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For

AN AH=RAISAL OF~ UEFF.lCI:ENIS

OF S'IRF.AH awtiEI:S IN MARICDm. <X1Il.lY,~

Recurrirq floodwater damages costing hundreds of millions of dollars in

central Arizona stresses the inportance of effective floodplain management

(Figures 1-4).

Effective floodplain lIBI"a@lHlt nnrlres precise fl.ocxjway analysis.

Even small channel J:'CU3hness CXlefficient errors can dramatically influence

flcxxi profile c:x:arpltation results. Assumi.n:J an average channel J:'CU3hness of

0.035, an error of 0.001 for this CXlefficient represents about three percent

in discharge (Linsley, et all, 1982).

stuiy Neeied to Reducp the Arbitrary Nature of N value .Assesc;nHIt.

The ability to assess channel J:'CU3hness CXlefficients historically has been

called an art developed through experience (Barnes, 1967). In the absence

of extensive experierx::e, adequate guidim::e can minimize the possibility of

gross error.
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Figure 1.
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Figures 1-4. --'lhe devastating floods of
December 1978. Floodi.n:T of s:i.mi.lar
magnitude has oc:x:u.rre1 in central
Arizona on several cxx:asions over the
past 30 years.

By DON IWUUS
President Cuter 011 Tburaetay d..

clartd Sill ArlJona counties dlusler
uus, m.kla, lbem ell,Ibl, lor
Itderafald.

The six' coulltlU aie Maricopa,
Pima, Nav'Jo, Cirwm, Cirttnlet ~nd
Ciil~ . ..,.

News of Ole president's ,cllon WIS

,nnounced, by Ole ofllce o( Ciov. bruce
Babb;U, who h.d rrque.ltll lede,,'
rellel aid Wtdne~,y Iller he toured
LIIe .lricken are.a;

Tbe Fedt!ra' DI.ul.r Asslslance
Admlnl'lrallon and th••111. will
esubli.b Ilood rtJlet cenlers In
striclern ,rtlS wiOlin a few d,ys, ottl·
clau said.

Aulsl.llce will be available ror
lemporary hOlUln,. hom. and bu,i·
neu loans, ,Id 10 (armers, ,nd In/or·
million on .peclal tn provisions.

Friday, Dec~DWer22.1978 . / 0 UecdOG5, II rllel. tr
l

Po ,.-i.e JJ A:'> ~ ·e'.~u6LIC. .20~~

. .... Aid on"ivay~i~staie.~: .,: :. :i.:';}r:
I " . '., I I ••• j•.

6 ;corintieS:'!(Iecl8re:d
U· 'S·', d:'IS-:''a:":"~·s"""··t':·:'·:~·e;;t'(ii':i'~~'a':s·:':mli

.e eo " ." ..;;\"'~'r;I' :1;.:.:.
.• ' ... .' " t~· ,.,:,,: ,:'! '.' '0, : ..~;. :L: ·r . ' . . . I,", !._~ .'~~.~~:

J,n. 5, ,ccordlnc to Bin, BtowD, SRP on' 'II. utlm,(e or 10,000' lost r.~:·
.pokt.m,n. '.~'.; >::'. '.... '. nl,hu: - l,OO~ emply room.' tor·:J! :"

Tb. noodln, 01'1 .tI'\Ic.t: the lUte '. nll/ll~ ..... a~;, minimum. ~~ .~3,~;~; .
Mond.y, caudnl death '111!.!"'ld .. ~"bL:: I' : . '.' .. '·.!i: ;'.
spread damMgt, also took. lu loU ~11 '. ''The lotll lou to lbt comlll~lty;.

the lourist industry•. ' I.'· ',··'ilIcludln, whll tourls~ $pend In'r~. :
Jean J,mtS ot th.· Ariullii' .Hot~1 I'\Iraa~, loun,es ~~d .Iorea, wlI~ a~ ;

Ind MOlel AJSOCIIl/on Hid uUolW prolc.h'l?, m!Y/on, she IIld. '. ·"r·. ~ .­
lelevlilon covtra,. o( lb. f100dln, rll- . ;Perh,ps Ole ,hardesl hll wai Cani~l: ' .
su/ltd In lb. cancell:ll/oa ot thousand. back Inn, where', '.pokesma" Hid lhe •
o( resrrv,lions. '. ': .',' resor.t loat 1,300. room nl,h"s'-' bitk .

