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Measurement of reservoir 
sedimentation 

D. L Rausch and H. G. Heinemann 

I n t r o d u c t i o n  

A r e s e r v o i r  s e d i m e n t a t i o n  s u r v e y  i s  an  e x c e l l e n t  method t o  
d e t e r m i n e  t h e  s e d i m e n t  y i e l d  f rom a  w a t e r s h e d .  T h i s  me thod  
h a s  d i s t i n c t  a d v a n t a g e s  o v e r  o t h e r  a p p r o a c h e s .  The  
m e a s u r e m e n t s  o b t a i n e d  a r e  g e n e r a l l y  much more  a c c u r a t e  t h a n  
t h o s e  o b t a i n e d  u s i n g  s e d i m e n t  y i e l d  p r e d i c t i o n  p r o c e d u r e s .  
I n  c o n t r a s t  w i t h  t h e  s t r e a m f l o w  m e a s u r i n g  a n d  s u s p e n d e d  
s e d i m e n t  s a m p l i n g  me thod ,  t h e  s e d i m e n t  y i e l d  f o r  p a s t  y e a r s  
c a n  b e  d e t e r m i n e d  w i t h  one  s u r v e y - - w i t h o u t  w a i t i n g  y e a r s  f o r  
c o l l e c t i o n  o f  s t r e a m f l o w  d a t a .  The s e d i m e n t a t i o n  s u r v e y  c a n  
b e  made a t  a  c o n v e n i e n t  t i m e ,  w h e r e a s  s t r e a m f l o w  s t a t i o n s  
g e n e r a l l y  must  b e  a t t e n d e d  by  s t r e a m  g a u g e r s  p e r i o d i c a l l y  and  
w h e n e v e r  f l ow  e v e n t s  o c c u r ,  d a y  o r  n i g h t .  T h i s  me thod  i s  

' u s u a l l y  c h e a p e r  t h a n  o t h e r s ,  and  o n c e  t h e  r a n g e s  and  t h e  
; b e n c h m a r k s  a r e  e s t a b l i s h e d ,  a  r e s e r v o i r  c a n  b e  r e s u r v e y e d  i n  

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

' o f  s e d i m e n t  d e p o s i t i o n  i s  d e t e r m i n e d  w i t h  a  s p u d  o r  p i s t o n  
; s a m p l e r .  Fo r  r e s e r v o i r s  b u i l t  o n  s a n d y  s i t e s  a n d  h a v i n g  s a n d y  

i n f l o w s ,  d i s t i n g u i s h i n g  b e t w e e n  d e p o s i t s  and  t h e  o r i g i n a l  
. b o t t o m  i n  t h e  u p s t r e a m  r e s e r v o i r  a r e a  i s  o f t e n  d i f f i c u l t ,  i f  

n o t  i m p o s s i b l e .  C o n s e q u e n t l y ,  t h e  o r i g i n a l  r e s e r v o i r  c a p a c i t y  
' c a n n o t  b e  computed  a c c u r a t e l y .  O t h e r  d a t a  n e e d e d  t o  d e t e r m i n e  

s e d i m e n t  y i e l d  from r e s e r v o i r  s u r v e y s  i n c l u d e  t h e  h i s t o r y  o f  
. t h e  r e s e r v o i r ,  when t h e  r e s e r v o i r  s t a r t e d  t o  f i l l ,  a n d  w h e t h e r  
r a n y  s e d i m e n t  h a s  b e e n  removed.  A l s o ,  t h e  s e d i m e n t  d i s c h a r g e d  

t h r o u g h  t h e  s p i l l w a y s  m u s t  b e  e s t i m a t e d .  T h i s  c a n  b e  d o n e  w i t h  
! t r a p  e f f i c i e n c y  v a l u e s  d e t e r m i n e d  f rom B r u n e ' s  ( 1 9 5 3 )  o r  
FHeinemann '  s (1981)  p r o c e d u r e .  

T h i s  c h a p t e r  d e s c r i b e s  a n  e f f i c i e n t  method f o r  mak ing  a 
!good r e s e r v o i r  s e d i m e n t a t i o n  s u r v e y  a n d  t h e  p r o c e d u r e  f o r  

d e t e r m i n i n g  t h e  s e d i m e n t  y i e l d  f rom a  w a t e r s h e d .  T h e  
s u g g e s t e d  method i s  b a s e d  on  c o n s i d e r a b l e  e x p e r i e n c e  i n  making  
s e d i m e n t a t i o n  s u r v e y s  o f  s m a l l  r e s e r v o i r s  up  t o  6 0 0  m w i d e  and 

m d e e p .  Equipment  and  manpower n e e d s ,  s a f e t y  p r e c a u t i o n s ,  
c o m p u t a t i o n a l  m e t h o d s ,  s u g g e s t e d  a n a l y s e s  o f  s e d i m e n t  s a m p l e s ,  

A g r i c u l t u r a l  E n g i n e e r ,  W a t e r s h e d  R e s e a r c h  U n i t ,  ARS, USDA, 
C o l u m b i a ,  M i s s o u r i ,  and  H y d r a u l i c  E n g i n e e r  ( d e c e a s e d ) ,  
H y d r o l o g y  l a b . ,  SEA-AR, U S D A ,  B e l t s v i l l e ,  Mary l and .  



and o t h e r  components  t o  c o m p l e t e  a  s e d i m e n t a t i o n  s u r v e y  a r e  
d e s c r i b e d .  

A n o t h e r  r e f e r e n c e  on t h i s  s u b j e c t  i s  t h e  American S o c i e i  
o f  C i v i l  E n g i n e e r s  S e d i m e n t a t i o n  Manual No. 54 (Vanoni ,  197'  
which c o v e r s  s e d i m e n t  d e p o s i t  measurement t e c h n i q u e s  and  
equ ipment  u s e d  f o r  b o t h  l a r g e  and  s m a l l  r e s e r v o i r s .  
I n f o r m a t i o n  f o r  s u r v e y i n g  s m a l l  a g r i c u l t u r a l  r e s e r v o i r s  i s  
c o n t a i n e d  i n  a r t i c l e s  by Rausch a n d  Heinemann (1968) ;  
Heinemann and  Rausch ( 1 9 7 1 ) ;  UDSA, SCS's N a t i o n a l  E n g i n e e r i l  
Handbook o n  S e d i m e n t a t i o n  ( 1 9 7 3 ) ;  and Rausch and Heinemann 
(1976) .  

P u b l i c a t i o n s  d e a l i n g  p r i m a r i l y  w i t h  t h e  gamma p r o b e  f o r ,  
d e t e r m i n i n g  t h e  s e d i m e n t  volume-weight  i n c l u d e  t h o s e  by 
T i m b l i n  and  F l o r e y  ( 1 9 5 7 ) ,  Heinemann (1962) .  McHenry (1962)  
McHenry a n d  Dendy ( 1 9 6 4 ) ,  and  by McHenry e t  a t .  (1971) .  
h e  p u b l i c a t i o n ,  Heinemann and Dvorak ( 1 9 6 5 ) ,  d e a l s  p r i m a r i l j  
w i t h  t h e  volume c o m p u t a t i o n s .  

