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This interim report describes work on numerical reservoir sedimentation 

models to improve the prediction of reservoir sedimentation. The study 

considers the problems of updating sections subject to erosion or 

deposition, the consolidation of deposited sediments and the definition 

required to model a combination of silts and sands. The purpose of the work 

is to enable improved predictions to be made of reservoir sedimentation and 

to enable methods of controlling sedimentation to be studied. 
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1 INTRODUCTION 
I t  is  of the  n a t u r e  of r e s e r v o i r s  t h a t  they l e a d  t o  a  
r e d u c t i o n  of both  t h e  v e l o c i t y  of f low i n  a  r i v e r  and 
t h e  wa te r  s u r f a c e  s l o p e .  T h i s  r educes  t h e  c a p a c i t y  of 
the  r i v e r  t o  t r a n s p o r t  sediment and encourages  t h e  
d e p o s i t i o n  of sediment i n  t h e  r e s e r v o i r .  The 
accumulat ion of sediment  r educes  the  amount of w a t e r  
s t o r a g e  a v a i l a b l e  and hence t h e  u t i l i t y  of t h e  
r e s e r v o i r .  I n  ext reme c a s e s  e f f e c t i v e l y  a l l  t h e  
u s e f u l  s t o r a g e  may be l o s t  due t o  s e d i m e n t a t i o n .  The 
r a t e  a t  which sediment  accumula tes  has  a  major impact 
on the  u s e f u l  l i f e  of a  r e s e r v o i r  and s o  is 
s i g n i f i c a n t  i n  a s s e s s i n g  t h e  economics of a  proposed 
r e s e r v o i r .  There i s ,  t h e r e f o r e ,  a  need t o  be a b l e  t o  
a s s e s s  s e d i m e n t a t i o n  when a  r e s e r v o i r  i s  being 
planned.  

A number of e m p i r i c a l  methods have been developed 
based s o l e l y  on two o r  t h r e e  parameters  such  a s  t h e  
catchment s i z e  o r  run-off and r e s e r v o i r  s t o r a g e  
( C h u r c h i l l ,  1948 and Brune, 1953).  These can be 
c r i t i c i s e d  a s  they  i g n o r e  o b v i o u s l y  s i g n i f i c a n t  
v a r i a b l e s  such a s  the  type of sediment c h a r a c t e r i s t i c  
of t h e  r i v e r .  As a  r e s u l t  of t h e  i n a d e q u a c i e s  of t h i s  
e m p i r i c a l  approach t h e  e s t i m a t e s  of s e d i m e n t a t i o n  
which they  provide  can prove u n r e l i a b l e .  There a r e  
i n s t a n c e s  of r e s e r v o i r s  f i l l i n g  wi th  sediment w i t h i n  
one o r  two y e a r s  of c o n s t r u c t i o n .  Hore r e c e n t l y  w i t h  
t h e  a v a i l a b i l i t y  of computers i t  has  been p o s s i b l e  t o  
develop numer ica l  models of r e s e r v o i r s .  These models 
c a l c u l a t e  the  w a t e r  f low and sediment  movement i n  
d e t a i l  throughout  the  r e s e r v o i r .  T h i s  i n t e r i m  r e p o r t  
d e s c r i b e s  s t u d i e s  of how t o  develop t h e s e  numerical  
r e s e r v o i r  models t o  make them more r e a l i s t i c  s o  a s  t o  
improve t h e  accuracy of t h e i r  p r e d i c t i o n s .  I f  
r e a l i s t i c  r e s e r v o i r  models can be developed they  w i l l  
p rov ide  a  more r e l i a b l e  and d e t a i l e d  e s t i m a t e  of t h e  
impact of s e d i m e n t a t i o n  on a  r e s e r v o i r .  

R e s e r v o i r  s e d i m e n t a t i o n  r e s u l t s  from a  complex 
i n t e r a c t i o n  of a  number of p h y s i c a l  phenomena not  a l l  
of which a r e  we y e t  a b l e  t o  d e s c r i b e  i n  d e t a i l .  While 
t h e  wa te r  f low can be d e s c r i b e d  s a t i s f a c t o r i l y  our  
unders tand ing  of t h e  movement of t h e  sed iment ,  i t s  
d i s t r i b u t i o n  i n  p lan  and t h e  p rocess  by which i t  
s e t t l e s  and subsequen t ly  c o n s o l i d a t e s  i s  incomple te  
and r e q u i r e s  f u r t h e r  work to  e l u c i d a t e  the  mechanisms 
invo lved .  Desp i t e  our  incomplete  knowledge, however, 
i t  i s  c e r t a i n l y  p o s s i b l e  t o  improve the  d e s c r i p t i o n  of 
v a r i o u s  of t h e s e  p r o c e s s e s  i n  e x i s t i n g  numer ica l  
models. 

