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Relationship of Unmeasured Sediment Discharge to Mean Velocity 

B. R . C O L B Y 

Abstract—Unmeasured sediment discharges were c o m p u t e d b y subtracting the measured 
suspended-sediment discharges at alluvial sections f rom total sediment discharges that had 
been either measured at nearby contrac ted sections or c o m p u t e d from the modified Einstein 
procedure . Average curves show a general increase of unmeasured sediment discharge per 
foot of stream wid th as a function of abou t the third power of the mean veloc i ty . A t constant 
mean ve loc i ty the unmeasured sediment discharge per foot of w id th generally increases wi th 
concentrat ion, especially wi th suspended sands concentra t ion adjusted for dep th of stream. 
Such adjusted concentrat ions of suspended sands seems t o be reasonably g o o d measures of the 
availabili ty of sands. Th i s availabili ty is the relative rate of transport of sands for a given 
condi t ion of flow and is related t o particle sizes and cohesiveness of sediments of the stream 
bed and banks. Relat ionships of unmeasured sediment discharge t o mean veloci ty and to 
concentrat ion can be applied successfully in several kinds of sediment computa t ions . 

Introduction—The ra t e o f s u s p e n d e d - s e d i m e n t 

d i s c h a r g e o f a s t r e a m is u s u a l l y b a s e d o n an 

a v e r a g e o f t he c o n c e n t r a t i o n s o f d e p t h - i n t e g r a t e d 

s a m p l e s o f s u s p e n d e d s e d i m e n t f o r e a c h o f s eve ra l 

ve r t i c a l s in a c r o s s s e c t i o n . T h i s a v e r a g e c o n c e n t r a 

t i on is m u l t i p l i e d b y t h e r a t e o f w a t e r d i s c h a r g e 

a n d b y a c o n v e r s i o n f a c t o r t o o b t a i n t he s u s p e n d e d -

s e d i m e n t d i s c h a r g e in t o n s p e r d a y o r in o t h e r 

su i t ab l e un i t s . T h u s , t h e m e a s u r e d s u s p e n d e d -

s e d i m e n t d i s c h a r g e is c o m p u t e d f r o m al l t h e f l o w 

t h r o u g h t h e c ros s s e c t i o n b u t f r o m less t han the 

t rue a v e r a g e s u s p e n d e d - s e d i m e n t c o n c e n t r a t i o n , 

b e c a u s e d e p t h - i n t e g r a t i n g s a m p l e r s d o n o t n o r 

m a l l y c o l l e c t w a t e r - s e d i m e n t m i x t u r e w i t h i n th ree 

t o f ive i n c h e s o f t h e s t r e a m b e d , a n d s u s p e n d e d -

s e d i m e n t c o n c e n t r a t i o n s a r e h i g h e s t n e a r t h e b e d . 

T h e d i f fe rence b e t w e e n t h e t o t a l s e d i m e n t d i s 

c h a r g e o f a s t r e a m a n d t h e m e a s u r e d s e d i m e n t 

d i s c h a r g e m a y b e t e r m e d t h e u n m e a s u r e d sed i 

m e n t d i s c h a r g e . T h e u n m e a s u r e d s e d i m e n t d i s 

c h a r g e c o n s i s t s o f b e d - l o a d d i s c h a r g e ( t h e d i s c h a r g e 

o f s e d i m e n t t h a t m o v e s a l o n g in essen t ia l ly c o n 

t i n u o u s c o n t a c t w i t h the b e d o f t he s t r e a m ) a n d 

p a r t o f t h e s u s p e n d e d s e d i m e n t t h a t is d i s c h a r g e d 

b e l o w the l o w e s t p o i n t o f t r ave l o f t he s a m p l e r 

n o z z l e in t he v e r t i c a l . T h e r a t i o o f t h e s e d i m e n t 

d i s c h a r g e t h r o u g h t h e s a m p l e d z o n e t o t he t o t a l 

s e d i m e n t d i s c h a r g e h a s b e e n d i scussed b y Chien 

[ 1 9 5 2 ] . 

T h i s p a p e r p o i n t s o u t r e l a t ionsh ips t o m e a n 

v e l o c i t y o f d i f fe ren t f a c t o r s t h a t d e t e r m i n e t h e 

u n m e a s u r e d s e d i m e n t d i s c h a r g e a n d g i v e s e m p i r i c a l 

r e l a t i onsh ips f o r c o m p u t i n g u n m e a s u r e d s e d i m e n t 

d i s c h a r g e f r o m m e a n v e l o c i t y a n d c o n c e n t r a t i o n o f 

s u s p e n d e d s e d i m e n t . I n gene ra l , t h e t h e o r e t i c a l 

r e l a t ionsh ips a n d m a n y o f t he a s s u m p t i o n s t ha t 

w e r e s t a t ed b y Einstein [1950] a re f o l l o w e d in the 

p a p e r . 

Unmeasured sediment discharge—For simplicity, 

t he u n m e a s u r e d s e d i m e n t d i s c h a r g e a n d its theo

re t i ca l r e l a t i o n s h i p t o m e a n v e l o c i t y a re discussed, 

as m u c h as p o s s i b l e , in t e r m s o f w a t e r a n d sediment 

d i s c h a r g e p e r u n i t o f s t r e a m w i d t h a n d for one 

r a n g e o f p a r t i c l e s izes . 

T h e u n m e a s u r e d s e d i m e n t d i s c h a r g e per unit 

w i d t h c a n b e e x p r e s s e d b y 

qus = IBQB - kcmquw - f k I cy uv dy (1) 

in w h i c h qua is t h e u n m e a s u r e d s e d i m e n t discharge 

o f p a r t i c l e s in t h e s ize r a n g e f o r w h i c h t he geometric 

m e a n s ize is D 

i B is t h e f r a c t i o n o f b e d l o a d in t he size range 

qB is t h e r a te o f b e d - l o a d d i s c h a r g e pe r unit 

t i m e a n d u n i t w i d t h 

k is a c o n v e r s i o n c o n s t a n t 

Cm, is t h e c o n c e n t r a t i o n f r o m depth- integrated 

s a m p l e s o f s e d i m e n t o f t h e g i v e n size range 

quw is t h e w a t e r d i s c h a r g e t h r o u g h the un-

s a m p l e d z o n e 

a is t he d i s t a n c e f r o m the s t r e a m b e d to the 

l o w e s t p o s i t i o n o f t h e s a m p l e r n o z z l e in the 

v e r t i c a l d u r i n g s a m p l i n g 

cy is t h e s u s p e n d e d - s e d i m e n t c o n c e n t r a t i o n of 

p a r t i c l e s o f t he s ize r a n g e a t a p o i n t in the 

v e r t i c a l 

uy is t h e t i m e - a v e r a g e d v e l o c i t y a t the point 

y is t he d i s t a n c e o f t h e p o i n t a b o v e the 

s t r e a m b e d 

T h e t w o p o s i t i v e t e r m s o n t he r i g h t - h a n d s ide of (1) 

