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List of Symbols used in:

1D SEDIMENT TRANSPORT MORPHODYNAMICS

with applications to

RIVERS AND TURBIDITY CURRENTS

NOTE  Occasionally one symbol is used for two different parameters with different definitions.  When this is the case the second definition is given in red.
Symbol

Definition and Dimensions (L = length, T = time, M = mass,





1 = dimensionless)

au


upwinding coefficient in spatial finite difference scheme [1]

B


channel width [L]; also dimensionless coefficient in 





generalized logarithmic law of the wall [1]
Bb


width of bed region of channel [L]
Bbf


channel width at bankfull flow [L]

Bf


floodplain width (excluding channel) [L]
Bs


width of sidewall region of channel (one of the sidewalls) [L]
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= Bbf/Ds50; dimensionless bankfull width [1]
b


reference distance above the bed where sediment 





entrainment is specified; b/H << 1 [L]
C


= depth-flux averaged (river) or layer-flux averaged (turbidity 





current) volume concentration of suspended sediment 

[1]

Cf


= (b/((U2), bed friction coefficient [1]

Cff


friction coefficient due to form drag [1]
Cfs


friction coefficient due to skin friction [1]

Ct


= qt/(qt + qw), flux-based volume concentration of sediment 





(bedload + suspended load) [1]

Cwi


volume concentration of wash load in the ith grain size range 





[1]
Cz
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, bankfull estimate of Cz [1]
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C

-

, Chezy resistance coefficient due to skin friction [1]
c


volume concentration of suspended sediment [1]
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volume concentration of suspended sediment averaged over 





turbulence [1]
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fluctuating component of volume concentration of suspended 





sediment [1]


[image: image7.wmf]w

c

¢

¢




upward normal Reynolds flux of suspended sediment due to 





turbulence [L/T]
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volume concentration of suspended sediment in the ith grain 





size range averaged over turbulence [1]
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near-bed value of 
[image: image10.wmf]c

 at z = b [1]
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near-bed value of 
[image: image12.wmf]i

c

 at z = b [1]

cD


dimensionless fluid drag coefficient for a sediment particle 

[1]


[image: image13.wmf]c
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dimensionless wave speed used in Chapter 20 [1]
D


grain size (usually in mm or (m) [L]

Db,i


ith bounding size specifying percents or fractions finer of 





grain size distribution [L]
Dg


geometric mean grain size [L]

Di


characteristic size of the ith sediment size range [L]
Dlg


geometric mean size of load [L]

Dsg


geometric mean size of surface layer sediment [L]

D50


median grain size [L]

D90


sediment size such that 90 % of the material in the sample is 





finer [L]
Dl50


median size of load [L]

Dl90


sediment size such that 90 % of the material in the load is 





finer [L]
Ds50


median size of surface layer sediment [L]

Ds90


sediment size such that 90 % of the material in the surface 





layer is finer [L]

Ds


volume rate of bed deposition from suspension per unit bed 





area per unit time [L/T]
Dx
sediment size such that x % of the material in the 



sample is finer [L]

E
= Es/vs, dimensionless rate of entrainment of bed sediment 



into suspension [1]

Ebl
volume rate of entrainment of bed particles into bedload 

transport per unit bed area per unit time [L/T]
Ei
dimensionless rate of entrainment of bed sediment from the 

ith grain size range into suspension [1]
Es
volume rate of entrainment of bed sediment into suspension 



per unit bed area per unit time [L/T]

Esi
volume rate of entrainment of bed sediment from the ith grain size range into suspension per unit bed area per unit time [L/T]

Fc
Coulomb resistive force acting on a particle [ML/T2]
FD
fluid drag force acting on a particle [ML/T2]
Fg
gravitational force acting on a particle [ML/T2]

Fgn
component of force Fg acting normal to the bed [ML/T2]

Fgt
component of force Fg acting tangential to the bed [ML/T2]
Fi
fraction of sediment in the ith grain size range of the surface 



layer [1]