HVlrtu.lly tvery ,;;,Joi r~~rt bad a Brezl/lSItI, dlr~lor 'of markel/n, ,i:~'
subsl~nl/., numb.r o( c.nceIJalio/lS tbe r.so~t. Slid the. «nceU;,V0'l' .
Immediately afler U1. networlt n.w. would atrect,20 percenl 10 25 ptr~~~ .
Tue.d.Jy, It bliss Jamt. HId. "'n (ICt", O( U111 ruorl. rormal occu~ancy.: ;;':~: :
Mounl,ln BclJ bad lJIe lar,est number .,'. Tbe tCOnomlc 1011, ucludln, Illtlls,' •
of Incomln, calls It ever rec:elvtd drink. and oOler Ilems, would run to
Tue.clay nl,hL" " :. . '!OO,~OO, h. "/d. .' ':'.""II J,mts said 01. dlrtel.IOlIS lo Brezinski· Hid Ihe resort has Stol

'1I01e", mOltl••nd resorJa " lIbly tei IlI,UCranu to i 350 &ues~ wllei .tlll:
10IMI ,.1.5 million durin, lbe Ilk1ly , ,'. . .. : ...
holiday period. Sht based ber tl,ures' ; ,. CODWllltd OD Pu,e A'·%t : '::: .

• " .', •• I •••. :. ; •• _j.::.

,...........

Carltr'S .dtelslon elm. IS a spob.·
man for Ole bol.1 Industry Hid Ole
Valley wlU losr In esllm,ltd '17 mil·
lion in louri.t Irade OVer lhe
Chrlslmas holld.y IS I resull o( nood
reports LII.1 c"used lravelers 10 Cilll'
cel lheir trips 10 Arlzon,.

Th.t dism,,1 teonomlc news was
c"upled wllh tbe discovery ot lb.
bodies o( she persons who were swepl
Inlo the rWhlnr Arua Frll River on
IDlew~le 17 nrar Black Canyoll Cily
whell II bridle coUapsed.

Al lJIe same time, Ole SoI11 River
ProJtel IInnounctd It pla/lS to shut otr
lbe (low o( waler throuch lJI. SaiL
~Iv,r InLo lh.' V_IIty .t mldnl,II1
nexl Friday to ,Ive clUe••nd uUIIUes
, ch,nce 10 ,ssesa dlm"e. .

The plan Clils (or SRP to r~um. ,
,.maUer ,mount or w'ler rl:leI~ on
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Figure. 2-~'1978Flood darrages. several bridges were washed
out in central Arizona inclucli.J'xJ 1-17 on rarrp at Black canyon City.
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Figure 3.-Flood dmnaqes, December 1978. Floodplain inudation was severe.
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By DAWN KYSER .
Gazette A.P1-B~e5Ii Rtpo~ _

F100dwat.en hIVe caused n~aJ:'ly
$140 mOOoD damage iD the state dur:
iDe the Wt U month&. Ind dam.gea
cowd '0 as blgb as $160 mWioD. . :
.Bill Mathews. 'ehler, F100d contrOl

DlvisloD. ArlzoDol WaLer Commission:
told commissioners Tuesd.,y d''PIgel'

,Irom ~e ji'ebTUU)'-March' nood~- ~
1Il7. tobled $66 mllJloD n4 the
December storm hu already caused

. damsge£ .mounUDg to $63,750,000.: . :
. "l believe 'we ue about $20 milJioD
undu wlut the tot..aJ wW be," "~lb­
tWi said. "Wat.er u stW running and
there are d.magel we blven'l even
~'yel.· . .