a re f o r b e d - l o a d d i s c h a r g e a n d fo r t o t a l discharge 

o f s u s p e n d e d s e d i m e n t t h r o u g h t h e unsampled 
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F I G . 1 - Relat ionship of shear ve loc i ty to rate of bed- load discharge of particles f rom 0.25 to 0.50 m m 

zone. T h e n e g a t i v e t e r m rep resen t s t h a t p a r t o f t he 

suspended-sed iment d i s c h a r g e t h a t o c c u r s t h r o u g h 

the u n s a m p l e d z o n e b u t is c o m p u t e d in t h e m e a s 

ured s u s p e n d e d - s e d i m e n t d i s c h a r g e . S e d i m e n t 

particles finer t h a n s a n d s ( < 0 . 0 6 2 m m ) a re n e a r l y 

uniformly d i s t r i b u t e d t h r o u g h o u t t h e v e r t i c a l , a n d 

the u n m e a s u r e d i n c r e m e n t o f t h e s e fine s e d i m e n t s 

is usual ly neg l i g ib l e . H e n c e , ( 1 ) wi l l b e d i s c u s s e d 

for a r ange o f p a r t i c l e s izes w i t h i n t h e l imi t s o f 

sand sizes, a s ize r a n g e fo r w h i c h u n m e a s u r e d 

sediment d i s c h a r g e is s ign i f i can t . 

Theoretical relationships to mean velocity—The 

diflerent p a r t s o f t h e r i g h t - h a n d s ide o f ( 1 ) a re 

shown in t he f o l l o w i n g d i s c u s s i o n t o b e f u n c t i o n s 

of mean v e l o c i t y , b u t t h e y v a r y s o m e w h a t w i t h 

other fac to rs . 

A c c o r d i n g t o Einstein [ 1 9 5 0 ] , t he r a t e o f b e d -

load d i scha rge , iBqB, d e p e n d s p r i n c i p a l l y o n t h e 

product o f t h e su r f ace s l o p e o f t h e s t r e a m a n d t h e 

hydraulic r ad ius w i t h r e s p e c t t o t h e s e d i m e n t 

particle b u t v a r i e s w i t h o t h e r p a r a m e t e r s . Colby 

and Hembree [ 1 9 5 5 , p p . 8 3 - 8 9 ] s imp l i f i ed t h e c o m 

putation a n d m a d e t he b e d - l o a d d i s c h a r g e p e r u n i t 

width a n d f o r a g i v e n g e o m e t r i c m e a n s ize o f 

particles h a v i n g a spec i f i c g r a v i t y o f 2 . 6 5 , e x 

pressible as o n e o f t w o p o s s i b l e f u n c t i o n s o f t h e 

shear v e l o c i t y . T h e p h y s i c a l s ign i f i cance o f th is 

computed b e d - l o a d d i s c h a r g e is s o m e w h a t u n 

certain. T h e f u n c t i o n t o b e u s e d d e p e n d s o n 

whether the g e o m e t r i c m e a n p a r t i c l e s ize is l a rge r 

or smaller t han 2.5 t i m e s t he p a r t i c l e s ize f o r w h i c h 

35 pe t of the b e d m a t e r i a l b y w e i g h t is finer. T h e 

curve for b e d - l o a d d i s c h a r g e p e r f o o t o f w i d t h as a 

function o f shear v e l o c i t y is s h o w n o n F i g u r e 1 f o r 

sediment in t h e s ize r a n g e f r o m 0 .25 t o 0 . 5 0 m m 

(geometric m e a n s ize is 0 .35 m m ) a n d f o r b e d 

material o f w h i c h 2 0 p e t b y w e i g h t is in th is s ize 

range. T h e c u r v e is a p p r o x i m a t e l y a p p l i c a b l e o n l y 

if # 3 5 is e q u a l t o o r less t h a n 0 . 1 4 m m . T h e o t h e r 

o f t h e t w o f u n c t i o n s is u s e d if e x c e e d s 0 . 1 4 m m . 

T h e b e d - l o a d d i s c h a r g e c h a n g e s r a p i d l y w i t h 

c h a n g e s in t h e shea r v e l o c i t y . 

T h e shea r v e l o c i t y u* f o r t h e c u r v e o f F i g u r e 1 

w a s c o m p u t e d f r o m t h e m e a s u r e d m e a n v e l o c i t y u 

in t he c r o s s s e c t i o n a n d f r o m a v e l o c i t y e q u a t i o n 

[Keulegan, 1938 , p p . 7 0 7 - 7 4 1 ] in t he f o r m 

u/u* = 5 .75 log io ( 1 2 . 2 7 d/A) ( 2 ) 

in w h i c h d is t he d e p t h a n d A is t he a p p a r e n t 

r o u g h n e s s . T h e r a t i o o f m e a n v e l o c i t y t o shear 

v e l o c i t y v a r i e s d i r e c t l y w i t h t h e l o g a r i t h m o f the 

r a t io o f 12 .27 t i m e s t he d e p t h t o t h e a p p a r e n t 

r o u g h n e s s a n d h e n c e c h a n g e s s l o w l y w i t h c h a n g e s 

in t h e l a t t e r r a t io . T h a t is, t h e m e a n v e l o c i t y is 

r o u g h l y p r o p o r t i o n a l t o t h e shea r v e l o c i t y . ( T h e 

n u m b e r 12 .27 is f o r t h e c ros s s e c t i o n o f a na tu ra l 

s t r e a m . I n t e g r a t i o n o f ( 3 ) , b e l o w , t h r o u g h o u t t he 

d e p t h o f a s t r e a m g i v e s a b o u t 11 .1 . ) A l t h o u g h s o m e 

a s s u m p t i o n s a n d a p p r o x i m a t i o n s a re i n v o l v e d in 

t h e r e l a t i onsh ip o f F i g u r e 1, t he l a rge effec t o f shear 

v e l o c i t y a n d h e n c e o f m e a n v e l o c i t y o n the r a te o f 

d i s c h a r g e o f s e d i m e n t as b e d l o a d is e v i d e n t . 