Fp
pressure force [ML/T2]
Fr
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; Froude number of unperturbed flow [1]
Fs
mass fraction of the surface sediment that is sand [1]

fbb
fraction of eroded sidewall material that is coarse enough to 



move as bed material load [1]
ff,i


mass fraction in sample that is finer than size Db,I [1]

fi


fraction of sediment in the ith grain size range; fraction of 





sediment in ith grain size range of substrate [1]

fIi


fraction of material in the ith grain size range that is 

exchanged across the surface-substrate interface as 

the bed aggrades or degrades [1]
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fraction of sediment in the ith grain size range (function of z) 





[1]
G(()


function in Parker (1990a,b) and Wilcock and Crowe (2003) 




bedload relation for gravel 
mixtures; the function is 

different in each case [1]

Gt


total mean annual bed material load in million tons per year 





[M/T]
g


acceleration of gravity [L/T2]

gb


mass bedload transport rate per unit width [M/L/T]
H


cross-sectionally averaged flow depth (river) or flow 





thickness (turbidity current) [L]

Hbf


bankfull cross sectionally-averaged flow depth [L]
Hc


critical depth at a Froude number of unity [L]
Hf


depth associated with form drag [L]

Hn


normal depth [L]
Hs


depth associated with skin friction [L]

Ho


constant channel depth of the unperturbed base flow, used 

a) to study bedforms and b) to develop the quasi-

b) steady approximation [L]

[image: image18.wmf]H

ˆ




= Hbf/Ds50, dimensionless bankfull depth [1]; also = H/D50 in 





Ackers-White (1973) and Brownlie (1981) relations for 




total bed material load [1]
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= H/Ho, dimensionless depth for study of bedforms [1]
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= H/Ho, dimensionless depth [1]
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dimensionless deviatoric depth [1]
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= 
[image: image24.wmf]1
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; dimensionless depth perturbation for study of 





bedforms [1]
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amplitude of dimensionless depth perturbation [1]

If


intermittency factor; the river is in flood (and 





morphologically active) for time fraction If [1]

Is


volume rate of input of sediment to channel from sidewalls 





per unit streamwise length of channel per unit time 





[L2/T]
kc


composite roughness height associated with both skin 

friction and form drag [L]

k


= 2(Ho/(; dimensionless wavenumber of bed wave with 

wavelength ( [1]
ks


grain roughness height associated with skin friction [L]

L


reach length [L]
La


thickness of active (surface, exchange) layer [L]

Lb


backwater length [L]

Lsr


relaxation, or adaptation distance associated with the 





development of an equilibrium profile of suspended 





sediment concentration, defined in Chapter 21 [L]
na


dimensionless parameter such that La = naDs90 [1]

Lsbl


mean step length of a bedload particle [L]
nk


parameter such that ks = nk Ds90 [1]

nt


exponent in generic relation for total bed material load [1]
p


pressure [M/L/T2]

pai


fraction of bedload in the ith grain size range, averaged over 





the flow duration curve [1]
pi


fraction of bedload in the ith grain size range [1]

pQk


fraction of time the flow is in the kth discharge range of the 





flow duration curve [1]
Q


flow discharge [L3/T]

Qbf


bankfull flow discharge [L3/T]

Qk


characteristic flow discharge for the kth range of the flow 





duration curve [L3/T]
Qm


momentum discharge [ML/T2]
Qtanav


annual average total volume bed material load [L3/T]

Qt


total volume bed material load [L3/T]
Qtbf


total volume bed material load at bankfull flow [L3/T]

Qt,k


total volume bed material load at the kth characteristic flow 





of the flow duration curve [L3/T]
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qb


volume bedload transport rate per unit width [L2/T]

qbi


volume bedload transport rate per unit width in the ith grain 





size range [L2/T]

qbT


= (qbi, total volume bedload transport rate summed over all 





grain size ranges [L2/T]
qs


volume suspended load transport rate per unit width [L2/T]

qsi


volume suspended load transport rate per unit width in the 





ith grain size range [L2/T]
qt


= qb + qs, volume total bed material transport rate per unit 
width [L2/T]

qtf


volume feed rate per unit width of total bed material load 





[L2/T]

qts


volume rate of supply per unit width of total bed material load 





used in study of bedrock rivers [L2/T]
qto


unperturbed value of qt at base equilibrium [L2/T]
qw


water discharge per unit width [L2/T]
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= qt/qto, dimensionless total bed material transport [1]
R


