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h sr coMcsjmuriD rtsw m rum ncus

Sy C. X. toecer and U. J. Um, A. M. ASCS*

I. Abacrace

* varleey of ehannala occur In far* flelda; iom irt farsed by irailaa

•*• «hara Ukt camcia ara conacruccad ipaclftcally eo ?rtv«ac troaloa.
IS««« cSannala rant* Iran saall rtlla eo Uei« {ulllaa. TopotMphy cauaea

avarUnd (low oa May fan {laid* to eoUaet la oacural wacacvaya, laettaadt-

aea iU«d chanaala. Isaa41«ealy a/ear i««db«d praparaetoa, eh««« eaaetaeraetd

flow araaa aay b« hljftlx taaeapdbla Co <raaloa, tad treatoa la eh«a aay ba «a

grue as <h««c tad rtll «rsaloa foe eh« field. Procaaaaa of ttoaloa by coo-

eaaeraca^. flow la fara fltlda ata dlaeuaaad, tod cquaclona daaeclblng chaa«

pneaaaaa ara dav«lop«d. Eroaion racaa ealculicad *ith tha cquaeloca aca eoar-

parad wleh obaarwtd daca.

Or VOIDS 1 UU tROSIOM, CHAKNtL OOSIOM, CUU.US. COKCanXATKO FLOU, ACZXCOL-

nui rtzus, szoxuzst oxjucnaisTics.

IX. latroductlao

Eroaloo on fara ftalda r*due*a cha crop producttv« pocaaetal of lotla and

ptodaeaa »«diaanc tiiac say laav* eha flalda eo eauaa off-atca cnvlronawncai

4aa«f«. CulliM, «cad*d eilaaaala ehae eaaaoc b* exoaaad wttn fata aqulpsane,

hlndar fataiaf oparaelooa, ««p««laUy eh* uaa of Ursa elllaca and pUaclnt

aqul^ane. and tadues Land valua. Savara araalsa a«y' fare* Lutd froa cul-

elvaead crop* eo paaeura aad foraac.

3b*«c. rtll, aod fallj aroatoa ara eha uaoal typaa of hU araatoa by

wacar an fara flalda. till aod rully aroaloa ara faraa of chaasal aroatoa.

till «roaioa la oftao daflaad aa araataa ehae oeeara la taall chaaaala ehae

caa ba obllcarmcad by elllna vhtla tuXlr aroatoa la daitaa4 aa araatoa ehae

ocean la ehaaaala ehae can one b« obltearaead by ctllac* (19). Hov«v«r,

Iaeana4taca «tzad oaeurai or eaaaeruetad vaearvay* «stae ta aany flalda which

fie eha daflnietoa of a rill bue bahav* hydraulleally «a a Urtar ehaanal.

71m purpoaa of chta papar la eo ravlav daflateloaa aad fiaeuraa tt arodad

channala wtehta fara flalda aod eo davalop •qoaeloaa daaerlblat ehaaa

proeaaaaa.

$h««c aroaloo, lacarrlll araatoa aa le ta aoaaelaaa called, la froa eha

toll jurjaca aad caa produca Urga quancleiaa of ladlaaac. Thla toaavhae unl-

fora daeaehaaae of toll ofcan procaada unnoelead uacll axeaaalva daaaga haa

acearrad. Xuaoff, hov«var, la ooe ualfora acroaa fara flalda bue la eoaeso-

eraead la etlla(« aarka and xlcro-ehann«la. Eraaloa la Chaaa tavall ehannala,

daflaad aa rtll aroaioo, dapaada prlaarlly oa ovarland flow hydraullca. Thaaa

taall arodad chaaaala or rllla, cyplcally aboue 30 eo 300 aa wlda and up ea

above 300 aa daap, vary traacly la fra^uaaer acroaa flalda dap«adlag aa eha

'dydraulte Eatloaar, US0A-A«rlcultural Xaaaareh Sarrlca, and Aaaoclaca

frafaaaor. Agricultural Eagtoaarlac. ?urdu« Oatvaratey, V. Lafayacta, IV

(on aaatcsaaee eo Uj« Alaaoa Xaelaoal Laboracorr, Sapc. 1982-July 1983):

aad Hydroloclae, aSOA-Asrlculcural Laa«arch Sarrlca, Tucaaa, AZ.
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frequency of preforaed tillage aarfca. land tlope. ted the realatanca of the

toll ta rill eraalaa. A typical frequency la about ooe till per aeter (23).
Jills iaoly cuaareu* mall chaaaaU acro.e a hlllalope iuch chat the reaovel
of a tingle rill haa alnlaal efface oa the eroeloa raepoaae of a flald, valla
a flow la a vatervay tapllea ona of a few aajor channels In a flald (7). Flow
la rllla ts frequently analyzed ta broad theet overland flow, la tpeclal
ctaea, flow la an ladlTidual rill aay be tnalyxad ta channel flow to repreaent
the flow la a group of rllla havlag very slallar characearlaelca (21).