I n  t h e  p r e s e n t  s t u d y  we have so  f a r  c o n s i d e r e d :  

1) t h e  way t h a t  c r o s s - s e c t i o n s  a r e  up-dated 
fo l lowing  d e p o s i t i o n  o r  e r o s i o n ;  



2 )  the consoldiation of deposited sediments; 

3 )  the amount of detail required to model a 
combination of silts and sands. 

These ivestigations are described in the following 
sections. 

2 UPDATING 
SECTIONS 

The primary purpose of a numerical reservoir 
sedimentation model is to predict the extent and 
location of sediment deposition within a reservoir. 
In modelling the sediment movement the primary concern 
is deposition. Since, however, the water level in the 
reservoir fluctuates and the inflowing discharae 
varies, sediment that has previously been deposited 
may subsequently be eroded. It is necessary to be 
able to model both the deposition and erosion of 
sediment. In modelling deposition and erosion account 
must be taken of the effect that deposition and 
erosion have on the section. Numerical calculations 
can be made to predict the change in cross-section 
area at a section but the primary interest is in the 
resulting bed level. Thus the change in bed level 
must be derived from a change in cross-sectional area 
on the basis of some assumption about the distribution 
of deposition or erosion across the section. In the 
early mobile-bed numerical river it was simply assumed 
that the section was raised or lowered vertically by 
the deposition and erosion of sediments with no change 
in cross-section shape. This is satisfactory 
providing either the amount of deposition or erosion 
is small or that little change in cross-section shape 
is expected. In reservoir sedimentation neither of 
these conditions apply so more careful consideration 
must be given to the up-dating of cross-sections. 
Since deposition and erosion have different impacts on 
a cross-section we will consider them separately. 

Deposition 

There are three simple possible algorithms for 
modelling deposition (see Fig 1). 

a ) Raising the section bodily, without any change 
of shape. Unfortunately where changes in 
cross-sectional area are large this is not 
particularly realistic. 

b ) Fill in the section from the bottom. 

C) Deposition is distributed across the total 
width of the section, the amount of deposition 
at each point assumed to be proportional to the 
depth so that most deposition takes place in 



t h e  d e e p e s t  p a r t s  of t h e  s e c t i o n  w i t h  
p r o p o r t i o n a t e l y  l e s s  i n  t h e  s h a l l o w e r  a r e a s .  

E r o s i o n  

There a r e  t h r e e  s imple  p o s s i b l e  a l g o r i t h m s  f o r  
mode l l ing  e r o s i o n  ( s e e  F i g  2 ) .  

a )  Lowering t h e  s e c t i o n  b o d i l y  wi thou t  any change 
of shape .  U n f o r t u n a t e l y  t h i s  i s  n o t  
p a r t i c u l a r l y  r e a l i s t i c  f o r  r e s e r v o i r  
s e d i m e n t a t i o n .  

b )  E r o s i o n  i s  s i m u l a t e d  by c a l c u l a t i n g  a n  
e q u i l i b r i u m  wid th  of t h e  r i v e r  e n t e r i n g  t h e  
r e s e r v o i r  and assuming t h a t  e r o s i o n  i s  c o n f i n e d  
t o  t h a t  width .  

C )  Eros ion  t a k e s  p l a c e  a c r o s s  t h e  t o t a l  wid th  of 
t h e  s e c t i o n  and is  t aken  t o  be p r o p o r t i o n a l  t o  
t h e  d e p t h  s o  t h a t  most e r o s i o n  t a k e s  p l a c e  i n  

, t h e  d e e p e s t  p a r t s  of t h e  s e c t i o n .  

