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SYNOPS I ;.i 

Two methods for cumputir.g bed- l oad t re.ns port from dune moveoent are considered . 
An equati on based on the mean for,..rard ve:1_.oc i t y a nd me an height of r ipples and 
dunes is applied to flume de.ta , and yielful satisfactory r esult s where t he aver ­
age dune shar€s , veloc i t ies and hei ghts c~n be determined accurately , as is the 
case fo:- uniforrr: t "'o- dimension9.l f lo',I' . For unsteady flov , or for three-dimen­
s ional :'l ow, ;.rhe_·c t h<! si ze , shape , and movement of dunes vari e s in tine and 
s pace , the vol l..l!:'~ of material _p,-:tSs i ng thl"'ou.sh a ser ies of incr errental vidt hs 
during some total time can be deternined f rom soni c r ec ords . Be d- load trs.nn ­
pcrt r ates are then esticated by ir.. tcgratl ng ac r oss the 'Jidth of t~1e s tream . 
Ap:plico.:. i ons of thes e co::icepts to fie l d condi t ions are corwider ed . 

Deu.x methodes de calcu.l du debit solide de f ond a part i r du moU\·er.£nt des dunes 
sont utilisees . Une equation , be.see s ur la vitesse moyenne d ' a var.c ernent et s ur 
la haute u.r- moyennc des rides i!:: de s dun0s , est a ppliq_uee a des mcs ures de lab­
oratoire . Elle donne de s r esul:.1.11,s satlsfai s a nts , l or-q_ue l e s formes , vi t e sses 
e t hauteurs moye nnes des dunes :r..e uvc n t ct:-e d.e t erminees avcc preci sion , comme 
c' est le ca.s c.es ecouleracnts bi - cli :::1,~:1sio;-,:,e ls . Pour l es ec oulenents ins-cation­
ne.ircs ou tri-di::2-.ns ion.,c l s , ou i.es J.:.r3,::- r.sions , formes et mouvem~n-:s des dunes 
varicnt d.ans l ' espice o;:.n;c cans 1~ t,:rr:~~ , le vol rnne de material?.., , pass n.nt a 
travers une s er 1c d ' cle1::cnt s d~ larseu;:·:..; pa, t ie l l e s pende.nt uncertain t emps , 
peut etre detero..l nc de5 enrc6':i s tn::::ic n~s d ' une s onde a ultr a - sons . Le debit 
s olide _pcut alors etre es tim. e intcgra nt a t r aver s l a l arge ur du f l euve . 
L' a pplication de ces idees a des ~es · r es in si t u est discutee . 



1. Introduction 

The bedloe.d in most natuntl sand bed ch8.!1Ile s cannot be measured economically. 
H:J wever, whe r e the size a.ml shape of bed cunflgurat i ons - -the sand waves or 
r ipples and dune ti which f orm on the charu1~l bed--and the speed of shifting of 
t he be<l for~s can be determ.i~ed vith r easonable accuracy. Simple relations 
based either on t he mean height and velocity of the sand vaves (1), or on the 
volume of .l:"..B.teriul pass ·ng t hrough increoental vidths in some total t irr.e can be 
used to determine bedload. trantport (2). 

2. Bedloe.d Transport 

When the velocity of flov in a r. alluvial channel is small, the channel bed con­
figurat ion i s ripples or dunes , or both , and a part of tie transported material 
moves us bedload in n~re or less cont inuous contact with the bed . The bed.load 
moves up the face of a r ipple or a dune to the crest, where t he coarser parti­
c les avalanche down the slope to deposit on the dovnstream fac e of the dune or 
in t he trough, and the finer purticles may be depo i;1ted on the faces of dovn­
stream dune s or svept t erapor arily into s uspension. The ripples and dunes move 
do.rnst renm due t o erosion from the ir upstream face and deposi tion on their 
dovnctrcarr. fnc e . 

The differential equation of bedload transport for the ripple and dune bed 
configuration (see Fi g. 1) may be vritten 

~ I c,Qb 
o t + ( 1 - \) ax = 0 (1 ) 

Us i ng the transformation 

Substituting 

s imp li fyi ng 

From which 

QJ_ = 
ot 
~~b -- ~ ax 

these eX})ressions in 
I 

equation l 
dqb dy 

-Vs do + (1 -,\) d 8 
= 0 

(2) 

(3) 

(4) 

(5) 

(6) 

qb =(1 - \ ) V5 y+C1 (7) 
As suming that the dunes and ripples have triangular shapes, the final equation 
for bed.load t ra.7.sport become s 

q b = ( I - A ) V5 h / 2 t- C ! (8) 

Value~ of qb may be converte c.: from volwr.e to Yeight basis by multiplying 

equation 8 by t he unit weight of the scd. l mcnt . 

