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, t n t, The Manning coefficient of roughness.

n The base "n" value.o

R The hydraulic radius, wnich is computed oy dividing.

Definition

SYJ\1BOT,JS on TEn,j\1S

meanders.

meanders.

the 5ndicaied size.

An adjustment factol' to correct for the affect of

The depth of flow.

v

the cross-sectional area by the wetted perimeter.

The average slope of the bed.

The slope of the water surface.

The energy slope used in the Manning equation.,

Tn~ adjustments for ronghm.>ss factors 0tbe'!:" tbC:'ll.l

The top width of the cross section.

The mean \Tclocity of flow in a cross section.

n
n

d8'~ The diameter of a particle. The subscript indicates

the percentage of the sar~lple that is smaller tha.n

lim"

• • In_, n~:
. I -

Se

So

Sw

V
,- ...

W

"'::;.,Symbol or term,
;,.:.~:.......;.,. ~7;:""-:"" o. . . • _ •

D



Adjustment-factor

Base "n"

Composite "n"

Regime of flow

_!.-~a ] pow'2r

t,.d perimeter

Definition

An amount added to the base "n" value.to account for·"." ~ .' .". ".' .;~r~·~\~.':~~:.!,'" ~"''->' .' ~··:"':A!:':~

;,."

roughness caused by channel conditions other than'·'

type of bed material. The factor also may be a

multiplier.

Tbe minimum value for a particular type of bed

material.

The overall' 'n' I value assigned to a cross section.

A classification for bed conditions in a sand channel.

The regime is determined by the 'stream power al1~'

median particle size of the material that compri~e~

the bed.,

A measure of energy transfer use9in computing the

regime of flow in sand channels. Stream pO\\rer is

computed as 62RS V, in which R,S • and V arew - w .

defined' as above, and 62 is the specific weight of
• ...i-

water.

The perimeter of the channel that is wetted at a

specified depth of flow.



h Manning equation is,

R =hydraulic radius at a cross section, which is the cross-sectional

V =mean cross-sectionaJ velocity of flow. in feet per second;

~'.

When 'water flows in an open channel, energy is lost through friction

1.486·;' 2/3 : 1/2
V =;~" R Se

n

HOUGHNESS COEFFICIENTS FOn. STREAM CHANN.EL,S
IN AIUZONA

By

One.of the mo:st commonly used equations i.n open- channel hydraulics

B. N. Aldridge and J. M. Garrett

INTRODUCTION

along the banks and be<! of the channel and through turbulence within the

in-an opcn ~hanneL... Owing·to.the· lack of.a satisfactoryquantit.ative procedure,

_~ess·coefficientis neces.sary:in many hydraulic computations that involve flow

the ability- to evaluat~ roughnesscoeffic.ients can be-develope,o only through

coefficients and the factors affecting them. will be of great- h€lp.

'channel.- The am(:>Untof energy lost is governed by channel roughness, which

~s expre::-;sed in terms~faroughness coefficient. An ~Y;;lJuat,~on of the rough-.

experience; however~, a,'basic knowledge of the methods used .to assign the. ': ..•... "... : .



n ' -, coefficient of roughness.

where -"n" values have been \Tcrified. Verified "n" values are computed

-2-

C1raphs show channel reaches for which values of "n" have been assigned by

Se := energy slope; and

experienced Survey personnel; a few photographs are included for reaches

Many research studies hav-ebeen made to determine "n" values for

graphs of stream channels for which "n" values have been verifL~d are in-

from a known discharge and measured channel geometry. Selected phot0-_
,

open-channel flow (Carter and others. 1963). Guidelines for selecting the

sfreams in Arizona. The U. S. Geological Survey, at the request of the

Arizona Highway Department, assembled th'e color photographs and tables

....._:._~ '. I

t~re on stream- channel hydraulics, but few of the data relate directly to

coef!i~Jent of roughness for stream channels are given in most of the litera-
. . .... .

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

eluded in U. S. Geological Survey \Vater-Supply Paper 1849 (Barnes. 1967);

can be inspected at U. S. Geological Survey offices in: 2555 E. First 'tr et~

stereoscopic slides of Barnes' (1967) photographs and additional pl:otographs~-'

~selectiun ?f roughness coefficients for Arizoria streams. Most of the photo-

,Tucson; and 5017 Federal Building. 230 N. First Avenue, Phoenix.
~ .",' _.

f1~r:.<' -".'.
,\~,; ~ "··,,-rr .~

\i~]::\·"
<:-:"i: o'



METHODS usr..;n TO ASSIGN ((n I' VA L DES

. ..

-. '.,.. - ,"." " ..: :; ..:~ :.': :.:' (:'i,··:···v!'~·: :..·~·;o~"~f.:'{.'r~(·
·ValueS of the rougl11:~~ss·,cQ,efficient" . n, " .may-:1;>e aa~>1gneCl.fo~'·~e.t}~.

clitions that exist at the time of a specific flow event, for average conditiori~'

over a range in stage; or for 'anticipated conditions at the tin1e of some :futur~','

: ....

flow event.

The value assigTI~d to a reach should represent the composite'eff~cts

of the facto-rs 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 o{bed material and adjust'fng forsuppiemental factors.,

Although drawbacks are inher~nt in both metho~~ when-"u~c.d.hY\int:rai~ed.per':"

sonnel. the latter n1ethod is r~comnlem!'ed. 'The literature that uses ov~rall

val1;lcs of "n" generally' contains vague channel descriptions, a,nctthe- d;'h~. ' '
r _.. . . .... -.

seldom cover the Pcotentiai combinations o(fi~ld conditions..'The lite tatt.tre .

that uses the base ..~", Inethod gives different categories of bed rnaterial~

base .Hn " values, numbers and sizes of adjustment factors,' arid limiting' vahies' ,

,of roughness, The experienced user generally combines the two methods by

developirLg his own crite'ria' for base condItions and adjustments •

. -' In developing the ability to assign "n~' values, r'egardlessof the·method

"

,.,,: used, a person must rely to a great degree on values that have be"enve,rified

. .. ". -:"

aud Ou valtH::s tha.t hdV1? bf:en-assigned by experienced pel~sormel: A ~';erified

"1,1:' \Talue if) one that has been comp.uted from a known discharge and chamiel.

"-.)-

.~.

;~..



-'i

Bed forms on dry beds ~re~

.tt', •

~eg~me· flow and upper"regime flow according to depth-discharge relations. In

.- >:

geometry. Base' "11" va.lues for stable channels have been determ.ined mainly

,:.~,-upper regime flow, the bed may have a ,plane surfaceand movement of sediment, __ '

waves are known as ripples, and the larg~r. waves a.re known as dunes. In

saw-toothed \vaves fprmed by sediment moving downstream. The smaller

10\verregime flowi1hebedmay hav~ a plane surface and no movement of sed-

,,~>!~om, fi~l(l:.\redfic,ation,studies, and those for sand channels have becll:-det-er-
':',i:"i ;":::'?-~';'~" '.~' ,.4 ",. ~''''.'''_''': ~:•• _": -•• ~. " ",

- '.-

'bedroC,k and which remains:relativelY Unchanged through most of the range iii
-_. . . '.. ".'-'.- "; -..... .'

>bedformIs a. functiori-of velocity of flow, grain size~·ghear.· temperature, and

-mined mainly from, laboratory studies. A stable channel is defined as a chan-

neI in which t~le bed is composed of firm. earth,' gravel" cobbles, boulders, or

(millimeters).

suppIy:,of sand. By definition, sand ranges in grain size from 0.062 to 2 mm

flow. A sand channel- is defined as achaimel in which the bed has an unlimited

other variables. The.flows that produce the bed forms are classified as lower

- ,'" ~Resistance to flow, varies greatly in sand chann.elsbecause the bed

:'{:m~t~rial moves :easily,anc:3. takes on -diifererit'configurations'or bed forms. The
"4_._" •

$t~~r it may have long smooth sQ.nd waves -in phase with- the surf~ce wa.ves.

~ternnants of the bed forms that existed during receding flows and may not rep-
~\~~~1;;:'" '. .
:t,:'resent the bed forms present during flocd stages. A transitional zone occur.s
~
~,~,; . ......".

~W>~t\veen the upper regime flew and the lower regime flow.
~t;i\}:' ;;': _:.-~':,.

.. ": _.', -4-

t~:Y': ".
~~:waV'es are known as standiilg waves and antidunes.
.~:./....:.,
~'~f ,:" ,'.



c:....

.. ....... ,,~ ..

p()wer. which is a measure,QCenergy transfer (fig. 1).

The regimp. is governed by the size of the bed material anc thef?tream

, . . .

Although several factors affect the "n" value, the primary 'factors:

Bed MaterHil-and'its RelationtoBas-e<fn"~--Values

" .

FACTORS THAT INFLUENCE THE R'OUGHNESS 'COEFFICIENT

.- ...;;

62 = specifie weight of water I in pounds per cubic foot;

puted as 62 HSwV. ,,,,here

": .
:......

..... ~~. :

Sw = water-surface' S'lOP~,' in foot per foot; :;tnd'

.. "~ . -:'~ ..

v =mean velocity, in feet per second.

R = hydraulic -radil}-s. in feet;

The "n" value for a: ~and channel is assigned for upper regime flow,

and the flo~ regim~ is~heckedby computing the velocity and stream power
~ ", ".. -." .. ' ..

" ..." " '- .... ; ~ .....,
compared with the value tha,~1s;necessary,tocause tipper regimef16w (fIg. 1),

flow. a reliable valueo'f'~n"~cannotbe assigned. _ Ther'n" values for: lower

.". - ... I

a.nd transitional regime flO\vs 'can vary grea-tlyand depend on the bed.-f6rmf.) _~.,

present at a particul~r;~ime;:-the;se values generally will b.e much la.rgerthan

the values given in table 1ior upper regime flow.·

'are the type and size of the material that composes the bed aDd banks of a·
.~~ "..:...". . '.
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Table 1. --Ba.se values. of the Manning fin ft

. .. .Concrete

Firm' eartli.

Fine gravel~'

Coarse sand'

Rock clit .

Channel type

­. :- ....

'Sand'cha'nriels: ,"
(upper regime
flo\vonly) .•.•
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In using thes c values, .a' .'

Particies have tllree diarpetersQt··
.; ~

" ....

-8-

about 20 percent (Benson and Dalrymple~ 1967) ..

" ... ~

though the base 41 n " values'''given in table 1 for stable channels are from
. '. . . ," .

ver:ification studies, . the values have" a wide range because the' effects of bed

.' . ' ....• ~

small'gravel to·medimn:-:siie~boulders.
. .. . -" . '.- , .,.:t.' '.,,1' ,.... .: '.~' :: , . <

.checkmustb\3.made in thE! 'lflanner. previously described to assure that t1i~
'" " .....:.-:.,:~.;.J:./..... ~:--,:: .."",.::~- ... " :.... __ ..~

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

.. for upper regim:e flows and are based on extensive lab<n'ato~y and fie~d;!4~ta
:'. .~:' ',' .,,:'>:::, .' . ';.<, ,:: ..:,; i,:;:' :.~~)"!;',~ ~ ...., ',:.. .':;/'~!/;~,.'
. obtained by the>U. S. Geological Sury.ey; 't,he' standard ;Qri·ot·'ror Jhese .-d:lta~~:jfgl~'r

.... ...~, "~''''. ..... . ~'. . .. :-1.'··~·'14:--··~·

"'stream'pmvei is·large,~lJ.ou.gh'topr()du~e··upperregime·<qoW:(fig.l}.Ar~.
..... ~ ... '. ..:,.' .~.:~:. - ... ' .. ,".:.,,:,. ,t:"."'-..:,.'. -.... ;;' ':...-;"':~~';""".""' .. ,' ....-:; ..•. '."

Lirnerinos (19 701 related.' in" to'hydraulic' radius' ~ndpartiCle size

based on samples from Jlstr"eamchamiels l_~aving'_b~a:materi::r!ranging frQln.
, . --. ~.." ....

. '-. '>-' .

dimensions-length, .. width, 'andthickness-and generally orient so that'leiigth.
. : ': _. .. .;. • ".'. ...• . __ '. '. • ..:." . _. : .. ~ " 'I ~ . - . . . _'. __ .' .-:- .,.' ._,. ~; . . " •

•.. ..:: . r :,," _':. ...• ' -:- •.

and width are about parallel to. the plane of the streambed. Linierin~s 097()'

'. j.

:: ..

'roughness are extremely difficult ,to separate from the effects of other rough- .. · '."
-' .' " ..." .~ . ". .'. . . -- .' ..... ~. '.

,related "ri" to minimum~'{iiameter(thickness l' and to intermediate diameter
. ._:'~:~ .~.~~. -~.". .,' . " "":'.'~ . .,..'~. - '.:.:~. . .'. - ~.--'.'.-.'

.~ • -. :- I . . _

(width); his e.quation.:. ~sii1g .~nterme-diate diameter 'aPli~ars to be the most us,e-
•.•. • - - ~ • !r ,... " ~ ". '. : - .• l .... . r-- '.:' . - - - •

. . -" .'. ' . -'.' : . ' ..' : :. - . . ".-:;;\.-...~':~~~: . ~'.

~{>ful because this. dimension is mos't easily measured by screenIng, fromphoto:':'·~~~i:·U~,.>~;'
y,' ' " . .: ',~ '.. : .:. .' '. ",' '-'- .'. ... :", .... . ,< . ...., ". ":::t' .'~';);:~J~~::>~ ~

)~;':~g~aphs, and in the field. The equation for' "n" using·intermediate--diamete.r· is.:;:+Jj~·;~~~'>' ,
;.~.(" ".." ... ..' ~ :. '. .': :" '~.~;:;;~jif{ .~ ,
'::T;!"· .... - 1/ B "'4l'k '

,'i-F;t,-:-:: (0.0926)H .. . '::A¥;:\·'~.

~,r,·;~.:':~.:.,.;.;.,.:.:,:..;:... n = 1. 16 + 2. 0 10g(~)' .'. ,·.::;/J5;:·:'
". d84 'J:::::' .. '

.'.t

)k.
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that of 84'pel~ent orthe pa:rti~l~s (determined from a
..,. . -'

.. .' . . .

sample})! about ~OOraridomlydj,~tributedparticles).

: ."'.:~ .- :;:r::"
. " l' ~.: ':.:~.'.,~

"f'~4{~-4;:~~iilt~<0 _

':"

i .;-

.: ' -". '.

shape. The depth orhow.· changes in cha:!Ulc1 shape, channel irregularitie$~

,",-:."

'\ re

to th~ base values given by Benson and Dah~y~ple (1967) and shown in table L
,- :

·?ili~; than that caused~yhedmat("rial~and,.~therefore, his values correspond

- ..','. -: ., .....
~ . .., '" ....~ :. . ..~' ~ . ,".

.", .: :;~i' .', ":..<' .,# .~'.' .•. ' .~•. '. ···~i:.~:::.!.... ··~··'..· . -~. '.,'. . '-.-", .'.
,~~w~~:i.nos :( 1970) seleetcd:r,~aches"ha've~'a"Ain:ininlUmamountofroughness

: ;.:','. .: ..

..
, .. ':';':" ';'.: ..

The base "n" va.hles for channels composed of slabs of' rock will be

.i~u~ri~edby ele o":~~n;a:~tdn:Of the~l~b~."~~~~~·t~ats.tand on .edge will cause
{j~;ftr.'fi~:::;.:. ..". ':':: .....~)::,;'.~;:;. ... '~."~:~' -<~~::; .. '. '.. '·.:·,.c: ::~:: .
~tg~r,·~'il"value~thati.$labs of thesan'1e·sii'~.{hatare)Yingn~t.
,:.~..:.: .•;~~... :. ~. ,.::'..~.. ',;, . ~. . ..

..... ~ ,

~tid,rature~ meandering~ obstructions~. and,ve.getation increase the rougliness:.
c

. ,,,,~;-. . ... '. . .' . . ...._.~,
'..,. ,:' ~. ...... t··· . .•.. '. . . ...... ~. . . : ..'.;~: ~4~~

.. :. ~ ! ...-

~~d~the base value of '·:'ri;tmust ·be adjusted,accordingly. A- generally accepte,ci-·:.,:~~f
~;'~~~~~f~~~~"~:~, ~. ~ .' '..... < ~ .:-"":/',:".:;'jP ..... .:;.:~">, -': ~"~' ~ .:: :..:., .:. ;. ~;':'"; .; ..:." ..~..:.'? .:.. :~~ ~:+,;.: ...:" " '.: " - - : .;..::..";

~ethodofarrivin.g at·thf?:o~e:raiL,cli,·.<i$ to'a'dd,inc;emcnts of rotlghness 'to the- .
~l~;:f~'~.· .........r. " .'. . : .": :"":'C~:';
~a$e .4'n'· for each condiii(m.that·j~g,~asesthe roughness. The adjustments
~~F;;,.;~,:. '. ). " .. ,,~.,. '.', '.:"

~,PP1-t,'to sand channels aria .stable 'channils.

F~Y; - -,.



m= adj~stment for meander$.

, , .. .~

-" .. :,.
'"

~?:,,;::.~~~'.b,~~:e ~ 4n·',' val~.~; : .:,~:.;:.:.(:!: ,' .•', .~"

~, 1\1 =8:djusfm~nts for roughnessfa?iois 'oth~r: '

than meanders; and '

" 111· nZ·
'. 'i

Chow 0959. p~ l06-109} defined adjustmt"nts to be applied to. ~hc }:)ase
. " ." .' .' .~-

..•.. " .. ,-;.!. : .•.. -

where

:Tp.c adjustmerit~acto~ f~~.:a' sma}ldegree ofITl~anderShQ:bld'be included ;With
~":;:}<;, _:':: '~,:,"", .>" . ~. r: '_,;,," ., ,"-, .,': (,,",':. 'f'L>·~.<; ,,:. :-':.' ~ .." ", .

. ·~tiie~ addit'ive": te'rnis~": in ·,"hleh'· instatlGe' "rIl" -is ..consid~e-Q~-;t,Q~:p~t··l.-~O in th..,~Y . -~ :" ',0.;

\~:~ /" t·· . -", . ". . , ..". .; ....., "\' . . \" \.'.. .. ". '.~,~: <. ":'." •• ~ ." .,,"." •••:: •

":~~6ve equation.Cho\vr~;('i959>' a;dju$tments'~(table2:) a~e;ap~{{~able when.the
::-'~- :~. ..~. ~ :: ~:.:,. :~~:.... . ~ ':.~ '.'.. ' ~'~". '. ~.~. ~. :.-?; ~;~ ~.. ~~;~~_..:.. .; ~ .:~: ..~~ ;..