D i s c h a r g e o f s u s p e n d e d s a n d s o f a g i v e n s ize 

r a n g e t h r o u g h t h e u n s a m p l e d z o n e kcmqaw ( f r o m 

d e p t h - i n t e g r a t e d m e a s u r e m e n t s ) va r i e s w i t h m e a n 

v e l o c i t y . F i g u r e 2 s h o w s a r o u g h c o r r e l a t i o n o f 

m e a s u r e d c o n c e n t r a t i o n o f s u s p e n d e d sands w i t h 

m e a n v e l o c i t y fo r t he g a g i n g - s t a t i o n s e c t i o n o f t he 

N i o b r a r a R i v e r nea r C o d y , N e b r . I n gene ra l , t he 

c o n c e n t r a t i o n o f m e a s u r e d s u s p e n d e d sands in

c reases a t this s e c t i o n w i t h a b o u t t he 2.1 p o w e r o f 

t he m e a n v e l o c i t y . T h i s t y p e o f r e l a t i onsh ip c a n b e 

e x p e c t e d t o h o l d r e a s o n a b l y w e l l f o r a pa r t i cu l a r 

c ross s e c t i o n o f a n a l luv ia l s t r e a m . T h e s l o p e o f t he 

r e l a t i onsh ip c u r v e m a y b e m u c h t h e s a m e f r o m 

o n e s t r e a m t o a n o t h e r . H o w e v e r , t he c o n c e n t r a t i o n 
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Velocity, irt Ft per See 

FIG. 2 - Rela t ionship be tween concentra t ion of 
suspended sand and mean ve loc i ty , 
Niobrara R ive r near C o d y , N e b r . 

o f s u s p e n d e d s a n d s a t a g i v e n v e l o c i t y is l i k e l y t o 

differ a p p r e c i a b l y f r o m o n e s t r e a m t o a n o t h e r 

b e c a u s e s ize d i s t r i b u t i o n s a n d q u a n t i t i e s o f s a n d s 

t h a t a re a v a i l a b l e f o r t r a n s p o r t differ w i d e l y . 

T h e o t h e r v a r i a b l e t h a t d e t e r m i n e s t h e m e a s u r e d 

d i s c h a r g e o f s u s p e n d e d s e d i m e n t t h r o u g h the 

u n s a m p l e d z o n e is t h e f l o w quw t h r o u g h t h a t z o n e . 

T h i s flow p e r u n i t w i d t h o f c h a n n e l is t he p r o d u c t 

o f t h e a v e r a g e v e l o c i t y t h r o u g h the u n s a m p l e d 

z o n e a n d t h e h e i g h t (a — 2D) o f t h e z o n e . T h e 

h e i g h t o f t h e z o n e is r e l a t i v e l y c o n s t a n t , a n d the 

t h e o r e t i c a l a v e r a g e v e l o c i t y in t he u n s a m p l e d z o n e 

is o b t a i n e d b y i n t e g r a t i n g a n e q u a t i o n f o r v e l o c i t i e s 

a t a p o i n t s u c h as ( 3 ) , t he s a m e e q u a t i o n t ha t w o u l d 

b e i n t e g r a t e d t o c o m p u t e m e a n v e l o c i t y fo r t he 

en t i re v e r t i c a l . T h e r e f o r e t h e a v e r a g e v e l o c i t y 

t h r o u g h t h e u n s a m p l e d z o n e s h o u l d b e a b o u t p r o 

p o r t i o n a l t o t h e m e a n v e l o c i t y f o r t h e en t i r e 

v e r t i c a l e x c e p t fo r the e f fec t o f c h a n g e s in the 

r a t i o o f d e p t h o f t he w a t e r t o d e p t h o f t he u n 

s a m p l e d z o n e . 

T h e s u s p e n d e d - s e d i m e n t d i s c h a r g e , k jin cy uy 

dy, o f p a r t i c l e s o f a g i v e n s ize r a n g e t h r o u g h the 

u n s a m p l e d z o n e is a l so l a r g e l y a f u n c t i o n o f mean 

v e l o c i t y . T h e l i m i t s o f i n t e g r a t i o n a re u s u a l l y much 

t h e s a m e f o r a l l c ro s s s e c t i o n s b u t v a r y s o m e w h a t 

w i t h p a r t i c l e s ize a n d w i t h t he t y p e o f sed iment 

s a m p l e r a n d m e t h o d o f u s i n g it . B o t h v e l o c i t y and 

c o n c e n t r a t i o n a t p o i n t s in t h e v e r t i c a l within 

t he u n s a m p l e d z o n e a re f u n c t i o n s o f m e a n v e l o c i t y . 

E q u . ( 2 ) w a s d e r i v e d f r o m ( 3 ) , b e l o w , fo r time-

a v e r a g e d p o i n t v e l o c i t y uy 

fiy/u* = 5 .75 log io ( 3 0 . 2 y/A) (3) 

o r 

Uy = 5 . 7 5 ( log io 12.27 + log io d — logio A 

+ log io 30 .2 + log io y - logio 12.27 - iog 1 0<2) 

w h i c h c o m b i n e s w i t h ( 2 ) t o g i v e 

uy = u - f 5 .75 « * log io ( 2 . 4 6 y/d) (4) 

A c c o r d i n g t o th i s e q u a t i o n , t h e v e l o c i t y a t a point 

is e q u a l t o t h e m e a n v e l o c i t y in t h e v e r t i c a l p lus or 

m i n u s a q u a n t i t y t h a t va r i e s w i t h shea r ve loc i ty 

a n d wdth r e l a t i v e d i s t a n c e o f t h e p o i n t a b o v e the 

s t r e a m b e d . 

T h e c o n c e n t r a t i o n cy a t a p o i n t in t he ve r t i ca l in 

t h e u n s a m p l e d z o n e d e p e n d s j o i n t l y o n t he meas

u r e d c o n c e n t r a t i o n cm a n d o n t h e v e r t i c a l distribu

t i o n o f c o n c e n t r a t i o n a n d is , t he re fo re , c l o s e l y , but 

c o m p l e x l y , r e l a t ed t o m e a n v e l o c i t y . T h e measured 

c o n c e n t r a t i o n o f s u s p e n d e d s a n d s h a s a l r e a d y been 

s h o w n ( F i g . 2 ) t o b e r e l a t ed t o m e a n v e l o c i t y . The 

v e r t i c a l d i s t r i b u t i o n o f c o n c e n t r a t i o n f o r particles 

o f a g i v e n s ize r a n g e h a s a n e x p o n e n t i a l m e a s u r e z 

w h i c h c a n b e c o m p u t e d b y t r ial a n d e r ro r from 

the r a te o f b e d - l o a d d i s c h a r g e a n d f r o m t h e p roduc t 

o f m e a s u r e d c o n c e n t r a t i o n f o r t h e s ize r a n g e , depth 

o f t h e s a m p l e d z o n e , a n d m e a n v e l o c i t y in the 

s a m p l e d z o n e . A n a l t e r n a t i v e c o m p u t a t i o n bases z 

o n t h e fall v e l o c i t y o f t he s e d i m e n t p a r t i c l e s and 

o n t h e shear v e l o c i t y . W h i c h e v e r m e t h o d of 

c o m p u t a t i o n is u s e d , t h e v e r t i c a l d i s t r i b u t i o n of 

s e d i m e n t c o n c e n t r a t i o n is a f u n c t i o n o f mean 

v e l o c i t y b u t a l s o va r i e s w i t h w a t e r tempera ture , 

s t r e a m d e p t h , a n d c h a n n e l r o u g h n e s s . 