Topography frequently causes overland flow to caoceaeraca la a few aajar
natural vaetrvmya before laatrlsg a field. Ubere azceealve ereeloa occurs la
natural vatarvaya, constructed channels tuch ta atveraloaa, terrace channels,
and traaaed vatarvaya ara laaealled ta catlect runoff aad convey It off the
field ae aonaroalve velocities. Severe eroeloa by flow la vatarvaya raaulta
la gully aroaloa.

Tillage equlpoanc eaa till acrooe eroding vaearvaya la aaay flelda.
XasMdlacaly after taedbed preparation, tha vacarvay araaa aay be highly ma-
eapelble ea eroeloa. Evaa though channels foraed by eroeloa la theaa vatar

vaya ara obliterated by tubaequenc tillage, fitting tha popular definition of

a rill, they thould ba treated aa Individual channels la traaloa analyses
(14). lanoff la theaa types of uatarvays has seaeelaea been called concen
trated flow, aad eraalaa by thla flew haa beea called caaceaeraced flow «ra-
tloa

Slaea ovartand flow oftan csavargaa la vatarvaya, aadlaaac ytald froa

flalda U socially by flow la vatarvaya. Oapoaltea by flow occurs vhaa tha
aadlamc load la graaear than the flow'a aadlaaat tranapore capacity. Tha
gradlaae aloof 3aay vatarvaya daeraaaaa frea a fairly staap grada ac th« haad

of tfca c&aaaal to alaoat lava! ae tit*. «dga of tha flald. ta tucti eaaaa, aro
aloa aay occur oa th« upp«r «ed of tha vacarvay vhara traoapocx capacity la

graacar thaa eaa laeaalag «adloaae load froa tha ovarUad flow araaa. Aa flow

34*o« down eh* channal, tadlaanc load acctaulaeaa vhlla traoaport capacity

Incraaaaa du« ta aceuaalaeloa of flow. Ac furthar dlaeaecaa, tha traaaporc

capacity taoa baflsa ta dacraaM bacauaa tha daeraaalag gradlaae haa aora
acfacc oa cranaporc capacity thaa doaa tha accuaulatloa at runoff, rraquaaely
tha gradlaae flaccaaa ao such that largo quaadtlaa of jadlaaac ara dapoaltad

vlthla tha flald. Oapoaltloo aay alaa occur la backvatar tt flald outlet* du«

ea ««««cacloa or rldgaa arouad flalda raeardlng or daoalag tha flow (22).
•

See «U eaaaaala hava both araaloa tad dapoaltlon along thalr langth.

Dapoaltioa aay occur avaryvhara tlong low gradlaae channala tuch ta terrace*

(8), or aroaloa'aay occur avaryvhara along ftaap ehtnnala having unraatrlctcd

ouelaea. la aoaa channala, hov«var, oalthar «roalon oar dapoaltlaa occur; tha

chaaaala tlaply traaalaca tha lacoolag tadlaane froa ovarland flow traaa.

Trtquaocly tha quaaelea It takad, "Ta .thla channal a rill, vatarvay (eon-

caacraead flow), or a gully!* Oaflnlcloa of rills, vacarvay* (coocaneraead

flew araaa), and gulllaa ceatlauaa to b« a sreblaa. Tha daflnltloaa glvan

abova, though too tapraelsa to allalnaea tha prablca, provide guidance. In

tha caataxe of tha abova daflaltlaaa, troalon la rills, vatarvay* (concen-

traead flow araaa), and gulllaa tra all foraa of channal eroelon. Rlllt laply

alcra-chaonala, gulllaa laply channala too Urge to travtrta vlth tillage

equlpaanc, and vacarvay* laply latenadltto ilzad channala. Furthermore, jul-

llaa laply deep channels vlth tcaep tldevalla raLativ* to vatarvaya which ara

9.44



(Hallow wlchouc v«ll deflmd sldewalls. Th« taphaals of ch« following dtscut-

lion U on vacarvay* b*eaua« they occur (a aoac fltlda, «nd :h*y havt rtcelvcd

ltetl« «ettneloo tn erosion llctrscur*. Sine* rtll erosion processes art

ttalUr CO Chose occurring ta waeirvaya, auch of the following discussion

applies to rtlls, and laforaacloa froa rill erosion studies Is used co

describe araalon In vacervays.

III. traatoa by Flow

I. Fuadaaancal Caaeape

A fundaaantal eoncepe la erosion aachsatcs la that (low haa eh* ^cindal

(or alchar erosion or deposition d«p«ndln( on th« relationship of sedloenc

load co sadlaenc cranaparc capacity (7). t( sedlaanc load Is .-rtactr than

traaaport capacity, dapoaltlon oeeuci ac a raea proportional to •• difference

between th« transport capacity and th« sadtasanc load* It tha taotaant load la

laaa than ch« tranaport capacity, eh* (low haa a pottntlal (or d«cachlng soil

(raa Cha bexjadary at eh« ehaoaat. Shaar scraaa o( flow la eh« chanaal Is frc-

qu«aely uaad aa a aaaaora at cha «roalvlty of cha (low. How«v«r, no troalon

la aaauaad naetl tha (law's shaar scrtta ixcaada a critical ih«ar scrtaa, a

aaaaura of ch« soil's rtatacaoea ca aroalon.