;ba,f?~ "n"', i~ E;elected:foiihe sin6'o.thest TeaGh attain~bjefor,,'agiven be<:1·IJl~t~~.,. . . "., ~" , :.~ ,:..::"..!:. .. . .-..' -=:. ,. :;'" -
... :- .~- ':.~~ .... , . '. '. :".':.. ,::r .. .' '::' .... ~

t"L. ·T~"i~a~e{t}S,f~.rsns~~ [~~Dalr~l; P!l6cl. a!<1~6rotLhn~~~:{ :.~,i.
. (1970) .gene-rally'applytoconditionsthafare close~.to_~a:v.¢r~,g~; and•. thef¢.f():r~i:'

.~:".,: . ~~.'. -:.-:--'···· ..~t~:F·~··: '-" .,' '" ".~:;'.'~ '. ;:;. ~ .......:

their' ba~evaluesrequi~:~st#~!lera~just~~nts tha~~ d?th.e ~as.:e~alue~ O~-SllOW·.. ,. ,:;l; ':
-;( 1959)-'-'a;ule-Qf-th~r~b meas,cire is about, ahalf to: th~ee~iourthS ofthe~!-~d~ '- ''';,'If'

-" . . _.' .. ' _.' . -,' . . ,~. , . '.;' '0:..'

.,::~t::n::::::,:::t:~n:a:r: ;~iz:~:::::cg~~:;::a7t~:~:rg:::::~rS~Wil'
5~~<1c. .Extremely rQughconditions may, requirel~~er~djustnients tha~teiil:!\{i

~~J.argest values given in iable 2. Roughchanriel conditiofisar:e--most likely:lo ':;:~:i;~:'''}4~~Yf~3

~~:~,_. "' " - , ,.::: ' ,', _." '... ::'.,:'; .. ':',:~~§}1:f~'-X,
i~~q-ocur when a reac~ is selected on the basis of fact.ors 'other than hydraulic·:;: :>/" :;": -:
'~/, . -.,. '. ',,~:, ' ..: .'

:= . .:" :: :. ....~ l ..

i4~.,.~.,;,.;,~,,:.•..,_,\~ . t". - J

0

- ......> .'... '.
.- ~:>: .... " .. ,-

~~;;~r·~~"~,L,;.~;~~,a,;~:::".,~.,};",,,,'_· ",.: .: .,. '..~ _':, .""""'" .,.~ ,~,~ -=--.............;.,....:..._....... --::;..;.;,.~'',;!l.",~~L''--'-;';':i.,,","~,



,':

'.' '. ..•... ,:;)?~0·~~l
Table 2. - ~AdjlJstment factors for the determin8.tio'n·ofoverall·~n··':values·,: ',' .:..1

. .,(J\4odifiedJr~m Chow, 19:59)' :.':. ," ,) '," .' "1 ,"

Charinel conditions ."n" value
adjustmeni.ll

"',:

':.

,'.

Exarpple: ,'.

.....
\:
i..

Smooth

! •

0.'000
';, .' ~~. . ...~., ~ . .: ..; ..~. - ,. . . :
, Compares .to the 'kO:tO,othe~t·c'harinet\\1tai~a.til'e'in a given.b~d material.

,. .. . - ,,' ", ~"" '•. ". .' .' , • ' , . r
.j...... .• ". • .

.Minor

Moderate
,.­...
I

. l. ':. ."",:-. ..... ,',':..... :. .". \

. 001-. Q05 I 'Coml'aresto c~rerul1~dredg~dchannelsin ~od c'ondUion but,hl,l.v~gsli~t1y eroded .
or·scouredsldeslopes. ','",'. ',"" .,"', i ",

Degree afirregularitytl I" " '. ,.' .'. ' '.':-' f , '
.' . ' . . . " .. '. ". . I "

.006-.010 ICompar~stodredftcd~hanne18·having moderate to considc.rablebacJ roughness and
. moder",tely sloughed or eroded side slopes. ' .. ;

• " .". I

Severe .011-.020 I Badly slou(!hed. or· scal10pcd banks of. natur,al streams; b~dly c·rod.ed or slo\1ghed sides
of canals or drainage channels; unshaped, jagged, 'and irregular ,surfaces of .
channels in rock. -

.Gradual .000 I Siz~ and shape. of channel croe8sccti~ns cha,nge gradually.

Variati0f.1 in channel
cross section

Alternatin~

oec;:asionally
. OOt-. 005

.:,

Large and~maUcr086 section~ aiternate··occ~!lionally.or the main flow,occasionally
shifts Crom side t.o side.o~virig to' changes il\'cross'-sec~ionalshape.

Alternating
frequently ..

.010":; 015 LarJ(c and small cross sections alternate. frequently, or the main flow freqnently
shifts from side to side owing to 'chan~es 'in cro8S~sectional shapE".

._. . ...- -.- ~'" - - ..-.. _-----~-.,_. ... :-. - ...:.:.•. _..

Negligible .000-.004 A few scatt(~red ~bstructlonfl. which inclUde debris deposits. stumps, 'exposed roots,
lo~s:. piers. or isolated boulders~ that occupy le~B than 5 per('en~ 'of the croSS-
sectional area. . . .,

Effect of obstruction

Minor .005-.015 Obstructions occupy less than 15 .percent of the cross-sectional area and the spacing
between obstructions if; such that tht> s'phere of infiuence around one obstruction
does not extend to the sphen' of influence around another obstruction. Smaller ad­
justments arc used for ('urved ~mooth-surfacedobjects than are used for sharp­
edged angular objectf!.

Appreciable .020-.030 Obstructions occupy from 15to 50 percent of the cross-sectional area or the space
between obstructiorts is small enough to cause the. effects of seve·ral obstructi9Dsto
bc additive, thereby blocking 'an equivalent part of a cross section.

'!.

;,> !.:;~(..;
" . ~!-'; •

. Dens~ :~~O..vth~~t~e~i~i~.tui,~,·gr~~:!,j ~uchas Be~muda, (,~we~dSgr~~ing.~Jte~e .the·
averafte· depth ~r !l()w ls.at·lc;lastt.wotim~B the height of the vpgetahon; supple tree

'. se.edlmgs such as Wi~~o,.... cottonw.oo~~ arrowweed,. br saltce<iar froWingwtiere the
average depthoffiow'is at least tijr,'~e timeS tile: he1gt,t of the vegetation.

.• " ': ' .. • . ",tf" ,i, " • . . .'. ..' .

.002-,010'Small

Sc"ef~~;,
;".:,1··..

, .
. '.!,';;,

"~.,. :'

..• "",,:,"~,:',

~;; .:...~ . ~'.

',":"

.);:

:,

Turf, grass growing where the average depth of flow is less than half the height of the
vefetation; bushy wiU9W tre~s about 1 year old intergrown with weeds along side
slopes (all vegetaUOriin full rollage) or dense cattaUs growing along channel'boUom;
trees intergrown with weedS and brush (all vegetation in lui! foliage).

.050-, 100

·Y· "

.<.. ,_,' ~: :" ;: ' ~. . :;: :. '.\ ·.·..~il· ':'::.'.) ~~:;~:'" "~ .•.. . . i .-:~.: ',~....•:...... ~. . ~~.,
.; OlO- .. 025 I. Turrgrass growing wher~Jbe'.v:~rag~,d~pthofJlo"isfromone to twp times the

.·.·hci~~t of th~veg(ltatio'~;,tTl!,~e~~tciy~.~~#~~'·f!~e~mY..grass,~eedLl!., or .treesec·dlings

;"'j·:e~;.:t~~foh~t~:;;.)t!#f~t;~,;~~;~:~~~~~~~t~rJ~~~:i.f~;'~~.~:a~~i::dt;rl~:~.
'. .' t~ees t~ the. d()r~a.tl~·s.ea8?n~:'.r9W~~·,al0n8;the,~~n~·:aqdno, sigrMicant, VG getaUon ' ".
: . :along the chanri~lb¢tom8w1ie~e-;tt\.(hy'dra'uW(rad~~~;e'X¢e~a.:;~feet~:·. " ~.. ':' ,
.-:; .,: "; ./ ",:: 'j.....:.' ~'.'~".. ....:: .. -: .~~.'''-r.r·· .:~.::;. '. :'~:.' ': "'~".f~ j:i~·-~'i·;·~·2l·~~·;: ..'.C~;~:!\rL.:~~~~"~~::·~:·~.t:;~. ~t~~1~~;~~:~, \\~:.: ~.'j L~~.;·?"" .:.' '. ...;. ,,~-: ·.'~f.\~: .-:.......

I';! : ;025~. 05!~: :+~~;.~~~~/g~~l~if~~~~e'~~~l;t~~¥~€:1«~'~~!~f:7'~,~~.~:."..., ..
'..·vegetati!,n;!:h~q;'~O''':xe~u,':.i~~~!l1p'w;9~;~~~~mw.~

. '. 'we.cdsand~r sij/C"n:~:" r::ftrt.~~· 'f ·tl~f'\l.h<,oll.~)

"~.'." .'. '''{~i'.•''i'~W~~~~~'.!·~'
--.... . .~"",":" .•.. ,." ~.t··. ·1' " ••. ~ .':~

Medl,um'

.. Very large

I·

Amounto(~'g~t~tiQri.

."',,,", "'~~!" ,':'i,'~'

... ~:~~';'....

'. :":..:~'-

:";·~;:L. :'.:,._. ,;;;~:: ;.:':.',::~d:~\~:itr

.•..

~;/;i~'i~X?';'Y,::: "'i;,
'1

., ....

.. J'.:.....~~>
0""'.:,,,

.~,~..~..:'~~\;~~~:'.,,-- ~.-

" oj:' t, :'.;. ,- I : - ,I ~: 4 ~ • -., -.. 1 ,~:. ":. ..:LiV-~·~~~.. I ~~. :' P;:~}~

.J1'~ ~diustment8 Cor de~ree ot"ir~~p:l1iaritv.· V3rtit.tl;;S·)ll'e~l·it,_~ __• --~
.... al '(t·'b'} l)'b r 1 i' ,,'i' b h' d" ' ....J. "-'d'" '. ,,<~, :'......... ',; ....n v .. lJ~a .~, e ore mu t .p~.Y np yt e a JURtm~""',~o.r·~I)1e-1lll er.... ·.'/·:~?\;.;:·.:~,;~:;;····

,,' ,y..,'-' .. ' '.' ", j' " .;.. ;;.., .. ~ ·,·~,.i '1 '.'~ •• ~'" '~;' ','~ ~,:·:;...,:·.·,:t~~::-f~··· :

