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IXOSICH 3Y CONCENTRATED FLCV [N FARM FTELDS
8y C. . Foecer and L. J. Lane, A. M. ASCEY

L. Abscrace

A variecy of channels accuc ln fars (lelds: sose are (ocaed by ecoeion
and ochecs like terzacss are conscructad spacifically to prevenc ecosion.
These channels range {rom small cills to lacge gullies. Topography causes -

: averlaad (lowv oa asay (aca {lelds ¢o collect (a nacursl vecscvays, (aceraedi-
acs sized channels. Immdiscaly aftsar seedbed preparacica, these coacsatraced
£low arees 3ay Se highly suscapcidle to erfosicn, 4nd erosfca (n chea 3ay be a6
greac ae sheec sad rill erosion for the fisld. Processes of erosfoa by coa-
csacracad. flov {n farm flelds are discuseed, sad equacions describing thase
processes ate daveloped. IErocsion racse calculacad vith the equacions sre com~
parad with observed daca.

KEY COLDS: RILL ZROSION, CHANNEL fR0SION, GULLIES, CONCENTRATED FLaW, AGRLICUL-
TURAL FIZLDS, SEZDIMINTT CIARACTIRISTICS.
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I2. Incroductica

Zrosicn ca farm {islds rteduces the crop productive pacancial of solls and
producas sedizent Cthat 2ay leave the {lelds ¢o csuse aff-eitas environmencal
damage. Gullies, eroded channels thac caunoc be cfossed vith farz equipsanc,
hinder (farming opersticas, especially the use of large tillage and plancing
squizmenc, acd teduce land velue. Severs eroeica may ' focce land frem cule
¢ivacad crops to pasturs snd !eru.:_.

Sheet, rill, sod gully etoeion are the usual types of sof{l erusica by
vater qn farz [lelds. 211l sad gully eroeica ers {oras of channael etosion.
2411 erosica {3 oftan dafined ss erveion that occurs ia emall channels chac
caa bde oblitacaced Dy tillage vhile gully etosioca Ls defisned ss ercelon that
occurs {a chanaels tha¢ can oot be oblitaraced by ctillage (19). However,
{nterandiacs si{zed ascural or coastructed vacarways exis¢ {n asny filelds vhich
fic the definition of & till but behave hydraulicslly se & larger chaanel.
The purpose of chis paper (s co reviev defianiticce aod feacures of eroded
channgls within faca flelds aod to davelop equacions descridiag chese
procassas.
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Sheet erusion, ianterTill erceion as Lr (s scwaciaes called, ts from che
101l surface and cag produca large quancities of sedizeac. This ¢omevhacl uni-
fora decactnaent of soll ofzzn proceeds uanaciced uatil excensive daaage has
eccurrad. Runoff, howaver, {s noc unifora scroes f[arm (lelds due (s coaceo~
traced 1 tillage aarks and atcro-channels. Irseion {n these ssall channels,
defined as rill efoeicn, depends priazscily os overlsad flow hydraulica. These
suall ereded channels or oills, Cyplcally abouc SO to )OO zm vide asad up ¢to
about 100 =m deep, vary grescly ia fraquency scroes {lelds dependiag aa Che

¢ Hydraulic Zogineer, USDA~-Agricultural Resescch Service, and Associlace

Professor, Agricultural (Ingioaering, ?urdue University, V. Lafayecte, [N

v : S (o sssigcaeac to Los Alamce Nacional Labocacoacy, Sepc. 1982-July 1983);
and Hydrologist, USDA-Agricultural Rasearch Sarvice, Tucsoa, AZ.
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ITequancy of preforaed cillage aacks, land slope, acd zhe rasfscance of che
sotl to rill eroslon. A typical {requancy ls adouc aae r{ll ser 2eter (25).
Xills l2ply cusetous saall chsacels across a hillslope such zhat the removal
of a single till hss atntaal effecz on the etosicn raspoase of a fleld, while
4 flow {a a vatervay {aplies oce of & faw 28jor channels tn o fleld (7). TFlew
ia rillsa s <Irequantly asdalyzed as Stoad sheec overlsad flov. Ia special
cases, flov {n an fadividusl rill zay Se iaalyzad as chasnel flov to Ceprasant
the flow {a a gToup of rills haviag very slatlar characzaristics (21).

Tapagraphy f{requascly causes overland flow to coocceatraca {3 & few 2a jat
sacural vatarvays bdefote laaving a f{ald. \hers exceseive ecbeiod occurs fa
naCursl vatervays, cooscTuctad channels such as diversions, terrace channels,
and grassed vacarvays are {nstalled to collect rusoff aod coavey {2 off the
f1eld s¢ naonercsive velocities. Severs ecoelon Yy {low ta vatervays rasults
12 gully erceion.