Z. Critical Shaar Scraaa

With cha «xcapclon of sraaaad vacarvaya, (araars rtfularly till acroaa

aoae waearvaya. TlLLag* jraacly rcdueaa th* raalaeaac* of toll co troalon by

(low. Haaaurad rill aroaloa raeaa toaadlactly afcar ttllata v«ra abouc chre«
tlsaa choa« aaaanrtd bafora elllafa (\2).' roacar *e «1. (IS) sucsaactd ehac
cha erlclcal shaar seraaa (or flow eo Intclaca aroatoa at a typical qidwaacarn

stle loaai soil atghc vary avar a eropolo« y«ar (roa abouc ) M/a4 (or a (rashly
prasared sa«db«d ca 13 H/a for a wall «oasolldacad soil Chac had noc b««n

tilled (or Chraa aoncha. Savantl of Cha (actors lafluanclac critical shaar

seraaa ara soil caxtura, coapaceloa, drylat. cypa of tllU(«, and d«jr«« of

pulvarlsacloo ay cllla»« (IS, 18). Saardoa and 3«aalay (27) found ehac criti

cal shaar scraaa (or a soil with 55 paresne clay was (Iva tlsas thac (or a

soil with 10 pareanc cUy, and Laflan and Baaalay (23) found thac an tncraas*

la void raclo by SO pareanc dacreasad critical shaar scrisa by to parctne. l

ftoac (laid soils ara cohaalva. Clay concanc rangas froa about 10 p«rc*nc

(or saady loaa soils CO abouc 35 parcsne (or clay loaa soils. Sllc content

raogaa (roa abouc 30 pareaac (or day loaa sails eo abouc 40 ?«rc«nc for sllc

loasi tolls. Sand caacaac varlaa (rea aboue 20 parconc (or silt loaa soils to

abouc 70 pareanc (or sandy loaa soils. Although auch actanclon haa b«en jlvcn

Co clay aa an Indicator o( critical shsar scrasa, t»« cole o( silt, land,

orgaale aaecar. and chaateal consclcuancs asy also ba Uportanc. Hov«v«r, the

lnfluan«a of chaaa (aecors oo tha «ra*lon of tilled agricultural tolls has noc

b*aa scudlad axeanslvaly.

Erosion In wacarways la (ara (lalda dl((srs dlsclncclvaly froa troslon o(

aoacahaslva sadlaanc (roa alluvial scrsaa channals. A critical shaar scress

ta Inlclaca «»v«a«nc of ooneohaslva sadlaanc a( cha six* of loll particles far

sllc loaa (laid soil Is abouc 0.S 8/a In coaparlson to wiiurtd values of 3

9<7
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3. Salacclricy *t Ero.loo by Flow

*. Efface «< tfooandlbla Uyara

by

VI. Udiaant CfcaraccarlaUca ?rwlueatl by Eroaion

S«Uaanc aroda4 by rtll aroalon oo fan flaUa la a

;ar ehaa

y

P«cicia.

«ra»tsy ot

tha* eh!
Ur(ar chaa coana .and i|m, 2.0 a
. (31) ur «a«a (re. 1.4 t» 2.4S

i.lr}?r °f,eJ" PtlO-rT '«"el««) "* l««««nca. eh. ;"
by ihallow tlo* aora than 4taoaear (4. 6, 11).

? " d«"«nd« •■ «*• t*tm**r partlcla .lIa dl.trl-
«U, rt«aney «od eypa of elllaj., and jround eav.r (16 31)

Cl*y fractloa In tha Ml la «a Uportate factor t. eh. aUrt««eto« *< eh.

eh. cUy tTKtlc; eh. .raac.r U eh. «*ioe o< ,a»,.c.d .11ai« .J ehl
Uc,.r «r. eh. <Ur.s.e.. (16. 31). Jtoe. «ch o< e». .«Jl«ne SV
»«h ,« eh. ..odi clay U coeata.,. l, eh. .,Sr.^eaa. Clay ,. "
P-rxlcl. la eh. Mdlaaae »y b. no aora Chan 20 p.rc.oc o« eh.

9.M
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la en* toll <2, 16) uslaaa dapoalcloa haa tnrlched eha ladfcune la eha frae-
eloa of Ham particles.

J Clay and orjanle aacter ira hljhly laoortane In tha eraaaport of toll
«daorb«d chaalcala bacauaa of ehalr Urja turtle* «rta r.Ueiv, eo chae of
sand and file. Xoac tadlsane aaaaclactd suerlane*. haralddaa, paaelcldaa
«sd laa«esleida« laav« eh« fiald actachad ee clay and orjaolc aacear (I).