Genera l  a p p r o a c h  

Each s u r v e y  s h o u l d  o b t a i n  enough d a t a  t o  a c c u r a t e l y  : 

d e t e r m i n e  s e d i m e n t a t i o n  r a t e s  w i t h  t h e  most e f f i c i e n t  
s u r v e y i n g  method o r  me thods .  I n  a d d i t i o n ,  t h e  f i e l d  s u r v e y '  
s h o u l d  b e  documented w i t h  benchmarks  t o  c x p c d i t e  f u t u r e  
s u r v e y s .  

. *  . . 
Fie ldwork  -,.$ 

The f i e l d w o r k  r e q u i r e d  d e p e n d s  upon t h e  c h o i c e  o f  
G 
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s u r v e y i n g  me thods .  I t  may i n c l u d e  a e r i a l  and topographic2;i 
m a p p i n g , - l o c a t i n g  r a n g e s ,  c r o s s  s e c t i o n i n g  w i t h  a  l e v e l F ( a b (  
w a t e r )  and by s o u n d i n g  (below w a t e r ) ,  and i n  s i t u  measuremel 
and s a m p l i n g  o f  s e d i m e n t  d e p o s i t s .  I t  i s  h i g h l y  d e s i r a b l e . 4  
t h a t  t h e  o r i g i n a l  s u r v e y  be  made soon  a f t e r  c o n s t r u c t i o n  is 
c o m p l e t e d  and  a  t o p o g r a p h i c  map c o n s t r u c t e d .  I f  a  topograp i  
map is n o t  a v a i l a b l e ,  an a c c u r a t e  map must be  c o n s t r t r c t e d , , $  
b e c a u s e  any  e r r o r  i n  t h e  c a l c u l a t i o n  o f  t h e  o r i g i n a l  r! 
r e s e r v o i r  c a p a c i t y  w i l l  c a u s e  an e q u a l  c r r o r  i n  t h e  
s e d i m e n t  volume.  

B e f o r e  s t a r t i n g  t h e  s u r v e y  work ,  t h e  topography  i n  
s u r r o u n d i n g  a r e a  s h o u l d  be  s t u d i e d ,  i n c l u d i n g  t h a t  

, downstream from t h e  dam. The s l o p e s  l e a d i n g  i n t o  t h e  
r e s e r v o i r  s h o u l d  be  examined t o  d e t e r m i n e  i f  t h e y  a r e  
c o n t i n u o u s  o r  i f  bench t e r r a c e s  o r  o t h e r  i r r e p u l a r i  t i e s  e x d  
Such t o p o g r a p h i c  f e a t u r e s  r c q u i  r e  a d e q u a t e  d c l  i n c a t i o n  dur i !  
t h e  f i e l d w o r k .  A l s o ,  t h e  mcthod f o r  comput ing t h e  r e s e r v o i i  
volume mus t  be  c h o s e n  s o  t h a t  c o m p a t i b l e  f i c l d  d a t a  c a n  b e d  
c o l l e c t e d .  3 . - 
S u r v e y i n g  and c o m p u t a t i o n a l  methods I 

,< 

T h r e e  b a s i c  s u r v e y i n g  m e t h o d s ,  o u t l i n c d  try E:lkin and ~ r f  
( 1 9 3 9 ) ,  a r e  ( 1 )  c o n t o u r ,  ( 2 )  C I - o s s - s e c t i o n a l  a r e a  o r  range:; 
and (3 )  a  c o m b i n a t i o n  o f  t h e s e  two. I n  most s u r v e y s ,  a  .fi 
c o m b i n a t i o n  o f  t h e  c o n t o u r  and  c r o s s - s e c t i o n a l  a r e a  method 
u s e d .  



The contour survey method provides  adequate  information 
f o r  t he  fol lowing methods of  computing r e s e r v o i r  c a p a c i t i e s  
a s  o u t l i n e d  by Heinemann and Dvorak (1965): 

1 .  Stage-area curve. 

. 2 .  Modified prismoidal  formula. 

3. Simpson's r u l e  us ing  contour a r eas .  

4 .  Average-contour a r e a  formula. 

The c ros s - sec t iona l  'area survey o r  range method provides 
adequate d a t a  f o r  t h e  fol lowing methods o f  c a l c u l a t i n g  
r e s e r v o i r  c a p a c i t i e s :  

C. 1.  Eakins range end formula. 

2 .  Cross-sec t ional  a r e a  versus  d i s t a n c e  from dam curve.  

3. Simpson's r u l e  us ing  c r o s s - s e c t i o n a l  a r e a s .  

& 4. Average-end a r e a  formula. 

Care must be exe rc i sed  when us ing  an average-end a r e a  
, m u l a .  A s i z e a b l e  volumetr ic  e r r o r  u s u a l l y  o c c u r s  when 
l e r e  i s  a  cons iderable  s i ze  d i f f e r e n c e  between t h e  two a r e a s  
t ing  averaged. The e r r o r ,  however, is minimal i f  t h e  a r e a s  
re s i m i l a r  i n  s i z e ,  have a s i m i l a r  width o r  depth  dimension, 

t h e  r e s e r v o i r  segment is  bowl-shaped. 
The combination survey method i s  used advantageously on 

my r e s e r v o i r s .  The main body o f  t h e  r e s e r v o i r  can u s u a l l y  
: surveyed b e s t  by t h e  c r o s s - s e c t i o n a l  o r  range method, 
:cause t h e  topography i s  more uniform and i t s  shape  changes 
!ss between surveys than  i n  d e l t a i c  a r eas .  I n  c o n t r a s t ,  t h e  
,pography i n  exposed d e l t a i c  a r e a s  may no t  be uniform, o r  it 
~y change cons iderably  from survey t o  survey  and i t  can b e s t  
: surveyed by t h e  contour  method. This  combinat ion method is 
. ex ib l e  and e a s i l y  adapted t o  most r e s e r v o i r s .  

The accuracy needed i n  surveying sediment volume and 
: n s i t y  depends upon t h e  in tended use  of  t h e  f i n d i n g  and t h e  
:curacy o f  t he  a s s o c i a t e d  d a t a .  Changes i n  sediment volume 
!tween surveys a r e  a f f e c t e d  by sediment y i e l d ,  average t r a p  
Eficiency (TE) of  t h e  r e s e r v o i r ,  removal o f  sediment ,  and/or  
lange i n  the  water  l e v e l .  Sediment y i e l d  and TE a r e  not  
m s t a n t s .  They a r e  a f f e c t e d  by meteorologica l  e v e n t s ,  land 
;e ,  and o t h e r  conse rva t ion  p r a c t i c e s  i n  t h e  watershed.  The 
tdiment d e p o s i t i o n  r a t e  cannot be a c c u r a t e l y  computed u n l e s s  
.1 t h e  above d a t a  a r e  a v a i l a b l e  o r  can be c l o s e l y  e s t ima ted .  
lus, i f  t hese  d a t a  cannot be determined q u i t e  a c c u r a t e l y ,  t h e  
trvey i t s e l f  may no t  need t o  be very  accu ra t e .  However, i f  
11 sediment out f low has been measured s i n c e  dam c o n s t r u c t i o n  
: a previous  survey ,  then an a c c u r a t e  survey w i l l  a l s o  g ive  
I a c c u r a t e  measure of TE and sediment y i e l d  f o r  t h e  per iod .  