ANOTHER $9 MILLION in d<1Jn­
age£ resulted Irom the Oclober 1977
floods .long lhe SaD Pedro-Sanu Cruz
River systems, M..thews uid. . _

Each of the three norms re£wJAid ill
a pre£identiaJ dis.u1.er declaraUDD.

Mathews uJd the Nle'•. tranSpor~
lJOIl systems ,wfered the most iD the
spring floods, with damage 1D leduaJ

. high....ays ~nd hridlel es1llDlt~:It
$20.5 mUUDD.. • . . _.:

CJti AD4 county street&,' roads ' aDd
cros.sings, ICCOW1Ud for .&DoOler 51'1
mWion.· .' .

Be said be expect.l December nood
damai u .Iso -w1lJ be cenLered CD

roadway, 'ad brldgel.
Commissionus abo hurd I report.

on the progrw of the CeDtnl Maona
Project. Dick Sbunic:k, projecu.m.aJ1:
.ger, Ari%ona ProjecU Office. ~uu
01 ReclamaUoD.; 5ald CAP construe­
\! oD bUD't bUD "hindered' very
much'.' by the w~Lber• ..: •-_.' ; .. '~ _

"11lE riDi.EE MAJOR plec:el we're
worldDt DD Tight DOW Ire lwuac1 con-
st.nlcUon...be up1AlDed. . '

'TurD to • DAMAGE, Pate A~

__ • _._ ._•• _,_ -:-..._---:-P"Ir-'\~....-4".• ------..,-.;-~ .;.'

'0 DAMAGE
(CoDcluded from Pale A-I)

A quorum WU Dot preaent at Tues­
day', meeting and EucuUve Director
We' Steiner advlsed'the commission­
era DO formal ,ctJOD couJd be laken.

However, he asked their concur­
rnce Dr' commentJ DO I proposed
Jeglslative pickage be had recom­
mended to tbe Groundwater Study
Commission. CommissloDers agreed to
o((er IDdlvid,u.1 commeDU by Feb. 15.

Steiner', proposal would rem ove
116,000 .cres IrolD agrlewtural uses
wlth1D the next 40 yean and CODvert
the acreage to other uses. .

Acruge wouJd be rellred Irom Ole
LltUe Cllno Valley, Avra Valley ,nd ,
the Sail River Valley with 100,000 of
the toul acreage beln, taken Irom
Salt RJver Valley.

BE PROPOSED the water rlghLa be
purcb.ased from .grlcultural acrelge
at the rate 01 2,900 acres each year.
. StelDer said the water supply must'

be Increased or usage reduced. "Tbe
CAP wiJJ provide the increase...but
use raw also havt to be decreased ID
these three basins, Of be said.

Steiner's propoul Ind rour otbers
were pre.lieDled MODd'l at Ole SuLe
Groundwater Commialou'. meeting...,

Figure 4_-o:unages associate:l
with flocxling in 1978 alone
exceeded 100 million dollars.

January 31, 1979

I
j,
"

"I
,I
'i

January 31, 1979
TUG PU~ENIX' GAZETTE:. ~ ,

Flood Damage:
.Mqy .E.x.cee~:~ ::
'$140:·MiJlion ." ..,
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The following deficierx:ies in the literature available for guidarre in the

selectin;J of n values will be addressed:

1. Although general guidelines are available, Le. (Barnes, 1967),

(Aldrid:Je an:! Garxett, 1973), a suitable field reference guide to

aid in the evaluation of n values in Maricopa County does not

c:urrently exist.

2. Few n value verificatioo stu::lies have been CXllPleted in Maricopa

cnmty am surroun:iin;J areas for channels with flow confined to

one main channel. (s!rgle subarea flow), am with the exception of

work by Acrement am Sdmeider in heavily wooded channels in the

Southeastern united States, (Acrement and Schneider, 1984)

essentially no attempt has been made to verify n values for

CCIlpCUl'Xi channels with nultiple subareas.