. . ..:: .:, :.' ~;.,.:: " ,-.:-' ,c':' .. :"./: " .;}~.:
Degree of.. ::, ',' Minor, ' 1. 00. . Ra~io ~fth~channe.ll~..~h tt),v~"~Y"l~PIlh'Utl~Q'"

~~~:::~~~~al~e8. ".',. . . . .::.. :~~~:~~~':':y,:~;'\-;'~~li~;~;:,;;!tii~';~~~~j:;~i;":~:: ;:,,::~':'iH;h"..,;{t~Hli~~~;
apply to fi.cW!:con-, Appreciable. ,1.15 . 'B.t~:~r~("c~~...l'''&1
,;i:~~n~~~~~t;e~~ ,.' .",. ,"'. ·.:/~.~.·'~;\jr,;' .~:f4;.:)/:>¥,,~~~~;(~~:~~~

whp.re 'd~.aney. " Sever.e' . .~.,' ···.1. 30

~:~~~~t~i;i.~"·:·::.,"". ':; .~;.;;,.!;",;", ';"'; ... :,.~.~

~.-., ...•
........



caused by ,'J. stl'uctUl":~ or n:aches select<;:d for step-oackwatcl' computations

used to determine the elevation at a giyen site corresponding to a given dis-

charge. Extremely rorieh reaches may be selected for use in hydraulic com-

putations when smuot.hel: reaches Hre m;.t available-for example, in places

where channels have dense vegetal co\'er and very low gradi ents and in the

xnountains where Bt(~ep winding channels are cut in bedrock.

Depth of Flow

11' tile d(~pth of flow is shallow in relation to the size of the roughness

elements, the "n" value can be large. The 'In" value generally decreases

';11 increasi.ng depth, except \ovh81'e the channel banks are much rCiuq.her

than the bed or where large amonnts of brush cverhang the 10\,;- water L~hmmd.

!',1ost relations bet'0/een I 'n" and depth are too technical for gen':::ral

use Hnd often involve parameters that are .not usually me"lsured in the field.

Although depth must be considered in assigning "n" values, the c\Taluc.tion

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

and photographs such as those shown in this report.

-12-



Ch:lnnel Slw P<"

Channel shape has little effect on "n" values where the l'alio of

width to depth is greater than about 5; however, channel shape has some

effect on "n" values for narrow channels. The' 'n" value for a narrow tri-

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

trapezoidal chcumel having the same width and material.

The shape of the cross section must be considered when assigning (In"

va)ues. although the shape, in itself, does not affect "n" appr(~ciably. Ali.

~brupt change in composite "n" may occur at the stage where shallow !=>ver-

flow areas become inundated beca.use the wetted perimeter increases rapidly

without a corresponding increase in area and discharge; the best procedu.re

Ii
!

oj
I

i
, I

I

for handling thlS sitnatIOn ]s to asslgn sep8.rate . 'n' valUes 101' tne mam

channel and the overflow area (Benson and Dalrymple, 1967, p. 28).

Abrupt changes in shape of the cross sections along the channel in-

crease "n." Chow (l959) gave a maximum increase of O. 015 where large

and small. cross sections alternate frequently or where the low-water channel

shifts frequently from side to side.

Irregularity

eroded and scaJIoped banks, projecting points, and exp()sed tree roots along

-13-



.de banks must be accounted for by hidy Jc~.rge ~ldjw;t;ncntr,. C},lOW (] 9G9)

and Benson and Dalrymple (HJ(j7) show(~d that severely eroded and scalloped

banks can increase "n" values by 8.S much as 0.02. La.rger adjustments roC'.)'

be required for very irregular bar:.ks having projE.'eting points.

Alinemerit

A maximum increase in "n" oi O. OC3 will result from the usual

amount of channel curvature found in designed channels and the reaches of

natural streams used to compute discharge (Benson and Dalrymple, 19(7).

A sharp bend will increase "n" as much as 0.01, and a series of bends win

increase "n" even more. The effects of sharp bends, constrictions, and

u.Lde-to-side shifting of the low-water charme1 may extend dOWI1stre8m for

several hund.red feet, and the "n" value for a reach below tbese disturbances

may require adjustm~nt, although none of the roughness-producing factors

are apparent in the study reach.

According to Chow (1959). meanders can increase the I '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

channel is bounded by natural dikes that are overtopped by downvalley flow.

-14-



obstru c t:i or;s

Obstructions-::;uch as trees, stumps, boulders, debris, pilings, and

t,:: idge picrs--that dist.urb the flow pattern in t.he channel increase the "n"
,..

v~ilue. 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,

~nd spacing of obstructions. The effect of obstructions on the roughness

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

shape. \Vhen the now velocity is high, an obstruction exerts a sphere of in-

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

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

:~-\'~"lt generally occur in channels that have gentle to moderately steep slopes,

~the sphere of inl1uence is from about ::s to b tlmes the wlCltn OI tne ObS1:rUCtlon.

Sc,\reral obstructions create overlapping spheres of influence and rnay cause

considerable disturbance, although the obstructions may occupy only a small

:Jart of a channel cross section. Chow (1959) assigned adjustment va lues to

four degrees of obstruction but did not define the degrees. The examples of

the degrees of obstruction given in table 2 are based on the authors; experien.ce.

Obstructions that cause pools to form upstream and sharp drops to
.....

form over or downstream from the obstructions increaf>e "n. ,. The increase

depth of flow is lc-ss than L 5 times the height of the drop; free fall may occur;

-15-
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Where the depth of flow is frOl'!1 2 to 3 tinJ C3 th~~ av{:;ra~:e hci ght of many

closely f:paced drops, the aclju~tmE:~llt value may be as much as O. 0·1. The

adjust.ment vabc decrc:a[,;cs as the ratio of dept.h to height of the drop increases.

Only a sm:lll a0ju~3t!"1H:nt is needed where the depth of flow is more than 5 times

the height of tbe u.!'op.

Vegetation

The extent. to v,-hien vegetcdioll affects f 'n" depcnds on the depth of

flow J the per ccntage of the wetted pC'rimeter cover-eel by the vegetation, the

density of vegetation belo\,;r th.;· high wa.terlinc, the degree to which the vege-

the flow. Ro\vs of vegetation t.h<:t pardUel the flow may hcwe Jess effect than

1'0\\'8 of vegetation that arc perpendicular to the flow. The adjustment values

given in table 2 apply to constructed channels of narrow width. In wide chan-

nels having small depth to "\yidth rahos and no vegf~tation on the bed, the effect

')f bank vegetation is small, and the maximum adjustment is about O. 005. If

the channel is relatively narrow and has steep banks covered by dense vegc-

:ation thC'.t hangs over the channel, the maximum adjustment is about O. 03.

fh(' larger 8.djm;trnent values given in table 2 apply op-ly in places where veg-

::tClticn co\'ers most of the ('hannel. Ii \'egetation is the primary factor that

Iffc,'U; tIn, " as in floed plains or iT: parts of the channel that are seldom

, .
IHi. I

I ~ .

,I

I
!
I

I

I
I
11
li
'I
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and the values

material in which it j~-; growing. Tab]c 3 gives cornpof:it(~ "n' I 'i'alues for

constructed channels. The "n" value for a brush- and tree - cover-<2d channel

\-'!here ihc "n" vaJue i.e; assigned for the vegetation is Uw sar:n(~ as that for a

brush- and tree-covered flood plain (table 3). Tne .,Talucs given in tablf:: 3

felX' constnlc:tcd channels can be used as a basis for assigninG "n II values

The effect of depth of flm\' en "n" values for different types of vege-

several dcgr'ecB of V(:[;C1;:.ll cover in flood plains a:ld in diffcrent types of

little is known <"bout the methods used in the verification study,

tation in al~ Iewa vedfjcation study is shown ·in table 4 (ChO\'f, 1959); ho\vevcl,

for natural channels }mving about the same a.mounts of vegetation.

O. 20 for thE' channels Enec1 \vith uncut grass and having flo\-v depths oJ less

small channels ----1 fo.ot or less def'p and il3.ving bottom v:idths of 6 fee: or

less-lined "with grass and legumes. They found "n" values of r').o1'c than

rvTost of the constant va1ues fo1' grasses ranged from 0.025 to 0.035, and

than O. J foot. The V-8.IneR decre?.sed rapidly as deptb increased and tended

to approach a constant "'lalue for flow depths of more than Clbout half a foot.

thos c' [or ~-'1.iff- f::temmed plants ranged from abGut O. 05 to O. 08.



"n" value
Type of channe'l and description

--------- == ~---------------j"-~,!-~'~'!!-~-!!':!!.J-!-~~~~~~F~2~~~=:~::~::::~::~~:--~:-"--'." ----, . _... .-.-..

Minimum' . Normal Maximum .
.~

A. LINED OR PCILT- UP CHANNELS

a. Concrete

f .. r.'inished
2. Unfinished

0.011
.014

0,015
,017

0.016
.020

b. Gravel hottom with sides of

1, Formed concrct~

2. Random 8tone in mortar
3, Dr':, rubble or riprao

017
,020
.023

.020

.023

.033

.025

.026

.036

c. Vegetal lining .030 ,500

n. EXCAVATED OR DREDGED CHANNELS

a. Earth, strairht and uniform

1. Clean, after weathering
2. G t'avel, uniform section, clean
3. With ~hort graRs, few weeds

,018
,022
,022

. ,022
,025

',027

.025

.030

.033

h. Earth, winding and sluggish

1. No vegptation.
2. Gra5s, ~ome w~eds

:3. Dense wpeds Ot' aquatic plants in deep channCls
4. Earth bottom and rubble sidC"s
;;, Stc.)ny hottom and wf'C'dy banks
fl. Cobble: bottom an-d clean Hides

.023
'.025
.030
.028
.025

.. 030

.025
,030
,035
,030
.035
.040

.030

.033

. ()40

.035

.040

.050

('. DrajZlin(~- (:XCll vat(\d or drcdp-ed

1. No veretahon
2. Light b rush on banks

.025

.035
.028
.050

,033
.060

d. Rr)ck cuts

1. Smooth and uniforO"l
2. Jagged and irregular

.025
,035

.035

.040
.040
.050

e. Channels not maintained, weeds and brush uncut

1. Dense weeds, high as depth of flow '. O~O .080 ~ 120
2. Clean bottom, brush on sides '.. 040 .050 .080
3. Dcnse brush, high stage ~ 080 .·100 .140.

C, FLOOD PLAINS

lJ. Pasture, on smooth ground. rio brusii Jl
,

J. Short grass I · ~25 I ,030 I .035
2. High grass .030 ,635 ,050

l/
b. Cultivatt.'darcas -

-_.. , ... -----..----.- ,-, ..... -1---' ..--_.-"--~-,...,.... ,,-- -..

1, No crop
2. Matll.r:-e row crops, such as small vegetables
3. Mature field crops, depth of flow at least tWtce

the height or vegetation. .'
4. Dense ficid' crops in full lcar.s~ch as' .com 6r

.. cbttoii.'dt~ptl'i6f now less than height'of
\' e getation

.020
,025
.030

.050'

,030
,080
,040

-----.---------

.040,
,045.
.050

.100·

t:. Rr\lsh 1J

al,

\. Scattered brush. heavy weeds
2. Light bruFh and trees. in winter
'3. Ll~ht brush and trees. in summer
4. M(.'<lil..:m to densc brush, in .i.nter
5, Medi~m to dense bruah, :n .1Jmm~r

d. 1:rfl"S

I. C1.....ar-ed b.ad wi"" tn<' ..t ....... DO sprout.a
2. Samt' •• i ...0. tllea")' ,rowm -til~
1~ ""''''1 staJld Of! Ibr.obt-r. r.........~. little

..r.".... ~_..~:
4. Same' aft 'J", .-dl ...,. nttd'1IIr~.

. ,.. ~.~tlow "fit...... .aIk:....

.035 .050 ,070

.035 ,050 .060

· 04~ ,060 . .080
.045 ,070 ~ nO
.070 .100 • 160

. I ",
.030 .040 , 050

· 050 ' 060 .080,
.060

..,.
, 080 .120

.080 I .'100 ,160

.100 • 150 .200

,;;;,;,

,.)' ':,.,:,': .",:~.~~..n.c"" _ inc 1OIDd"aw-facf' ~n pastureland or brushland and by deep
··.•r_~.....~ ...........~ eaa .......e the h D •• valuE'S by as much as 0.02.

:; ••.. _,.:.... .... ...•••• . ,". • ""1" ' .



Table 4. -·-Values of linn for various ,stages in the Nishnabotna Hiver~

Iowa~ fO:I' th~ <;.vcr:lge growing S8 ..1son

.10

.08

.09

• Of>

.08

.07 I
I
I.-:- J _

.07.04

• Oil

.0'7

,

Depth of
water.
in fe·~t

- 10-·

2 to 3

1 to 2

3 to 4 • o.? • 0·1 • 06

More~1__._~~__._~.05



A :::]imy g.l·o\.dh of <llgae can rcdm:(' the b8SC' "Il" b;y ~:;cvc,c::d thouscl.l1cJ'hs

at shallow depths and moderate ve1ociUcs. Algae gC:IJet'ally win have little

dfp.ct on the "n J I value at flood stages.

Channel Gradient

Considerable evidence exists to indicate that "n" valu2s may be a

function of chc~nne1 gradient, but, at the present time, there are no cri'tei"is

for relating "n" to gra.dient. Verification studies in channels that are 1'e1a-

tively clear of vegetation indicate a direct relation between channel gradient

and "n" values; channels having 10\\' gradients have much lov:er lin" values

than similar channels having steep gradients. Values as small as O. 025 have

Dr::cn ODtamea ior cnannelS !laVIng very 10V,' gradIentS ana lar ge boulOers; eon-

Yersely. larg(~ "n" values have been obtained for fine- grained sand in stream-

beels having steep enough gradients to cause what i.s called chutes nnd pool now

by Simons and Hichardson (1966 , p. fl9). They reported in detail the effects

of depth and slope on resistance to f~ow in alluvial channels. In channels having

dense vegetation the • 'n" value appears to be inversely related to gradient, as

shown by nee and Palmer (1949 , p. 15) for vegetation that bends with the flew

of water. V:::lucs of "n" of as much 'as 0.25 have been veri.fied for swarnpy

C·l, ~ ",.", r~"1 C".. , ..

-20-
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1"on STHEIU\lS IN AnJ!) Hl~CIONS

Few verificat.im1s have been made fo1' this t;y-pc of

mile), and . '11 >' valuc.:~> ri111Ft be i:,ssi gnr:d rnainly (.Ir. the basi.s of experience.

V f~gc:U·~tion may cover the entire stream channel. and low-flow channels

pr(,S(~Tit. If tbe c.hannel banks slop2 gently, they al;:;o may bE: c()vej.~ecl by a

channels bouncl(~d by one or more long gnlvel and cobble bars t)-Jat parallel the

Eitrcclln. :l'lw tops of the bars commonly 8..re less them 2 feet 2be-V8 the bed of

Most verifications of "n" have been made for cham:els in lmmid regions,

and inexperjenc'-~d pl-';'sonnel find it diffiCtlH to relate the verified values of Un"

to channels in aritJ regions. Although the SaIne factors influence. the "n" values

in ariel reg;jons clwl humid regions, .the numher of factors and the way in wl:ich

In arid r(:gions the streams commonly have narrow sandy lo'.v-\vClicr

the factor/'; combine differ.

·e)~, if it is irllmdated 0]11y oec::'lsionaUy. :;I dpT1SP. growth ()f b1'\:::;11 may be

the Jaw-water coannel. If 8. bar is flooded frequently, it may stay clean; how-

dense gro'wth of brus~ above the average flood lE:vel. Large blocks of fallen

rOck and outcrops of bedrock often cause extreme roughness near the channel

c<lge~. One method used to select an "n" value for a channel of this type is

to a~f;jgn "n" for each sE.'gment of a cross section and to combine thesE' values

to obt;'in the OV(~r-al1 "n"; the method is outlinNl in the section enUtkd CIA

surfU l",c'l.·"·ll::l ,1 f " . . "V] ,j>,,0.' ~-, "roceuure or L-lsslgnlng n a .ues.

may lH' nt right angl es t.o the stre<Url chan;lel and Cr08S bars that parallel the

lYeneJ~'"1 1'} l'
'" <'- OW Cdl'L·(.tion.



Sorne st!'carn cll~lmels lw.ve IJcds compo;~(:d oJ (hi'l b.y(:r~:; of ccmrse

sand ur,dcrb-in hy scmistable grc.vel and cobbles, rock, or conglomerate, or

pocl~ets of sand may be present between widely spaced rock riffles. During

low stage and velocity, the supply of sand in the c}J[,mlc1 is greater than the

amount tha.t can be transported, and the channel reacts as a sand channel.

During high flow velocity, the supply of sand is i~sufficjcnt to meet the stream's

capacity to transport sedhnpnt; the sand is removed, and the underlying l!l::tte-

rial is exposed. The roughness of the underlying bed material may be much

greate.r than the roughness of the sand bed presE:nt before and after a flood.

Some streambeds may consist of alternating layers of locsely cemented fine-

grained material and rough \vell-ceml."nted conglomerate. The (;onta~t between

lP. bv(~r'S may he rouP'h and irrefJular: i.hp. "n" value is cknendeIli, on the lavel'
~ .. ~.- - ..

that is exposed at the time oi the flow event and the B.mOullt of sand moving

along the bed. Simons and Richardson (1966) showed that a stream moving a

lal~ge amount of sand has a smaller "n" value than a stream !'noving a small

amount of sand and that the resistauce to flow is less over a plane bed ha~ling

sediment movement than over a static plan0 bed. The "n" values for these

channels must be selected for the conditions prescnt at the time of the flow

event being considered; t.he "n" values and the cross-sectional areas must be

basc:cl on the same COllditions.

Bedrock exposures arc cornman in Arizona stream channels. :F'e\v

verifications of "n" ha-ve b.,;~en rnadc foi' bcdi.~od~ channels, but "n" values



exc;:lvat'c-d rock channels, A lont rCdch of ~mooth b(-~drock has a base "n' I

vnlne of O. 025, -but such reachcf:. are rare. Generally, bedrock ch~tmels

have projecting points, curving beds, and steep drops thai: cause tUl'bulcl!Ce

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 irr eg1.11arity.

'fablc 5 give~:: typical "n" values for several types of Arizona channels

havi11g moderate widths and average amounts of irregularity. obstruction, and

variation in channel shape and depths of flow equal to those that will occur

_,_~._~ _-. .l'1 __ -1_'. _ -J~._ ...... _ ... ...... _.1..,.., _l.-._ .... 1-J 1- .... .,..:_...J ~ .... _ ~_ ,_ ..".:4..:,.._
\o(\,.L.,L. .LJ.J 0 c:.a.,' '-...J. : 5'- ~ ....J\..'\.A ....: J L-4. '-"J LA. l..., ".&.~! ,,-~ .J ~ " '-4.£._ """ Lot.}J !"'J _ .,A.'-'.'_ - b " .., "'.&. -}

obst:'uctions; Oi' v~riations in channel shape. The factors considered at speci-

fic sites are given ini:he descriptions accam_panying the photographs in this

report.

A SUGGESTED PROCEDURE FOB ASSIGNING "n" VALUES

The overall "n" value for a channel reach may be determined in many

ways, and at the pres ent time no procedure is available by ",'-'hieh all users will

obt<.l in the sanw ,valuf; of "n. " The procedure ghren in the following paragraphs

is dc:=;ignc'd specifically for assigning "n" for a c~lanncl that is composed of

paraJId l'Cl.nd~~ of mat~riaL, each of which has a uiffcl'cnt degree of roughness
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Table 5, - -Typieal roughness coefficients assigned for several types of Arizona stream ('hannf'ls

(ValuE's are for stream channels having moderate 'widths and having det>ths of
flow equ.aJ to those that will OCCUl~ durinf~ average noods).- ..•.:..-.-- ...,.--.._-_..----.... .. - ---.- _ , _--- --_._-

Channel type
Photograph

number
r--~C-

Minimum

'~n;' value

.-----..-....-------r---------

Normal I Maximuw 11

I
f'"
,p..
I

1. Clean straight movable bed and semistable banks
of silt to fine sand (",0.25 mm, nledian dianl­
eter), no vegetation, upper regime flow.

2. Same as 1 except that vegetation is present on
banks and bed is median to coarse sa nd (0. 25
to 1.0 mIll) and scattered gravel.

3, Same as 2 except that bed is semistable and is
composed of silt to small cobbles.

4. Clean stl'aight gr-ass- covered banks, very flat
slope «0.001 ft/ft), bed !llaterial ranges from
silt to median boulders.

5, Low- \'iI'ater channel of sand along a gravel and
cobble bar or conglomerate outer'opt
little vegetation below the floodline.

6, Same as 5 except that vegetation is present on
the bars and banks.

7. Cl('an swalc having a covc!" of short grass and
occasional cluH.ps of lar-gcr ve~ctation.

S. Sand, gravel, 2.nd cobble bcd, spar~e vegeta­
tion in channel.

9. Same as ~~ except that vegetation cover"s much
or aU t:l(' bed. lVlu:f havt: ~o:u:e b9nlders -and
conr1cmer·at.c O~· bedrock olJtcroris.

10. Sarne as S except that numerous b041ders and (or)
dense patches of vegetation 'are present,

il. Deep narrow channel on a very flat slope.
dense stauds of brush occupy n~uch of the
channel and hang over the bw- water channel.

12. Flat-lying c(.lbbles and snla,ll boulders that give
the bed a scaLy. appearance, grass between
rocks, scattered brush and trees along
slopin6 banks.

13. Scattered boulde.C's·jn smooth gra -.,reI bed, banks
·--(;f;-iI:;-.i:'"eglil,i.T-o~druck-()I'hOlllders and brosh;------

r:lOderatE: cl-Jannel slopes fram about 0.00;)-
HI ft to O. 02 ftf ft.

1-5

6-9

11-15

16-17

18- 21

22- 23,
29- 30

24- 25,
27-28, 31

32- 33,
36-38

41

44-46

42~43,

~T=--+8---

0.012

.015

,025

.025

.025

.035

. 030

.025

.03S·

.040

.030

. 045

045
,. --t·----··,,··-------- --

0.015-0.020

.025

• 027-" 030

,030

· 032-.035

.040

.035

. 035

· .040-, 045

.050

• 050

.050-.055

0.025

.032

035

.035

• 040

.050

: 04;)

.045

. 055

,OGO

,060

.055

.065

." .:

14. Lar~c b:)viders randorrJy distributeJ on a gravel I 49~ 50
and c,)bbl,c hed, u-rc:;?lliar bed!"ocy. banks,
SOlI,('''':lat sinu.:>us ChcHbWl.

15. La!'~c bO-.Jl ien;; .:i .ita:~st~p f3.s ... ;~o Ins-I •. in,; altu--I :»2- S5
r..al:.~, pt..ols a.nd s ..",~p :-i!:i.~s. c;.'lalor.lC'~ s~,..

a~·)ul ;]. ~ 1 :\; i~ Dr ~ Nalf::'.

.050

.060

.060

.080

_075

• 150

I.'

~ Ii., '" '.•~. ;:

h..1 • ~ •. ~



intp.raction cf roughness-causIng factors; these cecisions are not clear cut

chanrwl. The P~'occ(hu:~: )~; fo!' [~. specific no','.' event that j[; conn'.led ;::ithin

"t.• _ .J '!. ~ _ _. ~ .. __ ..... _' ' .. _
':".11. ...Jr..'.L; J . ..... IJv.J." \".L.L'-.

_. _.J •••• .: _ "
J.~J.c~l,.,'-,.I. .\.('1..l.,

'. •. . '" _ ~ ~_ ~,. • •• ~ __ :' J .I _ ••

l.v \,....,")."l.J.J.o...t.J.. .. ~J... ,- ... ..:. J..L"''-'.t.l

tgt.lre 4 arc for the hypothetical ch8.~me} shoym in fig-~ln'! 2, and the following

ind the form shown in figure 4 useful. The examples given in table 6 ar.d

o combine steps or to change the order of the steps. Experienced personnel

teps r;}lOui.d be used in conj....mction \'lith fih'Ure 3.

)mbin.:1tion of both-·-z-.nd 'Nhcthel' the conditions are representathre of those

at existed dnrjll~; the flo";'1 event being considered. Look especially for

increase in wetted pIc-rim etcr without a cO.iTe~;p\)n(~ing increase ia area is

the baTiks of the ckmnr.L At the puir,t v/:iCl'C o'.'crb:-~l1k now begins, R sudden

1. DetcI'min(~ the channel type-stable eharmel, sand channE:1, or a

The procednre Involv'2s a series of decisions that are based on the

common. The increase in wetted perimeter m~lY be ~tccomp(lniedby a sharp

nay perform the entire operation IDE-ntally•. but the inexperienced user may

change in roughness, 1\1ethods for applying the }\1211nin£; equation vihcl1 ovel'-

cedure can be adaph~d for use in prcdi cting stage and velocity during future

bank flo\v occu:tS are given by BenSO;l and Dalrymple: (1967. p. 28). Tile pro-

is discussed by steps, Y,hich are arn~nged to permit charting in logical order

flow events by makin,~ a few minor c~langes.

:rig. 3); however, after using the procedure a few times. the US!~r may wish

.. , . ,..,.... ~ :
':I• .i.J.U (:\.1. C '-lJ.J..J . .,;.\- •...t.1.L



.. ..,
~

,,:••oj;',
i.~·r~

. .1

"',,j

too

10080

20 40 60 80
DrsTA!'~CE, IN FEET

20 40 60
DISTANCE, IN FEET

SEGMENT

SECTION -l

2a 40' 60 80 100
DISTANCE, IN FEET

N

WATER SURFACE-----.-- ~---

SECTION 2

,r-1--'-- -2-- T 3 I 4 I 5 L;:-)
10 FT 25 FT 20 FT 25 FT 20 FT

[-' 14 iiCLl.... -1-:·· .. ,.. . .,.. •
'til :, t WATER SURFACE '1' ~
~ 10 --1.----,---1--~
~ 8: I I ,:V./
t: '7/ I I ~ )6

6, ,,, I I I
" I

0::··4:L I It-- ' I. I AfJp
ll. 2- I ~~. ~.

~ ,
o O.+--.LItI:l_---:!2...,.---..-----.----......+_

o

~ 10
~
~ 8
r:..
:z: 6.....

. 4
:r:

2t:
~ 0
Cl '0

SECTION 3

~ WATER SURFACE
~ 10 ------------
~ ..
~ 8 ..

I o~:
Z 6 .~
~ :o~

.' 4 :J °0= .°00

-- ...-,~- ..-2 "••~~'.c>•
•• ,,"'t0oo o o
~ () - 0C O+----,----....,.----.;.p.-.-£..--,-----+-

o

LARGE BOULDER

~~
(i

4.("0/
.::;-

FSil':i<'::-:I"".:.;.le~-,>.lc, ... 1SECTION 2

ISOLATED
BLOCKS~

OF ROCK

l!l
;:c
v
~
~
cr:

U

:t:
I

U
l'\.J

<t:
O'l W
I X

!..,

Figure 2, :-->ketch of a hypoth etical Channel show'ing reac-hes and segme~ts used
in assigning "n" values.
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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.

I
l

LFor the entire channel~-I
,

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

By assigning un" for individual seg­
ments of channel and deriving an
lt n " for the entire channel.

1
4. Determine the factors that cause 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 ty pe and size of bed material.
6. Determine type and size of boundary material

in each segment.

....---- 7. Assign a base "n" from tables, formulas,
and comparison with other channels and
verification photographs.

r
By wetted perimeter

7. Assign a base "nIl for each segment from
tables, formulas, or comparison with
other channels and verification photo­
graphs.

8. A pply adjustment factor~ ~~"!" ;'1di,:ridual seg­
ments if applicable.

9. Select the method for weighting "n".

j

I By area I,

lOa.

b.

Estim,ate wetted perimeter for each seg-
ment of channel. '

Weight the "nil values by assigning weight­
ing factors that are proportional to the
wetted perimeter.

I
I

lOa. Es'timate area for each segment of
channel.

b. Weight the "n" values by assigning
weighting factors that are propor­
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 of£ as
desired for use in the Manning e,quation.

I

."- u __ ._.•••_. ._•••••_, __ 1---._ .•_ .... _ ..•• ,. _~ J __

l'
13. For sand channels: Check flow s regime by computing

velocity and stream power for the above "n'l; deter­
m;ine regime from figure 1. The "n" is valid only
for upper regime flow.

Figure 3. --Flow chart for assigning "nil values. It,,m numbers refer to steps described in the section
ttA Suggested Procedure Lr Assigning "n" Values. II

-l7-
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Figure 4. -- Sample form for computing "n" values

Determination of Manning's "n"

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

Stream and loca tion: -:-_,,:S7e~e=.::-=fo=.igQ.u.::..=.r..::e_2=:-----=- ::-_::-__--:--= _
Reach or section: Sections 1-3; example for section 2, reach B.
Event for which "n" is as signe d: ..;;:F,-,l:-,o,-,o;...:d"-:",,d;;..;e,-,p;..:t~hc:.'_:--_-'-:- _
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

about 20 feet into the brush. Section should be divided into five segments - (1) bedrock,

more gravel and cobble may have been exposed. Assign "n" for present conditions.

diaITleter, and (5) brush.

boulders on the other. Dense brush grows high on the slopi·ng bank. Flow extended