To d e c i d e  how r e a l i s t i c  t h e s e  a l g o r i t h m s  a r e  f o r  
r e s e r v o i r  s e d i m e n t a t i o n  i t  v a s  dec ided  t o  l o o k  a t  
c r o s s - s e c t i o n s  d e r i v e d  from r e s e r v o i r  s u r v e y s .  The 
ODA u n i t  a t  HR under took  an i n v e s t i g a t i o n  of r e s e r v o i r  
s e d i m e n t a t i o n  i n  t h e  Tana R i v e r  B a s i n ,  Kenya funded by 
ODA i n  c o l l a b o r a t i o n  wi th  t h e  Tana and A t h i  Kive r s  
Development A u t h o r i t y ,  t h e  M i n i s t r y  of ldater  
Development, Kenya and t h e  Kenya Power and L i g h t i n g  CO 
L td .  A s  p a r t  of the  work c r o s s - s e c t i o n s  were su rveyed  
on t h r e e  r e s e r v o i r s ,  Kindaruma, Kamburu and Xasinga 
and t h e  c r o s s - s e c t i o n s  compared w i t h  t h o s e  d e r i v e d  
from e a r l i e r  su rveys .  (Wooldridge,  1984) .  F i g  3 shows 
Kindaruma r e s e r v o i r  and t h e  comparison between some of 
t h e  measured c r o s s - s e c t i o n s .  For t h e  most p a r t  t h e  
s e c t i o n s  appear  t o  demons t ra t e  a  g r a d u a l  f i l l i n g  up 
from t h e  bottom most a k i n  t o  ( b )  of F i g  1. F i g  4  
shows Kamburu r e s e r v o i r  and t h e  comparison of some of 
t h e  measured c r o s s - s e c t i o n s .  I n  t h e  s e c t i o n s  from t h e  
upper p a r t  of t h e  r e s e r v o i r  t h e  o r i g i n a l  s e c t i o n  i s  
a lmos t  comple te ly  s i l t e d  but  t h e  i n f l o w  of w a t e r  h a s  
ma in ta ined  a  much s m a l l e r ,  a lmos t  t r a p e z o i d a l  s e c t i o n  
While sone  of t h e  o t h e r  s e c t i o n s  demons t ra t e  a  g r a d u a l  
f i l l i n g  from t h e  b a s e ,  c f .  ( b )  of F i g  1, o t h e r s  s t i l l  
demons t ra t e  t h e  l o c a t i o n s  of t h e  o r i g i n a l  channe l  i n  
t h e  s i l t e d  c r o s s - s e c t i o n  s o  t h a t  t h e  p a t t e r n  of 
s e d i m e n t a t i o n  resembles  ( c )  of F i g  1. The o r i g i n a l  
i n v e s t i g a t o r s  a t t r i b u t e  t h e  d i f f e r e n c e s  i n  t h e  s i l t i n g  
of t h e  c r o s s - s e c t i o n s  of t h e  two r e s e r v o i r s  t o  t h e  way 
t h a t  t h e  r e s e r v o i r s  a r e  o p e r a t e d .  Kindaruma i s  
p r e s e n t l y  o p e r a t e d  t o  m a i n t a i n  t h e  w a t e r  l e v e l  a t ,  o r  
n e a r ,  i t s  maximum water  l e v e l  f o r  long  p e r i o d s  
r e s u l t i n g  i n  even s e d i m e n t a t i o n  a c r o s s  t h e  s e c t i o n .  
Kamburu r e s e r v o i r ,  however, i s  s u b j e c t e d  t o  a  l a r g e  



range of water  l e v e l s  and t h i s ,  i t  is c la imed ,  l e a d s  
t o  t h e  p r e s e r v a t i o n  of low wate r  channe l s  due t o  t h e  
re-working of sediment when t h e  wa te r  l e v e l  i s  drawn 
down (Wooldridge 1983) .  