T h e d i f fe ren t t e r m s in t he r i g h t - h a n d s ide o f (1) 

a re t hus i n d i v i d u a l l y r e l a t ed t o t he m e a n ve loc i ty , 

b u t t he r e l a t i onsh ips a re c o m p l i c a t e d e v e n fo r one 

r a n g e o f p a r t i c l e s izes . H e n c e , a t h e o r e t i c a l method 

o f c o m p u t i n g u n m e a s u r e d s e d i m e n t d i s c h a r g e from 

re l a t i onsh ips t o m e a n v e l o c i t y a n d t o o t h e r factors 

b e c o m e s dif f icul t and u s u a l l y r equ i re s extensive 
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U N M E A S U R E D S E D I M E N T D I S C H A R G E 711 

field data. S imp le r r e l a t i onsh ips , w h i c h , a l t h o u g h 

only a p p r o x i m a t e , m a y b e s a t i s f ac to r i l y a c c u r a t e 

for many uses , c a n b e de f ined e m p i r i c a l l y . 

Empirical relationships—About 180 e x p e r i m e n t a l 

determinations o f u n m e a s u r e d s e d i m e n t d i s c h a r g e 

at a no rmal s e c t i o n w e r e r e a d i l y a v a i l a b l e . E a c h 

determination w a s the d i f f e rence b e t w e e n m e a s u r e d 

sediment d i s cha rge a t a t o t a l - l o a d s e c t i o n a n d a t a 

normal sec t ion . B y ' t o t a l - l o a d s e c t i o n ' is m e a n t a 

contracted s e c t i o n a t w h i c h p r a c t i c a l l y t he t o t a l 

sediment d i s cha rge o f t he s t r e a m is in s u s p e n s i o n 

and can b e s a m p l e d sa t i s f ac to r i l y w i t h a d e p t h -

integrating s amp le r . B y ' n o r m a l s e c t i o n ' is m e a n t 

a section a t w h i c h n e a r l y al l t he s t r e a m b e d a n d 

sometimes the b a n k s , t o o , a re o f r e a d i l y sh i f t ing 

alluvium. U n m e a s u r e d s e d i m e n t d i s c h a r g e s d i v i d e d 

by the w i d t h o f the n o r m a l s e c t i o n a re p l o t t e d o n 

Figure 3 aga ins t m e a n v e l o c i t y a t t he n o r m a l 

section. I n d i v i d u a l p o i n t s s ca t t e r w i d e l y f r o m the 

curve, b u t the u n m e a s u r e d s e d i m e n t d i s c h a r g e 

increases o n the a v e r a g e w i t h a b o u t t he th i rd p o w e r 

of the mean v e l o c i t y . T h e e q u a t i o n fo r c o m p u t i n g 

the unmeasured s e d i m e n t d i s c h a r g e Qum o f all 

particle sizes in t o n s p e r d a y f r o m the a v e r a g e 

curve is 

Qum = 0 . 2 8 ( M ) 3 - 1 w ( 5 ) 

in which u is t he m e a n v e l o c i t y in the c r o s s s e c t i o n 

in feet pe r s e c o n d , a n d w is t he w i d t h in feet . 

Within the l imi t s o f i ts e x p e r i m e n t a l de f in i t ion , 

this equat ion is r o u g h l y a p p l i c a b l e t o t he c o m p u t a 

tion of u n m e a s u r e d s e d i m e n t d i s c h a r g e a t a c ros s 

section. 

As impl ied in the p r e c e d i n g p a r a g r a p h , the 

curve of F igu re 3 is i n t e n d e d t o s h o w t h e a v e r a g e 

unmeasured s e d i m e n t d i s c h a r g e f o r g i v e n m e a n 

velocities. T h e r e f o r e , i t w a s d r a w n t h r o u g h ar i th

metic ave rages o f the u n m e a s u r e d s e d i m e n t 

discharges for e a c h o f seve ra l r anges o f m e a n 

velocity. T h e o t h e r c u r v e s in this p a p e r w e r e 

likewise d r a w n t h r o u g h a r i t h m e t i c a v e r a g e s o f the 

dependent v a r i a b l e . T h e c u r v e o f F i g u r e 3 is 

entirely unsu i t ed fo r the e s t i m a t i n g o f m e a n 

velocity f r o m u n m e a s u r e d s e d i m e n t d i s c h a r g e s . I t 

differs c o n s i d e r a b l y f r o m a l eas t - squares c u r v e as 

ordinarily d r a w n b e c a u s e t he s l o p e o f s u c h a c u r v e 

would d e p e n d n o t o n l y o n the a v e r a g e u n m e a s u r e d 

sediment d i s cha rges fo r g i v e n r a n g e s o f m e a n 

velocity b u t a l so o n the t o t a l r a n g e o f v e l o c i t i e s 

that are c o v e r e d b y F i g u r e 3. 

The p l o t t i n g o f p o i n t s o n F i g u r e 3 , e s p e c i a l l y 

points for F i v e m i l e C r e e k , s e e m s t o i n d i c a t e t ha t 

the unmeasured s e d i m e n t d i s c h a r g e m a y b e h ighe r 
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F I G . 3 - Rela t ionship between unmeasured sediment 
discharge and mean ve loc i ty 

f o r a g i v e n v e l o c i t y if t he s u s p e n d e d - s e d i m e n t 

c o n c e n t r a t i o n is h i g h . H e n c e , ra t ios , c a l l ed r a t i o s 

o f d e p a r t u r e , w e r e c o m p u t e d f o r t he p o i n t s o n 

F i g u r e 3 . E a c h r a t i o w a s the q u o t i e n t t ha t w a s 

o b t a i n e d b y d i v i d i n g a n e x p e r i m e n t a l d e t e r m i n a 

t i o n o f u n m e a s u r e d s e d i m e n t d i s c h a r g e p e r f o o t o f 

w i d t h b y t h e u n m e a s u r e d s e d i m e n t d i s c h a r g e p e r 

f o o t o f w i d t h as i n d i c a t e d b y t he m e a n v e l o c i t y 

a n d t h e c u r v e o f F i g u r e 3. T h e ra t ios w e r e t h e n 

p l o t t e d ( F i g . 4 ) aga in s t t he m e a n c o n c e n t r a t i o n s 

o f d e p t h - i n t e g r a t e d s a m p l e s a t t h e n o r m a l s e c t i o n s 

t o see w h e t h e r s o m e o f the s ca t t e r o f i n d i v i d u a l 

p o i n t s w a s a s s o c i a t e d w i t h d i f fe rences in c o n c e n t r a 

t i o n o f s u s p e n d e d s e d i m e n t . T h e s l o p e o f t h e c u r v e 

o f F i g u r e 4 is p o o r l y def ined . I t i nd i ca t e s t ha t fo r a 
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1000 10,000 
Measured Concentration, in PPM, at Normal Sectfon 

FIG. 4 - Concentrat ions p lot ted against t he rat ios of unmeasured sediment discharge to average 
unmeasured sediment discharge from Figure 3 

100,006 

g i v e n ve loc i ty t h e u n m e a s u r e d s e d i m e n t d i s c h a r g e 
inc reases g e n e r a l l y w i t h p e r h a p s t h e 0.35 p o w e r of 
t h e c o n c e n t r a t i o n of s u s p e n d e d s e d i m e n t . ( T h e 
u p p e r e n d of t h e c u r v e w a s d r a w n be low t h e 
a v e r a g e of t h e s ix p o i n t s for F i v e m i l e C r e e k p a r t l y 
b e c a u s e t h e p o i n t s for o t h e r s t a t i o n s d i d n o t s h o w a 
def in i te inc rease in u n m e a s u r e d s e d i m e n t d i s c h a r g e 
w i th inc reased c o n c e n t r a t i o n . ) S c a t t e r of p o i n t s 
f rom t h e c u r v e is so g r e a t t h a t n o f u r t h e r a t t e m p t 
w a s m a d e t o e x p l a i n t h e s c a t t e r in t e r m s of o t h e r 
f ac to r s . 