(2) sand, (3) gravel and cobble 1 to 6 inches in diameter, (4) boulders 1 to 3 feet in

A re present conditions representative of those during flood: ,;:3:;.;:a:.;s~i:..::c:;.;:a:.;I:.:;I...V.L'_Yl-e:::..::;.s:... _

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;

Ad' t tIJUS emen s:
Factor Describe conditions briefly Adjustment

:s Included above. ---------
mel alinement
res and bends) Bend in reach A causes some turbulence. +0.002

j~es in shaoe Channel has a fairlv 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 Included above. ---------
I~~l:~~l!_~~~_ Add:

Ider Not used. --------------._--
~

I WeilZhted "n" plus added adjustments . 042
I Use "n" = . 042

omoutatlon 0 wel~1 e n

egment number
A pproxlmate Wettec1 Area Median Ad- Ad- Weight

IA c1Justec1 n

n(l terial
dimensions, pe:ri - (square grain Base "n" just- justed factor

x weight
in feet meter feet) size for segrrent ments lin" factor

Width Depth (feet)

Bedrock 10 0-10 50 ----- 0.045 ---- 0.045 0.08 0.0026
Sand 25 10 250 0.8mm .025 ---- .025 .40 .0100
Gravel & cobble 20 10-6 160 6 in. .035 __ N_ .035 .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
Weif!hted "n" 0.038

Is roughness uniformly distributed across channel? ..li2..:...-. If no, on what basis should
"n" for individual segments be weighted? ..;;?~Jy~a~r:;.,e:.;a7=-'__--.:. _
How will the roughness prodlfcing effects of the following be accounted for?

Sink roughness: Bedrock banl§ will be used as a separate segment.

Bedrock outcrops: ~N..:..o~n=e_e;;.;x=c.::.e,i;;p..:..t....;b:.;a:.;n;::.;k;.;;.=----:__------------------ _
Isolated boulders: Add a4justment 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.

o C f . ht d " "



. (b) Conditlon'll durin,
now. event

Xl.•ra.... U9~7. p. 48-49; 88-89) gave photol!raph, that .
·applf.r to·hil...e 'abollt the eame b..d mat"rlal but' mora
bNSh ~n the b"nI<s. 'The "n" prob.bly I.. ·bel",..en 0.030
and..O.040. .

Stable: channel of ~r8vl!l and cobbl"...

.-....
Section 3

No .vldenc. of bed movement•. Root crowl\lI of blUlhe,
are .( bC!d. l...el.

.'
. ( SeCtion 2.

· F~

.~ -.""':'.""" .;'~ .,Ioj#JoM-....,.-~. t....~
:(A.ioltti·,n" v.al_~ tdr~ti_l,ii·2·:.J

seetlont'

.,."
, :•...~ .

Sand channel 91th .table ~aiik•• Co~~tioa·of·.~nd aqd fitable chlUlnel.: Con.lder that
>;.' "'f~..l n~et•••.•.t;tabl~ e.ha1\n.,I... .;.

. B..d ha. no.and. ",avn.· AS"um. that ohannel OOridIUo1liJ'SOm~rbo~em~01 s~nd may h~v~OC~lir';eddurlftjfthe
a"'" repre,ent.u",. or" ~bOlle th.t existl!4 dur~g the '.. ,. ll~k now..but a..iQne 'that cbalm~lcondltlou'are:,
pea~ now. . '.' . /.: '. r.,r~..nt~tiv,·or tho.II' .that exls.led during the ·peal,c.·

Barnc:s (1967l".dld~ &how an:YBt~Jlar. cbannt1~:, . '. . ~.l'an;e. (~087) 'dld ~oteh~ any slilil1ar. ch.'nn..la.. .':':'
. Channel appe.rs !limnar to tho,e .•hown iii ph~""aph. :" .. 'c~aM ..i"appearli almilar to tho• ., sitOwn In photogr..phs

8-9, II. 12, 18, and .19 In th".r..po·rt~ "n" probllbly . r 2'i, 21. and 38 Intbi. report; "il" probably Is between
I, betW"~ 0.022 and 0.010. . 0. 'aSS'and O. 04!i. . . . . ..,..... '.. . i' . . .

;,'
~.... :';.

",0 be:deter-liioiiled.
.r operatloa to ·b...· .

pei-rormed.

('C). CompVable
. . str.eam.

(a) . TY~ Cllf.•cha~ ..l

.~r
.' St.!>· I

j", 'J,

'l"rO.lltnlld.ray.betw;,en aeetions 1 and' 2 to midw.y
· bcltWeen ·."etlan.. 2 and 3.. Dealln-ted Ill' reach B

(f~If. 2.).' . .

ib.r::chann.l t. co;""poaed of dl..tl~,=t 'bands; each ha17fng .
a dltferellt roughnes.. Derive "n" .by w"-lah1lnf
s\fgments. . '

': :-,

2

'(,

. ElCtent of:reaeh

Method to be und in
.•iss IgnUlg"n' ;

. \ . '.' .
. S""hO~ i8. 10~Get."'lde; ~er.lore. th reaeh. elCten~
. 'frOrll 100·1 abovs .ectlon·1 to Inid yb.twe..n
.- . ..ctlOI\8 I ei 2.. O...irnated ... reach 1\ Ctlil. 2)."

r ,.... . .

Th" 8~nd~~s=2Q;,E' by ',teep Irngular b~dr';ekOn
• thll west and· s<:&tt~. d tre.. on the ..a at. I)oltl,,~ ' ..."

by welghtin!! a.lltJl.~ • . ; ".

, .;
.~ ,.,",

From Inldwa)' bei\,;~en sectio11e ~ and 3 to 100 f"el below
. , ..~tion 3. Desl(!J\8ted.as rnch e/('i'" 2) ••

The ch..nnl'l Ie l!'ravel and cobble thrOUghout, Scatt"red
· brush does 110t constil'lt" a d18tinct are.a of v.getation.
. 'A.-Ill' ."11:.' for the entire channel.

4 . Rp."I!U\.... lactora (1). Sand beel-princlpal cauae <ic ~cbneaii" . W~lgbt
as .~. segment.

nedrC)("k-wei8hl lIS a ,egmenl.

Irregularlti". on.bedrock surface-artect only, the'
bedrock. Compare the "n" value obtained by.
ustng a.high blllle '''11'' "I~h 'Ihat obtailled by u.big
• low baae "n'." and.acljustme.nt factor8;' '.'

. .
(4) .Add 'adjU8tments to the. c(unpoeite .. n" ror barik

Irregu18l'lty and tr~s •.

(l)' .~~d~ock banlt-may be &ec~Unted ~iJr 'by adding an
. , ::. adjuatl;ri.nt factor to:the '~i1" value ;or the ~d or .

as a s~rate .;'·irment.. US" the bl"er;

12faed-dlvlde into s"gm..ntlll accorduir: (0 type or
· . material. \ ,

"

(3)' 9rUJlh--:'.a'Bsien an "n" 'for'br'Ush a~ a segm~j,t. alld
adjulU Jar d"bds 'caught On bru.h. . . .

(4) i:touidera at head of reach -ad.d ~n adjURtm~nt
; :I':c,ior to t.h" .composJ.~" "n. "

.~ .... ,

I'·
5

( '.

Divide Into segmenta.

',' ~

(Th·ls mental proce•• probabl)' WaB done ·wn..d·'·'
performlJlr IIt"118 3 and "but .1•.restateci ·for.···
eontlnuity. ) . . .

The' bedrock baok~~';"~itute~one .eFe~t;.ti.eaand bed
. eonstitut"s a. aecond' se,m"nt, .

(Thl~:mental"~~ei!la probably was don. wh"n
. tMirtl'U:minll·st.;pS· 3 and 4 but is .·restated for

cdlltlmalty.) '. '.

· The '-channelhaa ri"e bask types 01 rou¢.lnes. eaused'by
'parlillel balldB (If b."droclt. ·aand. grav,,) lind c~blea,

bouldera. and b':\I6h' that extend lhrougli m08t 'of th.
reach; e3~h' band .constltutes a segmenl.

'Not applicable; '''n'' Is to be aulgned fOr "ntire ,.ctlon..

I.
(t)BedrO<lk-CoatQ..~i .... jl!e<l materialltalli~ ..8~.tQ ..8-

inch proj'f(,tillna.· ..... .'J'" .' ,
].:~' . .6.

!
1
!

(

Type ot.·mat;'rlal.._ ..
and gr.aln etu

(2) s..'ld":~a'dete~niin~dby sieve analye ..; which I.
not inl:luded in (hill ri!port. the medlan particle,
alze is. II. 8 Mm. . :'.

· (J.l,1lli.4rock=Ii'll"tlytiieiuJtr""l!lt./.lIJri.¥.lll~1:P
. projections haYinl·. maximum I).ieht of ;,bolli 3

Inches. . .' . '.'

(2)' Sand-same all a('"dian 1. .'

(3) "'Oravel and .cobbles-'-.a d·etermln.d bY. '~",amlnation,
· the m.aterlal ie from 2 to to Inchea in·dlamet..r ..

The median aize ;,,"1'11111" larger lhan that at
seclion 3; use' 6 inches. . .

(4)' BoUlders-as d';termined by exam.lnation, the
boulder. are from t to 3 f"et in diameter; m"dlan

· silt.. is 2' f ..et. .

.A~ detel:mll!ed from", 100·p.Qlnt grid system,
'j)art,,,ie a(zeia 4- iileh.... .

I

\.
\

the.med~

(,)v

.~.J\'

o
~

(5) Brush-as det.,rmlned I1Y examinatiOn. the brush Is
m~lunl ·d..nse me.quite; th.. spl!oc,e ~t",een th..

,trunk.i:i1·Qnly wlei.. enoUgh'for One per.on to_lk
thro'lgll: .' . . '

.>

[

7

(

Base .tn ,. (I) Bedroek-compar;, "n" valuea derived from the
foUowlne tnethodlf' .

.Method I-tabl.. 3 sh~8 Ih4lthe "n" ror a ja'l!I~~"•.
. and irregular rock cut is from 0.. 035 10 O. OSO. .

AII.um:e that the .projectlonahave. the same rouen~
n.... as the ~ou~eat cui;' "n': Is 0.1150. .... .

Method 2-taI)1. I shoilrs that the bass "n" for th.e
~e9t ehann.l.alq,lJll!-ble in rock Is 0.025:.

Adjust lor l>roj'!Ctlon8: .
(2) Sand:-table 1 gives a base "n:' value of O. oas.

...~. . .
. .

(1) B"drdc\c-amoother than that In IIectlon I) appears
to be ,;,ore nearly ."hat would b" expected in all
average Irr..",lar cu.t.. The "n" value r."I1"_
from 0.040 to 0.050; use 0.045.

· (2) Sand-lIamc.a1 .that in .~eti.~n !: ihe "n:' til o. 021;-;

· (3) . Cabbie. -..:~iichtlyrou,herthan the bed ,;. section 3.
'" The. '''Ii'' III a few thousandth. higher: uSe a ba••.

· .. "n'" 'Vlillle of 0.035.' .
.-_. ...', .".. ,,'. '." ,

· H) J:i~ulderll~tabie1 sho'''' that·the "n" rail"" tt'onl'
0.040 to 0.070,' Vor m,rfow1nll" the rane•• c:orn­
pttre the chaMel wllh the channele 'hown In the

· photo,raphs glY-e~ by 1larnpi (1067)'ond those
, given In Ihls r"port. The bed material and \Septh'
· or fiow appear' comp,n'ahle to lho,e' .hown In
· photorrnpba given by Bal"nes (1987. p. leol and

tho•• In photorrapha 42 anel 43 in th18 reporl.
· Us.. a baae "n" "allle..Df G. OSO. .

· (5) Rrulh-table 3 .hows thal the ~~n" rangeSfrQrn.
O. G48 to O. t 10 and generally 18 0.070 for medium
denae bMlsh in the winter.' Bl'UlIh appear. more .
dell,lle thap tM.t II\. photo,..."" 5Tand eoNllldusb1,y'
1... den•• tnan tIl'1 in photOIr'.ph es tn \hla . .
report....U-, an .•.•!I•• qlue. of O. O'JO.

····T~bi. ji sh~wa th'~t the b~s. "';"rang~af~"'; 'ii. 03Qto'
o. O~O. The median diameter Is ..mall for th" lIize .
ran,e f~r.cObbles. ·.nd depth of fioV( la fairly larCe..
'ps.:~ ba~e "~'.: yalll~ of 0., G3l), ,A"I~~1al' "1>". w:.o~
. be dll'tlved uslnjphll' diann"l" ..eleeted.tor comparillll'll
. in ilk.." 1. Th" ver ilt"d "Ii" "al111!8 for th..."lected··

ehaqnelll arc··O. 032 and 0.038.. The verUled "alue;,
lnclud. roUJibiiees caus,,~ by 8uppleme~al faelora;

"the baae values 'woulil be-lo.,."r. probably betw....n
'0•.ota and O. 034.·Ua'! a baa. "n" Value of O. 03.0"

8 AdJWllment faclDra
ror segments

Add 0.005 for the .1Iranular .nature alIne rodc and 0.020
.lor the projections (sevuc lrre@\lurlty. tabll' 2).
Th.,~d "n" Cor bedrock Is 0.050 (.arrie a.
above). .

· Owiftj[ to tho mat,..QfJl$-~rls ,P1!l!!lt<t!'~d, .0n_bMl'h.• thiP.
brush rrada .. iOt:werl! more dens•••Add 0. O!O
for the 4cbrts. The ~dju.{lid."n'.' for.••r-t. Ins
0,080. .

Not "1l"Ucable.

9 Basia (or w.lpting
"n"

Th" bedrock and .and form the· ..ntlre· ... etted pe~lmeter,
Welgbt on buts'of wetted p~rbneter.

Th*'d"Pth va~I"lI e0118iderably acro" the channel. ami
: .b It oc,=upl•• a dlat1nct part. DC the eharinel. Weillht

.bul,·of area.· .

Not appltcable.

10 Welchtlnl fa.,.or.
.. ·linif'w.Tgnteil....\i.. ·

About 10·f.et at the wetteli perimeter i. boUnded by
. "'be(ffocll. Iilldabli\lt~100feet' l,bOlinded by·$'tltlir. .. ' "

Welghtlnr factors are 9. I and t. O. The unadjust..d.
"n" "alue Is (. ill . G5 • 1 x , 0~.5)/1.·1 2 .02'7... .

:~..,~~.~ w,;lentlng faCl~rl. !In.d. ~..taht~ ;.~,. are ..
· .. c . put~'ln fiiU .......; ·-"!'h..·.....tt:hted-... ~Jl",.. O~Oal,·:,

. . " .' '. .. ,"

.\. . .'
!

". Not applicable.
,'-.. ' ~-' . ... -_. ~ ._...._._--_.._.. -,,---....: -_.#-

11

o

'Aclcl adj..atment8
for ~llUre chann"l,

,.\....

(1) The scallopll and ridll",'\l> the·bedroe·k and the
tre", and brush: along the bank cabs.. a. millor
amoUnt of Ir·rl!llUlai1t1. Tbe adju.tm.nt of O. 003
wae ael..ct~ from table.a: .

(2) Gr.dual C!lal\(!eln channel ah.pe and po..lbly aotrle
, turbulence oecur at the btnd In the low.r eDd of

the r ..ach. but saect. are negligible. Uae DO

adjuatment for alinetn""t.

Tot..1 adjustment la O. 003.

Ad'jU8ted eompo..it. "n" ,. o. 030.

'. ~. . . '.
Url·Bould..n "'t J1"ad 01 reach are aU¢lt obstructions.

! Add G.. ooa (tabla 2). .

(2) ~~ bend near the ~er "nd of rfteh A (fil. 'I
cau.e8 .U"'t Irnl"larlly; add 0.002 (table 2).T!adjuatmellt Is O. 004.

AdJ led COInpoalJe "n" .. iI. on.'

'a-;

(I) ScaJtered brush and blocks of roek caua. a minor
degr". of obstruction. Use aD "n" value of
0.001 (table 2).

(2) Chan,,, in chanllel .hapll call"". now lo alt"rnate
• from aid" to eld.. OC!caeionally. Add O. G02

(table 2).

(3) &nall smo...' of bruah In reach. Add O. 002
(table 21.

·Total·.~ Is 0.001.

Ad,...t. -..oaltl·..... Is 0.018.

RlllIIld ... to 0.0».

.12 '. C~JUpara ....ith..
·othel' .t.r·.ama

Th. "n" val"'" I.' in th., range- liv..n lJl' .t.." I. COD­
• Ider t!'. value' ••t1.I...~tory; .

Tbof .........1.. Is ... Ule ru,e Jivea In stap 1. 0..'
,"4der the RIlla nlJaJadoq.

Th. "a" RIlle ta lit tIM! raJl#e I'v('D ttl at"p 1. CoII­
a!dar Uw value Pflaraetor7.

. 13

0:

Ch",,~'now regim~ From "paratl! compulatloM not Included in~ repoft.'1 .S~n_ ..ltd ..... not pre.ear to _milt a c:beok.
Slope I.. O. 0 I loot per foot·, hydraul~e radill. 18 &'11

. reet. and velo'clty ta 12 feet per .econd. .
82RliwV' 82 x &. 8 x 0. Ot '" 12 • 43.4. Plot Ute
value on fI,..,. I al a m..dlan parltda slse of O~ • !'1m:
.01.......11le will plot out.ld. the dlagram. The' no".. I I
claaalfled as upper roflm", and the "n" valu. I.
'aUsfactory. .

.~

~ for .table ~hatll\.1.

~;,

"~f

i~:.~ ~}~;:~'" .::' ~ "'·::~~J;~.~~:~~~·:·~~:·~i~;:>~~:{ ~.; "'!.:" . . • ~ ,. "l' "'.i:1.i. "-'''=~'''''''''''''~'--'". .'_ . ..
"';":¥?':':'h!'/~'''''';''''~..;a:;~:,,- ..'ll~ "'~"'r"N..~ .", ,af~ ~t" ~,t~:-'-Il--~'-'-'''.'. r - ,

...~.·' .. ~..:;:.. -i.o,'~~~>-I11.:':;;:,;~!1"'ii~«:~.l'~;&: .... ,~. I ~... 2U: ...J.... J-.. ..



attempt tu ViSUl_tlizc-; tbB C:()llditio!l~} during the event. Compar.e the channel with

other channels for which "n" valllcs have becn verified 01' 8ssigncd by Expcri-

enced pen;;om~el in orde:~ tt) estimate the I=:ossible n_Ulge in lin" values. [Sec

the photographs in the report by Barnes (IDe'j-} and ill03(;: in this report. ]

2. Determine tile extent of reach to wh5.ch the roughness factor will

apply. AltilOugh lin" may bc: appli ed to an indivicJ ual eros::; section thai is

typical of a reach, it must account for the roughr:.ess in th~ reach of channel

th2.t encornpa.sses the sectic'l1. \Vhen h .... o or more c:coss sec-Hons al'C being

considr-:recl, the rt;acb thai encompasses anyone section is considered to extend

-lalfway to i:h.e next section-_that is, i.n figure 2 th(-' "n" Y8.l1':e fo~ sr:~t:i0rl 1

r.epresents the roughness in reach A, and the "n" value fc}r section 2 repre-

sents the roughness in reach B. 1£ the roughness is not uniform througbout

the reach being considered, "nit should be assigned fer the average condition.

3. If the roughness is not uniform across the '.'..-idtb of the channel,

determine wnether a base "n" shollld be assigned to the entire cross section

or whethC::l" 2_ compJsite "n" should be derived by weighting values for individ-

1.13.1 scgmE~nts of the channel having different amounts of roug-hness. (See Stei)S

4 - J0.) When the DB-Se va1.ue is assigned to the entire cross section, the chan-

I1c1 COi"lstitutes t~1C one segment being considered, ar;.(] t;ters 0, 8, 9. and 10

ch not :ipply.

··30--



4. Determine the [acton: that cause l'OngJllj(~S:" and how each is to be

taken jnto 8ccoul1L Some factors may preclominat.e in a p8.rticul:u· segment of

the channel, or they may affect t11c entire cross section equally. The manner

in which each factor is handled depends on bow it combines with oth(~r factors.

A gently sloping bank may constitute a separate segment of the cross section;

whereas, a 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 ~ho111d be considered

as obstructions, but, if boulders are scattered over the entire reach, it may

be necessary to consider them in detennining the median particle si7..e of the

bed rnaterial. Vegetation growing in a distinct segment of the channel P.::lay be

~~r.rl r'lo'''' rl'"".t .,-rl"'\ll1,,,..... r\.f' ;-4"("" "'''TTT''\. ·,,·Tl'"\I"::) ...... I':\...,,~ '"'""' .. rt"t.-~.,nt. .. C' """",,,,c'n~ h ... , .. .,r..rt,...,:.+ •.,·+-i~T"\
--0---- _... _- .-..._-- -- _ ... _.. _ ...... ; ... - ... - ---.I ..... _·~b---- .. --- _.... _._-- -J . -1'::1 ....... _ .. _ ..... _ ...

growing only along steep barlks or scattered on the chs.nnel bottom \\'ill be

accounted for by means of an adjustment factor that can be appJied to either

a segment of the channel or to the entire cross section. Parts of the channel

that have very dense vegetation and those downstream from projection points

of lJanks may be areas of dead. water. If it seems desirable to eliminate these

areas from the cross section, the "n" for the adjacent segment should bE:

sufficiently high to account for roughness along the face of the brush. If a

composite "n" is being derived from segments, the USCI' should continue with

~tep 5. In the other i:ustances step 5 is omitted.

., I
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(See uhotOp.Taohs. ....

d,::,0.s not extend through the reach. If a segment contains more than one type

reach; for example, in figure. 2 the gravel and cobble segment in reach B

of Jil{erent roughness are present, it is fairly easy to define the contact be-

tween the types of material (see fig. 2). The dividing line between any two

segments should parallel the general flow lines in the stream and should be

though one ~f the types of bed material may not be present throughout the

5. Divide the channel width into segment~j accCJrdhlg to general rough-

>~·.'\1stream and if the gravel and cobbles started near section 2. Figure 2

ness, If distinct pc:.raHel bands of bed material of different particle sizes or

di'.'iding line must extend through the entire reach, as defined in step 2, al-

F:G JDcated as to represent the average contact between types of material. The

l'<;;.nge; in the field, however, material of this size commonly grades from

fine gravel at the edge of the sand channel to boulders near the brushline or

thp houlders and gravel are intermingled. (See photograph 28 in this report. )

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

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

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

011t fJ ch8l1nel, jt is impt'~ctica] to divirle the main channel.

W'Quld be divided into Cl maximum of three segments-the main channel, including

.. :';~ows two distinct segments having material iIi the gravel- to boulder-size

.'. _ 0" -.-"-~.-:~.lghness, it. may be necessary to use an average size of bed material;
- ...~_.



sand, grave), cobbles, and boul(L~r::l, an() a l'Otlfh<.'r' ~;('gJTlent of brush and

6. Detc.J:'min~ the type of material that bounds or occnpies each seg-

ment of chann(~l, and compute the median particle size in e~'1ch segment using

either method a or met;lOd b. If the Limerinos equation is used, the size

corrc2,ponding to the 84th percentile should be used in the computation.
,

(a.) U the parU.cles ean be separated according to size

by screening, small samples of the bed material should

be collected at 8 or 12 sites in the segment of the reac~.

Tl-JC sar:1ple.s are combined, and the (~()mposite sample is

passed througll screens that divide it into a minimum of

each range is measured 2.nd ccmverted to a percentage

(b) Ii' the material is too large to be screened, a grid

system having 50 to 100 intersectil"lg points or nodes

per segment is laid Qut. The width or intermediate

diameter of each particle that falls directly under a

node is measured and recorded. Tee 15izes are grouped

<:1-.:.'S in ea~h !'z:l..<Js'e js :..~ecorded nnd converted to a. per-

cent age of the total sample.

-3~1-



both m(~th(~ds, th(: ~3jzc that correspond::; to the 50th or 84th percentile: js

obtained from 3. distribution curve derived by plotting particle size versus the

percentage of sample smaller than the indicated size. Experi en~ed personnel

generally can make a fairly accurate estirnate of the median particle size by

inspecd.on of the cha.nnel if the range in particle size is small.

7. Deterrctine the base •'n" for each segment of channel using tableb

~

1 or 3, ihe Limerinos equation, or the comparison given in st~;p 1. Chov:!s

(1959) base. values are for the smoothest condition possible for a given mate-

rial (table 1). The values of Ben.son and Dalrymple (HjG7) are for a straight

uniforrn channel of the indicated material (table 1) and are cl0.s(~r to ~ic~u8.1

field values than are those oi Chow. If a composite "n" is being derived h,t>rn

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

8. Add the adjustnlent factors from tahle 2 that apply only to individual

segments of the channeL In the example sho\vn 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 rnatcrial and beds of another material; wetted perimeter also should be used

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



10. Ef;"irna1:e lI,e weth:d pcrirnder or aren for each segment, and

of the w,~jghhn;r factors.

.. ..,.. ~ .- .... ,.
tL!t: dLLJU;:>LUH::Ut .I.<.Lt:,O':'·b 111 i.i::l.:Jlt;; ,;,. lU"'-J iJe u;:,t::u· Ul..~·~I.,;·L.I..Y, .1.1 UdDC V,:,l.l.UC.:> ,;1.) c: LvUl'

items used in s:.eps 7 and 8. Considcl' upstrcarn conditions that may cause ~.

fluence 'ln" for ihe entire channel. Do not include adjustment factors for any

;.stl;rbancc in Ule reach being studied. If Chow's (1959) base values are llf:cd,

t.:iven in table 2; if "n" is assigned on the basis of a comparison with other

assign a ,\vclghf.inr.; fa~'i'(Jr to each segment that is proportional to the total

pllt':od :fl',):11 the Lbnerinos equation or are thos.e of Benson and Dalrymp1.e (l9G7),

tll(' depth v~n'ico consjd.e;'~~.I:;ly or where dC'nsc ('rush occupies a large and

wetted pc-ri:ncter or area. VIeight' 'n" by multiplying the C 'n" for caelJ seg··

1 :i.. Select the adjustment factors from table 2 for conditions that in-

mcnt by its weighting f:J.ctor and dividing the sum of the products by the sum

the c.:d:l.just-t,11cnt factol~s should be from half to thl'ee-fou:cths as large as UtOs':.

streams, the adjustment factors wi.ll depend Of! the relative amoli..'1ts of rough-

ness in tlw blO strearns. Add the adjustment fa.ctors to the weighted "n" from

f;lcp 10 to derive the overall "n" for the reach beinrr considered. 'When a IEtll-
'"

tiplyil1~; factor. for meander is used, it is applied after the other adju,stmcllts

p!:I\Tr. ht'!"T1 8':irin,..j t.n. 1.·hp h;:-,·~.. p "~no " B"()·"J" .. ',...1 tl"" ",i 1 <" ...lp~. 1l) ,'1 .. n V~,11p' c., l) .,."ree,

oLlajn'~c1 is tl:r:: co:npo:;iie 01.' ov~r;::dl "n" for the reach selsc'ted in step 2. \Yhe:a

lrll.lrC tl;':J' \In(.~ reach is used, rcp(~~d. ~:;teps 3-· J 1 for each r8~ch.



12. COlIJparc tIle study reach with other C!l::UllH':ls, [IS djsc~ss('d in

st~p 1, to det8rrnjne if the final values of un" obtained in step 11 appear

reasonable.

13. Chcc1~ t.he flow regime for all sand channels. Usc the "n" fro:m

step 11 in the M.anning equation to compute the velocity, which is then used to

computE stream power. The flovl regime is determined from figure 1. Th~

assi gned value of "n Jl is not reliable unless the stream power is sufficient to

C,tUse upper regime flo\,:,r.

PEOTGGHAPHS AND DESCHIPTIONS OF ARIZONA STREAMS

This section of the report includes the photographs and des criptions

SCiCCt8G n13iD Cl1~I:!:cls and flood plains in ~\rizona for \vhi~h fin" "'"r~1""J~3

eithcT have been computed from a known discharge or have been assigned by

experienced personn~l. (See table 7 for list.) Although the assigned "n"

values may not be exact, the values were assigned and reviewed by experi­

enced personnel of the U. S. Geological Survey and are believed to closely

2.pproxirnate the true value for the reach involved. The values for each reach

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

~ll'e given to the nr~arest 0.001 in order to account for minor roughness vad··

aticiIlS wit~1in and among the reaches; however, except for very smooth channels,

6uch refinemel1t generally is not warranted. Values of (In" that are between
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12

.018

· 018

.020

• 027

.027

.035

.025

~.,-

• u .... ::>

.027

.030

.O~5

)) . 033

027

1/ .029--

1/ .018-.022

Canada del Oro near Tucson,
Ariz.

Laguna Crce}~ near Kayenta, Ariz.

Flato Wash near Sahuarita, Ariz.

Dinnebito Wash near Oraibi, Ariz.

llassayarrlpp lOver' at hox '.ihll :-:.1;~. I
near Wickenburg, Adz.

Santa ern?: Hiver at Cortaro,
Ariz.

Kanab Creek near Fredonia, Al'iz.

Santa Cruz River at Tucson, Ariz.

Verde River near Paulden r Ariz.

St. Maryt s \Vash at Tucson, Ariz.

Gr~ens Wash near EJoy, Ariz.

Arcadia Wash at Tucson, Ariz.

Picnic Creek near Springerville,
Ariz ..

San Pedro Hiver at Chc:r.rlcstOIl,
Ariz.

3

4-5

Chinle \Vash near J\hc~iG[l.n "'otCl'~,

Ariz.

M...l\.IN CHANNELS

-::3"/ •.
flee footnote at end r r lr Lh;.

6
.,

- I

10

13

15

11-12

Ie-17

18- J 9

20-21

22-23

Table 7. -·-Assigned "n" ";"'lm" h ~·t ('1'1, ' .Jlfll"lf ;'l1J flood plains
for which pbotor~J'~pll:; ,I' ~ ,.f!" '~l it lill. J'C' art

- PilOt.D.. --1------·-------·-----·--.'---------J-----A s si ~~(,'c.l ~---
graph Loc;.} tlon " " - ) Pag:- .. I n vaue

~~'nb~ ,__ _ '--__

1;~~~~;-,::l.:::::::'·'~.::".··~~t:.:.·,,~;;~ci~~,,:.*i>~,;t;:~.~ ._-

24·- 2 ~., I c--' ~ 1 W'-' I ~I,C}1\.cnnia as 1 ncar ,,01orne.
Ariz.



I iLhll 't'. - -Aflsigned •• I" t· II (;..::3 f' J' .11' 'un1 ('hun u18 and nOfJd plains
fOl" wh;ch pho\:ogr ...1.j 1 .1 ~ r ' f=' 11 ju li!~ q rt--Continucd

--~~7~~1~1-I----------=~~~. -----~.__~_A._S_S_i__g_n_(~_d ll~pag(:'_o
"n" \'ai'.lc

nurnhcr
____• o' __ ------

.045

.050

.045

.050

.038

.035-.040

.050-.055

• 042-. 0·'15

· 045-. 058

11 .
~~ .053

0.032-0.040

· 038-. 040

1/, 0.18 , ..036, and. 02]

New River ncar Rock Springs.
Ariz.

Cave Creek ncar Cave Creek, . .ri·•.

MAIN CHANNELS-Continued

Powder House \~rash near
Wicken~urg, Ariz.

Gibson An'oye at A 'oJ' Ariz.

".

Lewis and Pranty Creek ncar
Tortilla Flat, Ariz.

QuO ct Canyo, r1.'~' '0 rOU) j{ 'Ir ,

Ariz.

Chevelon Creek near \ r'llslow-.
. Ari2;.

San Pedro HiveI' at Charles"tOI'J

Ariz.

East V '"rde HiveI' near Childt',
Ariz.

:!'Tew HiveI' at .,:: 11 Dad 1 (-or J'

Phoenix, Ariz.

Fish Creek DCa!' E;:j gel r, A 1'17..

IHouston Creek ncar Gi,-;da, Ariz.

31

36

26

41

32-35

27-28

29-30

39-40

37-38

45-IJG

42-43



,070

.080

.090

.035

.060

.035

.030

.050

.060

Jj .067

0.055-0.060

Cherr)r Creek near Globe, Ariz.

Section 2

MAIN CHP~NNELS-Continued

Foster Creek near Rimrock, Ariz.

FLOOD PLAINS

.Section 1

West Fork Sycamore Creek near
Sunflower, Ariz.

Hed Tank Drav/ near R.imrock,

S. F. Rattlesnake Canyon near
Rimrock, Ariz.

Chevelon -Creek near Viinslow J

Ariz.

Brawley Wash near Three Points J

Ariz.

Santa Cruz Hiver below Sonoita
Creek near Nogales, Ariz.

,-
Shinumo Creek near Grand Canyon,

Ariz.
48

51

52

55

57

56

5~

59

49-50

Table 7. --Assigned "n" values for stream ch~nnels and flood plains

~;:~~~/Ol ,vhieh Photo
g
:::::

li
:" given in lhi'T'reporlAS~i:t::UC=tdPage

"n" valuenumber I
__. I . _