7. Xaehcaacical Squaclona far Eroalon by Concaacnead flow

*»»orieal rraluacioa o< troaloa ta ehatuala r*nutrta aaehcaacteal »qoa-
elooa co daacrlb* eh«a« proeaaaaa. la eha paae, U troaloa U a naeucal
watacvay vaa vtauaXly >Jc«d to b« «xca«alv«, a (riaa«d wacarvar »•• tnaullad
«a a rapttecaaae ehanasl eo pravanc ataalaa. Olvarjlao ud earraea ehannala
ae« uauaily daalgaati eo b« aonarodXa«. Caatga o< teabla chaoaaU la dtaeuaaad
by Cat (17).

Channal daalpt aaeaeda baa«d oa aubtlltr ezlearli do noe taetaaca «ro>
raeaa oaad«4 eo taatfa aroatoa raducsloa baoaftes <ro« proeactioa at

arodlai uacarvaya la fialda. la eha ema« at till aroalaa, coon arwtleelv*
. aquacloaa laelud* le wtta taurrlU acaatoa (7). Ucaac laearaae ta aonpotae

tourea poUucloo hu naolead la t««atal aodaia laeludlac C2EAKS (21) {or
aaciaaelac acoaloa, dapoateioa, and aadlaaac Craaaport raeaa wtthla fan
fialds (3, 3, 20, 28). Xalacloaahipa la C2KAHS an «uaoarlxa4 ea tlluaeraca
aqoiclaaa for daaerlalac aroaloo by flow la rtlla asd vacarwaya.

1. Dacachaaac •

Btmdtmmc at «oil p«rtlela« frea eaa waccad parlaacar say b« daacrtbad
by CM):

0 - K (T# - y1'03 <D

wliara 0 - dauchaaac raea ae a polac oa eha vaccad parlaaear (aaaa/uale *eca
of vaesad parlaacar ' unit elaa). 5 - a tall .rodlblUty factor for troaloa by
lle*> *t ' thaar aecaaa acelac oa eha mil ae a point oa eha waetad parlsaetr,
•ad T • a critical shaar tetaaa. Equadoa I haa b»an v«rlflad with flaU

rt»«areb for rill aroalaa (10). Craaa or aolch cavar proeacea eha toll frea

troaloa by raduclag eha thaar sereaa t «etlng oo eha toll (13, 29). Shaar

teraaa t ta aaauaad ea ceotrol boeh troalaa «od tadlaane eraaapart. tt aay

b« aaeliaead with ceaeapca uaad la tadlaane eraaaport aoalyala (17) ehae
dlrlda a flow'a caul thaar aeraaa Into clue acelac oa trala rou(ha««a

(cqulvalaac CO ehae acelac oa eha toll) tad chae tctlnc oa ton roughaaaa
(c^ulTalaae to ehat acelnc oa toll cov«r). Shaar tcraaa tacrtaaaa around eha

waetad parlaaear fraa xaro ac eha wacar turfaea ea « aaxlaua «e eha alddla of

Cha chaonal (17). Th« ahaar tcraaa dlacrlbueloa around to «rod«d chaaaal In *
fan flald ta daacrlb«d by:

*. - rt/\ - 1.35(1 - (1 - 2x)2'*] <2)

whara T# « noraallxad thaar aeraaa, T • eha. eroaa tacsloaal tvarafa thaar
texaaa tcclnc oa eha toll, aod x • Iha raela of dlaeanca (roa eha waear lur-
fica aloac eh* waeead p«rlaaear to a parclcalar polac oa tha waeead parlaaear

9.69
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3-5.

2. Ero.ta.

s.

Cloeaclon -

Uyr

7
U Jlv.a

4« - oae/o

e° •-' •«-

(3)

1» flvra by:

eo«d - D/0

Sabacltucloa of &».. I ,od 2 tneo Eq. 6 (lv«.:

- ((r# - t,e)/(x.as - t, )juos

(S)

(6)

(7)

9.70



Ero.lon rat. I for t

Th.

rlu

,h««r

11, t

Cq. 13

«

Sine. Eq. 14 canaoe b.

ero..

'■ ' V,

^ tj flwn hy.

r«S

fe • r « S r,c

* -

)8/:sl/jl<? -{(',./rsr.e)8/:sl/jl/ar

eonv,r.nc. funcctont

(QB/Sl/2)3/8TS/re - l/r.er3/8

..plletely foe «e, eh. (ttactUl,.

v«« covpucad *nd plocsad ta Fl«. 2.

foe norcallfad hydraulic ridlua r - U? .55 wld

Ml

(9)

(tO)

(tl)

(U)

(IS)

widen !?
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fit. 2. function j for in «rodln» eh«no«i <c tqulltbrlua.



ara raa4 tzom Flj. 1. A value (or U Is calculated froa Eq. 18. a result a(

combining Eq. 13. r - I/r, and w • U/P:

.... W - [(Qa/Sl«)3/8lv/rJ/8 <l8>

|ii;|f|^;;:^:^:;-:!;i!:|i;::i;|: TSa equation (or hydraulic radius la obtained (roa ? • v/w, ? - Z/r, and Eq. J;*:;&

I - (Q.r/S1'V'8 (l9)