Horizonal  c o n t r o l  of *O.S m on any a rea  exceeding 100 m 
luare w i l l  g ive  an a r e a l  accuracy b e t t e r  than 21%. Ground 
kd sediment s u r f a c e  e l e v a t i o n s  a r e  u sua l ly  measured t o  
. t h i n  ? 3  cm and benchmarks a r e  surveyed t o  w i t h i n  f 0 . 3  cm. 
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For a  r e s e r v o i r  t h a t  averages  2  m o f  water+depth  and 1 m . 4  
sediment  degth ,  t h i s  g i v e s  an accuracy  o f  -1.5% f o r  t h e  w- '  
volume and -3% f o r  t h e  sediment volume. These accurac ies :  
n o t  hard t o  o b t a i n ,  and a s  a r e a s  and dep ths  i n c r e a s e ,  t h e  
a c c u r a c i e s  can be improved. 

Manpower and communications requi rements  

Reservoi r  su rveys  can u s u a l l y  be d iv ided  i n t o  two p a r  
(1) land survey ,  and (2)  water  survey  and sediment sampl i  
Each can be p.erformed e f f i c i e n t l y  by a  2- o r  3-man crew, 
e i t h e r  s imu l t aneous ly  o r  by two crews o r  s e q u e n t i a l l y  b y .  - . -  
same crew. 

Small ,  hand-held , two-way r a d i o s  speed  t h e  performance::: 
crews, e s p e c i a l l y  a  new crew on a  l a r g e r  r e s e r v o i r .  They 
a l s o  h e l p f u l  on rough t e r r a i n  where t h e  ins t rument  man ca  
s e e  t h e  l e v e l  rod but  no t  t h e  rodman. 

Crew s a f e t y  

Reservoi r  surveys  p r e sen t  d i v e r s e  hazards  t o  each  
p a r t i c i p a n t .  Working i n  t h e  b o a t s  can be hazardous..  Wa 
s u r f a c e s  on t h e  b o a t s  shou ld  be non-sk id ,  and a  good l i f e ,  
j a c k e t  should  be worn a t  a l l  t imes .  R e f l e c t i o n  o f f  t h  
i n  a d d i t i o n  t o  t h e  d i r e c t  s u n l i g h t  makes t h e  e f f e c t  o f  t h e  
sun more i n t e n s e  and measures shou ld  be taken t o  p r o t e c t  
personnel  from sunburn ,  h e a t  e x h a u s t i o n ,  and s t r o k e .  
g e n e r a l ,  use  common sense  and c a u t i o n  i n  surveys on 'and a  
t h e  water .  

Poisonous snakes and i n s e c t s  a r e  sometimes more numer 
i n  o r  n e a r  bodies  of  wa t e r ,  and crew members should  be aw 
o f  t h e  hazards  and t a k e  a p p r o p r i a t e  p r ecau t ions .  Snake b 
k i t s  should be a v a i l a b l e  when working i n  a r e a s  t o o  remote. 
medical he lp .  Personnel  a l l e r g i c  t o  i n s e c t  s t i n g s  sho  
c a r r y  t h e i r  a p p r o p r i a t e  medicine.  

I f  a  gamma d e n s i t y  probe i s  used on t he  survey ,  pe 
should be t r a i n e d  i n  i t s  p rope r  use .  They should be r 
t o  wear f i l m  badges t h a t  r eco rd  accumulated r a d i a t i o n  
o r  dos imeters  t h a t  given an immediate read ing  of accumulat. 
r a d i a t i o n ,  o r  bo th .  

Surveying equipment 

Boats 

Two 4 . 2  m ( o r  l onge r )  
a s  a  means o f  t r a n s p o r t a t  
f a s t ened  t o g e t h e r  by two 
i n  Figures  7.1. and 7.2. 
s u b s t i t u t e d  f o r  t he  boats  

alumin 
on and 

8 cm x 
APP~OP 

ium b o a t s  
as  a  wor 

2 5  cm x 4 
r i a t e  r a f  

.. , 

with '  motors a r e  
.k p l a t fo rm when 

m p l anks ,  a s  sho 
' t s  might be  

'Q::. - 
. Cable and r e e l  ~.::-.:f; :;:. 

; .#. >s. 
.C. 

To make s u r e  t h a t  a l l  mcnsurcmcnts along a  range ac ros s  
t h e  r e s e r v o i r  a r e  on l i n c ,  a  c a b l e  i s  s t r e t c h e d  a long  t h e  ,;, 
range.  The cab l c  i s  a  3 m m ,  7- by 19 - s t r and ,  ga lvan i zed ,  .,g ,' 

preformed a i r c r a f t  cnb l c  o r  e q u i v a l e n t .  The c a b l e  i s  stored-,>2 



Fig 7.1. and 7.2. Side and front views of two boats 
fastened together by planks and equipped for reservoir 
sedimentation surveys. 

and tightened by the recl shown in Figure 7.3. This reel 
will hold 600 m of cablc. 

Cahlc distance measurements 

The distance across the reservoir is measured by using 
a commercially availnhlc cnhlc-measuring meter with smooth, 
hardened-stccl uhccls that ride thc cable. Similar devices 
may hc constructed of v:trious homemade designs. For small 
reservoirs n simple measuring tapc or chain can be used, but 
a cablc is much morc convenient to handle. 

Watcr Jcpth can bc measured manually with a long, 
neutrally huoyant pole th;lt is mnrkcd for length and which 
has a 12 cm disc on thc hottom, or with a simple 2 kg 
sounding hcll that is 1 2  cm in diameter and is attached to a 



Survey procedure 

Base line 

To provide accurate horizontal control for the survey, a 
base line is established along on side and approximately 
parallel to thc reservoir (Figure 7.7.). Three or four 
permancnt markers along this line enhance survey accuracy. 
Sometimcs the hase line has to be located on top of the dam. 
Steel pipes or rods driven to below the frost line and flush 
with the ground, or concrete monuments, serve as good 
permancnt markers. They should be reflected by distance 
and direction to nearby permanent objects. 

Fig 7 .3 .  Reel holding cable which is stretched across 
reservoir to guide boat. 

calibrated rope. These simple devices and techniques are 
recommended for small reservoirs (ponds). For larger 
reservoirs, however, use of a sonic depth recorder may be 
desirable. Depth recorders determine the depth of water by 
measuring the elapsed time between sending a high-energy 
acoustic signal downward and receiving the reflected signal 
off the bottom. Recorder adjustments permit 'zeroing' the 
chart at the water surface and varying the depth scale to 
compensate for differences in the speed of sound in the 
water. 