~~~=,,{>:R=_-,: ..:.,:~.;:~,C::;;;'-" ·~.~tj.qQ;-,3';'1~;'::''';;:';'''i.:::. -::::~:~:~:;. ","~._:"',.- ..,~'_'; ,......:".'..... , • 045
- - ~'. i:.......'7:"...;:.::.:;::~.::..

6 1 I Section 4 I
-39-

Spc footnote at end of table.



.070

.080

. 100

0.045

Area 2

Area t

Area :3

-40-

Area 4

Los nobl\~s Wash near Marana,
Adz.

_1) Verified "n' I va.lue. Computed from a known discharge.

FLOOD PLAINS --- Continued

63

62

64

------------------------_.._-_..__•._---..----------

Taule 7. ---A~):')igncJ "JI" vale!:;:.; for stl'l:il.m channels and flood plains
for which ph()t(lgl':lph~; '1.re riven 1ll thif; report-- Cant iuued- --------------.------------------- D

Photo··
r-raph I oc a1 1( r AssignNI

number .. ..__.._. J _'_-'_~_~__._________ • rn_'_'_v_a_l_U_C ...J.-._

p
_
agc



ness, which influenced the selection of "n" at the sites. The differences

+ 0.005

+ O.OJ.O

+ O. 015

Probable m.aximllin error<.'n" value

<. O. 050

0.050 - 0.075

> 0.075
"~

Some assigned values may not appear to be consistent with the photo-

are la-rgcr than O. 080 com:monly are used to thp nearest O. aL

cobble beds are the most reliable because many verification studies have

•
values for smooth sand channels are assigned with the same degree of

The location of the study reach. a brief desc:-iption of the channel.

o ~5 ,ind 0.080 commonly are used to th~ nearest O. Oaf), and values tho..t

The "n" values given for stable channels having clean gravel and

been made for such channels. The assigned values for these channels gen-

eraDy are expected to be within abont 20 pel'Ce~1t of the true values. The

numerical Ci.ccuracy. but the percentage error may be larger. Unless other-

wise noted, the errors in the assign.ed values arc believed to be in the fol-

lowing order of magnitude:

graphs and tables given in this report; the two-dimensional phoi:ogrCl.phs do

not show many of the minor details and subtle differences in channel rough-

can be seen more clearly in stereographic slides.

and 8 cliscusston of the factors considered in assigning the Ifn " value for the

reach are given for each site. The base valut;!s of "n" given in the descriptions



~ frdm tabk 1. II: th('. def;cripUonn dIe stream banks ~~re referred to as

left or right ));:lnk acconljng to thf: bank position viL'wcd luoking downstream.

The four channel properties given for each stream are:

\'1 = 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,

,So =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 prefe:rence

to mean depth or hydraulic radius because it is easily observed in the field and

this value to other channels than either the values for meo.n cf:;'r)th or hvdr8.u.lic. . ~

radius. The surveying rod that appears in mOo-t of the following photographs

shows the depth of flow for which the "n" value was assigned.

....
~1;~~~£"'~;;.:~::+~,:,.:::..s~,~·~~.~,:~'!::..t:f)."l"="'~:':~ ..,:.;;:::'1:':':':'~:tlr.;:.~':: ";,:';" ; ..:;;'.~;-::~:I.:_·,'::;:t;':_'.'_;:~J!~ ... :t...:::..:.-~;..:.~;
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CIllNLE ·WASH';NEAR.MEXICAN 'VATER. ARIZ~

, ",;". .. ~

LocatiQtl~,-;~~~~:~··1.i!~,:"I:~:41ii.·:R•. 25 E., 800~f~bfdownstreamfrom
. U~'S.~ig~~\'{~;,~ff).:Q,,:'4,#ilieS,::}·~.est:';of.M~~can. \V~ter.

~"" '-0' ".; ~,.....'.:: _.: ~ '~. . .•• - . .'. ".~.

..... ....•. ~: ":_~.: ~ _'.,. ~"' ~. , ,., .. " . .. . ..