Tillags equipaanc caa till acfoes eroding vacarvays 1a aany flelda.
Ismediacely after seedbed preperacicn, the vacervay sfsas aay be Aighly sue~
capeidle to erveica. Lven though chaanels {arned by ervsicn {n chese vacar—
vays are obliterated by subsequenc tillage, firting the popular definitica of
a till, they should de trescad as (adividual chanmels {a eroetoan analyses
(14). Runoff (n chese Cypes of vatatvays has scuectioes Seen callad coacen=
trated {low, and erusion by this flow has been called concentraced flov ero=
sloa (14).

Sincs overland flowv often coaverges in vacervays, sedinent ytleld from
fields s soraally by flov in vacervays. Depasiton dy flow cceurs vhen cthe
sedinent losd is grescar chan che f(low’s sedioent triaspert capacity. The
gradieas alang 3aay vacarvays decreases [ros a fairly sceep grade ac che head
of the chaansl to alanec level ac the edgs of the {leld. [a such csses, ero-
sion wmay ocsur ca the upper end of the vacatvay vhers tracsport cspacity {s
greater thaa the incouing sedinanc load from the overlaad flow srsas. As flow
3aves dowva che chennel, sedinent losd sccuaulaces vhile traasport capacity
izcreases due to sccumulacion of flow. Ag further discances, the traaspoct
capagity then bdegins to decrasse Deciuse the decreasing gradienc has sore
effyct on transport cipacity chaa does the iccumulacion of runoff. Frequencly
the gradieac flagtens 3o auch cthac large quancities of sedisent are depoetitad
vithin the fleld. Depositica zay alse cccur {a bsckwvatec ac (leld cuclecs due
to vegecacion or ridges sround fields recarding or damming the f(low (22).

.
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SRR AaRRE RSy Noe sll channels have boch erosica aad depoeition along cheir lengeh.
""" ' Daposition aay occur evearyvhere slong lov gradient channels such ss terraces
: (3), or erveica aay occur evecywhers along staep channels having unresecricced

oytlecs. Iz sewme channels, hovever, ceither e¢roelon nar deposition cccuc: the
chanaels siaply cranslace the incoaing sediment froms overland flow aceas.

Frequeatly the quesciloa 1is asked, “Is cthis chennel 2 rill, vacarvay (con-

cancracad flow), oc a gully?” Definttioca of rills, vacarvays (coacsncraced

{lcw aceas), snd gullies concinues o be & prodlea. The definitiloas given

sbave, cthough tco Limpcecise to elizsinace the pradles, provide guidance. I[n

the coatext of the above definiticas, eroetcn ia rills, wvatarvays {(concen-

) ttacad flow aress), and gullies 4ce all forms of channel crosifon. 3Rills taply
3icro—channels, gullies laply channels too large ¢o craverse wvith cillage
tquipment, and vacervays laply tncsraediace sized channelsa. Furthecraore, gul-

lies laply desp channels with sceep aidevalls rslacive co vatervays vhteh are

9.66
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shallov vithouc wall dellined sidevalls. The euphasis of the following d{scus~-
sion (s on vacervays because they occur (a 3ast {lelds, ind they have recelived
Little actzenclon Lla erostan Lligerscure. Since r{ll erosion processes ace
siatlar to thase occucring La vatarvays, 3uch aof cthe falloving discusston
applies to rills, and taforz=scion from cill eroelon studies (s used co
descride erosion (n vacatvays.

1{1I. Croston by Flow

1. Fundasantal Cancepe

A fuadasantal coacept in erosion aechsnics (s thet (lov has the pocencial
for either erosica or depositicn depending on the relaclonship of sedinenc
load ¢o sedizent gtransport capaci{ty (7). If sedfaant load (s =ceacer than
traaspact capecity, deposition occucrs aC a cate propectional ta  » difference
hecween the Cranspoct capscity and the sedicent losd. [f cthe searzent load s
less than the CTaasport capscity, the (low has a patential for decaching seoil
fros the douadsary of che channel. Shest sctess of (lov {a the chancel (s fTe-
quently usad 33 & sessure of the ecoeivity of the flov. Howevar, no erosian
ts assused uactil the flow's shasr scress exceeds 3 ett:tal sheat 3CTass, 3
seasure of che soll’s restscancs co ecoston.