T h e c u r v e of F i g u r e 3 , a n d h e n c e (5 ) , s h o u l d b e 
u n d e r s t o o d t o express a v e r a g e v a r i a t i o n of u n 
m e a s u r e d s e d i m e n t d i s c h a r g e w i t h m e a n v e l o c i t y . 
T h e c u r v e p r o b a b l y w o u l d b e c o n s i d e r a b l y dif
f e r e n t if o t h e r f a c t o r s w e r e k e p t c o n s t a n t a n d o n l y 
v e l o c i t y a n d u n m e a s u r e d s e d i m e n t d i s c h a r g e w e r e 
p e r m i t t e d t o v a r y . A c t u a l l y , a n i nc r ea se in v e l o c i t y 
is u s u a l l y a c c o m p a n i e d b y a n i nc rea se of s u s 
p e n d e d - s e d i m e n t c o n c e n t r a t i o n . S u c h a n i n c r e a s e 
wi l l c e r t a i n l y o c c u r if t h e s u p p l y of s e d i m e n t 
r e m a i n s c o n s t a n t i n t e r m s of b o t h q u a n t i t y a n d 
p a r t i c l e sizes. T h e s u p p l y of s a n d s m a y b e a p 
p r o x i m a t e l y c o n s t a n t a t a c ross s ec t ion of a n 
a l l u v i a l s t r e a m b u t is l ike ly t o differ w i d e l y f r o m 
s t r e a m t o s t r e a m o r f rom o n e p a r t of a s t r e a m t o 
a n o t h e r . T h e r e f o r e , t h e a d j u s t m e n t of F i g u r e 4 

m a y n o t b e n e e d e d t o c o m p u t e unmeasured sedi
m e n t d i s c h a r g e s for different velocities and con
c e n t r a t i o n s a t a p a r t i c u l a r cross section because 
t h e c u r v e of F i g u r e 3 a l r e a d y contains an adjust
m e n t for a v e r a g e c h a n g e in concentration with 
c h a n g e in v e l o c i t y . 

If t h e s c a t t e r f rom t h e c u r v e s of Figures 3 and 4 
w a s c a u s e d e n t i r e l y b y i n a d e q u a c y of the correla
t i o n s , t h e s e c u r v e s w o u l d b e unsatisfactory for 
c o m p u t i n g u n m e a s u r e d s e d i m e n t discharge. How
ever , m u c h of t h e s c a t t e r r e su l t s from inaccuracy of 
t h e d e t e r m i n a t i o n s of u n m e a s u r e d sediment dis
c h a r g e . T h e s e d e t e r m i n a t i o n s , al though very 
v a l u a b l e i n f o r m a t i o n , a r e differences between two 
m e a s u r e d s e d i m e n t d i s cha rges each of which is 
l ike ly t o b e s o m e w h a t i n a c c u r a t e . Furthermore, the 
n o r m a l s e c t i o n s w e r e f r o m a few hundred feet to 
m o r e t h a n a m i l e f rom t h e to ta l - load sections, and 
c h a n g e s , e i t h e r t e m p o r a r y or semipermanent, in 
n e t r a t e of s c o u r o r fill b e t w e e n t h e sections may 
c a u s e l a r g e i n a c c u r a c i e s in t h e determinations. 
S o m e m e t h o d for e x p e r i m e n t a l l y determining more 
e x a c t u n m e a s u r e d s e d i m e n t discharges is badly 
n e e d e d t o m a k e t h e e x p e r i m e n t a l information more 
s u i t a b l e for e s t a b l i s h i n g emp i r i ca l relationships to 
p a r a m e t e r s o t h e r t h a n m e a n veloci ty . 

Computed unmeasured sediment discharges m 
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'0ti(tns of mean velocity—Unmeasured s e d i m e n t 
.^charges can b e c o m p u t e d f r o m i n f o r m a t i o n a t a 
CISGLE cross section. A l t h o u g h t h e c o m p u t a t i o n 
PROCEDURE is compl ica ted a n d u n c e r t a i n i n s o m e 
W i s , the u n m e a s u r e d s e d i m e n t d i s c h a r g e s t h u s 
imputed have a m o r e c o n s i s t e n t r e l a t i o n s h i p t o 
^ean velocity t h a n e x p e r i m e n t a l d e t e r m i n a t i o n s 

UVE. One procedure for c o m p u t i n g t o t a l s e d i m e n t 
discharge by e x t r a p o l a t i n g a n d i n t e r p r e t i n g d a t a 
w a single section h a s b e e n exp l a ined b y Colby a n d 
Emhree [1955, p p . 6 6 - 9 8 ] . I t is k n o w n a s t h e 
MODIFIED Eins te in p r o c e d u r e a n d r e q u i r e s m e a n 
docity, width , a n d a v e r a g e d e p t h of t h e c ross 
action, average d e p t h a t s a m p l i n g v e r t i c a l s , w a t e r 
temperature, b e d - m a t e r i a l s a m p l e s for pa r t i c l e - s i ze 
iaalysis, and d e p t h - i n t e g r a t e d s a m p l e s of s u s 
PENDED sediment to b e a n a l y z e d for p a r t i c l e size 
AND concentration. S o m e r e s u l t s of a p p l i c a t i o n s of 
die procedure h a v e b e e n d i scussed b y Schroeder 
md Hembree [1956]. 

Many unmeasu red s e d i m e n t d i s c h a r g e s were 
computed by s u b t r a c t i n g m e a s u r e d s e d i m e n t 
discharges a t a n o r m a l s ec t ion f rom t o t a l s e d i m e n t 
ilkharges as c o m p u t e d for t h e s a m e t i m e s b y t h e 
modified Eins te in p r o c e d u r e . T h e s e u n m e a s u r e d 
sediment discharges p e r foo t of w i d t h w e r e p l o t t e d 
against mean ve loc i ty . O n e a v e r a g e c u r v e w a s 
drawn for s ed imen t s t a t i o n s in t h e R i o G r a n d e 
basin and a n o t h e r for o t h e r s t a t i o n s . T h e t w o 
curves are shown o n F i g u r e 5 t o g e t h e r w i t h t h e 
average curve from F i g u r e 3 . T h e t h r e e c u r v e s a r e 
reasonably cons is tent a n d w o u l d a g r e e b e t t e r if 
adjusted for differences in a v e r a g e c o n c e n t r a t i o n . 