Channel. --The channel is straight for several hundred feet, is rectangular
mcross·secHOn•. and Ts hounded by. :fine:-graixr~'sandstone. .The:bedcon"'"
sistsofloo&.e:sand· b<1ving :a.me4tangralll sizebf:O,'l:r.QUl aDd a maximl1m'
size ofa,bout_-o~'4mm;" ." Banks arkst;r?-ightari.~nav~littleirregularUy~....•

·.' .'VI :ii5~' •.. ' .Jir~6 f~,i ;$,~. o. O;'Ogj~~;~ ·.V;' "5. 5,Mseh,;
ilfam1i.mi!~·~'il~:<-~TheLsm~n¢Sj,~an~i()r whiC!1r'eliab.l:e lab.oratorytests ar~, ..
-aYailabkis.e.? m'in': :'Sancfof this :-size ,has a Mann,lng'scoefficient of 0.012

for upper regimeflo-\v•. Extrapolati6~of the b,bo;ratory data shows a base\.,·,.
value" of less than o. ola for 0.1 mmsand. To all~\v'for ba.nk roughness"
the,~oefficientwa.~,il1c~easedtoO~O:l~, One ~evieWer felt that lin' j could
be as ~ighas ·O"9:f5~·.: :. . .",. .

.', '.,'.

,c', W"~,,'~~a:~,' •·h:;s;4~5,:'it:-;,,;,S~:~O.OQ~jtlJt ."'-:V= 17. 2 ftls
~. .....,' ....•.._- ." ,., ...

. ~;"" .. :. ':."~'~;,...'.':'. :.~.'~:. ':' ..... ...:'.:'," ..... .' :..•. ~ . ~".' ..~.:. ..' ....; ..
(P~ot6gl'ap"l:i;was :tak-en..followingasma~ler flood.)...... '....;".. ',. ,. .- ...

.Maiming,s, ,~~,.,~~:',2~~ba~"nt", v~uesare'Q.012fo-rthe fine sand .and
'.. ' ~ ·O.025Jorthe;coacrs·er sand~A:n ay'erage oJ O. 0 i8 wa.$.,used ,for the

.~~~~~'~~~~~f-~SS.tf~<;j,l1"
..'.'

-44,;.

"-.'- '.'
, .'

>.," .~i .

-'

":1' •••••

"i~' •..: '" .• - ~

t.

;' . ;., '. .. .. ..,: ,'-1,.:....: . .' . ." . ,..' . . ." .' ',...... .' '. '.. '··;,:·Oz'··~-1.rr .:.
,.,"';.LocaUon. --InE'\V'i:f3ec. '33;'T.,l,2 S. ;..··fl.· 13 ,E. ,jngOlf.icourse upstrearn:::~!.·:~, ",
'," from .Ma,gee~!C?i!driOrthwest"of']:liJCSozi. ... ' .'-. .. .~ .

. ,',. ' . ' .' .., ) .'. ,.' . ' . .' ,,,'Y;';f
'i'i. ,.' Channel.-·-:nre, eQ1?struC;fed channelisstr~ightan.dha'& a uniform trape~.. ·;'
;:. :.: ,;·Z<)i-aal·~ro~$}~;e~tiQn. The ,bed ,ina:~-e-rialis fairly:'co'a;rSesandhaving'a:,";'

.: :,,1n,edia.n;.~'u);·siieof;O.9tnm..: :Athi!i surface JayeJ:" 'oifin€sandha\~-i;n, .'
,·a'lll<iQja~gr~il1:$ize.of 0.• 2 mrnoverla,id the c6arser~sapdafter the flo. ,

,e-feIiffpE:w1i£cb.:"u'·#,.vras as-si'gned,'Banks have a .. ·i~·t{) slope·ivertical'·
. ·,.to horizontalfS1ld:r. ;eover of,closelY111.cwed grass'Qn·~tndoth ~oil."":

: .::- :'-' .': .' .'••..... ".; . ··:r.. . '. . .:;:;.,. .... -..._ .. .~,.' , ' ':.:" '. '.' ., ...



Chinle Wash

Do~~stream from middle of reach.
1

~JLJ.\,ll-: J.\lV • .L

Sl i.de No. 2

"ll" O!.J!.2· (,.r) l~!
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J~cication..- --Abbut 1i. OCt)· feet upstream from: conerete~_d:masonry divGJ?:Sioo ~~,~~~
~,:·d3:~~.·J;,~~le~t~~~t;G.i :Kai~~~a::.,:-:, _: . '7,·?:>.:'~.. . :: ..,'.':.:?j;,~:)~;'
\ :" '. , .. _ _ _ ' .' - .,: .• ,,_. • :_". -~ I .. ~ • ... ~. ....

Ch~nnel!=-"'Th~. .c~ani1?ll1as a nearly rectangular ero'55: section·'in compacted
.. silt and ilrie"~nd~1hcst!'(;~(frfbe'(fh~'ioose,~~~dartd'$ilthaYinga>~edian'"

~~:~~~~~;~~~;¥k{f~E~~,,~1,·,:,t.~~~t~~~~~~~q
~ :' ~ ..

. \V ~ 30~3i·,:fi "~. ~~4~fi::~~: ...,'~~=:·9.,'~O,t:~tl~t': V = 12 ft/ ~ec., ,;~
. _. ..,~. . '.' , ..r.:' .. ". .,".. _'."',~ c':'

Manning's ·"n':... ~-Base "'ri n for.tbis,grain siz:e is~es1l,,·than 0.010. The·
·narrow·chanii~larid th~lJoinl:s'proJecHngtrom the·~k increase this to'
.ibout 'O'.o.is .Or O~;blS.·AvaiueOr:O . .o 18Wcis u~H~(f.:·', .',
~ . ''': . _ . ' '. .... '... :' .. .' .-. • ~ ...,. .' . . ~.i>-.... . .... .

. ' ..-

,. . . ChanneL ....:...Th'e, ethi1tmel' is)~eetangwar in~crosss~cti_~,:andcuri~~

,:thr~u.gh~~er~a~h.... !he~b~: ~rial.:~~·~si7~ Q~'~.~~~:.,_~~l'aY., ~n~~"":"7
·.·ha~lng~a,~edi~n ,g.,2.1n,s!z ... oft!..,1 mm., T-h~.~~tl.lS.~a.ro-faJl,V'E!;.

::andbed' materia11s easilymQv~,by~flo\ving·,.yB:tef.,':Th!:baIlcks ::~;.;

vertically iIt 'silt and..are gently·~sca1l6ped... ' . ..... •... :'. !:. - ':;~1v'

.. . . W' '" 75 ft . D < 4 it S~ ~ 0,'00 ijtfft:· :>17 ~ ~..'f
l· .. ".:,:.. ..'.';,'_', .;' ,: ,.. ,:: ' :~_ ; '.' .:,~';':
;.~Ma'ntnil'tItS'~'11·r~,~'l"'fr~q:;~:~1~~'!\J(.<mld':4~:(jJ:~ ,.:;(,"o~:,~:"

'.' . ·G.~l10" but.·thechannel··curvature and s.cal1C);'Ped.b~~.,.:,!ticr~~~e·~

~;~.:'to ~boUt·0.018 .O~ .~."O~.~.~.:.V~:.i:~4;;20,::c1i~{~,~;,,~,"...~



l,aguna Creel~

Downst.ream through reach.

Slide: No. 3

S] l,! (~ l\! o. 4

Dinneb i.. to \-~,:'ish

.. L~ 7-

Upstrea.m along left IHlr,1,.•

Slide·No. 5



SANTA CHUZ nIVEH AT COHTARO, AHIZ.

HASSAYAMPA RIVER AT BOX DAMSITE, NEAR \VICKENBURG, ARIZ.

Location. --In SWi-SVli se-c. 26, T. 12 S., fl.. 12 E. ,at Cortaro Hoad,
halfaTa mile west of Cort41l'o.

. ~ .-~~

~ ·•..·t~ ...~.

v = 13 It/sec

V ::: 11-14 rtf sec

So = 0.004 ft/ft

-48-

So ::: 0.0035 ft/it

D = 8 it

D = 8 ft

W = 180 rt

W ::: 90'- 110ft

Channel. _.. Th~ channel has a fiat b'ed. and steeply sloping dirt banks having
a fairly heavy brush cover. The cross section is tr2.pezoidal in shape
and fairly uniform. The bed material is principally sand mixed vlith some
silt 'and cobbles that are 6 inches or less in diameter. The median grain
size is O. 6 mm.

Location. --In SEt sec. 7~ T, 8 ·N., H. 4 W. $ at The Box,' 7t miles up­
stream from Wickenburg.

.Manning's <C n ", --The roughness coeffieient was ~ornputed from a k110\Vn
discharge., The verified values in three separate reaches varied from
0.019 where the b-!"ush on the banks was fairly scattered to 0.022 v:here
brush was more dense and overhanging as shown in foreground of photo­
graphs.

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.



Looki.ng do-,:nstrecul1 along r:ig1-tt bar..k
it'om uppel' end o[ readl.

Slide No. 7

"fl" 0 ,. U2'/ - O.O:Z)

1J00king do""rlslrcain thr:ough reacll •

S l:i.dc No.9

Hassaya:npa {{ i.veT

Santa Cruz Rive~

S I j <1 c' N(l. 8

[" .• I' • I 1 1I·· .. ,:.11:, L Jl:UUg.l rene I..;: ._~-.,,~.. .. ~~.-

DOW~Htream along left bank
[.0;:\\ upper c:nd of reach.

Sliele No. 6



v = 7 ft/sec

v = 11-15 ftl sec

So :: O. 003 it/ft

So =: 0.0015 ft/ft

D :: 6 ft

D = lO ft

VI = 90 it

W = 170 ft

Location. --In NW:}NEt sec~ 14, T~ 14 S., R~ 13 E., just upstream from
Speedway Boulevard in Tucson.

-50-

M,o.nning's "n". --The texture of the sandstone bed is comparable to that
of coal:se concrete. The base' 'n" is Doout O. 020. The sta.h'stcp drops
appear rough but the upstreaI!l faces are nearly flush with the bcd and
the d~:ops are small in l'\elation to depth. The roughness caus£;'d by the
drops is offset pa;,~tiallyby the smoothing effect of fine sa.nd m07ing along
·the bed~ An "Il" of O. 025 was used, bl,t this va.lue could be in error
+ 0.01.

SANTA CHUZ RIVER. AT TUCSON, ARIZ.

I:~ANAB CHEEK N EAH FH.EDD!"~IA. I ...HIZ.

T....~ati(ll-~. --In SE{- sec. 14, T. 40 N., H. 3 W. I at gage, 6·1 miles south­
W(~:::5t of Fredonia.

Channel. - -The channel is roughly U- sh2.pcd. Tbr~ bottom is cornposed of
sand-;-sandsfone, and sha1e that m¥e a sedesof flat surfaces between
short drops .. The slapi.ng banks are irregular stairstep layers of sand­
stone having no brush cover.

Channel. --The channel is straight and is composed of sand having a median
- grain size of O. 7 mm, cobbles, and boclders. The left bank is formed of

silt and cobbles and supports occasional trees. The right ba:lk has a low
g~ass-coveredDood 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.

/

,Manning's "n". --The median grain size of the sand indicates an ''n'' of
0.024. Because the sand ma},:es up only a thin surface layer, it does not
have the same effect as if the entire bed wcre of sand. The large nwnb~r

~m.=~_...,~&,E££~ ..~".~~..t~e. ..~~..~!...!,Qd.l~~t£!?"·:~,,,,§}Agl~l!x·Jl!gh.~,r. .. ~fl,~~'_"gn(tl>~nk r.Q..1!gll!l~§-e<~Hi:;:: ~1~~
has some small effect. An "n" of O. 027 was .used.



0.025 - O.(i?l.tT,'J
.l

Kanab Creek

Downstream from near mi.ddle of reach.

Slir1r.> No. 'In

Santa Cruz Riv2r

'. I \'·'_'1 ~]1"'11/~ II t" main chnnncl.

Sli~ll'Nn. II

-51-

lIpstrCClal B.t left banl< S11OIofi11 g
t;""lJf;d·~t.:: l.o"yt::.,. v'; (~~4~-·al"'\~. ~J..;.L.""•.

SUde l'Jo. 12
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FLATO WASH NEAR SAHUAHITJI" Ani%'..

ST. MARY'S WASH AT TUCSON, ARIZ.

V=6ft/sec

v = 6 it/sec

So = 0.007 ft/ft

So = 0.003 n/ft

D;: 4 ft

D =: 2-3 ft

W =' 45 it

W = 35 ft

Locati0!'l:' --In SWtSE~ sec. "7, ~r. 16 S., R. 14· E .• :lOti feet upstream
from U. S. Highwa:y 89, and 6 miles north of Bahuarita.

-52-

Channel. - -The streambed is a flat 20 ··footwidth of lOQsr~ Rano having a
me·clian grain sJze of slightly less than 1 mrn. The left b:mk slopes

gently and has a dense grmvth of Johnson grass along the channel and
smooth grass high8r on the bank. The upper part of the left bank is a
railroad embankment.· The righfb2.nk is a steep dirt bank having a
dense growth of mesquite above the high waterline; and sparse brush
and exposed roots below.

Manning1s ·~n". --The base lin" 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 m.ake the right bank
·rougher. The "nil for this channel ranges from 0.027 to 0.030 for all
stages.

Location. --In £W·~ sec. 10, T. 14 S., R. 13 E., 0.2 r.n:ile 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 f:ize of slightly less than
1 mm. The banks are covered with scattered brush, most of which is
above the high waterline.

Manning's "n' .~ --The base ';n'· for this channel is about 0.025. The brusn
and bank irregtblarities ir.crease the value a few thousandths. An un" 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 o~ .~.....
about 6 feet. which i.s..bankfull stage, "n" is 0.030 or slightly hi~her.·· ... ~.~'":

.~~..:=,>=.~. ····"co"-'",···" :.; -._~ ..!i;i~ ,,; ..",.,.. .< ..:<..,.••~ .•..' ,.;: ~~.:;:-~':!zr.,~ '"' ; ., _''<''-.'''-0.::. ··,·, ··'"""..,_.·""""'·= >"':~.!j4!.\~:f;,~'S~, .,
f .ft-
., . : .. .,,:;;;



Flato v.]ash

Downstream through reach.

Slide No. 13

St. Nary's Hash

tJ~sr.rp",m "'h-rnll~h -r<>::lrh·.

Slide No~ 14
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VERDE RIVER NEAR-PAULDEN. ARIZ.

AHC!1DIA WASH AT TUCSON, /UHZ.

Loeatio~. --JnSE{'S\V~ sec. 35, T. 13 S., R. 14 E., 400 fect downstream
from cast Grant Hoad in Tucson.

fI

v = 2" ft/sec"

v = 6ft/secSo "=0.005 ft/ft

So = negative

D = 4~ ft

D = 2!-3 it

W =30 ft

W :: 50-80 ft

Manning's "n", --An "n" of 0.027 was used. The base 'tn " for the smooth
alined channel is about O. 022, but the grass, scattered brush, and narrow
channel tend to increase the "n" value. When water is Dowing the banks
are very slick.

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
<If 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 O. 3 foot per 100 feet, whereas the water
surface has a very small positive slope.

-54-

Location. --At gage, in S\"lt sec. 35, T. 18 N.• R. 1 VI., 71 miles east of
Paulden.

Channel. - -:-The straight artificial channel has a trapezoidal shape and a
iirl~silty clay bottom overlain by small amounts of sand. The banks

are dirt and are covered with grass, scattered tum~lewecd, and catclaw
bushes.

Manning's "n". --The "n" value was computed from a known"discharge as
O. 029:-This value is lower than would be indicated by the size of the bed

-·~..;:;mate'ria:l;·'but·mosrofr.tf.1!e"rocks""ape·"'im:mers"ed"·'in~a,,·smoothflow.,of.~-w:a~t;;.·Ioi.4<':~

and cause very little turbulence.
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Sl i de No. 17
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Arcadia Wash
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Iv :: 9 ft/secSo e 0.000 1 ftlft)) =8-9 £tVI = 500 it

Malming's "n", --The base value for the entire channel cross section was
con~idercd to be O. 02:), There arc numerous holes and mounds around
weeds on the flood terrace, and the Jow-water channel shows evidence'of
'cross flow. These ite1iJS along with thc relatively sha.llow depths in parts
of the ovcrl1ow area were considered to add about 0.005 to the roughness.
An "nil of O. 030 was used. A bed-sample analysis used in conjunction
with table 1 might reduce "n" by as much as O. 005 .

Location. --In NE;;NEt sec. 11, T.21 S" R. 21 E. j \lpstream from the
bridge on the county road a quarter of a mile south of Charleston.

Lo~~Uo.~... -In NW{ Ewe. 4J '1.'. 10 S. I R. 8 E, I 110} miles south and 1 mile
east of EloJ'.

SAN PEDRO RIVER AT CHARLESTON. ARIZ.

GREENS WASH NEAR ELOY, .AHIZ.

.....
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0antw~. ~ -The low-v:~~ter Chllnn(~l. which is about 200 feet wide (lnc\ has no
veget:~tion, is bounded by a wide Doc,d terrace th~t SUppOl'ts a light growth
of 6m~.1l br'.!sh and stiff weeds, Th~ nv!-~r~ge level af the terrace is about
4, feet above the low-water channel. The bed of the low-water channel and
the terrace are compaRed of sand that, from the photoGraphs, appears to
be. quite fine; the m(~dian grain Si7.0 might be lesf.3 than O. 5 rnm.

ChannE-l. --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 overbin by sand having a
median grain size of O. 3 to O. 4 mm. Along the low-water channel, which.
occupies the left half of the watel'way. the sand cover is deep enough to
cause the chan.nel to react in the manner typical of sand channels. In
the right half of thcwatcrway. the conglora~ratc is exposed in rough
mounds having the appoa:-ance of concrete.

W ~ 180 !t D ~ 7 it So ~ 0.005 ftlft V = 8-9 it/sec ,.t
~ Manni.ng's Un". --The "n" value was computed from a known discharge .' ..:i'~~

_.. as., O_.032."..",The,>computB<1.··!-·n~"-V'a':m'e'"'u· ..~twe-~ri ..the·values"fh:it"woutd'i)e'~'P!"'''\~~
;r.~~~......"f_.l ._.;i:.- ..... '-' .,~~ . .. :~

expected for a channel of all sand or of all conglomerate.-;: '



Slide Ro. 19

" 11 'l _ 0.030 - O~032

Downstream along left bank.

Upstream at sondy main channel
along left bank.

Slide No~ 21
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Greens Wash

San Pedro River

Downstream ond across
frnm ~h~ ri~hr h~nk.

Slide No. 18

UI'~~ L rl:ilrn f HIm bri.dge showing
("!'lIg1nriK·r'lle,l1QT1g right b;l;l~~

S] ide t~u. 20
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PICNIC CREEK NEAH SPHINGEHVILLE, AHIZ.

CENTENNIAL WASH NEAR SALDIVIE. ARIZ.

f"

v =6-9 it! sec

v = 6-1 itlsecSo =O. 005 ft! It

D ::: 2~-3t ft So::: 0.012 ft/ft

D = 5 it

\V :: 120-18D ft

W e 80 it

Loc0.tion. - - In NY1:t HC~C. 3f" T. 9 N... R.2£.,1 E., about 1. mile above the
cOllflu<:.:nce wHh the Nutrioso Cree1, ~:..nd 2 miles east of Springerville.