(1) Simons, D. :a. , Rlchardsor., E. V., cna ti .J rd.in_, C. F., Jr., 1965, Bcdload 
eq ntion for ripples o.nd dune:G : U.S . C..!ol. Survey Prof. Pape r 462H , 
(in press ). 

(2) lli.chardson, .E. V., Simons, D. B., and Posakony , G. J., 196, Sonic c.epth 
sounder for laboratory and fi eld use: U.S. Geol. Survey Circ. 450 . 



In the foregoing equations 
qb = voltJJre rate of bed.load transport per unit width per unit of t ~, 

A = porosity of the sand bed, 

V = average velocity of the ripples or Junes in the directioc of f lov, 
s 

h = average amplitude of the ripples or dunes , 
y = elevation of . the sand bed above an arbitrary horizontal datum, 
x = distance parallel to the direction uf flov, 
t = time. 

The constant of integration, c
1 

load ',,/hich does not enter into the 
at the threshold of moverrent, c

1 

, may b~ interpreted as that part of the bed­

propagatLon of dunes and ripple s . Obviously, 
= 0, an so long as the bed is ent i rel:{ 

covered vi th ripples and dunes c,
1 

will re.:nain equ.al to zero (assunJ.ng that 

bedload is defined as the mater~al that moves in more or less cont i nuous contact 
v ith the bed) . But as the velocity of flo~ increases , the bed co~flgur~tion 
change s froo dunes t hr ough a transition regi on of multiple bed for:ns to a plane 
bed. For the plane bed condit ion , h = 0 and c

1 
= qb For the trans ition 

region, c
1 

is indeterminate. 

Eq~ation 8, pre viously given by Richardson a~d others (2), presents no nev ideas; 
in fact, the concept of det~rmining bed.load from the dimension and speed of the 
dunes and ridges in a channel dates from t he 19th century (3). Ho....,.ever, with 
the recent developoents of electronic equip~nt ',,/hi ch is portable and reliable 
and ',,/hich permits rapid and a ccurat~ determination of bed configuration over 
large areas of a channel , it is desirable to evalua te the applicability of 
equation 8 to the practical problem of determining jed.load discharge (2) and (4). 

Equation 8 was applied to 101 observations of equilibrium flo....,.s i n an 8-ft .ride, 
recirculating flume, where the average heights, h , and ve l ocities, V , of 

s 
r ipples and dune s vere recorded (5). Velocities and heights of dunes vere deter­
mined by probing, by visual obse rvation in the tro.nsparent ....,.all of the flume, 
and by the use of the sonic depth sounder described by Karakl and others (4). 
A description of the flume and of the general procedures used in collecting 
dat a has been presented (6 and 7) . 

Table 1 gives a resume of the bed-materi~l characteristics, the number of obser­
vat i ons for each bed rr.aterial, and the range of unit ....,.ater and bed-material 
discharge considered. 

- (3) Hubbell, D. W., 1964 , Appratus and techniques for measuring bed.load: U.S. 
Geol. Survey Water -Supply Paper 1743 . 

(4) Karaki , S., Gray, E. E., a~c Collins , J., 1961, Dual channel strean 
monitor: Am. SJc. Civi l Er.ginecrs Proc ., v. 87, no. HY6, p. 1-16 . 

(5) Simons , D. B., and Richa::-dson, E. V , 1961, Studies of flo',.,. in a lluvial 
channels, basic data f"om flune exp,~:-iments: Colorado Slate Un i ver ::; i ty, 
CERoll.'VR31 , Furt C~llin~, Colorudo . 

(6) S'mons, D. B., anu Richardson, E . V. , 1962, Resistance to flow in alluvial 
channels: An. Soc. Civil Enc:;lnecrs Trans. , v. 127 , Part I, p. 927-1006 . 