Evidence from Chinese r e s e r v o i r s  s u g g e s t s  t h a t  t h e  
problem i s  more complex. Comparison of c r o s s - s e c t i o n s  
from Guanting r e s e r v o i r  b e f o r e  and a f t e r  a  p e r i o d  of 
drawdown demonstra ted  t h a t  a  deep channe l  was formed 
by sediment r e - e r o s i o n ,  s e e  F i g  5. U n f o r t u n a t e l y  
t h e r e  i s  no i n d i c a t i o n  of whether t h i s  channe l  
corresponded w i t h  t h e  o r i g i n a l  r i v e r  channe l .  
i r o s s - s e c t i o n s  from Sanmenxia r e s e r v o i r  show 
d e p o s i t i o n  fo l lowed  by e r o s i o n  t a k i n g  p l a c e  a c r o s s  
approximate ly  t h e  f u l l  width  of t h e  c r o s s - s e c t i o n .  
Thus e r o s i o n  does  n o t  n e c e s s a r i l y  imply t h e  
development of a  deep,  narrow channe l .  A l l  t h i s  
evidence s u g g e s t s  t h a t  of t h e  l a t t e r  two a l g o r i t h m s  
d e s c r i b e d  above f o r  model l ing e r o s i o n  and d e p o s i t i o n  
each i s  r e a l i s t i c  i n  c e r t a i n  c i r c u m s t a n c e s  but  
p o s s i b l y  l e s s  s o  i n  o t h e r s  and a t  t h e  moment i t  i s  n o t  
p o s s i b l e  t o  d e c i d e  a  p r i o r i  which is t h e  most 
a p p r o p r i a t e .  

2 .1  Ana lys i s  of 
s e c t i o n  
upda t ing  

It should  be noted t h a t  t h e  d i f f e r e n c e s  between t h e  
methods of up-dating t h e  s e c t i o n s  depends upon t h e  
shape of t h e  o r i g i n a l  c r o s s - s e c t i o n .  For a n  i n i t i a l l y  
r e c t a n g u l a r  s e c t i o n  a l l  t h e  methods f o r  d e p o s i t i o n  a r e  
t h e  same. For a  t r i a n g u l a r  s e c t i o n  l a r g e  d i f f e r e n c e s  
may occur  between t h e  t h r e e  methods. It can  be 
observed,  however, t h a t  methods ( 2 )  and ( 3 )  under  
d e p o s i t i o n  tend t o  make t h e  s e c t i o n  appear  more 
r e c t a n g u l a r  s o  t h a t  a s  d e p o s i t i o n  c o n t i n u e s  t h e  
d i f f e r e n c e s  between t h e  methods become l e s s .  These 
a r e  r e a l l y  s p e c i f i c  examples of t h e  more g e n e r a l  
o b s e r v a t i o n  t h a t  t h e  methods a r e  e q u i v a l e n t  i f  t h e  
a r e a  of t h e  c r o s s - s e c t i o n  i s  p r o p o r t i o n a l  t o  t h e  d e p t h  
and t h a t  t h e  d i f f e r e n c e s  become more a c c e n t u a t e d  t h e  
f u r t h e r  one goes  from a  l i n e a r  f u n c t i o n .  

Methods ( l ) ,  ( 2 )  and ( 3 )  f o r  d e p o s i t i o n  have been 
programmed and t h e  r e s u l t s  have been compared f o r  a  
t r i angu la r - shaped  r e s e r v o i r  t o  a c c e n t u a t e  t h e  
d i f f e r e n c e s .  F ig  6 i s  a  l o n g i t u d i n a l  p r o f i l e  down t h e  
r e s e r v o i r  c e n t r e - l i n e  and shows t h e  d i f f e r e n c e s  i n  bed 
l e v e l  t h a t  may a r i s e .  By choosing a  s u f f i c i e n t l y  wide 
i n i t i a l  s e c t i o n  t h e  d i f f e r e n c e s  may be made a r b i t a r i l y  
l a r g e .  

3  COMPACTION OF 
SEDIMENTS 

I n  performing c a l c u l a t i o n s  of sediment t r a n s p o r t  t h e  
q u a n t i t y  normal ly  c a l c u l a t e d  i s  t h e  weight  of sediment 