Ch8.nne1. - -The rct:ch is in a broad, gently sloping, grass -covered s'.vale
"'v,-{ti;I)-od.efin.ed channel. The surface rnatedal is sand and gravel with

l>OIDe protruding rocl{s. Scatt~red small junipers grow in parts of the
channel.

Manninf;t s Hn··'~ --Assigned values of "n" vary from 0.030 to 0.035 de­
-p~nding on deFth of flow and amOl.mt of brush uear the section. A value

of 0.035 was used for the reach shown in the photograph13.

Location. --In S\Vi sec. 13, T. 4: N., R. 11 \Xl•• 12.1 miles southeast of
r Salome.

Channel. - -The channel has a slight curvature, but has a fairly uniform
. cross section. The bed is a se.des .of mounds of material that ranges

from silt to 2.. Inch-diameter gravel. Banks are of dirt and gravel
covered with a few scattered btlshes. The bed shows evidence of con­
siderable cross now and sand movement.

Manning's un" .... -An "n" of 0.035 was assigned to this channel, but the
... nloving bed material makes the value uncertain. The' 'n" depends on

the bed iorm 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-

. tailled Dow following the peak. The stre;:u:n,,,::pow~r{un<;tipu•. des.c.x:.iJ:»~d.",~:.=i'
.-~ _ . .' ., __.", ...~~.:~•.. ··tr-:.:·~~~,·""f._··".",:·",,,,,,,,;,,-:··:~~,,·,,~'¥.""I3··.RQ"~......·~ -"-".. ."." ~'...... '~ - -.,..

__••v .~ "lirt'he''intr'oduct.O'ry pagcs of this report, is large enoug.h to produce
upper regime flow at this depth.



Centennial i'<'ash
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tin" _ 0.0:55

Downstream through reach.

Slide No. 25

Upstream through middle of reach.

Slide No. 23

Picnic Cree~~

lJ~wn:';L.l.-ei:1!n_aL left .bunk

S 1 i ell' N:.-,. 7.4

lIr,stream from lo<,oler end of reach

Slide No. 22
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CAVE CHEEK NEAI1 CAVE CREEK, AHrZ.

NEW RIVER NEAR ROCK SPRINGS, ARIZ.

V·: 11 - 13 it I sec

V= 10-12 ft! sec

So =0.005 ft/ft

So =0.007 ft/ft

D = 10 ft

D =6-8 ft

\V = 110 ft

W : 140-170 ft

Location. --In SW~: sec. J2, T~-'~j"N~-R. '3 E .• -500 feet do\vnstream frOlll
. gatJc, and 4~- miles souihwCf;t oJ the to'wn of C;:nre Creek.

Location. --In swt sec. 6, T. 7 N. I R. 3 E., a quarter of a mile below
iiQ.g~ n~a.l Clii.<:: i~a.nch, awl G Hlae:) 8uu:i.llt:a~i 01 Rud\. .springs.

Manning's "n'·. --The assigned "n" values are 0.038 to 0.040 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.

,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 fL"Ccd-bed channel. A fair comparison can be rr.ace with Salt River below
Stewart Mountain Dam for wl1ich (In" 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 "',1j~~j'
of Salt River is usually very slimy and slick at the stage at which the veri- .. ")~;.ci':-

~_..... _f~>at.i9n...wa,s_ made~",~_Based on.this,. compapison, -an: ')~n'~"of .0': 035 "'was···used~~~'f
for the sandy part of the channel at the unner pnrl of thp. reachA and an ren:' I .'

•• _ ~ L ~

of O. 040 was used for the rougher area in the 'middle of the reach.

Channel. - -The channel bed is co.mposed of material that ranges from sand
. with c:: median grain size of less than 1 mm to boul0.ers aboat 24: inches in

diameter. The left half of the channel consists mainly ofa flat sand bed
with a few scattered boulders and bushes. The right half is a bar con­
sisting mainly of 6- to 10- inch cobbles and scattered boulders. There are
smooth sand pockets among the rocks and scattered clumps of arro'W\veed.
Nearthe middle of the reach boulders and brush extend most of the way'
across the channel. The banks are irregular bedrock. Scattered trees
and brush grow in coves between rock points.

Chanl1~l. --The channel is straight and trapezoidal in cross section and has
a bed of cobbles, scattcred bonlders, gravel, and large deposits of sand.
The sl?nd 2.pP~<lrs to have been largely in suspension and was given only
minor consideraiion in the selection of "n." The left bank is high and
steep and has occasional bushes; t.he right side is a steep bank cut from
soil of the desert floor and is lined with mesquite and paloverde trees.



Slirle No. 28

Downstream from right bank•
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New R~ver.

Cave Creek

Dmmstream through reach.

Si irip No. It)

II n" _ (}. 0 35 - o.0 i~O

DownstT('am through reac;h;
• 1 "., • • ,.,

J \.1'-1 Il\,.: l. .... , ~\.... .:>\:.:'-l....J.,Vl~ '-_
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'V=6ft/secSo = 0.003 itlftD==4ftW :;; 30 ft

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

Location. --Lat 36()15'25lt~ long 112"'{)G'05", downstream from road
. crossing, and 2t miles nortl1\~'esi orr-h-ight Angel Ranger Station and

North Rim.

OUTLET CANYON NJ1;AR NORTH HIM. AHIZ.

Location. --In ~TWtS'W! sec. 14. T. 12 S. I R. 6 W.• along a railroad
embankment upstream from 2rld Avenue in Ajo.

Jvfanning-'g "n". -pThc base "0"· for a smooth well-sodded channel is
about O. 030. The curvature of the channel and roughness produced by ••
,scour holes increases the f'n" to about 0.038.

GIBSON AEROYO AT AJO. ARIZ.

Channd. --The flow was conIined to a narrow V-:shaped grass-covered
---channel thut curves throughout the reach. Grass is well sodded in fine­

grained soil that overlies chuhks of Kaibab Limestone. The limestOO1e
is exposed in several scars where the sod was eroded.. Because of the
scour. bed slope is negative in .Bo~e parts of th'e reach, hut the overall
slope is positive.

W :. 40 it D ::: 2 j- It So JI: O. 008 it1ft V : &t- 7 ItI see .~>.~f.~~~
Manning's "n". --The base value for this channel is between O. 03Q and;;;.;~~ ...t

- ,. . ""=~

-=--:-·'()~··O 3''5-:'''~'-'B'e'C'a:us·e··of··th'€·''shalloW'·d€'Pth';-finJuri'ds·1ftouna~e gl~Ut'ti'6ri-~gfowing:~~':i::i1

; .... the ,..l--" ""l ~ ... ~ ·q·,c 1 __ ...., .... ·---ur; .. ,.~ r-"'(;"" ....._. "':t" ,- c-'al~ 'l:J"'d 'u·' 'lks"':-
...... •• _,a. .. a:.:...1 "', c",,4~ju iooJ.Jr. ~ ......... ut.: 4A-!.a.i.v I.\, \JJ. Ui1.4 b .i.Li..L.\.:,;)v (J.l,,4t; i.u IIO,:J\,; J.or ,,", 0...

and dense brush, valu(-~s of 0.038 to 0.040 were used.
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Upstream from below reach•
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"l'll! .. 0.038 - O.OLtO

Slide No. 31

Gibson Arroyo

Outlet Canyon

_.
Ups tr()ar,~ tliroughLeach_.

i:>.l.)oe j~U. £.7

Downstream from middle of reach.
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SAN PEDHO RIVER AT CHAHL~mlJ...-'~JVZ.

Location. --In NE~;NEt sec. 11. T.z 1 S_ , R~ 21 E. I downstream from
the bridge on the county road a quarter of a mile south of Charleston.

.Channel. --The bed material is mainly hard conglomerate over1ain by
Gurficia.l dep.osits ranging from sand to angular and rounded boulders
2 to 3 feei in diametel·. At the upper end of the reach, conglomerate
projections are ~xposed acras's the entire channel. The projections
arc several feet across and many stand 2 to 3 feet above the average
bed level. Boulders and cabbIes have accumulated among the projec­
tiollS. There are two low-water channels with an island between. The
reach becomes -progl'essivcly smoother in the downstream direction.
At the second of four sections, the projections ar·e eenerally 6 to 12
inches above the average bed and are overlain mainly with sand; a iew
boulders are scattered on a bed of cobbles embedrled in sand. Grass
and small brush grow along bars at the side of th~ ('.bannel and on the
·narrow tip of the island between low-water channels. At sections 3
and 4, the overlying material is almost entirely' sand and small gravel.
The conglomerate 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
f>\lrfaN~. NA:'l.r the mi(i(lJf> of ~p~tinn 4, tbe cong10~E'r3i:~ '!.'~~ ~C't fC'-ln~

within 2. 6 feet of the surface. At section 4, the left bank is a sand and
gravel terrace covered.with smooth grass a11d small brush. Channel
properties giVC11 below are for the channel without any allowance for
scour at sections 3 and 4.

W D S V0

Section {it) (ft) (ft! ft) (ft! sec)-
1 290 6

0.012 6.0
2 25{) 7 6.0
3 1"10 7

.004
8.2

4 160, 6.5
.002

9. "1

Manning's "n", --The "n" values for each reach between 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.

,.' ""'ll: .., _..:!f"_-41-·t- .. ·_~·~__·
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Upstrearn from section w..~

Upstream at middle pa:r:-t (~f section 2.

-6~,··

San Pedro River

,....., ., ~ - -. ,
tJJ.l.ue l~U. JLt

Upstream at right end of section 2.

Slide t-:0 •. 32

Downstream at left end of section 3.
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NEW IUVER AT BELL HOAD NEAH PHOENIX, AHIZ.

L1<:t7J.S AND PRANTY eR EEK NEAR TOR TILLA FLAT. ARIZ.

v =3-4 rtl secSo = 0.007 ft/ftD =2-4 ft. W :; 110- 1'90 ft

W D So V
(ft) (ft) (ft!ft) (ft/sec)

Upper part 90 6 0.03 11
Lower part 50-lOa 5-6 .02 10-14

Location. --Lat 33C'32'20". long 111°16'15", just downstream-from a highway
maintenance yard. 7. 0 miles east of Tortilla Flat.

lYianning's (ln~'. --The channel has many of the character~sticsof New River
near Rock Springs, .but the depth of flow is less and the bed surface is more

-irregular. The assigned "n tl values range from 0.042 to 0.045, depending
on percent of channel covered by loose sand. depth of flow, amount of brush,
and number and size of bed irregularities.

Location. --In NE~-NEi sec. 3,T. 3 N. I R. 1 E" at Bell Road crossing.
S:-1 rp.iles north of Peoria.

Channel. - -The channel has a wide flat bottom and bed material of loose sand---- .
Cllld' cobbles .. Small brush is scattered in the main channel, light brush
along the right ba:>!c, .and heavy brush along the left bank. The basically

. flat surface of the bed is covered with mounds and cross channels. The
thalweg fonows an erratic path from the right side of the channel to the
left. side. Flow depth was very shallo'wat the \tpper end of the reach but
increased in the downstream direction as the channel narrows.

C'lla.nnel. --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 streambe~

.which has a scattered growth of brush near the high waterline:; the right bank
has a low flood terrace with dense growths of bru.sh. The upper part of the
r€'..ach has a steep gradient and many large boulders and cross channels. The
channel hecomes smoother in a downstream direction. The lower end of the
'I·c£.ch has a nearly flat bed of sand and gravel between brush-covered banks.

Manning's "n·'. --The-assigned "n" values range from O~ 045 at the lower end
of the reach toO. 058 at the ~pper end. The base value at each section is
about o. 010 lower than the final value assigned. The supplemental factors
that add to the "n" are mainly brush and channel irregularity in the lower
part and shal1ow~(1 and cross-channel flow in the upper part..A. b~nd~n;.;;,,~,'::J

. thereach--an(ittfrbule~cec'a,ise(rbyupstr~ea'in"'~O~diti;;'us aiso increase the' .... ' -'~'''t
~ ~

"n" in both parts of the rC'ach.

~ --



Sl ide No, 38

Downstream at upper end of read••

- ..,
-n .. -

lin" 0.042 - 0.058

Lewis and Pranty Creek

New Ri.ver

Downstream from upper end of reach.

Sl i dL: No. 37

!J""·"I!:t.Jl"HI: ;;,: lO',ver e.nd of reach.



CHEVELON -CREEK NEAR WINSLOW, ARIZ.

POV..'DE.ll HOUSE \Vl...Sl-i NEAR \VICI(J:;;~BUH.G, AH1Z•

v :: 71-9t rtf sec

v =51 ft/sec

So :: 0.02 it/ftD :: 2~-31 ft

D :: 16 ft

W = 80-nO" ft

W ::: 75-95 It

-68-

.Location. --In sW:}J\T\Vi sec. 6, T. 'IN., R.. 4 W., about 1 mile north­
east of Wickenburg.

I\lranning'::> "n'~. --The re n " for this reach is indefinite. The base vahle for
.the channel without vegetation is probably betwee~l 0.025 and 0.030, but
un" was increased to 0.045 to a1)ow for the shallow depths and roughness
in the overilow, area~ This un" value is believed to be within O~ 010 of
the correct value.

Channel. --The eross section of-the sand channel. which has a relatively
s~ecp gr'ad:icnt, resemble::; a section thrcugh a sh2.11ow bowl. - Thc lo\v~
water ch:J.nn81 is about 30 fcet wide and is clear of vegetaticm; the re­
maining part of the channel is mostly 6 to 12 inches ?bove the Jow-water
chan'nel and is covered by scattered desert brush and trees. In the
overflow area-r water meanders considerably. Root crowns occupy much
of the cross-sectional area.

Location. --In S\Vi 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 sDt 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 tDtal area at bankfull stage. The middle of the
reach is lower than either end and th~ net bed slope in the reach is zero.
Water-surface slope is O. 001 foot per foot.

Manning's fin". --The base "n" for the channel without the brush would
be between 0.020 and 0.025. The "n" for the brush is about O. 1-.
Vleighting the tWQ vcluf>s on th~h':l_sis 0f-2.re2~ gi·.;es i!l "n" of 0.1)45.

r
"'-



"n" 0.045

~.lHle No. '+U

Downstr.eam along main chanr.el.
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Sl ide No. 41

Powder House Wash

DOvlI1S tream through reach.

Chevelon Creek

Downstr-earn at reach from a hill; extent
of ch!3nnel is outl i ned by '\-'hi te. sand

.:>11UC l'40. ,j9
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EAST VERDE IUVEH NEAH CHILDS, AHIZ.

WOODS CANYON NEAR SEDONA, ARIZ.

v =8-9 ft/sec

v = 7-8 rtfsec

So ;: 0.011 ft/ft

So = O. 012 rt/ft

D = 8-9 it

D = 6-8 ft

\V = 100-120 ft

Vl =90-100 it

Chanr~5:l. - -The bed is a long rifile of (':obblef;. boulders. and very little
sand. The 'Left bank is a sloping bar of gra.vel and cohbles having a
mnall amount of brush neal' the high waterline. Brush becorncs very
dense above the high waterline. The right bank i.s bedrock thai has
been eroded in an irregular shape and from which rectangular blocks
have fallen into the channel. Brus"l1 and trees grow in the coves bet\veen
rock poil1ts.

!-,oc:afion. --Lat 34°1G'lO", long 111"37'45". O. B mile above gn.ge,2 miles
above month ill Tonto National Forest, and 6. 5 miles southeast of Childs.

. I
Location. --In SEi sec. 13.• T. 17 N .• R. 7 E. 300 feet dovmstream

from ·U. S. Forest Service gage. 9 miles east df Sedona.

Channel. --The channel material is mostly well-rounded to angular basalt
cobbles and I-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.

.Manningls "n' I. --A value of O. 050 was used. This reach is typical of
mountain streams having gravel and cobble bottoms and relatively
small amounts of bank roughness.

Manning's "n". --A value of 0.050 was used..The base value is ab~ut.... ~ ... ~~.. ,~~,.:::...:

··0.045· but this··was-increa,secfO. 00:1 hf'c;'8118'~ 0 f rlf.h.~is '('~l1ght'in t.rE'E's. ..";
c



Upstream at right bank.

East Verde River

Woods Canyon

Downstrearn--~long left bank.

Slide No. {f4
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" n" _ 0.050

Upstream along center of channel.



SffiNUMO CREEK NEAR GRAND CANYON, ARIZ.

FISH CHEEI< (TWENTY-FOUn DHAW) NEAH EAGbH, AIUZ.

HOUSTON CREEK NEAR GISELA. ARIZ.

v =9.5 it/sec

v = 8 ft/sec

v = 9-11ftlsec

So = 0.022 ft!ft

So = 0.018 ft/ft

So = lQ. 02 ft! ft

D =5-6 it

D = 2~ it

D =8 ft

W = 30 ft

W = 70 ft

W = .50 ft

Manning's lin". --The ltn " values assigned for three cross sections range
ironl O. 050 to 0.055. The different values were used to accoW1t for minor
variations in the reach.

Channl2l. .. -The ch.annel is U - shaped and the bed is composed mainly of 1­
to .5-foot boulders. Small deposits of sand. gravel. and cobbles occur
between the bou1ders. The banks consist mainly of exposed cobbles and
boulders and support moderate amounts of brush.

Location.. - - In SEtNEt sec. 18, T. 9 N., R. J 1 E ... 8. 7 miles southeast
ot Payson.

Manning'f> "n'". --An un" of 0.0'53 Vias computed from a fair verification.
Although there was a wide spread beh{,Feen the two lin ,. values obtained for
individual subreaches. the computed va1ue is considered reliable. A value
'of O. 050 was assigned to the reach before the "n" was computed.
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Locatio!:. --]n NE~' sec. 23, T. B N.• n.. 2'1 E. ~ 400 feet upstream from
State lIiEhway 73, 10 miles, west of Eagar.

ChanneL --The streambed is composed of cobbles and boulders that form short-_.._--- .
steep riffles. between long pools. The banks 3.rL' covercd \'rith grass. At the::
upper end of the reach, the channel is basically U-shaped, but midway along
the reach UIC main chan!1e1 narrows to a 15-foot-wide V having shallow slop"
ing overflow areas on both sides. At the lower end of the reach, the cross
section consists of a 15-foot-wide trapezoidal-shaped main channel and 15
feet of gentl.;:t sloping overflow area where the depth of -now was about 1 foot.

IvIanmnr.ls =<n'". --'fhe '''n' r values aSSIgned lor .three cros.s sections ranged
from O. 055 to 0.060.

Location. -- Lat 3.60 15 '20", long 1120
19120"~ in Grand Canyon National Park"

about 100 feet upstream from confluence with White Creek and abollt 2 miles
above mouth.

~hanncl. - -Same as the channel description for Houston Creek near Gisela.



Upst~r2a,i\ t.hrough re2.c.1., ..

81 r(iF' N0~ 4')

nou~t.an Creek

lJl.''''Il.:; Lr ('11m ~hro'Ugh read,.

Fish Creek

·73-

Dov-mstream at 10Ker part of reach.