2. Critical Shear Strass

Vich the exceapeion of grassed vatetvays, (arners cegulacly till acroas
206C wacervays. Tillage greaacly ceduces the tesiscaace of 30ll ¢o erosicn dy
flow. Messuced rill eroefoa tacss fomedtacely aftec tillage vare about chree
tizes Chose asasuced befors cillage (12).° Foscer ec al. (15) suggesced chac
the eritical shear scrass for {lov co inictaca erosioa aof a typical atdveacsrn
silt loam 30il afighc vacy zvcr a cropping yesc {rom abouc § /2" (ac a freshly
prapared seedbed to 25 ¥/a” for a vell consolidaced soll thac had aot baeen
tilled for thres aoanche. Several of the factors influencing crittcal sheac
scrass are 3oil taxture, coapsctioa, dryiag, type of tillage, and degres of
pulverizacica by tillage (15, 18). Saerdon and leaslay (27) fsund chac cricti-
cal shear stress for a sofl vith 35 percent clay vas five tines thac for 3
sotl wvith L0 percanc clay, and Laflen and Saasley (2J) found that an {ncrease
{a vold raclo by 5O percent decressed critical sheac sctess dy &0 percenc. R ARSI

SRS AR

Mosc (leld solls are cohesive. Clay congang ranges {roa abouct 10 jercenc
for seady lcas sotls to about I3 percenc for clay losa soils. Sile coacent
ringes from about JO perceac (or clay loas salls Co abouc 90 jercenc for silc
losm eotls. Sand coacenc varies frea abouc 20 percanc foc silt loaa salls to
about 70 parcanc for ssady losa salls. Although =ch agZencion has dSecn Ziven
to eclay as aa Ladicatoc of critical shesr scress, the zole of silz, saad,
orgaaic anctar, and chemical consciZuencs asy 4l30 Y@ ilaportaac. Howvever, the
tafluence af these fictors oa the eroeion of tilled agricultural solls has aoc

Seen scudied excensively.

frosioca in vacacvays la (arm flelds dif€ers dilscinctively {roa eroston of
ncacoheastive sedisent (rom alluvial 3Cresa channels. A critical shear scress
to iaitlace a0 al hesive ud&:nn: af che stize of so0(l parsicles facv
3412 loam (leld soll t3 abouc 0.5 ¥/o° (n comparisoa 20 measured values of )

967
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w/a required to decach sofl particles ta el erosion etudies (rxaediscaly
follewing tillage (9). In ocher vords, lese shear s¢ress s fequired zo tag=-
tlace sediamac CT30spors ouce the sedimnt {a detached cthan i tequizad ¢o
iaicially decaeh the sedizanz.

3. Selectivity of Zrsetes by Flow _
?lov in wacarvays ca agricultural sotl does zac selectively erode czthcr

clay, silz, ocr cand based an tesults from rill erassion scudiee (2, 213). Vhile
large particles like gravel and scoos aay ase be eroded, they do noc signifi~

cancly armor the soil acd affect the erosion of sand, silz, and clay. GCravel,

4nd stone ate gensrally a small fracelon of tilled agricultural sotls, aod any
surface armor thac aighe develop over tiae 1s buried and alzed vith the under-

lying soil by cillege.

4. Zffect of Nomeruvdidle Layecs

lomediscely aftar seedded praparacica, the surface to0ne cilled 5y secaoae
dary cillage a3sy bde mch mre erodidle thaa toch the underiying zone tilled
oaly by prizary tillige or lower zdces uadiscurbed by cillege (15). When
fusiscancs €o ervsiom Ls gTRat {n zones beasach the t1lled surfacs zoce, flow
ia etlled vacarvays efode the soil to the depch of seccudary tillage. Down-
vard ecoeica thes ceases, and the chanael bdegina to viden frow lacaral aro=-
eicn, the videaing sad ercsion races decressing 1s the cheonel videns. Vhen
discharge (s scasdy, the channel videns ¢o & {ical videh and erosion slacsc
‘stape (10). A subsequenc ssaller discharge raca causes litzle of oo erosica.
Hovever, & gqubsequanc discharges cace greacer chaa the cue thac (attially
forasd the chectal vwill csuse further efosion. As Before, Cthe erceioc race
decrenses s che chesnel approsches (2a (insl vwideh for the aew discharge.
The erosica race of uaifara soils ia €guscaac for & conslane discharze (10,
24).