Tia following cxsapla Illustrate* how tha equations ara uaad :o caapuca

sa eroaloa raca. tinii Q « 0.0011 a ft, a • 0.03, S ■ 0.09,. aad t • 4.8

S/a . tha value computed (or c (raa Eq. 16 la 6.0. Froa Fig. 2, z ~ 0.03

and vmluea at 0.133 aad 0.64cara obtained (roa Fig. I (or r and v, raapacr
tlvaly. Hydraulic radius la 0.0163 a (rea Eq. 19 {lvlag a valua o( 14.4 M/a

(or average ih*ar serasa, T. Hie valua (or width V (roa Eq. 18 la 0.0694 a.
t£ C la Eq. 9 la 11, eha erastoa rats (roa Sq. 9 la 12.8 j/a s. TOese valusa

of K aad r apply ca.rtll erosion data of Foacar aod Line (10). taaulta (raa

tha saata ceSptteaeloaa for eha data (roa field eroaloa experiments (10, 24) are
abowQ 1a Tablaa 1 and 2. Values (or K wara 2.76 aad 2.34 -(or no .canopy and

canopy, respectively, aad valuaa (or r ware 2.87 and 4.16 H/a* (or ao canopy

aad canopy, rasDectlvaly, la eha studyTy Meyer «t al. (24).

Table 1. Obaerved aad caleuUted till eroaloa rates ae eha Initiation of

dlaeharta (or ftudy by Foatar and Una (10).

Olseharja

uea

(a3/a)
2.07

3.00

3.83

3.83

8.07

12.«9

17.16

21.73

Manatnf'k

a

0.039

0.040

0.040

0.030

0.033

0.033

0.031

0.026

uir
Crada

0.100

0.093

0.099

0.083

0.097

0.094

0.085

0.096

mil

Per Uall

Obaarnd

(S/a.s)

1.59

3.03

5.36

7.65

12.03

15.56

22.96

49.60

Erosion iUee

: Ungth of Rill

Calculated

(«/a.s)

2.83

4.02

i'.Sl
5.06

10.23

14.90

14.24

19.21

Aa advaoeaca o( eha equaclona derived (or eha eroding equlllSrlu* channel

width la ehae coapueaeloa o( eroalon race doaa noe require Ch« aasuapclon at a
particular hydraulic jeooacry. Thla la especlallr la^onane where rllla
develop and bacota Incised on a relatively flat surface raeher ehan developing

la pra(oraed channaU such *a tlllafe aarka. Further !t«ld and 4nalyclcal
naaarch la needed on tha Initialization o( rills and their jeowaery. eroelon

rate, and hydraulics during Inltlaelon. Also, experl»ene« are needed to

deceraina soil erodlblllcy and crletcal me»r icress value* (or a wide range

at conditions.
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" C* ** wtdeh.

«

of ch«

(23)

(24)

I- -14«h u

•*•*■«■ •w«l«« r»e« foe eh« etaa partod e U

*

(28)

(27)

SMLS

T«6U 3

Vt. Kacateud* of Ertxlan by Caseaaeraexi flow

It U P»(..c *M Ch, «tl U »« to c, IrHlo. by

9.73



Table 2. Obaanred aad calculated rill ereelao raeaa for «cudy by Meyer et al.

(24).

Dlacharre Ull troeioo Ucm

taca ?«r Bait Uatth ox Ull

xlO* Otwerrvd Calculated

(«3/t) (s/a.a) (x/*.e)
1.33 0.26 0.43

3.31 0.81 0.90

3.49 1.43 1.41

7.97 2.37 2.01

4.36 0.38 0.71

8.22 0.94 1.44

10.7S 1.36 1.36

3. Eroelon tift Ouaaal ilaachea a Maoarodlbla Layer

Oaea • chaanal raacse* 4 ooaarodlbla boundary. It video* aa a ncusfiilir

chaaaal ac cha caca clue tSa ato>Mall 1* tcodad «e lea Ineartactloa with Oi«

saaarodlbla baoadary. A* eh* ehaasal vtaaoa, «coaloa nca 4aeraa««a bacaua«

«< r*doe*d 4T«nt« ihaar acsaaa tad cadoead thaar ceraaa 00 cha «ld«wall. Tha

dToaale aodal uaad to acudy loltlal clunnal davalopaaoe vaa also uaad Co acudy

acaaios raea 4a a ehaanal wldao». .

Tha aaalyata Indicated Cbac troelaa 'raee eacponancially approawhaa taro aa
tha *>■*-~» erpooaadally appcoaeha* • final vldth. Tha final width dapaoda
aa dlachecr* raea, enaoael trade, and critical ahaar •ertaa. Tha coodltloo

for tha floai. chaanal vldth U tlrea byt

. „ ^. ».3/8. ,-l (20)

vhara z . • tha t«laelv« jtt'»»g« froa tha watar suriaea down cha aldavall Co
cha oaSaredlbla layac *nd t, . • tha «haar utiu dlacdbueloa {uacttaa

avaluacad 10.. Shaar atraaa St x t cquala cha critical «haar 4craaa, eha
eoodltlon for Cha ch4an«l t««chln» 4 final width. Clvan 4 valua (or xfi/

dacanlnad lapUcltly «ro« tq. 20. 4 »alua for cha final vldth U, eaa ba touna
fro«t