(7) Simons, D. B., Richardson, E. V., and Albertson, M. L., 1961, Flume studies 
usine medium sand (0 .4 ) mrn) : U.S. Cn:.•ol. Survey Water-Supply paper 1498 -A. 



7-"iedian 
di a.rreter, 

i n 
mm 

0 . 19 
0.28 
o. 47 
0.93 

Tnble 

Number 
of 

observatio:1s 
l'( 

32 
31 
21 

1.--Range of variables 
Range of unlt 
d ischar~e , in 

cub · c oetc" s per 
second of .;i dth 

0 O<nQ O ) --• .J7'-J - · ·-) ) 

0 . 0483 - C .. ?:55 
o . 0804 - o . un 
0.oS0l - 0 .c:64 

considered 

F.ange of bed nater i al 
discharge, in grams 
per se cond re r cm 

of widt!1 
0.000411 - J .Jb3 
0.000103 - 3 .:.40 
0 .00128 - 5. ~-08 
0.0327 - 7.0_~3 _ __ _ 

Figure 2 show's t he c omputed bedload. tran:::; pu1~ r ate from equation 8, qb , plotted 
a gains t ~he r.iea~ur cd bed - material trans p ort , qT , for each of the $e obse rva-

t ions . F-J r the coarser mate r i al, t he 0.93 ::i n~d ian __ diaz.eter send ; t.~:- agr e e­
me nt betw'c -::n - t.he c :m pute'°d. b edloD.d ar.d the r:ic f'- s ured total load is exc e i Lent 
t hroughout t he runge of transport cons ide :-~d . The three point s 1'h ich ,i eviate 
most from the equal line are for ob servat ions 'where the bed configun,tions W'cre 
in a t r ansl tion bet;.een dunes .a.'1d a plant? b _ct . Simi larly, for the O. 4 7 D1L1 sand, 
the agrecirent bet,,een computed ~ciloud t r ansport and ne e.sured t otal load is 
r e a sonably good, except at thP. :1igher transport rates ..,here the sun})(:ncle d l oad 
v as an apprec i able pe r centa ge of the t otnl lce.d. or where the bed .,.,n~ in a transi ­
tion stage bctwec1 n une a ml a p lane confic::uration. 

For the fine r s ~z~ ~, the computed bedload is approx.i.irately equal to t he me a sur ed 
total load for the ripple bed conf i [;urat ionr. . Ho W'e vcr , for t he d •..t.nc bed, t he 
tota l loo.d is a h.-ay s g eater t han t he CO!il'i) '.1 t ed bedloe.d. , i ndi c a ting t. 'r:at a large 
pa'i~ of the t ot.al· load Ylis in suspens i on . An er; time.te of t he susperi.ded load 
and o f the bedload in the flt.me c B.:1 hi~ obt~ined from suspended scd i rrent · sa.."l!p es , 
and the bcdlon.d so detcrru ne d a.ere es vc ll ,.1th values c o::rpute d f r orr. e quation 8 . 

It is c oncluded tha t equation 8 is s ui t able fo r dete :nn.inlng bedload t ran sport 
rates f or the entire range of cond ition s cons dered . Also , for the coars e r 
material , v he re he suspended l oad .. ·as negligible, the equn:.ion T.P-Y ·oe used to 
e stimate the t otu_ bed - mate rial dlschru-g~ , a t leas t for rt:!lati vely shallow' 
depti1s . At greate r flow depths, the su spe r.ded load p erhe.ps woulcl not be 
negligible . 

At t empt s have bee n rr.a.d.e , notab ly amone P. ~sian investigator s to develop relat i o n ­
s h i p~ f o r e ;:; t ir:~ting dune height :; and du :-ic ve l o c i t ies from the characteristics 
of t he flo w' (8 ). Seve r al ew.pi r i cu re J.at.io n s have be en advanced . Zna...-:ienskaya 
(9) propo ~cJ t hat V could be e valuutetl from the equa tion 

s 

V = K !?_ (V -V ) 
s i h o 

(9) 

and &re!.yon (10) p r e sen t e d the f ol .:.o ,,.- i :-1,'?; r elations : 

V = K YJ.. (10 ) 
s 2 gD 

{8) K:mdrat ev , N. E. (editor ), 1959, Rlve r flow' and r i ve r channe l formation : 
Main Admin. of t he Hyu.romcteo rolo5 i c u.l Se rvice of the C.)uoci l o f Min.:sters 
of the USSR, (S~lected c hapter :; fro. Rt.: .::;lovoi Protesses, t rans late i by 
Y. Pru s ho..no!-: :.· ) PST no. -·1, 0 .!:' fice 01 'I 1..:1. S·;c s . 