be ing  t r a n s p o r t e d .  D e p o s i t i o n  o r  e r o s i o n  is 
r e p r e s e n t e d  by t h e  r a t e  of change of sediment  
t r a n s p o r t  wi th  d i s t a n c e  and i s  t h u s  expressed  i n  terms 
of weight  of sed iment .  To de te rmine  t h e  l o s s  of 
s t o r a g e ,  however, t h i s  weight  has t o  be conver ted  t o  a  
volume u s i n g  a  v a l u e  of d e n s i t y  f o r  t h e  d e p o s i t e d  
sediment .  The v a l u e  of the  d e n s i t y  wi th  which 
sediment i s  i n i t i a l l y  d e p o s i t e d  on the  bed i s  a  
f u n c t i o n  of t h e  composi t ion of the  m a t e r i a l .  The 
d e n s i t y  of t h e  m a t e r i a l  once i t  has  been d e p o s i t e d  may 
a l s o  va ry  depending upon t h e  time and t h e  amount of 
overburden t o  which i t  i s  s u b j e c t e d .  As  t h e  v a r i a t i o n  
i n  d e n s i t y  may be up t o  a  f a c t o r  of 2  i t  can be 
s i g n i f i c a n t  i n  t h e  d e t e r m i n a t i o n  of s t o r a g e  l o s s .  We, 
t h e r e f o r e  c o n s i d e r  i n f o r m a t i o n  a v a i l a b l e  on t h e  
d e n s i t y  of sediment d e p o s i t s  i n  r e s e r v o i r s .  

Var ious  measurements of i n - s i t u  d e n s i t y  of sediment  
d e p o s i t s  i n  r e s e r v o i r s  have been taken.  The ch ie f  
problem i n  i n t e r p r e t i n g  t h i s  d a t a ,  however, h a s  been 
t h a t  t h e r e  has  been no way of a s s e s s i n g  t h e  age of the 
d e p o s i t .  Thus though i n t u i t i v e l y  both  age and 
overburden should  be s i g n i f i c a n t  i t  is no t  p o s s i b l e  
from t h e  a v a i l a b l e  d a t a  t o  q u a n t i f y  t h e  e f f e c t  of 
e i t h e r .  

Evidence s u g g e s t s  t h a t  sands  do n o t  c o n s o l i d a t e  b u t  
ach ieve  t h e i r  u l t i m a t e  d e n s i t y  immediate ly .  The 
i n i t i a l  d e n s i t y  of s i l t s  and c l a y s ,  however, depends 
upon t h e i r  composi t ion,  a s  does t h e  r a t e  a t  which t h e y  
c o n s o l i d a t e .  Heinenann (1962) measured sediment bed 
d e n s i t i e s  i n  Sabetha  Lake, Kansas, us ing  a  gamma probe 
and a  p i s ton- type  sampler .  He showed t h a t  t h e  d e n s i t y  
v a r i e d  wi th  t h e  c l a y  c o n t e n t ,  s e e  F i g  7 .  The s c a t t e r  
i s  presumably due t o  t h e  v a r y i n g  age  and amount of 
overburden.  Work by Burt  and P a r k e r  (1984) 
demons t ra tes  t h e  e f f e c t  of both  t ime and overburden on 
t h e  compaction of mud bed bu t  t h e i r  r e s u l t s  seem t o  
i n d i c a t e  t h a t  t h e  u l t i m a t e  d e n s i t y  ach ieved  i s  
independant  of both.  

Lane and Koelzer  (1943) c o l l e c t e d  a  l a r g e  q u a n t i t y  of 
d a t a  on sediment bed d e n s i t i e s .  D e s p i t e  t h e  f a c t  t h a t  
t h e r e  was l i t t l e  f i r m  d a t a  on t h e  age  of t h e  d e p o s i t s  
concerned,  Lane and Koe lze r  p o s t u l a t e d  an e q u a t i o n  of 
t h e  form 

W = W 1 + k l o g l o T  , (1 )  

where 

W i s  t h e  bed d e n s i t y  i n  l b s / c u  f t  a f t e r  t ime T  
N 1  i s  the  bed d e n s i t y  i n  l b s l c u  f t  a f t e r  1 year  
K is a  c o n s t a n t  
T is t h e  age of the  bed i n  y e a r s .  



The constant W1 depends upon the size of the material 
and the parameter K on the size of the sediment and 
the type of operation of the reservoir, see Table 1. 
As even Lane and Koelzer point out the form of 
equation (1) is clearly wrong since according to the 
equation the density of silts and clays increases 
indefinitely with time. It is much more realistic to 
suppose that it asymptotes to some ultimate density. 
The values of W1 for the case of reservoirs kept 
nearly empty were selected on the basis of field data 
and K was assumed to be zero, ie it was assumed that 
the deposits dried quickly to their ultimate density. 
The values of K for the other cases were chosen so 
that the density attained the reservoir nearly empty 
value after 1000 years. Thus it can be seen that 
while there is reasonable evidence to support the 
initial W l  values the choice of K is arbitary. The 
equation does not take account of the effect of 
overburden. 