IV. Sediaent Charsctariscics ?toduced by Zrosion

Sedinent eroded by rill erceton oa fara fialds 1{a & 3ixture of aggragaces
ecd peisary particles (2, 7, 31). The aggragaces, ,conglieeracas of prizary
patticles acd arganic sactac, are larger tua the prizary particles aaking wup
che aggregacas, aund the average si3e of the aggregaces is lacger than che
4verage size of the priagcy particle asking up the sotl. Aggregace diacecer
34y rfange (rom clay size, <0.002 am, to lacger chan coarse sand size, 2.0 =
(2, 24). The specific gravicy of aggregacas (J1) aay raage from 1.6 to  2.48
(the specific gravizy of the prinarcy pacticles) and tafluences the tranapocet
of aggragaces by shallov (lov sore chan discecar {6, 6, 11).

The size of ecoded particles depends oa the yrimary perzicle sfze discri-
buclon of che soll, recency and Cype of tillage, and ground cover (16, 31).
Clay fractica in the sotl 1s an tapoctaat factor {n the aggregacion of che
eroded sedizenc aad the size of che ercded sggregaces. Caderally, che higner
the clay friction, the greater {s the amouat of 4ggregacad sedizent asad che
lacger are the sggrezaces (16, 31). Stace much of the sediazene 1s aggresgaced,
auch of the eroded clay (s contatined (a the aggregacas. Clay as & priaary
parzicla in che sedizent zay bde no aocre than 20 percanc of the c¢lay fracziom

B
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{a che sotl (2, 18) unless depoetlticn has enciched the sedizent (n cthe frace
tioa of fine particles. .

.

Clay and organic aacter are highly lapocrtane {m the transpacet of soil
idsorbed cheaicals bdecause of ctheir large surface area relative Co thac of "
sacd and silt. Mosc sedizent sssociaced nucTiencs, herdicides, peacicides,
aad iasecticides leave the fleld atzached ¢o clay and orzaaic agezar (1).

V. Xachemagical Zquacions far Crosion by Conceacraced Plow

Huserical evalustion of eroeicn in chennels requires zachemacical qua-
tiocas o descride these processes. Ia che pasc, {f eroelon {n & nagural
vatacvay vas visually judged to be excessive, & grassed vatatvay vas {nscalled

as a repl L] 1 to prevent eroefon. Diversisn sad terrace chaacnels
ace usually designed to be ncusroding. Cesign of ecadle chaanels {s dlacussed
by Czaf (17).

Channel design mchods based on sCability ecriteris do aac esclmace ero-
sisa races needed 9 aseign eroeion reduciioa benefits frow procection of
etoding vacarvays {3 flelds. Ia the case of rill ergeisa, coumca prediciive

. equacions {nclude L& vith (acerrill erosion (7). Recenc lacsrese ia aoapatae
sourcs pollucica has rusulted (n several nodels iacluding CIZANS (21) for
escizacing aeroeion, depositics, &nd sadizenc transport races vithin fars
fialds (3, 5, 20, 28). Relacioaships in CRZAMS are sumsarizad Cco {llusczace
equacicns (or descTibing erceica by flow in rills and vacscvays.

1. Detachment . NN

Datachsent of soil particles fTom the wected pecrimacar aay be dascsidbed
by (10):

. o . 41405 ¥
DeX (r. tc)

vhers D o decachment taca ac & polnt on the wetted perinecer (asse/unit acea
of vacZad perinecer " unit Cime), X = a sail erodibtlity factsr for etosion by
flov, T = sheatr sCless acting aa the soll s¢ & point on the wecZed peciaacer,
aed t % e 4 critical shear scrass. Zquacion L hss bedn verified vith fleld
teseardh for rill erveicn (10). Grass or mulch caver procscts che soil frea
erosion by ceducing che shear stress v seting oa the sotl (13, 29). Shear
stzess T {3 sssumed Co coacrol boch eroefon and sedisenc traasporc. It say
S¢ escidaced wizh coacapcs used 1a sedinent eranspost easlyets (17) chae
divide & flav’s tocal ehesr scrase {(nto thae scting oa grain coughnass
(equiveleac Co chat scging oo che toil) and chae ecting on fora roughaess
{equivaleat to that acting da soll cover). Sheat scruss lncreases arousd the
vactad petinacar [Tom zsCo aC the veter surface €0 & saxixzum a4c the 3tddle of
thae chacnal (17). The shesar scress discridutica arouad sn eroded chaauael (n a
R . fara fleld 18 described by:

el

Pnaa e n St d vet 1o
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T e /T, e 1351 - (1 - )% ?) @

vhate T, = goraalized shear scrass, T - che. crose sacilocal average ¢heac

ecTese accting on the sail, aod x = the racio of discance fTom the vacar suc~
face alocag the watted perizacar €0 & jarticulsr oinc oa the vacfed Jerizacsc

9.89
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:j s:.‘u lengeh of :che wetzad Perinetec. Equaction 2 Nhgg the propertles of:
7g Tedx ® 9.5; 47 /dx = 0.0 ang Yo © 1-35 48 x = 0.5 (locacion of smaxtgus
sRur scress); and r_ = 0.0 ac x = 0.0.