= ((/(s – 1), sediment submerged specific gravity [1]

Rh


hydraulic radius [L]
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Rif


flux Richardson number [1]

Ri 


gradient Richardson number [1]
S


= - ((/(x, down-channel bed slope [1]

Sb


slope of bedrock basement [1]
Sf


down-channel friction slope [1]

SI


initial down-channel bed slope [1]

Sinit


initial down-channel bed slope [1]
So


unperturbed value of bed slope S of base equilibrium [1]

Ss


transverse slope of sidewall region of channel [1]

sba


streamwise position of the bedrock-alluvial transition [L]
t


time [T]
tf


= Ift, flood time [T]
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= Uot/Ho, dimensionless time used in developing the quasi-





steady approximation [1]
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, dimensionless morphodynamic time used in 





developing the quasi-steady approximation [1]
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transformed time used in moving-boundary formulations [T]
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U


depth- or cross sectionally-averaged flow velocity (river) or 





layer-averaged velocity (turbidity current) [L/T]

Ubf


bankfull depth- or cross sectionally-averaged flow velocity




[L/T]

Uc


critical velocity for sediment motion in Yang (1973) relation 





for total bed material load [L/T]

Uo


value of U of unperturbed base flow [L/T]
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(1981) relation for total bed material load [1]
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 for sediment motion in Brownlie (1981) 




relation for total bed material load [1]
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= U/Uo, dimensionless velocity used in developing the quasi-





steady approximation [1]
u


streamwise flow velocity [L/T]

ubl


velocity of a bedload particle [L/T]
uf


flow velocity relative to particle used in computing drag force 





on particle [L/T]
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streamwise flow velocity averaged over turbulence [L/T]
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fluctuating component of streamwise flow velocity [L/T]
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, shear velocity due to skin friction [L/T]

vs


particle terminal fall velocity in quiescent water [L/T]

vsi


fall velocity of of grain size characteristic of the ith grain size 





range [L/T]

vswi


fall velocity of wash load in the ith grain size range [L/T]
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fluctuating component of upward normal flow velocity [L/T]
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rate for ith grain size [1]

Xt


= (sqt/((sqt + (qw); flux-based mass concentration of 





sediment (bedload + suspended load) [1]
x


boundary-attached down-channel streamwise coordinate [L]

xv


down-valley coordinate [L]
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= x/Ho, dimensionless down-channel coordinate used in 





studying bedforms [1]
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= x/Ho, dimensionless down-channel coordinate used in 





developing the quasi-steady approximation [1]
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dimensionless transformed spatial coordinate used in 





moving-boundary formulations of morphodynamics; 





variously defined [1]
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Chapter 20 [1]
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boundary-attached transverse coordinate [L]
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z


boundary-attached upward normal coordinate [L]

(x


spatial step in finite difference scheme [L]

(


coefficient corresponding to the fraction of material 

transferred to the substrate as the bed aggrades that 

is derived from material in the surface layer (as 

opposed to bedload) [1]; also used for streamwise 

angle of inclination of the bed [1].
(r


coefficient in Manning-Strickler resistance relation [1]

(t


coefficient in generic relation for total bed material load [1]
(t


time step in finite difference scheme [T]

(


tolerance for relative error used in iterative schemes [1]

(v
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= qto/[(1 - (p)UoHo], dimensionless number used in 





developing the quasi-steady approximation [1]; also 





fraction relative error used in iterative schemes [1]
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, parameter in Parker (1990a,b) bedload 





relation for mixtures [1]
(


exponent in hiding relations determining critical conditions 

for the onset of motion of grains in sediment mixtures 

[1]
(


channel bed elevation [L]

(base


elevation of bedrock basement [L]
(d


deviation of bed elevation from base state used in 





developing the quasi-steady approximation [L]; also 





downstream bed elevation at x = L [L]
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, dimensionless deviatoric bed elevation [1]
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initial bed profile [L]