Typical limits for the depth recorder are from 0..5. to 
54  m. Depths as shallow as 0 . 5  m can be measured if the 
outboard transducer, or 'fish', is mounted 15 cm below the 
water surface instead of the recommended 6 0  cm (Figure 7.4 . ) .  
The water depth versus time is recorded on a chart. Distance 
across the reservoir can also be recorded on the same chart 
if a switch is installed on the cable meter (Figure 7.5.) and 
wired parallel to the 'fix' switch on the recorder. The 
switch closes momentarily for every 'set' distance of boat 
travel and causes a vertical line to be marked on the chart 
(Figure 7 . 6 . ) .  This system has performed satisfactorily at 
boat speed up to 0 . 6  m. 



Fig 7.4. Mounting of sonic depth recorder transducer. 

Fig 7.5. Switch on cable meter. 

Benchmarks 

At least t\io permanent elevation benchmarks should be 
established during the survey. This may include a designated 
point on n concrete spill~ny or similnr object. I t  is 

' 

sometimes convenient to h;lvc other hcnchmnrks around the lake 
'facilitate and check the lcvcl work. 



Contour surveying 
The contour surveying of a reservoir requires numerous'. 

elevation determinations of the reservoir topography and 
accurate location of these points so these can be plotted. 
The number of soundings or elevations needed varies with th 
irregularity of the topography. Various methods and equipm 
can be used to loate the elevation points such as transit, :! 
plane table and alidade, or range number and distance. A .;. 
number of patterns can be used to systematically cover the 
area with elevations, such as a grid system or a certain :. 
distance between points along ranges. When an adequate " 

number of specific point elevations are obtained and plotte 
contour lines can be drawn to reflect the reservoir topogr 

"echoes" 

Fig 7.6. Depth recorder chart showing distance and water 
depth. 

Experience has shown that a good reservoir contour map ..''?.;-'. 

can be drawn from a field determination of the upper spillw I 
contour, a selected lower contour such as the water surface i 
elevation, and cross-sectional data from a number of proper 
located ranges. Information on the upper (emergency) spill i 

contour and a lower contour provide excellent areal control= 
The best elevation for the lower contour is about one-third.'%. i 

of the total reservoir depth below the upper spillway. ~ 0 t h " ~  : 
contours provide much information on the topography between*,;,. 
ranges, and data from these two contours provide strategic .+?: / 
points on a stage area curve. The plane table and alidade ;ii& I ( 

may be used to map these selected contours and range ends -,;$ / and to accurately define the volume of exposed deltaic r 
deposits. Maintaining vertical control with an engineer's ' 1 
level while locating the points with the alidade will speed .$: 

I i 

the plane table work and enhance its accuacy. If the 1 

reservoir has been surveyed previously and the shoreline has 
( 

. .,: . * . '  
186 <+ ... 



not changed, only the deltas need to be resurveyed by the 
plane table method. Experience has shown that a 0.5 m 
contour interval is usually adequate for small reservoirs. 
However, additional contour lines may be needed in the 
areas to accurately define this sediment deposit. 

Base Line Marker 

Fig 7.7. Suggested range layout for a typical reservoir. 

Range layout 

Cross sections or ranges should be placed generally 
perpendicular to the valley, and, if possible, perpendicular 
to the base line and parallel to each other because this 
speeds the survey and computations. Although such placement 
is not always possible, the location of ranges must always 
be selected carefully so that the data obtained along them 
accurately describe the topography. A suggested range layout 
is shown in Figure 7.7. Ranges on a small pond may be spaced 
as closely as 15 m. As the reservoir size increases, the 
interval between ranges may also increase without losing 
accuracy. For a reservoir with a 60 ha surface area, the 
spacing may be up to 150 m if the topography is uniform. 
The reservoir segment between any two ranges, however, should 
not be a disportionate part (more than 2 5 1 )  of the reservoir 
capacity. Ranges must be locted so that they will yield 
maximum data for drawing contours. It is better to obtain 
more than adequate, rather than insufficient, data. Ranges 
should be extended if necessary, so that maximum elevations 
are at least 1 m above the highest spillway. If the exact 
topography of the upstream face of the dam is not known, at 
least one range should be located perpendicular to the axis 
of the dam to establish the presence or absence of a berm 
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succeeding surveys 

Range surveying 

with the distance from the base line or range end. This" 

Water depth 

manually and recorded. 

Sounding reservoir original bottom 



i g  7 . 8 .  S c c t i o n a l  s p u d  u s e d  t o  p e n e t r a t e  s e d i m e n t  a n d  
e t e r m i n e  o r i g i n a l  b o t t o m  e l e v a t i o n s ,  shown w i t h  m e t e r  s t i c k  
nd  a d a p t e r  f o r  e x t e n s i o n  p i p e .  

p i s t o n  s a m p l e r ,  o r  a n y  c o m b i n a t i o n  o f  t h e s e .  B e c a u s e  t h e  
r i g i n a l  s o i l  s u r f a c e  i s  u s u a l l y  more  c o h e s i v e  t h a n  t h e  
e d i m c n t ,  i t  w i l l  a d h c r e  b e t t e r  t o  t h e  t r i a n g u l a r  g r o o v e s  i n  

e  s p u d .  The  s p u d  i s  v c r t i c a l l y  i n t o  t h e  s e d i m e n t  d e p o s i t s  
d  r e t r i e v e d  f rom d c c p  w a t e r  by t h e  a t t a c h e d  r o p e  o r  from 

h a l l o w  w a t e r  by a n  e x t e n s i o n  p i p e .  
When t h e  s o u n d i n g  p o l e  a n d  o t h e r  p r o b e s  a n d  s a m p l e r s  r e a c h  

h e  o r i g i n a l  s o i l ,  p e n e t r a t i o n  r e s i s t a n c e  u s u a l l y  i n c r e a s e s  
u d d e n l y ,  t h u s  i n d i c a t i n g  t h e  l o c a t i o n  o f  t h e  o r i g i n a l  b o t t o m .  
h e  s c d i m c n t  s a m p l e r  may b c  u s e d  t o  o b t a i n  3 s a m p l e  o f  t h e  
r i g i n a l  b o t t o m ,  and  t h e  i n t e r f a c e  b e t w e e n  s e d i m e n t  and  
r i g i n a l  s o i l  c a n  b e  d e t e r m i n e d  b a s e d  on  c o m p o s i t i o n ,  
t r u c t u r c ,  d e g r e e  o f  a g g r c g a t i o n ,  c o l o u r ,  a n d  c o a r s e n e s s  o f  
a t e r i n l  a n d  a c c u m u l a t i o n  o f  l e a v e s ,  t w i g s  a n d  o t h e r  o r g a n i c  
a t t e r .  The  e a s i e s t  me thod  is  t o  u s e  t h c  s o u n d i n g  p o l e  and  
e r i o d i c a l l y  c h c c k  t h e  r c s u l t s  w i t h  t h e  spud  o r  s c d i ~ n c n t  
a m p l e r .  By h a v i n g  d i s t n n c c s  ma rked  on t h e  s o u n d i n g  p o l e  and  
t h e r  d c v i c e s ,  o n c  c a n  e a s i l y  c o n v e r t  n  g i v c n  d e p t h  be low  t h e  
a t e r  s u r f a c e  t o  nn e l e v a t i o n  from t h e  c l c v a t i o n  o f  t h e  w a t e r  
u r f a c c .  Thc  o r i g i n a l  b o t t o m  s h o u l  h c  p r o b e d  a b o u t  a s  o f t c n  
s t h e  s c d i m c n t  s u r f a c c  i s  s o u n d e d ,  o r ,  i f ,  a d c p t h  r c c o r d c r  
s u s c d ,  a b o u t  c v c r y  3 t o  7 . 5  m ,  d c p e n d i n g  on r n n g e  l c n g t h  
nd  s m o o t h n e s s  o f  t h e  b o t t o m .  