S 1 ; d p N0. L...h

Upstrea~ through rea~h.

Slide No. '.8
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V :: 3-3~ ft/sec

v =8-10 ft/sec

v =9-10 it/sec

So =0.014 ft/ft

So = 0.033 ft/ft

So ~ 0.012 n/ft

·0 :: S ft

D ~: 8 it

D = li-2 ft

\V ~ 115 it

W ;: 34 it

. W == 50-6.0 ft

. ..
... •• -~ - .--~-~ •. t.!'".~ ..... l

Chan'net- ··Thc channel is boulder-strcvln and has brush and trees along
theright bank. Boulders f'cach severa.l feet in diameter; many are large

angular hlocks that have fallen from the bedrock banks.

CHEHHY CHEEK NBAH GLOBg. AHIZ.

l'vIalwidg's "n", --Tht "r/' was (;uIllp1"l.ieu frum a KllOlvn discharge. A
value of 0.,067: was obtaul..ed for each of the two subreaches.

Mannin{!ls nn". --:An "n" value of O. 060 was assigned for the reach.
• Verification computations on similar streams in other States have given

corresponding: values.

J.,ocntioll. -··In SW~; sec~ 3-0, T. 'N... ft. 15' E~. 30 rJliles north of Globe.
~ ...-..--

WEST PO.ttl< SYCAMORE CREEK NEAR. SUNFLO\VER, AR.IZ.

-74-

Location, --In swt sec. 21 .. T, 16 N., R. 8 E., 100 fe.ei do\'mstream from
gage northeast of Rimroclr...

Channel. --':the &ed material is c:omposed of angular reeks up to 3 feet iIi.
diameter", som.e of which have: accumulated in mounds and. ridges. Few
of n~e ro~ks s.re embedded and. the surface is rough. The main channel
is 20 to 30 feet wide, having baflks with a :;:lope of ahec 1:.3 (vertical to
horizontal). The banks have a. cover of oa.k trees and lucust brush. Logs
·and other debris have accumulated on trees making the banks very rough.

}4~OSTER CANYON NEAR RIMROCK, ARIZ.
(V. S. Fore~.t Se·rvi~e Beaver Creek Watershed. No.7)

Channel. -.wThe reach consists of a series of shallow pools behind riffles
- of gravel; cobbles, anq small boulders having. diameters of gen~rany

less than 2. feet.

.Location. --In sec. 13, T. 7 N.·, R . .a E .• just below gage and 6 miles
l;'ol.'thwest of Stmfiowcr.

Manning's un". --An Un" of 0,. Q'lO was assigned to the reach. The base
. ~}.,l~·-is abo,ut i)~ 055. This figure was increased because of sharp dro'ps~

brushy and debris-strewn banks. and rocks not being embedded.



~~

uiJ..ue nu w ...''..1

"F oster Canyon

Upstream along main channr::l

Du,:m.strcillil at upper e'nd of rt;;a(,ll~

S~.ide N<:. 52
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Cherry Creek

,.... ... ...... " ..
v.L:U.1t'": l~U. """1".)

Slide No~ 51

West fork Sycamore Creek
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yerifications of f 'n" are available for simila~' channels.

SOUTH FOHKRATTLESNAI(E €&N¥ON NEAR RIMROCK. ARIZ.
(U. S_ Forest· Serv.ice Beaver Creek Watershed No. 8)

v =9t ftlsec

v ::: 7-8 ff/sec

.so :: O. 02 it/it

So =0.05 itlft

D :: 12 ft

D = 5 It

w = 110 It

W 2: 40 ft

Channel. - -The 'sirealnhed is 'steep and is compos cd' of lar ge boulders that
form stairstcp drops. In pla.cel:h.. a single boulderm<:ly occupy a large
par~ of the cross-sectional areah. The banks consist of the same mat-erial.
as the 'streamhed and have a tangle cover of small trees, oak sbrub~ and
other brush.7he top width is a.bout twice the widtit of the rilRIn .cha.Jm:eL

Manning's "n". --An H n " of O. mm was assigned for this reach. The
value is based primarily on judgment and experience. Few verifications
of Un"" 2.Te available for this type of channel.

Location. --!n$~ sec. 5. T. 15 N... R.B E. J about 700 feet below gage~

and 15 miles northeast of Rimrtllek..

Channel. --'nH~ channel bed is composed of rounded bas8lt boulders and·
• lai'gc block':'5' W ~mndstone that have fallen from the nearly v~rtical sand­

slone C"dnyon Yralls. .'fhesc blocks arc several feet on a side. Ther'e aloe
Bome trees in ~oves between rock points along the banks. Prior to the
flood for which' cn " was :assigned. there were treesaud brush across 'most
of the 'channeL

~~ ,Manning's ····n!!.~--·Thcassigned "'.In~,J··values fot'fouf'secHons avera'ge
~'h""t 0 f\Q0 ~ ... ,.l ~ r> h",,~,.,.rl ~";nl~. C" J··U,..j,"!""'C"l~ ~_,.l I!> ,,_: ...._,.~ F~;~.,-.--...--...,.1- • """: ..... ..." ..J..J.._ "" '-'"' "~"''''''',,,;A. J ... .....b ...... .4 loo "-_44...... '\;". tJ~.&. '£'""",,L4'-'-_

J RED TANK DRAW NEAH. Hlh1HOCK, AHIZ.

Location. --In NE{- sec. 16, T. 15 N., H. 6 E .• 800 feet do,,,nstrearn from
-gage. and 3. 5 miles northeast 'Of·Runrock.

c
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verifica.tions of" 'n" are ,available for similar ch~nnels.

(('-' RED TAl\TJ:( DnAW NEAll RIMHOCK, ARIZ.

Location. --In~Et sec:;. 5. T. 15 N•• R.B· E. I about ,Ot) feet below gag.el

and 15 miles norlheas l of Rimraek..

v = 9! ftIsec

v~ 7-8 ft7sec

So =: 0.02 it/ft

So =0.05 ftlft

D = 12 ft

D = 5 It

W :: 110 It

W 2: 40 ft

Manning's "n", --An HnJ' of O~ OBO was assigned for this reach. The
value is based primar'i1y on judgrrrent and experwnce. Few verifications
off'n"" 2.T~ axailable for this type of channe.l.

Channel. --The channel bed is .ce)m.posed of rounded basalt boulders and­
h\l'gc hlockS' oi' 5andstone that have fallen from the nearly vertical sand­
stone c:anyonw-alls. .These bloc.ks arc several feet on. a side.. There are
Some trees in ~oves between rock points along the' banks. Prior to tbe
flood fpr which, "'n" was ~ssigned. there were treesalJd brush acr-oss most
of the 'channel.

':"76-

Location. --In NE~-sec. 16, T. 15 N4, H. 6 E., 800 feet do,'mstrearn from
. gage, and 3. fi miles northeast of Rilnrock.

ChaJ1J.'"lel. "'-The'streambed IS 'steep and is composed of Jarge boulders that·
form stairstep drops.. In pla-ees·~. a single boulder-·mo.y occupy a lar.ge

.part of the crG'ss-secti<>na1 area. The banks consist of the same mater'iai.. . . '\

as the siream':'aed and have a tangle cover of small trees, oak shrub. and'
other brush. 'The top width is abo1Jt. twice the width; of the main -ch.am:lel.

S,Oum FORK RA.TTLESNAI{E €JiJ\'T,;¥ON NEAR RIMROCK. ARIZ.
(U. S. Forest Serv.ice Beaver Creek Watershed NQ. 8)
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RED TAI\TJ:< DHAW NEAll lUMHOCK, ARIZ.

Location. --In,;S~ se~ 5, T. 15 N•• R. :8 E .• about 70{) feet below gage...
and 15 miles 3lortheasl of Rimreck..

v :: sf f:r.lsecSo = O. 02 it/ftD ;: 12 ftW = l10 It

Manning's "nu
• --An "'n" of 0.080 was assigned for this reach. Th.e

value is based primat'ily on judgment and expe.rience. Few verifications
ofun~'''' 2.Te. axailable for this t;yP€ of channel.

~p.nrleL --The'5ir,earnhed 1's 'steep and is composedo!large boulders that
form stairstep drops. In pla-ces.. a single boulder-may occupy a large
part of the c1.".0ss-sectiot1a1 al~ea~. Th€ banks consist of the same materia!~

as the 'streanihed and have a tangle cover of small trees, oak shrub~ and'
other brush.7he top width is a.bol.lt twice the width, of the ma·in .cha.t:l.tl.el..

Loe-ation. --In NEt sec. 16, T. 15 N.• fl. 6 E ... 800 feet dovrnstrearn from
gage, and 3. 5 miles northeast ot·Rimrock.

Channel. --The channel bed is ..co.mposed of rounded bast.:.lt boulder.s and­
'lai.·gc bloc:-ks- Otf'sandstone that have fallen from the nearly vertical sand­

stone canyon w·aHs. .These blocks arc several feet on. a side.. There al'e
Some tr-ees in '!oves between rock points along the banks. Prior to tbe'
flood f~r which. H n " was :assigned" there were trees ·aud brush acr~ssmost
of the 'channeL

80um FORK ,R.A.TTLESNAI<E UN'¥UN NEAR RIMROCK, ARIZ.
(U. S. Forest Serv.ice Beaver Creek Watershed NQ,. 8)

W 2: 40 !t D = 5 It So :% 0.05 fttft V·~ 7-8 ft7sec .. ,
. "'... .:~)~~~,;~~"'r

,Manning!s ..f!.n-!'!'.-·Th e -as:stgrred·",1rt-':~values-·fdf-r6lit-Efec'Hons a~;erage--··-~·'· ·:·;~'··;:0;~r.1~.; .
~b~~t 0.. 090 ~nd. :J.rc b;l;::ca mainl)" on judgment .7..ud experic~cc. ··.Fe~i'; .::«
:vei~ifica.tions of fin" are .available for similar cb5U1nels.
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" n" .- 0.080 - O~090

Upstream at lc,.'er end (;f reach.

. '. "
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Slide ~o •

South Fork Rattlesnake Canyon

D01>mstrcClffi at upper' e°,'-"! of reach •

Do',-'nstream at lower end of reach ..
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SANTA CRUZ RIVER BELOW SONOITA CREEK, NEAR. NOGALES.. ARIZ.

v~ 2ft/~So =C.0014 fttftD=2ft

CIIEyELON CREEK NEAR 'vVINSLOW. ARIZ.

Location. --In svr!-scc. 27,. T.. 18 N. ~ R.. 17 E., 600 f~et below gage,
3 Uliles above mouth, and 12 nliles souHlCast of \Vinslow.

Chann~.!. - -The :flood plain is bounded by· dense saltccdar along the main
stream and by an irregular bank of weathered8.mdstone.Thc flood­
plain material is fine sand that forms numerous mounes around low
scattered vegetation. An occasional island causes the flow 10 meander
within the overflow area. Depths of now Were less than 4 feet. (Main
channel is shown in photograph 41. )

Location. --In. SWt sec. 35, T. 22 S•• R. 13 E •• ·upstreamfrom Rio Rico
bridge,ai miles north of Nogales. Ariz.

l\o1anning' s "n"~ --The base "n" for the fine sand is about 0.020. The
. mounds, vegetation. and meandering flow increC'~se this value about

0.015. A value of 0.035 was used for this reach.

Channel. --The' section shown is the right-bank overflow area. whiCh
---COnsists of a very sandy flood terrace that supports· moderately dense

clumps of brush. Depths of flow were Jess than 2 feet and considerable
debris had caught on the brush.

Manning's "n". --An un" of 0.060 was assigned on the basis of judgment
and experience.. Few, if any; ver~~~~~ioE~Jl~'/.~,l>_e~nmade..~n :brush)!:.···c:-icrDov{ irE·i:;: V._- -_.-. ..



J
Chevelon Creek

Do~mstream through right-bank overfl.owo
C" 1 .! ....1 _ 1\1_ c:..c..

~, .... _ oJ .....

0.060

I

1

J San~a Cruz River.

DO'ilnstr~am thr:ough overflow section.
"n'l := u.060

Slide No. 57
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BHAWLEY WASH NEAR THREE l~OJ.NTS, ARIZ.

Location. --In SEt sec. 32, T. 15S., R. 10 E., 1.000 feet downstream
-from State Highwn.)· B6, 1~ miles west of Three Points, and 23 rniles
west of Tucson.

Section 3--Depth of flow vari ed from 1t to 2 feet. The
brush i~ moderately dense and a fe'll cross channels are present. Debris
caught on root crowns and mounds of dirt. An' In" of 9.045 was assigned.
This value w~ decrease to about 0.. 035 at depths of 3 or 4 feet. '

. . . ".- ~

.' ..... _ ......" .... -'-&.' ...~_... "'l'- .~•••:.....~;.,;.~
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__ ~••~._ '.0_......__... ..-.....~_..._ ....: ....._--. ~....~ _ ...__- __

: Section 4-Brush gro,vs in ]arge dumps withdense
root-crown stf·uctures. There are large clumps of down brush. Water
was generally about a foot deep over the ridges and 2 feet deep in cross
,channe1s~ which were very numerous. For this stage. an fin" 'of 0.050
wa'l? used. ' Fer other stages, the depth of flow and degree to which brush
is flattened by a flood will have a large effect on the N n " value. '\lith
'depths of 4 to 5 feet and a moderate amount of flattening of brush, ,the
,"n" could drop ,to about 0.035.

Section 2-Depth of flow was about 1t. feet; vegetation
is somewhat denser than at section 1 and a few cross channels are pre­
sentr An lin" of O. 035 was assigned to section 2. VaryiI1g the depth of
now will have onlv minor effect on the un" valup.. As df'!,Th iJ1('rp~sp!":

the effect of bottom roughness decreases, but the effect of the brush in­
creases.

Channel. --The reach has a fairly narrow deep main channel and shallo\\r
overflow area. The overflow section is nearly 70:0 feet wide at the
upper end and about 4.00 feet wide at the lo\\~er end. Water in the over­
flow area was generally less than 2 feet de~p. The bed of the overflo\v
~rea is sand and supports scattered vegetation,: the amount of vegetation~

increases in a downstream direction.

Manning's tin' ". --Section I-An lin'· of 0.030 was assigned owing to the
" sn100th bottom and very small amolmts of brush. The bottom is rela-. .,

tively uniform and has very fey/ cross chann,eIs. Depth of flow was
uniformly about 2 feet. For deeper d,,;pths the "0" might drop as low
as O. 025.

..._...,~-- .....



Acn)ss 0v(~rflow area at see-tion 1.

Br;;::i-:J.cy Yic:.sh

Across overflow area at section 2.

D(J ..... I!S tt:":~('lm thr\)UI;.:'~ ")\·\:;~··f}.t:-'w

.A).·~C·~ ..a.,t !;~..l.:.t 1/')1,; 3..,
~'J'; dn f\~n F,n

Across oVt:ri1.cn~ ai-eEl. et secU.or. 4 .



LOS nOBLES WASH NI:AH MAHANA. IdUZ.

Location. - - In SW~ sec_ Hi. T. ,ll S. r R. 10 E. , at confluence of Los
Hobles and Blanco Washes, 8 miles west of Marana~

ChanneL -~T&e flood for 'Whi.<:h "n'" was assigned covered 3, width of more
than 3~ 000 feet of valley floor having only a fe'.v" deep chann'cls that meander
through the reach.. The left side of the valley ie farmland; the right side
is natural desert with many mounds, ridges, &nd cross l:hannels. V"ege­
tation'ranged from crops to den.se mesquite. The f;lope in water surface.,
O. 021 foot per foot. was approximately equal to the hed slope.

Manning's un".. --Tate Dalrymple of the U. S. Geological Survey, an ey..pert
in <~.ssigniIlg'""7'n'" values. derived the values for diffc.:rcnt amounts 01 vege­
tation irl s~veral parts of this channel. The values ranged {rom O. OLi-O for
the cultivated Helds to O. 100 for the dense mesquite. Photograph's sho_",'11
are for natural vegetation. Each area is described separately in the fol­
lowing par.a.gr~Phs•.

Area 1 is a broad, nearly fiat area that carried most of the water.
There are a few low mounds ~.nd channels. Vegetation is low desert
weeds consisting mainly of tUITlbleweed and other weeds that grow in
~lU:Li-~pz.. ~,:;p~h.; 01: :lv'>\' !"C.tugeu fivW ;: Lv j itel.; nH.:au tiepiil was ~. 6
feet.. 'The ~ssigned "n" value is 0.045.

Area 2 is 'similar to area 1 but the bed is much more Jr!egular,
hav.wgBUlueroK,lS 1,.. to 2-foot mounds and meandering low channels. Mean
depth was 4.2 ,feet., The assigned un" va'lue is 0.070.

Area. 3~ .deeply eroded chan:aels and numerous mounds that ..stand
2 to 3 feet ab~e the low spots. Vegetation consists of a dense weed cov-er
and some sca~red brush. Near the edge of the flQOd~.d are~)" the .bed is
smooth~~ t.h~ elsewhere but the smoothing effect., 1s overcome by an 111­
cr.eas~:''inve,gmation. principally creosote bust. growing in de~se ~lumps.

Mean 'depth w~ 4.6 feet. The ~si-gned "n u value is e.. 080.

"

... ...:..~~ -_..'-_.
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Downstream at area ?..

"., ! .J _ .... r _ I'.. ,f.
..., J,. .........,..... ...."...". ~"

Downstrcan a.t Cl.re-s 3.

J)OWl1fltream t:h::ol.l.gh area 1.

Slid~ No. 62
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LOS nOBLES \VASn r:';EAH 1\1A.HANA, /VU7~ --Continued

Arce.\ Jf:C"Ausist$ of ,n,\1.Jnerou6,lc;vr-:water. ct'l(lnncls mc,andering throu.,gh
.~. growth of dense mcs;quHe and thorny bushes. Along the edge of the b.ru:sh~

floating debriscollecied against the hl..whesinJ>olid mo.tH. Depths of flow
'ranged from -.:s ~ -.f.eet over the ridges between c'haIU101·s to ,"{ or 3. ,fect in the
channels. TIlE: assigned H U " value is O. 100. '.

If the low-water channel \\'aB being considered st:par.atdy. the " n H

value m'ight he:.as low aa O. 080. If fhe dense mats oaf ,debri6 shown in
the last photograph had been thrDugbouf. the area, the H1.1H would have
be-en .at least O. t60 and possibly O. 200.

. "

.,
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Flood plain; " ro ;! •.. :) HK)

Los Robles ~Iash

DO\'1'nstream near eJge cf ·::l.'rea

<>l~ne No. bJ

DOvTnstream a.t. area 4$

:)1j.CJe No. oi)

Ul'sLI ('i)!11 I1t lO·d-Hatc:r <:'-fLannel in ar~a 4.

"II ("-Y

..... J..J \..ll.:: L\U. \.),

-36-

Downstream at edge of area 4
showing heavy mats of debris.

.>lide No. 68
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Mr. Scott Buchanon
Flood Control District
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3325 W. Durango St.
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Dear Mr. Buchanon:

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

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

Sincerely yours
.;' /1 J I .!.:--

...--?' ,-'; /)- .X: A-. .f.A,~:Y-·-l)
For Robert D. Mac Nish

District Chief
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