(t


elevation of the top of a bank [L]
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amplitude of bed perturbation characterizing bedform [L]
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= (/Ho, dimensionless bed elevation for study of bedforms 
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dimensionless amplitude of bed elevation perturbation [1]
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= (d/Ho, dimensionless deviation of bed elevation from base 





state used in developing the quasi-steady 





approximation [1]
(


integral quantity relating 
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 to qs [1]
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transverse angle of inclination of bed [1]

(s


 = (bs/(b [1]
(


Karman constant in logarithmic velocity profile [1]

(d


kinematic diffusivity of sediment defined in Chapter 14 [L2/T]
(


wavelength of bedform [L]

(p


bed porosity [1]

(c


coefficient of Coulomb friction [1]
(


kinematic viscosity of water [L2/T]

(t


turbulent eddy viscosity for upward normal exchange of 





streamwise momentum [L2/T]

(ts


turbulent eddy viscosity for upward normal exchange of 





suspended sediment [L2/T]
(


water density [M/L3]
(s


sediment material density [M/L3]
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upward normal Reynolds flux of streamwise momentum; = - 

Reynolds stress [M/L/T2]
(


angle of inclination of bed [1]

(r


angle of repose [1]
(


arithmetic standard deviation of sediment size distribution; 

same symbol also used for tectonic uplift rate [L/T]

(g


= 2(, geometric standard deviation of sediment size 

distribution

(o((sgo)

functional relation in Parker (1990a,b) bedload relation for 





mixtures [1]
(s


arithmetic standard deviation of surface size distribution
(b


bed shear stress [M/L/T2]

(bbf


estimate of bed shear stress at bankfull flow [M/L/T2]

(bc


critical bed shear stress [M/L/T2]
(bf


bed shear stress due to form drag [M/L/T2]

(bs


bed shear stress due to skin friction [M/L/T2]

(bscg


critical bed shear stress to move surface size Dsg [M/L/T2]
(bsci


critical bed shear stress to move size Di in surface layer 





[M/L/T2]
(bsc50


critical bed shear stress to move surface size Ds50 [M/L/T2]
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= HbfS/(RDs50) = estimate of Shields number at bankfull flow 

based on surface median size[1]
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critical Shields number at the threshold of motion for the 

limiting case of a horizontal bed (used as a basis for 

determining the corresponding value for a tilted bed) 
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Shields number of unperturbed flow [1]


[image: image91.wmf]*

t

sg





[image: image92.wmf](

)

sg

b

RgD

/

r

t

=

, Shields number based on surface 

geometric mean size [1]


[image: image93.wmf]*

t

scg





[image: image94.wmf](

)

sg

bscg

RgD

/

r

t

=

, critical Shields number to move surface 




size Dsg [1]


[image: image95.wmf]*

t

sci





[image: image96.wmf](

)

i

bsci

RgD

/

r

t

=

, critical Shields number to move ith grain 





size in surface layer [1]


[image: image97.wmf]*

t

50

sc





[image: image98.wmf](

)

50

s

50

bsc

RgD

/

r

t

=

, critical Shields number to move 





surface size Ds50 [1]


[image: image99.wmf]*

t

ssrg




= reference Shields number close to (but above) the 





threshold of motion [1]
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= (b/((RgDs50), Shields number used in bedload formulation 





of Powell et al. (2001) [1]
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critical Shields number for the onset of sheet flow of 





sediment [1]
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uplift rate [L/T]

(


channel sinuosity [1]

(


straining parameter in Parker (1990a,b) bedload relation for 

mixtures [1]

(o((sgo)

functional relation in Parker (1990a,b) bedload relation for 





mixtures [1]
(


water surface elevation [L]

(bl


volume of moving bedload particles per unit bed area [L]
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= (/Ho, dimensionless water surface elevation for study of 
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downstream water surface elevation [L]
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ambient downstream water surface elevation before change 
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arithmetic grain size on the psi scale
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= z/b; dimensionless upward normal coordinate [1]
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