I t  i s  s c n c t i m c s  q u i t c  d i f f i c u l t  a n d  strenuous t o  d c r c r m i n c  
h e  o r i g i n a l  h o t t o m  o f  a reservoir. T h e r c i o r c  i t  i s  w i s e  t o  
u r v c y  r c s c r v o i r s  t h a t  may h c  u s c d  i n  s c d i m c n t a t i o n  s t u d i e s  
i g h t  n f  t c r  c o n s t r u c t  i o n .  F u r t l ~ c r m o r e ,  r a n g c s  c a n  h c  l o c n t c d  
nd  s u r v c y c d  t o  p r o v i d c  m:~ximum t o p o g r a p h i c  d n t ; ~  i f  t h c  s u r v c y  
s made b e f o r e  t h c  r c s c r v o i r  i s  f i l l e d .  I n  a d d i t i o n ,  h r c l l k s  
n  s l o p c s ,  b o r r o w  : l r c ; l s ,  ; ~n t l  o t h e r  i r r c g u l ; ~ r i t  i c s  c a n  b c  
u r v c y c d  morc  e n s  i  1  y :ind ; ~ c c u r n t e l y .  



I r - . - . .  - , . . . . . . . . . . . . . . . . . . . . . . . . . .................... -- 3:h 4-.:-::.:r.:.z:.:.ll ex-. -.-:-.:.-T! 
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Fig 7.9. Drawing of ARS volumetric sediment sampler which is made out of standard plumbing pipe 
materials (Inside diameter is 7.6 cm). 



iEDIMENT MEASURING EQUIPMENT 

iediment s a m p l e r  

A p i s t o n - t y p e  s a m p l e r  i s  used  t o  t a k e  u n d i s t u r b e d  
r o l u m e t r i c  samples  o f  t h e  d e p o s i t e d  s e d i m e n t .  F i g u r e  7 . 9 .  i s  
, drawing o f  t h e  A g r i c u l t u r a l  Resea rch  S e r v i c e  s a m p l e r .  The 
l a r r e l s  a r e  i n t e r c h a n g e a b l e ;  t h e y  may be  1  m t o  3  m long .  The 
n s i d e  d i a m e t e r  is  7 .6 .  cm and t h e  w a l l  i s  1 . 6  mm t h i c k .  The 
a r r e l  i s  made o f  h i g h - s t r e n g t h  s t a i n l e s s  s t e e l  h a v i n g  a  
mooth i n t e r i o r  s u r f a c e .  The nominal  7.6 cm i n s i d e  d i a m e t e r  
ampler  samples  u n c o n s o l i d a t e d  d e p o s i t s  more a c c u r a t e l y  t h a n  
ample r s  o f  s m a l l  d i a m e t e r  ( H v o r s l e v ,  1 9 4 8 ) .  

;amma probe  

Volume-weight o f  s a t u r a t e d  s e d i m e n t  c a n  be  measured  i n  
l a c e  u s i n g  a  gamma probe  t h a t  i s  p r o p e r l y  c a l i b r a t e d  i n  
a t u r a t e d  m a t e r i a l  o f  s i m i l a r  s p e c i f i c  g r a v i t y .  T h i s  p robe  
a s  a  r a d i o a c t i v e  s o u r c e  ( 3  m i l l i c u r i e s  o f  r a d i u m  226) which 
m i t s  gamma r a y s  and a  d e t e c t o r  t o  p i c k  up r e f l e c t e d  r a d i a t i o n .  
'he p robe  is  c o n n e c t e d  e l e c t r i c a l l y  t o  a  s c a l e r  by a  c o a x i a l  
a b l e  ( F i g u r e  7 . 1 0 . ) .  The s c a l e r  r e a d o u t  i s  t h e  t o t a l  c o u n t  
' o r  t h e  t ime o f  measurement p e r i o d  ( u s u a l l y  1 m i n u t e ) .  
x t e n s i o n  p i p e s  a r e  t h r e a d e d  o n t o  t h e  gamma p r o b e  s o  t h a t  i t  
an be shoved i n t o  sed iment  and removed. The 1 . 8  m aluminum 
x t e n s i o n  p i p e s  have a  38 mm o u t s i d e  d i a m e t e r  and  a  6 . 3 5  mm 
' a l l  t h i c k n e s s .  The gamma probe  h a s  been u s e d  t o  p e n e t r a t e  a s  
luch a s  4 m o f  sed iment  and t o  a  t o t a l  d e p t h  o f  1 2  m .  
, d d i t i o n a l  e x t e n s i o n  p i p e s  and c o a x i a l  c a b l e  would a l l o w  
r e a t e r  t o t a l  d e p t h s .  A yoke made from " v i c e - g r i p "  c lamps 
~ o l d s  t h e  e x t e n s i o n  p i p e  t i g h t l y  and h e l p s  t o  remove i t  from 
he sed iment  ( F i g u r e  7 . 1 1 . ) .  The gamma p r o b e ,  i t s  a c c e s s o r y  
quipnient and u s e  and  d e s c r i b e d  i n  d e t a i l  by McHenry ( 1 9 6 2 ) ,  
leinemann ( 1 9 6 2 ) ,  and McHenry and Dendy (1964) .  

. - f rame and r e e l  

An A-frame and a  r e e l  (US G e o l o g i c a l  Survey  t y p e  B-SO) a r e  
~ o u n t e d  on one o f  t h e  b o a t s  f o r  l o w e r i n g  and r a i s i n g  t h e  gamma 
lrobe and  sed iment  s a m p l e r s  ( F i g u r e s  7 .1 .  and 7 . 2 . ) .  The d i a l  
ln t h e  r e e l  i s  u s e d  t o  i n d i c a t e  d e p t h  o f  t h e  s a m p l e r .  The 
. - f rame i s  a b o u t  2.4 m t a l l  and i t s  t o p  e x t e n d s  0 . 3  m o v e r  t h e  
i d e  o f  t h e  b o a t .  The h o i s t  i s  u s e d  o n l v  when t h e  two b o a t s  
I re  f a s t e n e d  t o g e t h e r  by t h e  two p l a n k s .  A r a c k  on t h e  s i d e  
) f  t h e  A-frame h o l d s  t h e  gamma p r o b e  e x t e n s i o n  p i p e s  when t h e y  
Ire n o t  i n  u s e .  