2. [Ixoeion Yefars Cunnel Reaches 1 Yonerodible Layer

The above «quacicas were used {n s dynsmic amadel t9 study ersded chanael _
development from an tnizial cToes sectton by coapucting eroefon Tace at closely -
spacad patats acound the 7etinsacar of the chasnel. Otsplacement nocaal to Cthe
vettad petilaatar i Ziven by:

& = Dae/o 1€

vhere iz = the displacemanc for the Cize latarvel 4¢ 4ad 0 o gpe bulk densicy
of the soll. 1f o aonerodible layer (s sufficteacly d-p and discharge i3
stasdy, erceton davelape an  equilibetius channel shape. Egoelon cags s
uvascesdy during the faitial {ocisement of the channel, duc {2 becomes steady
afzar the equilideiua channel ts ceached aund cemains sceady uactl che nocero=
didla layer is raached.

If a8 equilibrium cross section exiscs, the chaanel sl erode downwacd
sa that all potacs aloang cthe eroding partica of the channel aave downward ac
the sama rats. This requiresenc (s aec vhea:

(&)
. . ny - n'
vhete D « the vercical €£38400 veCLOC 32 £ and 0 e che vertical crauion vec~
tor acTehe middle of the channel, vhere x = 0.5.% The vertical eroulen veccor
i3 given by:

n"'-'o/euc )

vhers D « the eroeisn racs nocasl to the wected POTiaecer 2 & and 9 o ghe
angle becween the nocaal €0 the vettad periseter and che hoetzoncal. The

equacica for che channel bouadary {s cherefore: .
cosd = D/D (6)
]
Subsciruction of Zqs. 1 and 2 {neo £q. 6 gives: SRt
. 7

o B e 1.0%
sahbinssqenRishERashnEER cosd = {(r, - t.e)/(l.u - r.e) 1t

RIS Ly

vhers 3, < noraalizad critfcal sheae screes and x - the «x vhece t e r .
Equacion” 7 applies frow x £ % €0.5, and for x°C x_, 3 « 90.0 10 tfac che
vacted perizecar from the vatdr surface to vhers shear“scress equals ecripidal
shear {a vertical. This issunes thac the channel walls can stand vectically,
48 sppropriace assuspciam foe rills ta aany cohesive solls. Accordlng to Eg.
7, the shape of the channel croes seccion 4€ equilibeium (3 a function of x
2ad the shear scress discriducicn To- The variadle x_ (s 2 sessuce of craess
sectionsl avecige: shear scress (o eritical « 1f seress. Zquacicn 7 vas
auserically solved ¢o conscruce o fange of croWs scutlons so chac vetzad pec—
. izacter, flow arwa, hydraulic radiue, and vidch could de dataratned as 2 fuac-

tioa of ‘e 48 showm ia Fig. 1.
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E£rnelon race € for 4 Crnes tection can be compuced trom:
ZeDy (1)
3w .

vhere € = erosian rate per uate chaanel length and ¥ o ¢ye equilidetua wideh
ol the channel atace all eraelon rates (n the vecfleal direction acroes the
width of che ctll are equal. Subszteucing (n Eq. 3§ far ag élves:

. = _ ., t.08 ]
£ ° Vox(1.33%, )

The average shesc seress ?' i3 given by:

T e (RS (Lo

vhere v = the specific veight of the flow, R = hydeaullc radius, snd § o grade
along che channel. Shesr serese acting on_the soll (s aesuaed co equal cotal
1hesr ecress. Othervise, the shear screse T, 13 reduced from T foc che effecr
of caver.

Solutica of Z3s. 9 aed 10 tequires decaralning 4 value for X (n ocder to
use Fig. 1 to obeain values foe ¥ and R.The value for x (s tnpl.f:t:ly decar-
ained from: ¢

u
'g'fRSr.e an

Hydrsulic radius R (s celaced co the discharge race la che channel Yy
Macaing's equacica:
Qe (nzlnsuz),a (12)

vherts Q = discharge caca, A = flow 4fza, ind n e Manatlag’s a. 8y the deftnt-
ticas, A= R P and £ = /P, Zq+ 12 becomen:

Qe “3/351.12"“, 1))
8y Z3. 11, R equals:
- (14)
2 'e“s"e
vhich substituced ta Eq. 13 gives:
Q= {( re/rs:,c)”:s"’z]/ar as
2sarTaaging 9. 1S gives s caonveysnce furcclon:
172,3/8 . /8 (1)
$ye @ (Q/STD) vS/t, e Us, e
Siace Eq. 16 cannoe be tolved explicicly foc L che funccion:
- /8 n
L LA
vas compuged and plac2ad ia Fig. 2.
Yor a particular problem, X_ls read from Flg. 2 alrer 3 {s coapuced

from £3. 16. Values for oorzalifed hydraulic radius ¢ « /2 488 widen v = ¥/?
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are raad from Fig. 1. A value for ¥ {3 calculated fTom E3. 18, a resulz of
coubiatag Z9. 13, ? = r, and w « U/P: .

v o [(Qu/st/2yI 8y 30t (18)

The equatiocn for hydraulic radius is obcatned f{roa 7 « VW/w, ? = /r, and Eq.
13:

172,378 : (885

L = (Qar/$"’“)

Tre !oMag «xanple Lllustracas ho’ the equactioas are used 3 compucs
sa _erveica rTaca. Assume Q * 0.0011l 3°/3, a « 0,03, §$ =» 0.09,.a0d ¢t = 5.3

¥/a®. The value cowpuced for ftom Eq. 16 {3 6.0, From Fig. 2, = £ o.0%
aad velues of 0.1535 and 0.687acs obcained from Yig. | foc r aad vf ""«5

tively. BEydraulic radius u_o.ou: e frem £q. 19 giving & value of ld.h N/a
for average shear scress, f. 3he value for wideh U frow Zq. 18 {3 0.0694 a.
12 K {a Zq. 9 13 11, the ergetioa race (roe Iq. 9 13 12.8 g/3 s. These valuse
of K and t_ apply co.rill eroelon daca of Foscar aad Line (10). Resulta (rom
the same codpucacions for che daca f{rom fleld eroston experiaancs (10, 24) are
showa {a Tables 1 and 2. Values foc X were 2.76 aad 2.34 “fog no.canopy ind
cacopy, respectively, aod values for ¢ _ were 2.87 1ad 4.16 N/3" (or so canopy
and canopy, tespectively, in the uudycsy Meyer ¢t al. (24).

Table 1. Observed and caleculaced rill eroeicn racas ag the (nittacteon of
discharge for scudy by Fostar and Lane (10).

Discharge Maoaing's ety N Rill Erosion Raca
Race Grade Per Uaie Langeh of ALll
x10® n Observed Caleulaced
(a’/e) (3/2.4) ($/a-4)

2.07 0.039 0.100 1.59 2.83
1.00 0.040 0.095 3.03 302
3.8 0.040 0.099 3,36 s.51
5.3 0.030 0.083 7.65 5.06
8.07 0.033 0.097 13.03 10.28
12.49 0.033 0.09 15.%6 14.90
17.16 0.031 0.083 22.96 15.24
21.73 0.026 0.096 %3.50 19.21

. ma emoccan b @ e wre mr— - ————

An advancage of the equacticons derived (oc the crodiang equilidcrium channel
vidth 13 chac ccaputacion of erosion rates does no¢ require the assuapcion of a
particular hydraulic geomecry. This 3 espectally (apocting wvhere rills
develop aad become incised an a relacively flac surface racher than developing
ta praforded channels such as tillage aacks. Further {leld and anralycical
tesearch s needed ca the tniCiallzacton of cills aad thelc Zeasecry, eroeion
race, and hydraultcs during (aiciacton. Also, experisanca are necded o
deteraine soll erodidtlity and cricteal sncar scress values fac 3 vide range

of conditions.
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vhere ¥ = chaanel wideh ac tise ¢ aad ‘l1 ® the (atelal chaanel wideh. Tiae ¢
vas nocuslized s3: .

C4 © t(du/de) /(4 v, ) 2n

vhete (dﬂldt), ® the race that che chansel s videaing ac the beginntng ¢’ a
Cize period add (s given Yy:

-y y1-08 -(24)
' (dﬂ/de)‘ - 2% LS ch lo.
vwhere T « the shesr strese ac the (ntecsectica of the chanagel sidevall angd
the u?-rodtbh Layer ac ¢, . The relacton of Y, o ¢, 46 evaluaced vich ghe
dyramic eroefloa acdel for uhdy discharze vas for ractical urpoges:

“. - l-.:’(-g.J (23)

Irosion racs g deterxined by consideriag cthe change {n chaanel wideh for
the cime ¢ mesared from the begioning of the tine pertod. The equacion ‘for
change i3 videh s obeained by resrrangiag 29. 22 to giva:

: - - (25)
R oA Va(¥,~4,)

The averagm erveica race for the tize period ¢ {s:

.