Adjustments for concentration—Readily a v a i l a b l e 
unmeasured s e d i m e n t d i s cha rges p e r foo t of w i d t h 
from modified E i n s t e i n c o m p u t a t i o n s w e r e l i s ted 
without screening t o e l i m i n a t e t h o s e t h a t w e r e 
computed from u n s u i t a b l e field d a t a . T h e n each 
one was divided b y t h e u n m e a s u r e d s e d i m e n t 
discharge pe r foot of w i d t h a s i n d i c a t e d b y t h e 
mean velocity a n d b y t h e a p p r o p r i a t e c u r v e of 
Figure 5. T h e q u o t i e n t s w e r e p l o t t e d a g a i n s t 
concentration of s u s p e n d e d s e d i m e n t t o define 
curves B a n d C of F i g u r e 6. C u r v e A of F i g u r e 6 
is redrawn from F i g u r e 4 for c o m p a r i s o n . F o r a 
given mean ve loc i ty , t h e s e c u r v e s i n d i c a t e a n 
increase in u n m e a s u r e d s e d i m e n t d i s c h a r g e w i th 
increasing c o n c e n t r a t i o n of s u s p e n d e d s e d i m e n t . 
Such an increase is logical for s e d i m e n t coarse 
enough to be a p p r e c i a b l y m o r e c o n c e n t r a t e d n e a r 
the stream bed t h a n h i g h e r in t h e v e r t i c a l . H o w 
ever, the c o n c e n t r a t i o n of finer s e d i m e n t p r o b a b l y 
has little r e la t ionsh ip t o t h e q u a n t i t y of u n m e a s 
ured sediment d i scha rge . 

3 0 0 
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Determined exper imenta l ly 
From modified E i n s t e i n 
computat ions in Middle 
R i o Grande bas in 
From modified E i n s t e i n 
computat ions o u t s i d e 
Middle Rio Grande b a s i n ' 

1 3 5 7 10 
V e l o c i t y at Normal Sect ion , in Ft per S e c 

FIG. 5 - Comparison of average curves of 
unmeasured sediment discharge plotted 

against mean velocity 

A n a v e r a g e a d j u s t m e n t for c o n c e n t r a t i o n (F ig . 
6) is insufficient t o expla in t h e low u n m e a s u r e d 
s e d i m e n t d i s cha rges t h a t w e r e c o m p u t e d b y t h e 
modif ied E i n s t e i n p r o c e d u r e for s o m e s e d i m e n t 
s t a t i o n s . P e r h a p s t h e effective s u p p l y of s a n d s t h a t 
c a n b e p i c k e d u p r ead i l y , which d e p e n d s o n c o n 
figuration of t h e s t r e a m bed a s well a s on sizes a n d 
q u a n t i t i e s of s e d i m e n t , is m u c h lower r e l a t i v e t o 
t h e flow a t t h e s e s t a t i o n s . If so, a m e a s u r e of t h e 
a v a i l a b i l i t y of s a n d s m i g h t co r r e l a t e we l l w i t h 
d e p a r t u r e s of u n m e a s u r e d s e d i m e n t d i s cha rge f r o m 
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Unmeasured sediment discharge determined 
experimentally 

. From modified Einstein computations in 
Middle Rio Grande basin 
From modified Einstein computations outside 
Middle Rio Grande basin 

100 1000 10,000 
Sampled Concentration, in PPM, at Normal Section 

100,001 

FIG. 6 - Average relationships between ratios of depar ture from the curves of Figure 5 and 
concentration of suspended sediment 

t h e a v e r a g e c u r v e s of F i g u r e 5 . T h e m e a s u r e d 
c o n c e n t r a t i o n of s u s p e n d e d s a n d s a t a g iven m e a n 
v e l o c i t y m i g h t b e a p r ac t i c a l m e a s u r e of t h i s 
a v a i l a b i l i t y . I n o t h e r w o r d s , if t h e m e a s u r e d c o n 
c e n t r a t i o n of s u s p e n d e d s a n d s is u n u s u a l l y h i g h 
for a g i v e n m e a n ve loc i ty , t h e effective a v a i l a b i l i t y 
of s a n d s is h igh , a n d th i s h igh a v a i l a b i l i t y is l ike ly 
t o m a k e t h e u n m e a s u r e d s e d i m e n t d i s cha rge 
h i g h e r t h a n u s u a l for t h e g iven ve loc i t y . H o w e v e r , 
i n t w o s t r e a m s t h a t flow over b e d s of t h e s a m e 
s e d i m e n t c o m p o s i t i o n a n d s a m e conf igura t ion b u t 
w i d e l y different d e p t h s of flow, t h e m e a s u r e d con
c e n t r a t i o n of s u s p e n d e d s a n d s for e q u a l veloci t ies 
will b e cons ide r ab ly lower for t h e d e e p e r s t r e a m . 
T h u s , m e a s u r e d c o n c e n t r a t i o n s of s u s p e n d e d s a n d s 
r e q u i r e a d j u s t m e n t for d e p t h of flow to m a k e t h e m 
r e a s o n a b l y cons i s t en t m e a s u r e s of t h e effective 
a v a i l a b i l i t y of s a n d s , a n d t h e r e l a t i v e a d j u s t m e n t 
for d e p t h will v a r y w i t h m e a n ve loc i ty . 

F i g u r e 7 shows r e l a t i v e c o n c e n t r a t i o n s of sus 
p e n d e d s a n d s for di f ferent d e p t h s a n d veloci t ies . I t 
is b a s e d on 100 p p m of s u s p e n d e d s a n d s ( a n y 
c o n v e n i e n t c o n c e n t r a t i o n m i g h t b e u s e d ) a t a 
m e a n ve loc i ty of one foot p e r second a n d a d e p t h of 
t w o feet . T h e c o n c e n t r a t i o n for a c o n s t a n t d e p t h 
of t w o feet w a s a s s u m e d to inc rease w i t h t h e s q u a r e 
of t h e ve loc i ty . A d j u s t m e n t s for d e p t h a t different 

ve loc i t ies w e r e c o m p u t e d f rom theoret ical relation
sh ips a n d for a n a s s u m e d effective size of bed 
m a t e r i a l . A b e t t e r a d j u s t m e n t d i ag ram than that 
of F i g u r e 7 c o u l d b e p r e p a r e d f rom more numerous 
a n d p rec i se c o m p u t a t i o n s a n d from experiments. 
F o r t u n a t e l y , a n e x a c t d i a g r a m is n o t necessary. 