Cbject:.i.ve; am BJt-mt;1nl Benefits of '.lhis ShrJy,

CJJjectives:

1. To present Q'l-Site n value data and guidelines for selecting n

values in central Arizona with E!!IIPlasis 00 the~ of charmel

oarxli.tialS faJl'd in Maricxpa cnmty. selection guidelines would

include criteria for evaluating the major factors influencing

r:ol¥Jhness coefficients in Maricxpa CDmty riverbeds. SUbdivision

techniques to account for bed r:ol¥Jhness variability will also be

-6-
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described in detail, tho~y discussing potential sources of

error relevant to channels in central Arizona.

2. To CClIplete n value verification on stream and channel reaches

that would represent not only the main channel but also overbank

flow cx:curri.nJ in the flocdplain.

Majar Benefits:

1. A p.1blished field reference marual an the selection of n values in

greater Maricopa County will assist hydrologists an:l engineers

perfonn:in;J all ki.n:ls of surface water hydraulic analysis.

2. Hydraulically sound criteria for adjusting n values in central

Arizona will be documented ac:x:::amti.nJ for changes in:

-Depth of Flow

-cbannel Shape

-cbannel o.u:vature

-cbannel Vegetation

-cbannel ChstJ:uctions

3. Contribrt:e to the field of open channel hydraulics by furthering

the understanding of flow resistance through verification of

roughness coefficients for both single and multiple subarea

reaches.

-7-
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RY?:Imles ot Text Dnrt"tallm;

The field reference manual and final report for tJle n verification study

will include~ of site locatia1S (figure 5-7), planimetric maps

am cross sectial plots of channel reaches(figure 8-9) an:l tables (table 1).
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Figure 5.-tJpstream view of salt River below stewart MoLmtain O:mt, AZ
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Figure 6. -upstream view of West Fork SycaJrore Creek near SUnflower, AZ
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Figure 7. --upstream view of O1eny Creek near Globe, AZ
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Figure 8.-Plan view of a hypothetical channel and flood plain shCMing
types of reaches, subareas used in assign:in;J n values, and location
of cross sections. (Mxlified fran Jarrett, 1985a)
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(Modified fran Jarrett, 1985a)
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Detailed r;xplmlf¢fm at the prmlEa

Maricopa County covers over 9,100 square miles in central Arizona

(figure 10). It has the highest population density of any county in

Arizona, and over half of the state's entire pc:p.ilaticn resides within its

l:x:luJ'daries. In acklitia'l, it is me of the fastest grc:Ming counties in the

country with the population projected to increase by 1.3 million between

1987 am the year 2000 (Arizona statistical Review, 43 ed., 1987). The

rapidly growing population is encroaching upon normally dry washes am

riverl:leds thrc:u;Jhout the ocmrt:y. '!he growirg pcpJ1aticn un.1erscores the need

for affective floodplain management. Floodplains DI.1St be delineated before

they can be properly zoned to reduce flood damages (Davidian, 1984).

Delineatirq floodplains accurately requires precise floodwayanalyses.

'!he Flood Q:xltrol District of Marioqla county (FeD) has been charged

with the task of delineatirq lIll1tiple flood profiles a'l selected streams arxi

rivers. Flood profiles are 0CI1pIted usirq water surface profile computer

models based on open channel hydraulic principles. '!he f'urx3amental cpen

channel hydraulic equatia1S upc:I'1 whim all water surface profile computer

models are based are the Manni.n:J equaticn, OCI'1t..iruity equation, arxi energy

equation (appendix p.1-2). Computations involving Manning's equation

require an evaluaticn of channel rcujmess characteristics. Iarge errors in

water surface elevatia1S can result fran seemi ngly small discrepancies in

selected n values.

'!he ~file report by Aldricge am Garrett (1973) presents guidelines

for selecting n values throughaIt Arizcna. However, channels in Maricopa

<hmty are addressed in a1ly a cursoIy manner. '!he Flood Control District

-15-
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is concerned that floodway analysis are perfcmDed acx::urately, am needs a

more detailed evaluatiat ot Mariocpl camty channels; the U. s. Geological

survey erxjageS in an ~in; effort to enhance the the umerstan:iin.J of <:pm

channel hydraulics t!m:u;Jh investigatiCllS into the nature am variability of

roughness coefficients. A c:xmprehensive investigatiat of channel rc:u:jmess

t.hrc:u1hout Maricx:pa camty 1IO.1ld acHress the cxn:mns of both agencies.