{

Valuaa at tf wara eo«pue«d «od jlv«n La Table 1 vlch «ba«rv«d width* for fl«ld

data (10). f

fie did oot flad a ttapla 4oalrclcal ci?m«too for eha decraeaa of «co-

tlaa raea with claa aa cha chaonal widened, (neceed, 4 wide range of valuea
for tha eooerollioj »arlablea waa lubaclcueid laeo Che dynaalc «roaloa oodel
to (aneraea a f4ally ot eurrea for channel wldeh V noraalized by:

) <22)

*.7«



i.s? o o O o
O o

Q - 8.208 Is*

V - 8.230 «/a

ft • 8.333
S - 8.100

4 - 8.3S0 Is*
V « 0.330 */•
n - 8.340

5 - 8.333

ia za 30 40 sa

Time X (mtn)

abaarvad tool covputad rt.ll arualoa rmeaa (or daca o< Faacar and Lana

(10) thowlnt Urn a<(a«t a< 4 aaaarwUbla Ur«r.
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uauaJly laaadlataly aftar laadbad priparatloa oa tlllad land, a parlod of
lataoM aidwaaearn tprlag ralaa produclag Uria rataa and uounca of runoff
twaloo by coocaatratad flow la natural watarwaya haa HUn ba« aaaaurad.

e *-cl7 ladleatloaa froa a prograa rt«aaely lalttatad by tha OSOA-SoU Con-
aarraeloa Sarrtca <SCS) ta aaaaura thU typ« of troaloa oa fara flalda In
lararxl iuc« (ugxaac that this troalan aay tq.ua! or astaad th«e *nd rtll

::i;$!:i'^k::*-:;;;:; +*&&& IVUfV J™* '""r^0" ««raa with aaelaataa fro. OEAMS for a typical
•:!::Kii;:SW:!v::::^::::i:^;:;:;:-f?j ttaU lB C**»*U (22). A baesar uadarauadlag of araaloa by eoucaatrattd flow

waa tdaaelflad aa a high priority raaaarch na«d la I9«j by tUm OSOA-SCS, and
raaaarch haa bra talel*tad by tha USOA-Agrtealtural Saaaarch Sarrlca aad oth-
ar» ta laara aora about thla typo of araaloa aad how to bactar «atlaata It.

Till. Suaaary

J * '•rtaey of elunaala occur la fara flalda; mm* ara foraad by aroaloa
asd oehan ara caoacntctad ipMlfleaUy to pr«v«ac «raaloo. Crodad ehann«la
raa<« freai small'rUla tararal alUiaatara wlda aod daap to Urj« (ulllaa
tavaral aaeara vtda «nd 4*99. lataraadlaea dsad oacural ehannala la ar«aa
vaa¥» topograpiiy haa eauaad orarlaad flow ta eaaeaatrata- can ba «rodad If not
ptoeeesad witii jraaa or crop rtaldua. Coaatructad eluaaala lneluda iraaaad
wacarways, tarraea ehannala, and dlvacaloaa.

Cxanaal aroaloa wtthla fara flalda da«radaa tho toll and radueaa th«
ylald potaaelal of cha flald for rrowlnt exopa. rorthanora, whaa ehanaal
•roaloa baesau i« tavara thae fara ♦iulpm«nc eaaaoc ero.a tha «red«d araaa.
fara oo«ncloaa ara laeaavaalanead, afflelaocy dropa, eoaca Ineraaaa, aod land
valuaa fall. U ehaaaal aroaloa wlthla flalda bacoaaa cxxraaaly lavara, eha
flald aay b« foread one of calelvaead crop proditesloa Into paatura, Idla Und.
or ioraac Land.*

F*taara rafolarly eill o««r aoac ehannala la flalda azeapc for fulllaa
and panasaocly T«aacatad wataruaya. Tlllata (raatly dacraaaaa tha raalaeaoca
oc chaaaal araaa to aroaloa. following tUlaca, raalaeaaea to aroalea

lncxaaaaa ovar a cropplnt taaaoa dita to traffic coapaetlea, vattlag and dry-
lo«. »««ataclr» jrowth, aad othar proeaaaaa. UatlUad coll b«low tha tilled
lona alao radoeas aroaloa by raatrlcclaf dowmmrd aroaloe of channala. Onea a
ehaaaal arodaa to tha uatlllad toll, downward «roaloa eaaaaa, tad wtdaalns
batlna. ria wtdaalnf rata U ralaelvaly faae ac flrat but daeraaaaa to zaro
*• thm «*a«a«l widen approaehaa aa •qulllbrluat width. Eroaloa In a eJi.no. I
(or a (lTaa ttoraflow la a function of tha aaatiae of downward and lateral «ro-
»loa froa pravloua Kora. TI)arafara, ehannal aroaloa within cultivated

flalda oftan daeriaaaa during a cropping laaaoa for two reaaonc lncreaa«d

taalaeaaea to «raaloa with tlaa aod raatrletloo of downward «ro*loa br

untlllad toll banaath tha tlllad 10na.