;EDIMENT VOLUME-WEIGHT DETERMINATIONS A N D  SAMPLES 

rolun~e-weight  d e t e r m i n a  t i o n s  

Sediment  volume-weight  o r  d r y  b u l k  d e n s i t y  c a n  be 
l e t e rmined  by two methods;  i n  p l a c e  u s i n g  a  gamma d e n s i t y  
) r o b e ,  o r  by removing an  u n d i s t u r b e d  sample  o f  known volume 
~ n d  d e t e r m i n i n g  i t s  d r y  w e i g h t .  The gamma p r o b e  method i s  
' a s t e r  and more a c c u r a t e  bu t  i t  can be u s e d  o n l y  i n  s a t u r a t e d  
, e d i m e n t .  Ano the r  d i s a d v a n t a g e  i s  t h a t  a few s a m p l e s  must 



F i g  7 . 1 0 .  S c a l e r  c o n n e c t e d  t o  gamma p r o b e  b y  c o a x i a l  c a b l e ,  
cstcnsion p i p c ,  a n d  c n s c  f o r  p r o b c .  



v a r i l ~ b i l i t y  o f  t h e  s e d i m e n t .  The  e n t i r e  d c p t h  o f  s e d i m e n t  
d e p o s i t  mus t  hc  s a m p l e d  and  i t s  vo lume-we igh t  m e a s u r e d  t o  
a c c l ~ r i t t c l y  d e t e r m i n e  s c d i m e n t  a c c u m u l a t i o n ,  b e c a u s e  
c o n s o l  i c l ; ~ t i o r ~  o c c u r s  w i t h  t i m e  t h r o u g h o u t  t h e  s e d i m c n t  d e p t h .  
G ; ~ m m ; t  p r o b e  m c a s i ~ r c m c n t s  a r e  l i m i t e d  t o  t h e  d e p t h  t h e  p r o b e  
c a n  be s l l oved  i n t o  t h e  d e p o s i t e d  s e d i m c n t ,  u s u a l l y  4 m o r  l e s s .  
Re a t l i ngs  g e n e r a l l y  a r e  t a k e n  a t  0 . 3  m d e p t h  i n t e r v a l s .  

S c d i m c n t  s a m l ~ l e s  

Undisturbed s a m p l e s  o f  s e d i m e n t  d e p o s i t s  a r e  t a k e n  by 
l o w e r i n g  t h e  p i s t o n - t y p e  v o l u m e t r i c  s a m p l e r  ( w i t h  t h e  p i s t o n  
f lus11 w i t h  l o w e r  e n d )  v e r t i c a l l y  t o  t h e  s e d i m e n t  s u r f a c e .  Wi th  
t l ~ c  p i s t o n  h c l d  a t  t h e  s c d i m e n t  s u r f a c e  w i t h  i t s  r o p e ,  t h e  
s i un l ) l e r  h ; l r r c l  i s  d r i v e n  i n t o  t h e  s e d i m e n t  by  r e p e a t e d l y  
d r o p p i n g  t h e  d r i v i n g  w e i g h t .  When t h e  b a r r e l  h a s  p e n e t r a t e d  
t h c  s c d i m e n t  o r  is C u l l ,  t h e  s a m p l e r  i s  w i t h d r a w n  f rom t h e  
s c d i m e n t ,  u s i n g  t h e  r e e l  and  A-frame o n  t h e  b o a t ,  making  s u r e  
t h e  p i s t o n  d o e s  n o t  movc i n  r e l a t i o n  t o  t h e  s a m p l e r .  With t h e  
s a m p l c r  l y i n g  h o r i z o n t a l l y  o n  t h e  b o a t ,  r e l a t i v e l y  u n d i s t u r b e d  
s a m p l e s  c a n  b e  o b t a i n e d  when t h e  s e d i m e n t  i s  e x t r u d e d  from t h e  
b a r r e l  by p u s h i n g  o n  t h e  p i s t o n  r o d .  The s a m p l e r  i s  l i m i t e d  
by t h e  l e n g t h  o f  t h e  b a r r e l ,  u s u a l l y  3 m o r  l e s s .  A 10 cm 
s a m p l e  i s  t a k e n  f rom t h e  c o r e  a b o u t  e v e r y  0 .3  m .  Samp le  
l e n g t h  and  i t s  d c p t h  i n  t h e  d e p o s i t  a r e  d e t e r m i n e d  by m e a s u r i n g  
t h e  p i s t o n  r o d  d i s p l a c e m e n t .  Samp le s  a r e  p l a c e d  d i r e c t l y  i n t o  
p l a s t i c  s a m p l e  c a r t o n s ,  c a p p e d ,  and  numbered .  Samp le  numbers  
a r e  r e c o r d e d  i n  a  n o t e b o o k  and  d e s c r i b e d  a s  t o  r e s e r v o i r ,  
r a n g e ,  d i s t a n c e  t o  r a n g e  e n d ,  a n d  d e p t h .  The  r e s t  o f  t h e  
c o r e  i s  o b s e r v e d  c l o s e l y  f o r  t e x t u r e ,  a i r  and  w a t e r  p o c k e t s ,  
s t r a t i f i c a t i o n ,  a n d  o r g a n i c  m a t t e r .  Such  i n f o r m a t i o n  a l o n g  
w i t h  t o t a l  l e n g t h  o f  s e d i m e n t  i n  b a r r e l ,  d a t e ,  a n d  d a i l y  
w e a t h e r  c o n d i t i o n s  a r e  a l s o  r e c o r d e d  i n  t h e  n o t e b o o k .  

The  s e d i m e n t  s a m p l e s  a r e  u s u a l l y  a n a l y z e d  i n  t h e  
l a b o r a t o r y  f o r  p a r t i c l e - s i z e  d i s t r i b u t i o n ,  s p e c i f i c  g r a v i t y ,  
d r y  w e i g h t ,  a n d  s p e c t r o g r a p h i c  d a t a .  P a r t i c l e - s i z e  : d i s t r i b u t i o n  may be  d e t e r m i n e d  by t h e  h y d r o m e t e r  o r  p i p e t t e  ' m e t h o d  b e f o r e  d r y i n g  t h e  s a m p l e s .  The  s p e c i f i c  g r a v i t y ,  
m e a s u r e d  u s i n g  a  pycnometer ,  i s  u s e d  t o  d e t e r m i n e  a n y  s h i f t  i n  
t h e  c a l i b r a t i o n  o f  t h e  gamma p r o b e .  S p e c t r o g r a p h i c  a n a l y s e s  
may b e  p e r f o r m e d  o n  s e v e r a l  s a m p l e s  t o  d e t e r m i n e  c o n t e n t  o f  
t h e  e l e m e n t s  a d v e r s e l y  a f f e c t i n g  a b s o r p t i o n  o f  gamma r a d i a t i o n  

i f r om t h e  gamma p r o b e .  T h e s e  e l e m e n t s  a r e  i r o n ,  c a l c i u m ,  
m a n g a n e s e ,  s t r o n t i u m  and  b a r i u m .  

i COMPUTATIONS 

; C a p a c i t y  

A f t e r  a l l  t h e  s u r v e y  d a t a  h a v e  b e e n  g a t h e r e d ,  a  t o p o g r a p h i c  
' m a p  c a n  b e  c o n s t r u c t e d .  F i r s t ,  t h e  i n t e r c e p t s  o f  t h e  c o n t o u r s  
; and  r a n g e s  a r e  p l o t t e d .  C o n t o u r  l i n e s  a r e  t h e n  drawn be tween  
, r a n g e s  w i t h  t h e  a i d  o f  o t h e r  d a t a  s u c h  a s  p o i n t  e l e v a t i o n s  o f  