-16-
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~ stuiy TNOUld be CXIIprised of two c:li.st:lrd: pw;es. The first phase

of the study will involve the production of a "Marlnin:] N Value selection

Reference Mamal." for stteaDs in greater Maricxpa cnmty. It TNOUld in::1.ude

large, high resolutioo color }ilatograpls of ato.rt: fifteen sites in Maricqa

cnmty. ~ high quality of the photographs will aid in site comparison

when selecting n values. The n values for the }i1at:ografbed sites will be

assigned by sane of the mst experienced Western Region personnel in the

field of open channel hydraulics. '!he Flood Qxlt::n>l District of Marictpa

o:mrt:y will suwort the project by supplying detailed cross sections for

each of the sites selected for stlxJy.

~ field reference mamal will include an ~ed discussion on the

selection of n values, with special consideration given to the cbannel

oon:litioos faD"d in Maritq)a CDmty. '!he draft reference manual would be

produced in a short time frame, targeted for oc:mpletia1 eight nart:hs after

awroval of the program furxiiD;J.

~ secxn:l Jilase of the stLdy will involve the verification of n values

as part of a long term study lasting approximately 5-10 years. Data

collection will occur over a 4-9 year period. sites will be selected in

Maricqa o:mrt:y an:l surraJI'din:J areas, generally corresponding with sites

used in phase ate of the stLdy. Between 2-3 series of reaches on different

streams in Maritq)a CDmty will be evaluated eadl year using established n

verification tedm!ques. Readles will be selected with unifoI11l or slightly

contracting cross section geometry (Chow, 1959). Verification will be

-18-
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performed on channels with multiple subareas ot tlaw includirq flCM in

floodplains in ad::litiat to reacbes of dlannel with sinqle subareas. Data

collectiat needs are aJtlined below.

OD-site data mllectim !If!f!'tJ tar n yalue wdf1g¢im;

1. Measurement of discharge by current meter or from well-defined

stage-disdlarqe rel.atiat.

2. Water surface elevation data in the form of qood high water marks

throuqhout the reach. Elevation of, hiqh water marks will be

determined with the transit-stadia method. care will be qiven to

avoid potential sa.u:oes of error as described by Jarrett (1985)

3. Channel qeanetry ard slqle. 01annel. qec:metty will be obtained fran

the aJITent meter measurement or by transit- stadia. Slope will be

meaSlJred by transit-stadia.

For culpound channels, the procedure outlined by Jarrett (1985b) for n

verification in channels with two or more subareas will be utilized with

sane mi.n:Jr DXXlificatiat:

COllect on-site data as aJtlined above. Also collect CIl-site data for

several flows, where the flow are oaltinecl to the main dlannel. carp.rt:e

the n values for within-bank flows. DeYelcp n value VB. water surface

elevation relatiat for within-bank flows. Use linear reqression to

-19-
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devel~ the best fit line t.hrcu;h this data, and exten:l the relation to

the stage of the Ch"OJJ'ld channels flow flow measurement. Code the

data into the u.s. Geological SU%Vey slc:pHU:'ea-met:hod program (tara

and IBvidian, u.s. Geological 5m'vey, written (XI'!'I'!'Im., 1970) and enter

the n value correspondinq to the cu"amd channel stage for the main

channel subarea. Enter n values for the overbank areas, until the

measured discharge for the reach is obtained in the slope area

calculatial.

-20-_.
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IJhe B::poLts will be yaln nbl e to mvm1Jig mriDf'f2"6 8IIl hydrologists.

The results of the first phase of the study will be presented in a

'technical r~port which clearly describes the techniques used in the

investigation and ootlines a methodology far est.imatinj n values in Maricopa

County. A wide ranqe of channel conditions will be included so that

information is readily transferable to other streams in central Arizona.