- an
€= 4y !!“p./t

vhete § = ghe hefghe of che chennel sidevall. Computed ernetsa racss (roam
thesa «R{a:uu ace chown La Pig. 3 .vien observed ernston ricas.

Table 3. Observed and ealculaced fingl eroded rill vidths for ecudy by
Yoscar and Line (10). -

Discharge - inal Eroded 2111 Videh
Rac o
) ) Ehiusihiiniio:
SRS QAR z 10t Obsacved, . catentaced
(.3/ s) ¢ ;) ( am)
$.33 131 . 104
17.16 207 201
21.73 238 n3

s

+ Tl. Magnitude o¢ Eroetaa 3y Coacencracad Flow

EZroeioca by coancsacraced flaw aay be praccically aonexiseent, o {2 can
atoduce wmich of the sedinenc leaving a figld. This 2ype of eroeion (s
grescast oa ecedp and long slopes wvhecre ehase eTess of cthe flaowv (3 greac.
Alsa, 1t (s greacesc vhen the satl L8 m0ac suscepcidle 2o 20 eroetan b {low,
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Table 2. Obeerved and calculatad rill erosica races for scudy by Meyer et aol.

(28).
Discharge 211l EZroeioa 2aces

lags Per Uait Langeh of 1tll

10t Obsarved Caleulaced
3 n

(w”/s) (g/n.s) B
1.45 .26 (%.A;)
3.5 0.81 - 0.90
$.49 148 1.41
7.97 2.37 : 2.01
4.3 0.8 0.71
8.22 0.94 1.44
10.73 1.56 1.86

3. Irosion after Chaanal Rsaches & Nousrodidle Layer

Cacs & chasnel rssches & ncuerodible boundacy, 12 videns ss & tuctaagulac
chaanel at the racs that the sidewall {s eroded ac Lt3 {actsrzection vith the
nenarodible boundary. As tha channel videcs, erosica racs decreasas bdecause
aof reduced averige shesr stTess sad Ceduced shear scTess oa the sidevall. The
dynsmic aodel used to scudy initilal channal development vas also used Co etudy
ecosicn raca ss s chaanal videns.

The snalysis indicated thac eroeion ‘Tats expouancislly spproaches taco es
the chasnel expooencislily spprosches & final vidth. The final wideh dapenda
aa dischacge racs, chasnsl grade, and critical sheatr secTase. The coadition
for the fimal channel vidth is given by:

1/2,3/8 . 3/8 -1
(qu/s™*) (ﬁ/fe)"( lxd(l-kd)l "acgl

vhers x_, = the ralacive discaaccs (rom the watsr surfacs down the sidevall <o
the nofdrodible lsyer and T, e ° She shear sctress diseribucion function
evaluaced ac x ug® Shear struss il x_, equals the critical shear scrasss, Che
condition for the channel reschifig & {inal vidth. Civen a velue for x_,
decarained inplicitly from Zq. 20, & velue for the {inal vidth “E can be foudd

{roa:

(20)

873, ,3/8 (21)

172
“‘ - ((Q"ls )[(1'zx‘£)/:=‘ ]l
Values of ¥, vere compuced and given in Table ) vith cbeerved videhe foc fleld

daca (10). °

Ue d1d aot find e sizple saslytical exprussioca for the decrease of eco~
slon race wvith tine ae Cthe chenael videned. {necsed, a vide range of values
for the ecoacrolling variables wvas subsecituced iato the dyoaatc erosion aodel
to generace & faatly of curves foc channel vwideh Y noraalized dy:

¥, = (N9, )/(4,9,) (22)

Y8
5 sedds,

sasthibai



Q= J.2080 tre
¥ e 3,290 are
L]
4

- 3.3

Q = 3.343 t/e .

V = 2.340 we
n o 8,340
3.3 % a 3 = 3.2
209 000
: 9.8 e —1
Q= 3,383 tve
V @ 3,420 are
? n = 0.8
S -3

Eroston Rate Par Unit Length E (g/m-.s)
o

HNTHENETTNY

X!