; t h e  s e d i m e n t  s u r f a c e  ( d e l t a i c  d e p o s i t s )  and  w a t e r  e l e v a t i o n  
i c o n t o u r  f rom t h e  p l a n e  t a b l e  s h e e t .  T h i s  map i s  u s e d  f o r  
' c o m p u t i n g  t h e  p r e s e n t  r e s e r v o i r  c a p a c i t y .  A s  m e n t i o n e d  
: " e a r l i e r ,  t h e r e  a r e  s e v e r a l  me thods  o f  compu t ing  r e s e r v o i r  

c a p a c i t y .  Heinemann a n d  Dvorak (1965 )  have  shown t h a t  t h e  



, I...: 

. * 
s t a g e - a r e a  curve  i s  t h e  most d i r e c t ,  s imple ,  a ccu ra t e ,  and 
uniformly adap tab l e  method. The a r e a  i n s i d e  each contour. . l ine 
is  determined and p l o t t e d  versus  i t s  e l e v a t i o n  o r  s t age .   hi^ 
is done f o r  each segment ( t h a t  p o r t i o n  of  t h e  r e s e r v o i r  behee l  
two o r  more ranges)  and then  f o r  t h e  t o t a l  r e s e r v o i r .  I n s t h e  
s t age -a rea  curve method, t h e  curve  i s  i n t e g r a t e d  wi th  a  . 
planimeter  o r  an i n t e g r i m e t e r  w i th  r e s p e c t  t o  s t age .  The 
instrument  u n i t s  a r e  then conver ted  t o  volume i n  cubic  metres. 

Other  computat ional  methods have a l s o  been compared and 
eva lua t ed  by Heinemann and Dvorak (1965). Some a r e  almost as 
good a s  t h e  s t age -a rea  curve method. The average-contour area 
method c l o s e l y  approximates t he  r e s u l t s  of  t h e  s tage-area  
curve method i f  smal l  contour  i n t e r v a l s  a r e  used and if the  
a r eas  being averaged a r e  not  widely d i f f e r e n t .  The average- 
contour a r e a  method uses  a  s t r a i g h t  l i n e  approximation fd r  
i n t e g r a t i n g  each increment of depth .  This  method -is e a s i l y  
programmed f o r  computer use t o  qu i ck ly  c a l c u l a t e  r e s e r v o i r  
c a p a c i t i e s ,  sediment volumes, and sediment d i s t r i b u t i o n  from 
s t age -a rea  d a t a .  

Sediment volume and sediment d i s t r i b u t i o n  

There a r e  a l s o  s e v e r a l  methods of  computing sediment 
volumes. Sediment volume may be computed d i r e c t l y  from cross-  
s e c t i o n a l  a r e a s  of sediment by t h e  methods desc r ibed  e a r l i e r ,  
The most a c c u r a t e  method f o r  de te rmining  sediment volume, 
however, is t o  take  t he  d i f f e r e n c e  between t h e  o r i g i n a l  
capac i ty  and any subsequent  capac i ty .  This  can be done for  
each increment of e l e v a t i o n  i n  each segment of  t h e  r e s e r v o i r ,  

The sum o f  a l l  sediment volume increments  i s  t h e  t o t a l  
sediment volume. The increments  o f  sediment volume can be 
summed h o r i z o n t a l l y  and v e r t i c a l l y  t o  g ive  v e r t i c a l  and:.  
h o r i z o n t a l  sediment d i s t r i b u t i o n s ,  r e s p e c t i v e l y .  The ,:- 

d i s t r i b u t i o n  of sediment is  u s u a l l y  expressed  a s  a  percentage 
of  t h e  t o t a l  sediment volume f o r  a  pe rcen tage  of  o r i g i n a l  - 
depth ( v e r t i c a l  d i s t r i b u t i o n )  o r  f o r  a  percentage  of  t o t a l  
d i s t a n c e  from the  dam ( h o r i z o n t a l  d i s t r i b u t i o n ) .  The . 
sediment volume is a l s o  used wi th  t h e  sediment volume-weight 
t o  determine t h e  t r u e  r a t e  of sediment accumulat ion by weight. 

Volume weight  

I f  gamma probe readings  a r e  t aken ,  they  may be converted 
t o  wet d e n s i t i e s  us ing  t h e  c a l i b r a t i o n  curve f o r  t h e  . 
p a r t i c u l a r  gamma probe and s c a l e r  involved.  volume-weight on 
a  dry weight  b a s i s  i s  then computed us ing  t h e  fol lowing 
formula: 

where yd is d ry  volume-weight i n  g/cmJ 

3 
'w i s  wet d e n s i t y  i n  g/cm 

Gs i s  s p e c i f i c  g r a v i t y  of  sample a t  same loca t ion  
and dep th ;  and 

1.0 = weight of water  i n  g / c m 3  a t  oOc; use  62.4 for  
l b s / f t 3 .  



Vol.:m-weight of the undisturbed samples can be determined by 
drying the sample or known portion thereof and the dividing 
the dry weight by the known sample volume. 

1 Sediment weight 
Sediment accumulation values should be reported on weight 

rather than a volume basis because the volume-weight of 
sediment varies within a reservoir and between reservoirs. 
The sediment also consolidates with time and with depth below 
the sediment surface. The increase in total weight of the 
reservoir sediment with time reflects the true rate of 
accumulation and, when adjusted for reservoir trap efficiency, 
is the sediment yield from the watershed. 

The weight of sediment in a reservoir is computed from 
sediment volumes and weighted averages of volume-weights. 
A weighted average is computed for each range, based on the 
cross-sectional area that each volume-weight reading 
represents. The weighted average volume-weight for each 
segment is then based on the weighted average volume-weight 
of each bounding range, which is weighted according to the 

area of each range represented in the segment. 
he weighted average volume-weight for each segment times the 
ediment volume in each segment equals the weight of sediment 

The total weight of sediment in the 
eservoir is then the sum of all segment weights. Figure 7.12. 
nd Table 7.1. show an example of these computations for a 
gment of the reservoir bounded by two ranges. 

i a g 7.12. Possible volume-weights in a typical segment 
unded by ranges -8 and 9. 



Table 7.1. Example of weighted average volume-weig 
computations f o r  one segment bounded by 

-- 
Range Location 

Weighted averages: 

Range 8: 
Range 9: 
Segment 

58.00 ; 90 = 
(sun of Ranges 1 and 2)  :- I 185 = 

. . 
3 ' .>f. 3 Sediment weight for segment = sediment volume x 0.653 g/an or 653 kglm . 

. .Z .  

.r- . ..-? 
:',; ..p:. ' : 

Sediment y i e l d  .- - 
- .  A; .. 