iluch work has been done on the self-weight 
consglidation of silts (Gibson, England and Hussey, 
1967 and Been and Sills 1981). Attention has been 
chiefly directed at the initial development of soft 
soil beds. Under certain simplifying assumptions the 
process can be described by the equation 

where e is the voids ratio, CF is the coefficient of 
consolidation, t is time and z is the vertical 
coordinate. Descriptions are being sought for the 
development of a consolidated bed in typically the 
first 1000 hours. In modelling reservoir 
sedimentation, however, timescales of 20 to 50 years 
are frequently considered. On such a timescale rapid 
consolidation is restricted to the very topmost layers 
of the bed. For the remainder of the bed only a small 
rate of change with time can be expected due to the 
slowly increasing overburden so that over a small 
timespan conditions can be assumed to be well 
approximated by steady relationships. We will, 
therefore, assume that in any small time interval 
conditions can be regarded as steady but that changes 
can be expected in the various quantities involved 
over a sufficiently long time interval. This assumes 
that the rapidly consolidating part of the bed is 
small in comparison with the total deposited depth of 
sediment. This should be true except in the early 
stages of the life of a reservoir. 

If one assumes that the rate of increase of overburden 
is sufficiently small so that the majority of the soil 
column is in quasi-equilibrium then one can ignore the 



t h e o r y  on t h e  r a t e  of c o n s o l i d a t i o n  and j u s t  look a t  
t h e  r e l a t i o n s h i p  between t h e  void  r a t i o  e  and t h e  
overburden p r e s s u r e  p. For  s o i l s  t h i s  t a k e s  t h e  form 

(Terzagh i  and Pec,  1967, p72).  where C c  is t h e  
coropression index.  

For  a  s o i l  wi th  a  vo id  r a t i o  of e  then  t h e  d e n s i t y  of 
a  s a t u r a t e d  s o i l  and water  combinat ion i s  

- 
PS + e  P,, 

- 
p  s o i l  l + e  ' ( 4 )  

where p, and p, a r e  t h e  d e n s i t i e s  of t h e  s o l i d s  and 
wa te r  r e s p e c t i v e l y .  

Using e q u a t i o n  ( 3 )  f o r  t h e  vo id  r a t i o  e  we have 

PS + (Po - L C l o g l o  ! I P' 
- - PO 

s o i l  
[PO + @ 

( 5 )  

1 + P, - cc loglo  l 

We w i l l  now c o n s i d e r  t h e  r e l a t i o n s h i p  between t h i s  
e q u a t i o n  and t h e  Lane and Koe lze r  e q u a t i o n .  Le t  us 
assume a  uniform r a t e  of sediment  d e p o s i t i o n  s o  t h a t  
t h e  overburden p r e s s u r e  is of t h e  form p. + KT. 

PO + AP 
We c a n ,  t h e r e f o r e ,  r e p l a c e  by 1 + K ~ T ,  

K 
where KI  = - 

Equa t ion  (5)  then becomes 

P, + (eo  - C c  loglO [l + k l ~ ] )  pw - - 
s o i l  1 + e  - C  l o g  l + K I T  (6) 

0 C 10 

The form of e q u a t i o n  ( 6 )  has  s i m i l a r i t i e s  wi th  t h a t  
proposed by Lane and K o e l z e r ,  



We can see that the initial density W 1  is related to 
the initial void ration eo and Lane and Koelzer quite 
rightly allow this to depend upon the nature of the 
material. It can be seen, however, that implicit in 
the use of the constant K is an arbitrarily assumed 
uniform rate of deposition. Equation (5) though more 
complicated than equation (1) has a number of 
advantages. It does not imply an indefinitely 
increasing density for large times and the constants 
may he obtained using well-known laboratory 
techniques. 

4 MODELLING OF 
FINE SEDIMENTS 

The behaviour of sediments depends upon, among other 
things, the sediment size. For sediments of sand size 
and larger (approximately D = 0.06 mm) the movement of 
the sediment depends only upon the local hydraulic 
conditions. As the sediment size decreases the speed 
with'which the sediment concentration reacts to 
changes in the flow conditions diminishes and so for 
the smaller clay and silt fractions the sediment 
concentration depends not only upon the instantaneous 
local hydraulic conditions but also on the previous 
history of the flow. Because of this difference in 
behaviour when modelling reservoir sedimentation, it 
is necessary to treat the sand and silt fractions 
separately. 