(9 ) l .nrur.e n ska.ya , H. S . , 1962 , Co.lcula.t .!..0 :1 or d imensions a.1d spee:i of shift inr. 
c hannel fo :r.natio :1s : in S.Jvi e t tt;;·ct.:-olo:.v : Selected Paoers, s ~cond I ssue 
(Amer . G..: ophys . U:iio r Rus :::;i an Tranr.la tlo:1 ), p. 111 - llo . 

(10) Ba.rckyon, A., Sh . , 1962 , Disc: rge of channel f orm..·ng sedinents ele me nt s of 
sand •.raves : in Sov i et liyc. r oLoe;y : S,: lecte ll Pnpers; Second l r.; sue (Ame r . 
Geophys . Union R ssinn Tra:isla t ion s ) , p. 128-130 . 



In the above, 

h = K & 
3 C 

( ~_:_ Y.o._) 
'I 

0 

D :: the rnet1.Il depth of .flov, 
V = the irean ve lo c1 t.y , 
V = the non - cro<liru~ i~an velocity, 

0 

g = the acce_erat i c ~ due to gravity, 
~ , K

2
, and KJ ar~ constants . 

C ::: the Cbe:y cocff i.dent , v/ j gDS 
the s lope of th 2 energy grndieot. s = 

(11) 

Equat i on 9 i s u:i s u~ t cd to <.!xpn.!GS c;.une ve loci tics for the data consi dered (1). 
Ho...,ever , it s houl d. be noted th~t ec; u.ution 9 vas given fo!' the speed 0f shifting 
of "meso -fonr.s" ( ur £c - scalc bars nn,: ridges in na.tur(\l channels), re the equ~­
tion probably is nol a.pplicabl~ t o t,, .e ripples and dunes formed in 2nboratory 
flu mes . 

When e quations 8 and 9 are cor.:.b lnecl, t:ie rate of bedload o.oveIDcnt i:: found to 
be lnd.cpcnde11t o f clunc he · ght, o.:id. t .'1e transport relation of cquati un 8 simpli­
fie s to 

qb ::: K,,D (V - V ) (12) 
... 0 

vhen K
4 

i s a c o :-i dant . Equation 12 l s quite s imilar to the expre:;s i.on for 

strea.r.1 cap acity used by G. K. G .Lbe !'t (11). 

Combir.ing equat. ions 1 0 u...'1d 11 wi th equation 8 yields 

in ._hich 

q = 
b 

V - V 
Kc 'o V ( V o) 

) 0 

7
0 = the sheur stre s s a t U e bed , t DS 

= t he unit 1,teieht of the fluid 
= a con stant. 

(13) 

The product of shear stress and velocity, sorr.etii:ies c alled " strce..ra power", has 
bee, shov11 to be an iqiortunt factor io sedirr.c nt transport (12 and 13), but the 
cocrelation of t r ansport to stre am power i s better for flo..., over a plane bed 
v i th antidune s and stnnding 'w' uve s than for flow over a dune bed ( 14 ). 

V - V 
I f V!l ue s of qb arc plotte d ~ ,:o.!.nst 7 0 V ( V 0

) for tbe flwre ds.ta, a trend 
is r eadily appare nt but the sca ~~er of po·nts 1i too great t o provide confidence 
in equations 10 or 13, (1). I t oust be conc ludeJ that equation 8 is be s t suited 
for de termining ~dload vhc n t 1 avc rat::e vu;.ues of V and h can be deterni.ncd 
quite accurately, a.s vi th t ! e s0ni c dep l :--t :;oundr.! r. 

5
The re lations for determin ­

ing d une heights a :1d velocitie s fr o;r. C .ow para::e ters (e qs. 9 throush 11) do not 
eppear to yield r el iable resul t s. 

(11) Gilbert, G. K., 1914, Tne tru.n ~p-1rta: !. o n of debris by run.,ing vater: U.S. 
Gco l . Survey Prof. Po.per S6, 263 p. 

(12 ) Ba gnold, R. A., 1960, S,~dir..e ut dischnrgc and s tream power--e. prelimi nary 
e.nnouncenent : U.S. Geol. Sur vey Cir . 421. 