Sadlaaac arodad tiem ehanaala la fara flalda la a alseura of prlaary p*e~

tlclaa aad igjragataa aada up of prlaary partlclaa. Acgragacaa aay ba auca

larjar thaa taalr prlaary partlclaa, aad thalr daaaltlaa aay b« ilgalflcancly
laaa than that of prlaary partlclaa.

Kachaaaclcal ralatloaahlpa far thata proeaaaaa ara ivallabla for ticltuc-

lag aroalaa by coacaatratad flow la fira flalda. Tiiaaa «quaclona **«ua« that

•roaloa rata ta proportional to tha dlffcranca b«tv««a «h«ar itrcaa of :h«

flow aad critical shaar itraaa of eha toll far raalatlng «ro«lan. Channal
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? < »~ »«« .er..a. erttle.l ,h.«r ,ere...
ihaar acraaa around eha channal boundary.

Vllt. Ackaovlcdgaaane

a eonertbueloo fro« tha USOA-Acrtculeural Xanaarch Sarvlea \: :■:■<■■■■]'■
„. . '«loa Ubocaeory, U. Ufayaeta. W <nd Souchvasc Xjntatand .- l'?%&

Vaearahad Xaaaarea Caacar, Tueaoa, AZ; la eaaparaeloa with eha Purdua Agrtcul- " ;
euraX £x?«rlaanc Station, «. Ufayaeea, IN *ad eha Ua Alaaoa Saclonal Ubora-
eory, Loa AXuoa, MM (Caaerace W-74OJ-CC.36 wtct tha 0. S. Oapar&Mne of

App«odlx I.

1. Aiiacta, E. t., "Tha Hlengaa and Phaaphorua Oiaeane of Crodad Soil
Acsracacaa aad Sarflaaoc,* chaala prasanetd to Pucdua Untvanlty. ae V.
Ufayaeta, Ind., la 1979, la partUI ftiimiaatic af tha raaulraitanca (or
eha dacrc* of Doctor of PhlLsaophy.

2. Albarxa, t. B-, Maldaohauar. V. C, and roaear. C. «., 'Soil Auracaeaa
and Frlaary Partlelaa Traoapoetad ta Ull tod tneamll Cro.loo,"
Soll Sctntcm SoelacT of Amarlca Journal. Vol. 44, Ho. 1, 1980, pp. J9O-
393.

3. Alm*o, C. »., OaOursay, 0. C, Fraaad, S. »., «m towta. *. J.. Tlald
Ta«e of a Ol«eribut«d Sadtaane TlaU Hodal,* Proeaadlw. of ASCE.
2Sea Hydraullea DlTlalon Soaelaltr Caqfaranea. 1978, pp. 6?l7~

4. Alsoaa, C. 7., Ifalbllnf, W. a., aad F«acar. C. »., TaeUaelnc Sadtnanc
TnaapoR Capacity la Uacarihad Kodalint," Tranaactlona, Aoarlcu S««lacy
oe AcrteaelunX CaclsMn. Vol. 24, Ko. J, 1981, pp. 1211-1220.

3. Saaalar, 0. 8., Hooka, t. J., and Huttlna, U T., 'AHSVCSSi A Hodal foe
Uaeacaha4 PUoalnj.* Triaaactlooa. Aatacteaa Soclaey of Acrteultural
Cafloaara, 7ol 23, Xo. 4, 1980, pp. 938-944.

6. Oarla, S. S., *Dapoaleloa of Hoaualfon Sadtaane by OvarUnd flow on Con-

"*" fto?«s" ,Kh**u''""7"1* « Putdu« OBlvacsley. .c Vaat ur*y,tta.
lad., ta 1978, la partial fulflllaant <%t tha rtqulrtaanes tar tha dccr*«
of Maaear of Selaoea.

7. roaear. C. 1., *Xodallng tha Croalon Proeaaa,* Hrdrologlc yodallnc
of Saall Vaearahada, Aaarleaa Saelaey of Ajrtculcural EnglM«ra, 5e.
Joaapa, Men., 1982, pp. 294-280.

». roaear, C. I., tad Farralra, V. A.", -Bapoatelon In Onlfom Ccada T«rr»c«
Oamvala,* Crop Production vlth Caatarvaeton In tha tO^t^ Aatrtcan
Sodaey of Acrteuitural Saglnaars, Se. Jaaapa, .lien., 1981, pp. 185-197.

9. Foaear, C. I., aod Lina, I. J., dlseuaaton of 'Modallnf RtIt Oanalty.*
Journal of tha Irrl^aclaa «nd 3ralaa<a Olvlilon. ASCI, Vol. 107, No. txi,
1981. pp. 109-LL2.

9.79



17.

18.

19.

21. KaUal, tf. c.,
Eroaloa

*

C, 1980.