The U.S. Geoloqical SUlVey will provide camera ready report materials for

final p.1blication by the Flood CtxJtroI District of Maricxpa camty.

The results of the seoc:n:l P1ase of the sbDy will be p.1blished by the U.S.

Geological SUIvey. It is anticipated to include between 10-15 pages of

black and white photographs, 15-20 pages of cross section diagram;, 15-20

pages of definition diagrams, and abo.It 30 pages of text.

U.S. Gealogirnl SUIyey IMiml.oqists will mdrt; too stmy.

~ USGS hydrologists, GS-13 and GS-14 with extensive knowledge of open

channel hydraulics, and years of experience evaluating roughness

coefficients, will independently select on-site n values for the field

reference manual. A GS-9 hydrologist will assist in the J;ilotogratily, and

will be responsible far OCIlpilirg the reference manual.

The long term study will be overseen by a GS-13 hydrologist with a GS-9/11

hydrologist respoosible for field data oollectial. '!he GS-9/11 hydrologist

-21-
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will be assisted in data collection by a GS-7 hydrologist and a GS-8

hydrologic tedmician. The GS-9/11 hydrologist will be responsible for

the final report with tedmi.cal assi.starx:e fran the GS-13 hydrologist.
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'!he Mann.in] Equation in starx3ard form is written as:
1{~ ~"

V = 1.486 R Sf
n

where
V = average croSs section velocity, in feet per seoorxl
R -= hydraulic radius, in feet
S = energy gradient or friction slope
n = Mann.in] I S l"CU;JImess CXlefficient

'!he continuity equation is:

Q = AV

where

Q as d.ischal:ge in OJbic feet per second
A = crass section~, in square feet

substitutirq V -<VA, the Mann.in] equation can be rewritten as:
tt, Vz.

Q =.L..!e§ A R S(:
n

For computation of di'scharge in natural channels, the Mann.in] equation is
assumed valid for non uniform reaches (Chow, 1959). Determining mean
discharge betweem to sections in a reach requires evaluation of energy
losses due to boundary friction, acceleration or deceleration of velocity,
and reach expansion.

the energy equation between two sections is written:

.....-.,



where

i
I

SOCI.. '.,

I

=

-
"-'NVtfW

,
I
rsoc'oOIl I

I
I

11.-.-----t------/
,"O,JU VlfW

a =velocity-head coefficient equal to 1.0 for perfectly
uniform flow distribution;

g = the acceleration due to gravity (32.2 ft/s 2);

hi =the energy loss due to boundary friction in the.
reach, in feet;

~v =the upstream-velocity head minus downstream-velocity
head, in feet;

k(6h ) =the energy loss due to acceleration of velocity in a
v contracting reach, or deceleration of velocity in

an expanding reach, in feet; and

k =a coefficient generally assumed to be equal to 0 for
contracting reaches, and equal to 0.5 for expanding
reaches (Barnes, 1967).
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The quantity (1.486/n)AR2/3 in the Hanning equation Ceq. 1) is called the
conveyance, K, has units of cubic feet per second.

-I

+ •••

h, _ M + M v - k(t:JJ)
L- LSf = the: IdctLl)u l>lopt:. =

(h T hy)1 -(h T hY)N - (~~y)~.2 + (k6hy )2.3 T ••• + (k~v)(M-l)'Hl

(7)

where

the mean di.scharge between t\¥O sections is canp..rt:ed as:

6h = the difference in water-surface elevation at the
two sections, in feet; and

L =the length of the reach (Dalrymple and Benson, 1967) in feet,
and the remaining terms are as previously defined.

Z = AR2/J and other qu~ntities are as previously defined (Barnes,
. 1967).

Q

1. 486

Value of the Hanning n is computed for each reach from the known dis­
charge, the water-surface profile, and the hydraulic properties of the reach
as defined by the cross sections. The folloWing equation is applicable to a
multisection reach of M cross sections, designated 1, 2, 3, •.. M - I,M:

n =

~-
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