(13) Cook , H. L., 1936, Out line 0f the energetics of stream-tran~portation of 
solldr:; : Arn. G,.. ·ophys. Union 'l'rans., _Po.rt 11, ; . 456-563. 

(14)Colby, B. R., 1964, Practical computations of bed-m.uteria.l discharge : kn. 
Soc. Ci vil Enginee rs Proc., (to be published in i964). 



Yhere 
is a. variable coeffic ient th31 probably is very cloae to unity , 
except pos3ibly at tir:x!s • .-h~!; ', he bedload discharge 1s high or 
v hen the bed relie f i::; l ow . 

For the entire strean vidth , 1nte of bedload discharge, 

.\e.bcd) dv 
, is 

t 
(16) 

Ho·,.rcver, beca.uze the vadations in K . and (abcd )/t between elen:entul \,{idths 
t) 

are indetenr~na.r.t, equation 16 must be a.pproxir...z.ted . T'nis equation ?robably can 
best be approxirr.at 1.:d by using a K,,. U.at is an average for all dunes a.'1d all 
par~s of dunes vlthin sore wid t~ 

0
iot~rval nnd by summine into one t otal area , 

A, all the abed -like areas t at pa~s a representative point with.in t he \,{idth 
interval in 11 ::-enconn.bly lon.,s t ir.:c , T For t hese approximations 

· Yhere 

or 

~ = [ ~ c11) 

~ = 

°-b :;:; 

K ~ 6 
T 

w 

- 1{6 \( K v· 

(18) 

(19) 

in "'hi _h 

Aw i s t he width interval . 
K is the nvernee K6 for al l duucs and all part s of dunes Yithln 6w . 

V is t he ~an veloci ty of the par~ of t he dunes t hat passes the 

H 

p 
N ,, 

~ 

representative point (v = ~ p /T = p- N/T) . 

is the rr.t~o.n height of th~ -oart ot' the dunes that passes the 
r~presentutive point (H :, A/~ p = A/p N). 
i s the rr-.co.n dur.c lcr.gth. 
is the nu..r:iber of du.n~s that passes the point in t ii:-,e, T . 
is tac voluire rate of bedloa.d dischar-ee in the Yidth interval, 'J • 

If the bedload discharg . is expres s e d us a · .. eight rate rather than a volwac rate , 
the forc£9int; equations become : 

or 

where 

A -6v 
T 

(20) 

(21 ) 

is t he veight rate of b-:::dloa'1 discho.rge f o r t he entire wi dth of t:ie 
streaz . 
is the specific vc ight 0 f ..,o lill sedl:ment vlthout voids . 

Ecjuntions 20 and 21, vhich apply only i f r.~ bed is f ormed of ripp_es n.nd dunes , 
can be solve d if data vithln each wi c.Lh interval a.:-c a va ilable on the s hape of a 
r epre s ,~ n ..,nti ve longi tudlnal prof ile anu on t he change in bed elevation ..-1th tlr.X! 
at a representative point . 

3. Con~lunions 

T-wo met::iods pre s,,nted for d e tert1.i n:..ng bclil.(Ju.i dii:;churge are use f ul in fl eld a ppli ­
cati o ns vhe n u i:;ed in conjunction v ltr1 n s onic depth sour.der, 'Jhich provides rapid 
and accurate de t cr..n.ination o"' bed con.figurations. Equation 8 , vhich is based on 
_Ir.ea: he i ght and rr:can fonrard velocity o r ripples and dunes , a ssumes e. triangular 
Bhaped bed f or.n , and is most applicable for r t:!asonn.bly unifonn floY i n straight 
narrow channels vith beds of coarse sand . The equation requires accurate dete r-

-7- , . 
/ • .. './1 · 



mlnations of dur.e heights and velociti e s, and several emperical r elations for 
aetermining dune heights o.nu velocitie ~ from flow parameters are found inadequate. 

Equation 20 , ,.hich is based on the total volwre of material in th~ bed configura­
tions pasGing through an i ncretrentul vidth in some total time, is i ndependent of 
dune shape and is applicaule to f l ows a~d bed configurations nonun: ~ormly distri­
buted across a channel or to un Gtea.J.y f lovs where active erosion ru deposition 
a.re occt1rri ng . 
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