraugh right-bank overflow.
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Santa Cruz River

Downstream through overiflow section,
't = U000
Slide No. 57
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. BRAWLEY WASH NEAR TUIREJ]E POINTS, ARIZ.

Location, --In SEX sec. 32, T. 158., R. 10 E., 1,000 feet downstream
from State Highway 86, 14 miles west of Three Points, and 23 miles
west of Tucson.

Channel. --The recach has a fairly narrow deep main channel and shallow
over{low area. The overflow sectionr is nearly 700 feet wide at the -
upper end and about 400 feet wide at the lower end. Water in the over-
flow area was generally less than 2 feet deep. The bed of the overflow
area is sand and supports scattered vegetation; the amount of vegetation
increases in a downstream direction.

Marming's ‘““n’’.--Section 1—An ‘‘n’’ of 0. 020 was assigned owing to the
smooth bottom and very small amounts of brush. The bottom is rela-
tively uniform and has very few cross channels. Depth of flow was
uniformly about 2 feet. For deeper depths the ‘‘n’’ might drop as low
as 0. 025. ~

‘Section 2—Depth of flow was about 13 feet; vegetation
is somewhat denser than at section 1 and a few cross channels are pre-
‘ sent. An ‘‘n'’ of 0. 035 was assigned to section 2. Varying the depth of
flow will have onlvy minor effect on the *‘n’’ value. As denth increases
the cffect of bottom roughness decreases, but the effect of the brush in-
creases,

Section 3-—Depth of flow varied from 13§ to 2 feet. The
brush is moderately dense and a few cross channels are present. Debrie
caught on root crowns and mounds of dirt. An ‘‘n’’ of 0. 045 was assigned.
This value waald decrease to about 0.035 at depths of 3 or 4 feet. .

- Section 4-—Brush grows in large clumps with dense
root-crown s¢ructures. There are large clumps of down brush. Water
was generally about a foot deep over the ridges and 2 feet deep in cross
.channels, which were very numerous. For this stage, an ‘'n’’ -of 0. 050
was used. - Fer other stages, the depth of flow and degree to which brush
is flattencd by a flood will have a large effect on the “n'’ value. With
‘depths of 4 to 5 feet and a moderate amount of flattening of brush, the
“n'’ could drop to about 0.035.

.,.,...,w et O " > RO R S - SN -*M’ ;
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LOS ROBLES WASH NEAR MARANA, ARIZ.

Location. --In SWf sec. 16, T. 11 8., R. 10 E., at confluence of Los

Robles and Blanco Washes, 8 miles west of Masrana,

Chamnel. --The flood for whi¢h ‘‘n*’ was assigned covered a width of miore

than 3,000 feet of valley floor having only a few deep channels that meandér

through the reach. The left side of the valicy is farmland; the right side
is natural desert with many mounds, ridges, and cross charnels. Vege-
tation ranged from crops io dense mesquite. The slope in water surface,
0. 021 foot per foot, was approximately equal to the bed slope.

Manning's ‘‘n'’. --Tate Dalrymple of the U.S. Geological Survey, an expert

in assigning ‘‘n*’ values, derived the values for diffecrent amounts of vege-
tation in several parts of this channel. The values ranged {frem 0. 040 for
the cultivated fields to 0. 100 for the dense mesquite. Photographs shown
are for natural vegetation. Each area is described separately in the fol-
lowing paragraphs.

Area 1 is a broad, nearly flat area that carried most of the water.
There are a few low mounds and channels. Vegetation is low desert
weeds consisting mainly of tumbleweed and other weeds that grow in
Slumps.  Leplis of Dow rauged fruvin 2 o I fe€l; mean depih was 3.0
feet. 'The assigned ‘‘n'’ value is 0. 045.

Area 2 is similar to area 1 but the bed is much more irregular,
having numergous 1- to 2-foot mounds and meandering low channels. Mean
depth was 4.2 feet, The assigned ‘‘n’* value is 0, 070.

Area 3 hag deeply eroded chanmpels and numerous mounds that stand
2 to 3 feet abowe the low spots. Vegetation consisis of a dense weed cover
and some scatdered brush. Near the edge of the flooded area, the bed is
smoother than elsewhere but the smoothing effect is svercome by an in-.
creasg’in vegedation, principally creosote bush growing in dense clumps.
Mean depth was 4. 6 feet. The assigned *'n’' value is 9., 080,

-
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E Downstream through area l. Downstream at area 2.

§1lidez No. 62 Slide No., 63
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,4’ L.OS ROBLES WASH KEAR MARANA, ARIZ.—Continued €«

Area 4 comsists of numerous low-water channels mcandering through
u growlh of dense mesquiie and thorny bushes, Along the edge of the brush,
ficating debris collecied against the bushes in solid mats. Depths of {low
ranged from 33 feet over the ridges between channels to 7 or 8 feet in the
channels. The assigned ‘“‘n’’ value is 0. 100. ' :

If the Jow-waler channel was being considered separately, the ‘‘o*’
value might be as low as 0. 080, If the dense mats of debris shown in
the last photograph had been thrpoughout the area, the ““»*" would have
becen at least 0. 150 and possibly 0. 200. .
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Mr. Scott Buchanon
Flood Control District
of Maricopa County
3325 W. Durango St.
Phoenix, AZ 85009

Dear Mr. Buchanon:

In accordance with your request, enclosed is a loan copy of the report,
"Roughness coefficients for stream channels in Arizona." Please return
the report to this office within 30 days.

If we may be of further assistance, please call on us.

Sincerely yours,
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For Robert D. Mac Nish
District Chief
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