9.80

> --.-■ -'.-■■ '



22. Kalaal. «. C. .ad fo.t.r. C. I.. 'OZAKS: A Sy.cra for Svaluaeln, U«e
Kaaagcaaae ?ractlcaa, teaaoalei. itaici. Ecalacr: itooca of ?-aduct<v«

Ca"?!T*f;°"- S"11 Con.arv.eloa Socl.ty of AfricajAnmay. tow« l3'al
pp. 177-19*. '

fe&&-\H■-.:::•;;^illpvj:;£.;: "• Uflan. J. H. .ad Saaalay. R. ?., T«Ktt of Caafuctloa on Critical
"'•■■ "•■■■'■' '•■ Traetlva ?orcea la Cohaalva Solla,* iUnarch »ull«tla 7t9. Oalv«nlty of"

KUaourl Agricultural Ssparlatnt Statloa, Csluaoia. .to., i960.

24. Mayar. U 0., Toatar, C. X., «ad Mlkalov, S.. 1*5eee of flow ' Lac* and
Cioopy o« 111! Craaloa," Tr«a»actloaa. Amarleaa Soclaty of Agricultural
Caclaaan, 7ol. H, So. J, 1975. pp. 90J-HI.

23. Hayar, L. 0., roaear, C. t., and Xaafcaaa, M. J. M., 'Sourca of Soil
Erodad by Vatar fro. OpUod Stooaa," Pr.i.ot aad PToiwe-iy.

_ Taehaolow for Predicting S«dlaaat Ylalda aad Sourc«a. Haport Mo. abs-s-
*0, USnA.-Agrlcalsural Jaacarca Sarrtc, »aMla«taa, 0. C. " 775, pp.

26. Parthaaladaa, B. "Zaaulca of Sacaac lavaatlcatloaa oa traatoa uid Oapo-
tltlm of Cooaalra Sadlaaaea,' Sadlaaatatloa (glaatala). Ciaptar 20
Colorado Seaea (JolTanltT, fore Colllaa, Calo., 1972T

27. Saardoa, S. T. aad saaalay, I. P., "Critical Traeslri rorcaa la Cahaalva
Stfti*»" A<rlcaltural fculaaarln*. 7ol. 42, No. I, 1961, pp. 26-29.

28. Salth; t. S., Tlald Taat af a OlaCTlfaatad Vaearaaad
Eraalao/Sadlaaacaelaa Modal," Sail trotloa; ?redlctlaa aad Caocrol. Spe
cial Tublleaelon Ho. 21, SoU Coaaarvaelaa Saclacy oi Aaarical—Aofcaay
t««^ 1977, pp. 201-209. ' - . J

29. Tcapla, 0. M., "Tractlra forea 0«al«s af V«(«ue«d Cweaala," Traaaac-
t^M. Ajwrleaa Soclaey ot A«rlcaltural tatlaaars. Vol. 23, So. *, mo."
pp. 484-^90.

30. Talin. T. 3., "Aa Ezpraaaloa far 3ad-laad Triaaportatloa." Journal of tha
Hydraullca DlvUloa. ASCS. 7ol. 89, Ho. HT3, 1S63, pp. 221-230^

31. Toua*. ». A., "Charaetarlatlca of Erodad S«dlaaoc," Traa«.ctloaa. Aurl-
caa Soeiaty of Agricultural Saclsaari, Vol. 23, Ho. i, 1980, pp. 1139- '
1142, 1146.

Appaadtx IX. - Hoeaelaa

Tha !ollowta« ayabola «r« u«*d la ehla papar:

flow araa;

daeaeloaac raea «e i palat oa eho ehaoaal vaetad p«rla«car;

«co«loa <r«ccar la alddla of ehaanal;

varcleal aroaloa vaetor;

aroalaa nca par ualc chanoal l«a(th;

caevayaaea function;

hal«hc of ehaoaal ddawall:

•oil «rodlbllltT factor for «ro«ioo by flow;

Maaalaf's a;
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t • laa«ch at vactad ?«rlaac«r;

Q - iUchxtf raca for eecal vtdcJt at chaaoal;

r • I/?;

t • Ay?, hydraulic radlua;
S • grada aloog chaaoal;

C - Claa;

e.

V - eiuaMl vldth;

V • «^ullibrlu« eluoaal wtdth;

V, - float eh*au«l width;
V! - laislal ehaa««l wtdeh;
Z wtdeh;
z - oonaXlsad dlaeanea arouad v«ec«d ?«rla«car;

x - z co wban f -r for •quilibrtum ehanaal;

* , - * to vhara t -t for final chansal;
"t - watshe danatlr S« flow;
4c - tlaa tncarvaJ.;

• 4H - ehaas* o< widcH;

Ax • dlapLaeaaaoe cueaal to vactcd parlaaear;

9 - aa«la at ehaaaal bouodarr wteh horlxoacal;

o • boU dcoatcr of ioUj

T « eraaa-««eclaa«l rr«ra(« cocai ihaar icrasa;

T. ■ thaac icrui ac boccoa of chaonal ilda«all;

T, • critical shaar *era«a for lalctacloo of «roaloa by flow;

^ • thaar tcraaa 4CClnj oa Mil ac a polne in v«es*d ?«rtaacar;