HERES

N NI Sl
stnindgeRRt bl

82 <00 wus<o}/0 naco {lo

- —
Q= 2.17 1re
V e @13 are

[-] e = 3.22¢

.8 S « 3.398

"] 18 28 3@ 4@ sa ¥
Time ¢ (mtn)

71ge o Qbsarved sad compuced c1ll erosioa racas for daca of Yoecer and lane
(10) showing the e{fect of & nouersdidle layec.
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Usually {amedtacaly sftsc seedbed prepacracics on tilled laad, a pertod of
incanse atdwestern spring ratas produciag large rates and imcuncs of rucoff.
Trosion by concaatracted flow in nacural vatarvays has seldou bdeen 2easuced,
but early {ndicscions from & progras Tecencly {aiclaced by the USCA-Soil Con—
setvation Servica (SCS) to deasure this type of ercefoa ca farz flelds In
several scaces suggesc cthac this erosion 38y equal or exceed sheet and ill
etosion. Such observacions agree vith estizaces froe QRTAMS for & ctyplcal
f£1eld {n Georgis (22). A YSeczar undetscaading of etoelon by concencrated flow -
vas ideacified as a high priority resesrch need {n 1982 by the USDA=-5CS, aod
research has been {aniztaced by che USDA-Agricultural Resaarch Servica and och-
ers 9 leara 3ore about this type of erusion and how to decter escizacae (c.

VIII. Sumzacy

. A variety of channels octur ia fara flelds: some ars fotoed by erosion
szd othecs are couscructed specifically ¢o pravent arostoa. Eroded channels
range from small 'rills several aillinecers wide and deep to large gullies
saveral mmters vide and deep. Intaroedlace sized nacural channels {n aceas
vhers topagraphy has caused coverland flov £o coacsacrace ezn Se ectoded Lf noc
proceczed with grass oc crop residue. Construcced channels {nclude grassed
vagatvays, Ssrrics channels, and divecafons.

Qusnnel eroeion vithin farm flalds degrades cthe soil and reduces the
yiald potsacial of che fleld for growing crops. Furtheraace, vhen channel
eroeica becomss 20 severs thac farm equipment ci1ameC ctnss Che ercded aceans,
fars operacions are inconvesianced, ef{ficlency drope, cosca lncresse, aod laad
veluss fall. 1f cheanel ervsion vithin flelds becomes extreaaly severs, cthe
£ield 3ay %a forcwd cuc of cultivated crop productica inco pascure, {dle land,
or foresc land,-* ...

Fartaars regularly till over mosc chsanels in fields except for gulllas

aed perasceutly vegecacad vscarvays. Tillage greatly dectuases the cteeisciucs

of channal arsss o eroeioa. JFollowing tillage, Cesiacancs ¢o eroeica

: ipcTeases over a cropping sessca due to craffie c¢ompacetica, vetting asad dry—

iug, vegetacive growch, asod ogher procssses. Uncilled soll Selov the cilled

20ue also reduces erosisn by resericting dowvovard efueloa of channels. Once a

channel erodas to the wncilled sail, dowoward erosica caases, and vidauing

begins. The widening race is ralacively fasc sc first but dacreasas to zers ] . B

ERRREE SRS a8 the channal videh approsches in equilibdrium vidth. Zrosfon {n & channel OB REHRTH R NR RO R H

RTINS for a given storaflow is & function of tha zmgune of dowvovard and lacaral ero-~

sion from previcus storzs. Therafors, channel erosion within cultivaced

fialds oftan decreases during a cropping 1eaeca f0C Cwo Teasons: increased

tesiscance to erveisa with tCice and rescriction of downvard aroefon by

untilled €01l beneach the tilled zooa.

Sediaent ervded from channaels in farz flelds s a aixcuce of prinery par—
ticles and aggregscas aade up of prizary particles. Aggragacas 28y de zuch
larger chaa their prinacy particles, and their densitles 3ay YSe aignificancly
lass than thac of prizary particles.

: Machemactical velacionahips for these processes are availadle for escimac-
ing erosion by concsntTatad flov Lo fara (ields. These equacions assuze that
efoeioa racs {s propocticusl to the diffecence detween shear scress of che
flow sand critical shear scress of the soil for restscing efoelon. Channel

9.78
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widen Ls calculaced 28 & funczion of flov shear scress, critical sheac screse,
and diseTibucicn of shear stfess around the chennel Soundacy. .
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Appecdix Il. -~ Nocacica

The {ollowing symbols are used ta this paper:
e {low scea;

deczchment race 4C 2 paing on the channel vectad perisecer;
eroeioa vectar (n atddle of chaanel;

veartical erneioa vector;

erosioa raca per uaif channael leugth:

coaveyenca fuscciaa;

heighe of channel sidevall;

104l arudibility faczor {3C ervelca Yy {lowv;

Maaning’s a;

B
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A
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D e el

? = langsh of wectad periaecar;
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