4.1 Modelling 
movement of 
sand fractions 

The movement of non-cohesive sands is dependent upon 
the sediment diameter. For sediments which do not 
contain too broad a range of different sizes a 
representative sediment diameter is selected. In the 
case of Ackers and White theory for sediment movement 
the D35 size is chosen (Ackers and White, 1973). For 
widely graded sediments the range of sediment sizes 
may be divided into a number of different classes and 
a representative diameter used for each class 
(Day, 1980). 

4.2 Modelling of 
silt fractions 

The behaviour of the silt and clay fractions depends 
upon the fall velocity of the sediment. In the 
initial modelling of reservoir siltation a single 
representative fall velocity was used for calculating 
the movemnet of the silt fractions. 



4.3 Observed 
distribution of 
sediment sizes 
in reservoir 
sediments 

Heinemann ( 1 9 6 2 )  took samples of sediment from Sabetha 
Lake, Kansas, USA and showed that the composition of 
the sediment deposited varied with distance upstream 
from the dam, see Fig 8. At each distance from the 
dam the points appear as a vertical series since a 
number of samples were taken at each cross-section, 
all being the same distance from the dam. The average 
percentage of clay of the volumetric samples obtained 
at each cross-section was also determined. The 
results show three separate relationships, the changes 
between each relationship coinciding with the entrance 
of a tributary. As expected the results verify the 
general picture that the more coarse sediment is 
deposited near the head of the lake and that the 
turbulence of the flow maintains the finer particles 
in suspension though as the level of turbulence falls 
progressively finer and finer material is deposited as 
the dam is approached. Elore careful study of the 
data, however, suggests that this distribution of 
sediment does not correspond to that typically 
obtained using a single representative silt size or 
fall velocity. 

4.4 Numerical 
experiments 

Numerical experiments were performed using 1 and 5 
representative diameters for the silt sizes. After 
si~nulating two years of deposition in a reservoir a 
mean sediment size was calculated for the sediment 
deposited at each section. This was taken to be the 
mean of the sediment sizes weighted by the proportion 
of the material present on the bed. In Figure 9  this 
mean sediment diameter is plotted against distance 
upstream of the dam. The distribution of sediment and 
sediment sizes depend upon a number of factors such as 
variation of water level in the reservoir and the 
distribution of inflows throughout the year. It can 
be seen, however, that using one representative 
diameter for the sand and one for the silt gives a 
poor representation of the distribution of sediment 
sizes. Using fine silt diameters improves the 
modelling of the silt sizes but the use of only one 
representative diameter in the sand sizes leads to a 
loss of definition in that size range. It is, 
therefore, clear that whereas in calculating sediment 
transport in a river the use of a representative 
diameter such as D 3 5  has been shown to be satisfactory 
(White et al, 1973) it is unable to simulate the 
process at the head of a reservoir whereby the 
different sand sizes are sorted according to the 
ability of the flow transport material. 



5 CONCLUSIONS 
This  i n t e r i m  r e p o r t  d i s c u s s e s  a  number of deve lop~nen t s  
t o  improve t h e  accuracy  wi th  which p r e d i c t i o n s  can be 
made of r e s e r v o i r  s i l t a t i o n .  A number of methods of 
up-dat ing c r o s s - s e c t i o n s  have been d i s c u s s e d  i n  t h e  
l i g h t  of observed changes i n  r e s e r v o i r  s e c t i o n s .  The 
c o n s o l i d a t i o n  of d e p o s i t e d  sed iments  has been 
i n v e s t i g a t e d  and a  new e q u a t i o n  has  been proposed t o  
d e s c r i b e  the  change i n  d e n s i t y  through t ime. This  
work should  enab le  improvements t o  t ake  p l a c e  i n  t h e  
assessment  of t h e  impact of s e d i m e n t a t i o n  i n  
r e s e r v o i r s .  I t  should a l s o  e n a b l e  a  r e a l i s t i c  
a s sessment  t o  be made of methods t o  r e l i e v e  t h e  
p r o b l e a  of s e d i m e n t a t i o n ,  f o r  example, t h e  use  of 
sediment  f l u s h i n g  t o  m a i n t a i n  t h e  s t o r a g e  of t h e  
r e s e r v o i r .  
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