A r a t i o of t h e k n o w n c o n c e n t r a t i o n of measured 
s u s p e n d e d s a n d s t o t h e r e l a t i v e concentrat ion from 
F i g u r e 7 is a m e a s u r e of t h e effective availability of 
s a n d s . A v a i l a b i l i t y r a t i o s a r e p l o t t e d on Figure 8 
a g a i n s t r a t i o s of u n m e a s u r e d s e d i m e n t discharge 
t o t h e a v e r a g e u n m e a s u r e d s e d i m e n t discharge 
f rom c u r v e C of F i g u r e 5. T h e c u r v e through the 
p l o t t e d r a t i o s c a n b e u s e d t o a d j u s t unmeasured 
s e d i m e n t d i s c h a r g e for c h a n g e s in availability of 
s a n d s . 

T h e p o i n t s o n F i g u r e 8 r e p r e s e n t a wide range 
of cross s ec t i ons a n d c o n c e n t r a t i o n s . Average 
d e p t h s r a n g e d f rom 0.4 t o 55 ft , m e a n velocities 
f rom 1.1 t o 8.0 ft p e r sec, w i d t h s f rom 15 to 2760 ft, 
m e a s u r e d s u s p e n d e d - s e d i m e n t concen t ra t ions from 
57 t o 140,000 p p m , c o n c e n t r a t i o n s of suspended 
s a n d s f rom 5 t o 26 ,600 p p m , a n d computed un
m e a s u r e d s e d i m e n t d i s c h a r g e p e r foot of width from 
0.4 t o 346 t o n s p e r d a y . I n v i e w of these wide 
r a n g e s a n d t h e i n a c c u r a c i e s in c o m p u t e d unmeas
u r e d s e d i m e n t d i s c h a r g e s , s c a t t e r of poin ts from 
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U N M E A S U R E D S E D I M E N T D I S C H A R G E 715 

. a v e r a g e curve of F i g u r e 8 is n o t excess ive . Of 
I? plotted po in t s , 142 a r e w i t h i n 50 p e t , a n d 113 
re within 25 p e t of t h e a v e r a g e c u r v e . S o m e 

-dnts farthest from t h e c u r v e , for e x a m p l e t h e low 
noints at avai labi l i ty r a t i o s of 1.05 a n d 2 .0 , a r e 
ased on field d a t a t h a t a r e u n s u i t a b l e for c o m p u t -
JIG total sediment d i scha rge . P o i n t s for t h e M i s -
j^ippi River a t S t . L o u i s , M o . , s c a t t e r m o r e 
•han for most s e d i m e n t s t a t i o n s b e c a u s e t h e u n 
measured sed iment d i s c h a r g e is o n l y o n e to t e n p e r 
-ent of the to ta l s e d i m e n t d i s c h a r g e . E x p r e s s e d in 
percentage of t o t a l s e d i m e n t d i s c h a r g e , t h e 
computed u n m e a s u r e d s e d i m e n t d i s cha rges b y t h e 
modified Einste in p r o c e d u r e a r e m o r e a c c u r a t e 
:han for most s t a t i ons , b u t t h e y a r e less a c c u r a t e 
han for most s t a t i o n s w h e n expressed in t o n s p e r 
lav. Also, a t St . Lou i s t h e s e d i m e n t l o a d of t h e 
Missouri River is n o t c o m p l e t e l y m i x e d w i t h t h e 
diment load of t h e Mis s i s s ipp i R i v e r . T h u s , 
jome scatter from t h e a v e r a g e c u r v e is c a u s e d b y 
inaccuracies in bas ic d a t a a n d in t h e c o m p u t a t i o n s 
}f unmeasured s e d i m e n t d i s c h a r g e p e r foo t of 
vidth. Some s c a t t e r r e s u l t s f rom t h e i n a d e q u a c y 
of the average r e l a t i o n s h i p s t o g ive t h e s a m e u n 
measured s ed imen t d i s c h a r g e s a s t h e m u c h m o r e 
complex modified E i n s t e i n p r o c e d u r e , w h i c h is 
theoretically m o r e cor rec t . 

Curve C of figure 5 , t h e c u r v e s of F i g u r e 7, a n d 
tk average c u r v e of F i g u r e 8 p r o v i d e a s h o r t 
graphical m e t h o d for c o m p u t i n g a b o u t t h e s a m e 
unmeasured s e d i m e n t d i s c h a r g e t h a t m i g h t b e 
computed b y t h e modi f ied E i n s t e i n p r o c e d u r e . 
Mean velocity, w i d t h , a v e r a g e d e p t h , a n d con
centration of s u s p e n d e d s a n d s a r e all r e q u i r e d . T h e 
size distribution of t h e b e d m a t e r i a l is n o t n e e d e d 
because the ava i l ab i l i t y r a t i o d e p e n d s p a r t l y on 
this size d i s t r ibu t ion . A n u n m e a s u r e d s e d i m e n t 
discharge, which inc ludes al l p a r t i c l e sizes, c a n b e 
computed from these c u r v e s b y d i v i d i n g t h e 
measured c o n c e n t r a t i o n of s u s p e n d e d s a n d s b y t h e 
relative concen t r a t i on f rom F i g u r e 7 for t h e 
given depth a n d m e a n v e l o c i t y . T h i s a v a i l a b i l i t y 
ratio determines on F i g u r e 8 a r a t i o of d e p a r t u r e 
from Curve C of F i g u r e 5 . C u r v e C a n d t h e m e a n 
velocity toge the r g ive a n u n m e a s u r e d s e d i m e n t 
discharge p e r foot of w i d t h , w h i c h c a n t h e n b e 
multiplied b y t h e r a t i o of d e p a r t u r e a n d b y t h e 
width of t h e s t r e a m in feet t o o b t a i n t h e u n 
measured s e d i m e n t d i s c h a r g e in t o n s p e r d a y for 
the cross sect ion. B e c a u s e t h i s p r o c e d u r e c o n t a i n s 
an adjus tment for t h e effective a v a i l a b i l i t y of 
sands, it m a y b e m o r e a p p l i c a b l e t h a n t h e modi f ied 
Einstein p r o c e d u r e for s t r e a m s w h o s e b e d s h a v e 
targe areas of r e l a t i ve ly u n s h i f t i n g m a t e r i a l . 

20,000 

10,000 

1,000 

2 4 6 8 10 
Velocity, IN Ft per Sec 

F I G . 7 - R e l a t i v e concentrat ions of suspended sands 
for different dep ths and mean velocities 

T h e p r o c e d u r e h a s t w o d i s a d v a n t a g e s . O n e is 
t h a t i t g ives n o b r e a k d o w n of t h e u n m e a s u r e d 
s e d i m e n t d i scha rge i n t o size r a n g e s . T h e o t h e r is 
t h a t i t r equ i r e s g o o d d e t e r m i n a t i o n s of m e a n 
v e l o c i t y b e c a u s e t h e r e l a t i v e c o n c e n t r a t i o n (F ig . 7) 
v a r i e s r o u g h l y as t h e s q u a r e of t h e m e a n v e l o c i t y 
a n d u n m e a s u r e d s e d i m e n t d i s c h a r g e va r i e s a s 
a b o u t t h e c u b e of t h e m e a n ve loc i ty . T h e m e a n 
ve loc i t y shou ld b e for a cross sec t ion t h a t is n o r m a l 
t o t h e d i r ec t ion of flow, so a n y h o r i z o n t a l ang l e 
co r r ec t i ons shou ld b e app l i ed t o t h e i n c r e m e n t s of 
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716 B . R . C O L B Y 

Concentration from Fig. 7 
- Variat ion of unmeasured sediment discharge adjusted for mean velocity with a measure of 

the availabil i ty of sands 

w i d t h a n d n o t t o t h e ve loc i t ies . Also , m e a n 
ve loc i t i e s a r e m o r e r e p r e s e n t a t i v e for sec t ions t h a t 
h a v e r e a s o n a b l y u n i f o r m l a t e r a l d i s t r i b u t i o n of 
v e l o c i t y t h a n for t h o s e t h a t h a v e a p p r e c i a b l e 
c ross sec t iona l a r e a s in w h i c h t h e v e l o c i t y is m u c h 
l o w e r o r h i g h e r t h a n t h e m e a n ve loc i ty . 

Applications—Unmeasured s e d i m e n t d i s cha rges 
for p a r t i c u l a r t i m e s a n d p e r i o d s a r e of ten n e e d e d 
t o s u p p l e m e n t r e c o r d s of m e a s u r e d s u s p e n d e d -
s e d i m e n t d i s c h a r g e of s t r e a m s . T h e u n m e a s u r e d 
f r ac t i on is a h i g h l y v a r i a b l e p r o p o r t i o n of t o t a l 
s e d i m e n t d i s c h a r g e for m o s t s t r e a m s a n d a t m a n y 
s t a t i o n s does n o t co r r e l a t e wel l w i t h w a t e r d i s 
c h a r g e . T h e r e l a t i o n s h i p to m e a n ve loc i t y does , 
h o w e v e r , p r o v i d e a s a t i s f a c t o r y bas i s for e s t i m a t 
i n g u n m e a s u r e d s e d i m e n t d i s c h a r g e s for m a n y 
c ross sec t ions . 

C u r v e s of u n m e a s u r e d s e d i m e n t d i s c h a r g e p e r 
f oo t of w i d t h v e r s u s m e a n v e l o c i t y c a n b e d r a w n 
for i n d i v i d u a l s e d i m e n t s t a t i o n s as wel l a s for 
g r o u p s of s t a t i o n s . B e c a u s e t h e g e n e r a l fo rm of t h e 
r e l a t i o n s h i p is k n o w n , p e r h a p s six t o t e n d e t e r 
m i n a t i o n s of u n m e a s u r e d s e d i m e n t d i s c h a r g e m a y 
def ine a r e a s o n a b l y s a t i s f ac to ry c u r v e for a s ingle 
s t a t i o n . T h e c u r v e c a n t h e n b e u s e d t o e s t i m a t e t h e 
u n m e a s u r e d s e d i m e n t d i s c h a r g e a t o t h e r m e a n 
ve loc i t i es for w h i c h t h e ba s i c field i n f o r m a t i o n h a s 

n o t been o b t a i n e d o r is difficult or even impractical 
t o o b t a i n . T h u s , t h e u s e of t h e curve may greatly 
r e d u c e t h e c o s t of d e t e r m i n a t i o n s of unmeasured 
s e d i m e n t d i s c h a r g e . H o w e v e r , satisfactory extra
p o l a t i o n of t h e c u r v e m a y b e impossible, or at 
l e a s t q u e s t i o n a b l e , a b o v e bankfu l stage or for 
flows w h e n t h e s t r e a m is scoured to relatively 
u n s h i f t i n g b e d m a t e r i a l . T h e curve for an indi
v i d u a l s t a t i o n c a n b e u s e d t o e s t i m a t e unmeasured 
s e d i m e n t d i s c h a r g e s for p e r i o d s of days , months, or 
y e a r s if s t r e a m flow m e a s u r e m e n t s are available 
f rom w h i c h t o e s t i m a t e m e a n velocities through
o u t t h e p e r i o d s . 

E v e n t h o u g h n o d e t e r m i n a t i o n s of unmeasured 
s e d i m e n t d i s c h a r g e h a v e b e e n m a d e or no bed-
m a t e r i a l s a m p l e s a r e a v a i l a b l e for a n alluvial cross 
sec t ion , r e a s o n a b l y g o o d e s t i m a t e s of the un
m e a s u r e d s e d i m e n t d i s c h a r g e s can usual ly be made 
f rom s u c h c u r v e s a s t h o s e of F i g u r e 5. If the con
c e n t r a t i o n s of s u s p e n d e d s e d i m e n t a re either 
especia l ly h i g h or low, a d j u s t m e n t s as indicated by 
t h e c u r v e s of F i g u r e 6 m a y b e appl ied . If sufficient 
i n f o r m a t i o n is a v a i l a b l e , C u r v e C of Figure 5 and 
t h e c u r v e s of F i g u r e s .7 a n d 8 c a n b e used to give 
m o r e d e p e n d a b l e u n m e a s u r e d s e d i m e n t discharges, 
espec ia l ly for c o n c e n t r a t i o n s a n d d e p t h s t h a t differ 
w ide ly f rom m o s t of t h o s e t h a t were used to define 
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UNMEASURED SEDIMENT DISCHARGE 717 

me curves of Figures 5 and 6. This last type of 
utation is particularly preferable for cross 

:fons whose stream beds. a~e partly ?r mainly 
posed of relatively unshlftmg materIal. 

~timates of unmeasured sediment discharge 
~rc'lll any of the curves may be used to .show ~at 
;'r some sections the unmeasured sedIment dls
~rge is a negligible percentage of .the total 
sediment discharge and can safely be dIsregarded 
lniess the amount of the coarser sediment that is 
fu;harged is particularly significant. At the other 
extreme, the estimates may indicate that the un
measured sediment discharge is, either in general 
,r at certain seasons or rates of fiow, so large a 
;'raction of the total sediment discharge that more 
exact computations are justified even though such 
romputations may require much expensive field 

iilld office work. 
Unmeasured sediment discharges based princi

Dallv on the relationship to mean velocity are 
:ml): approximations, but the fact should be 
:emembered that the term 'unmeasured sediment 
discharges' is used because no practical way is 
imOI'i1l for measuring such discharges directly and 
with reasonable accuracy on most streams. All 
that is claimed for the generalized relationships of 
this paper is that they usually seem to give reason
ably good approximations of the unmeasured 
sediment discharges that might be obtained by 
;pending hundreds or thousands of dollars on 
additional field measurements and office computa
tions. These relationships are suggested to supple
ment but not to supersede such measurements and 

computations and should be revised when more 
exact information becomes available. 
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