I n  o r d e r  t o  determine t h e  average annual sediment y i e l d  
from t h e  c o n t r i b u t i n g  watershed,  t h e  weight of  d e p o s i t e d ~ ~  
sediment must be ad jus t ed  f o r  r e s e r v o i r  sediment t r a p  'ipt 
e f f i c i e n c y .  This adjustment  i s  needed because n o t  a l l  of-the. 
incoming sediment i s  t rapped and +pos i ted  i n  t h e  'reservoir,. 
u s u a l l y  some i s  passed through t h e  sp i l lway.  By d e f i n i t i o n ,  
t r a p  e f f i c i e n c y  i s  t he  p o r t i o n  of t he  incoming sed imen t .  
(sediment  y i e l d )  t h a t  i s  depos i ted  o r  t rapped i n  t h e  
r e s e r v o i r ,  u s u a l l y  expressed i n  percent .  Sediment y i e l d ,  
t h e r e f o r e ,  on a  weight b a s i s  i s  c a l c u l a t e d  a s :  

sediment  y ie ld  = Weight of  Deposited Sediment x 100 Trap Ef f i c i ency  

The t r a p - e f f i c i e n c y  va lue  can u s u a l l y  be determined q u i t e  
e a s i l y  from Brunets  (1953) o r  Heinmannls (1981) t r a p  . -  
e f f i c i e n c y  curves  (F igure  7.13.).  This  r e q u i r e s  knowledge of 
t h e  average  r e s e r v o i r  capac i ty  up t o  t h e  emergency sp i l lway 



1. Halbert Rock Res.Ul, Tex. 11. 
2. Halbert Rock Res.#3, Tex. 12. 
3. Halbert Earth Res.#l, Tex. 13. 
4. Lexington, N.C. 14. 
5. Isaqueena, S.C. 15. 
6. T & P Reservoir, Tex. 16. 
7. H. Lage, Iowa 17. 
8. Third Ck. #7A, N.C. 18. 
9. N. Fork Broad R., $14, Ga. 19. 
10.Salem Fork #11A, W. VA. 20. 

Upper Hocking U1, Ohio 
Plum Ck. # 4 ,  Ky. 
Six Mile Ck. H6, Ark. 
Escondido #I, Tex. 
Double Ck. U S ,  Okla. 
Brownell #I, Neb. 
Highland Ck., Cal. 
Ashland, Mo. 
Callahan C-1, Mo. 
Bailey, Mo. 

Figure 7.13. Curve for predicting agricultural reservoir- 
sediment trap efficiency (from Heinemann, 1978). 

level for the period included in the determination of the 
weight of deposited sediment and of the average annual inflow. 
The ratio of these two values, capacitylinflow, can then be 
used to obtain the trap efficiency value from the curves. The 
average annual sediment yield is the sediment yield thus 
calculated divided by the age of the reservoir and the 
watershed area. A reservoir survey will be more useful if a 
complete discription of watershed conditions that affected 
sediment yield are included. 

SUMMARY 

In summary, the general procedure for making reservoir 
sedimentation surveys has been described and the following 
items are emphasized. 

1. Accuracy problems associated with many past reservoir 
sedimentation surveys can be avoided by systematic 
procedures and techniques outlined in this chapter. 

2. Each reservoir must be considered individually and its 
base line and range layout carefully planned before 
the survey begins. 



- .. .;:. :\.. - 
3 .  A plane  t a b l e  and a l i d a d e  can  be used t o  map readily:!? .\ 

and a c c u r a t e l y  t h e  exposed d e l t a i c  d e p o s i t s ,  spi l lway! ;; 
and s h o r e l i n e  contours  and range ends. Use o f  an , ..;., 
e n g i n e e r ' s  l e v e l  i s  sugges t ed  f o r  v e r t i c a l  c o n t r o l .  .. ' i 

4 .  A son i c  depth r eco rde r  e l e c t r i c a l l y  pulsed  by a  . 
swi t ch  on t h e  c a b l e  meter can be used t o  au toma t i ca l ly  
p l o t  water  depth  versus  d i s t a n c e  a s  i t  i s  moved ac ros s  
t h e  r e s e r v o i r  on each range.  The t r ansduce r  f o r  t h e  
depth r eco rde r  is  mounted s o  t h a t  water  depths  a s  
sha l low a s  0.5 m can be measured. Opt iona l  manual 
sounding techniques  may be used in s t ead .  

5. A gamma probe can be used t o  measure t h e  volume- 
weight  of t h e  s a t u r a t e d  depos i t ed  sediment i n  place.  
A p i s t o n  type  sampler  can be used t o  a l s o  remove an 
und i s tu rbed  sample f o r  f u r t h e r  de t e rmina t ion  o f  its 
p h y s i c a l  p r o p e r t i e s .  

6. Reservoi r  c a p a c i t y  is b e s t  determined by t h e  s t a g e -  
a r e a  curve  method - a  d i r e c t ,  s imple ,  and a c c u r a t e  
method t h a t  i s  e a s i l y  adapted  t o  a l l  r e s e r v o i r s .  
A l t e r n a t e l y ,  t h e  average-contour  method, whith . 
c l o s e l y  approximates t h e  r e s u l t s  of  t he  s t age -a rea  
curve  method, can be e a s i l y  adapted  t o  computer u s e  
t o  determine c a p a c i t i e s  and sediment volumes and 
d i s t r i b u t i o n .  

7 .  Sediment volume i s  computed a s  t h e  d i f f e r e n c e  
between t h e  o r i g i n a l  r e s e r v o i r  c a p a c i t y  and a  
subsequent  capac i ty .  The d i f f e r e n c e  i n  volume 
between any two subsequent  surveyed c a p a c i t i e s  w i l l  
no t  a c c u r a t e l y  e s t i m a t e  a d d i t i o n a l  sediment 
accumulat ion because e a r l i e r  d e p o s i t s  cont inue  t o  
c o n s o l i d a t e .  

8 .  Sediment accumulat ion shou ld  be expressed as  a  t o t a l  
weight  of sediment .  The t o t a l  weight of sediment is 
computed from t h e  sediment volume and i t s  weighted 
average volume-weight. 

9 .  Sediment y i e l d  can be determined from t h e  depos i t ed  
sediment weight by apply ing  a r e s e r v o i r  sediment t r a p  
e f f i c i e n c y  va lue  t o  account f o r  t h e  sediment t h a t  
passed  through t h e  r e s e r v o i r .  



REFERENCES 

I Brune.  G . M . ,  1953,  Trap  e f f i c i e n c y  o f  r e s e r v o i r s ,  T r a n s a c t i o n s ,  
American Geophysica L Union,  34 ,  407-4 18. 

I E a k i n ,  H . M . ,  1939,  S i l t i n g  o f  r e s e r v o i r s ,  US Department o f  
A g r i c u l t u r e  T e c h n i c a l  B u l l e t i n  524. 

Heinemann, H . C . ,  1981,  A new sed iment  t r a p  e f f i c i e n c y  c u r v e  
f o r  s m a l l  r e s e r v o i r s .  Water Resources  B u l l e t i n ,  
1 7 ,  825-30. 

Heinemann, H . G . ,  1962,  Using t h e  gamma probe  t o  d e t e r m i n e  t h e  
volume-weight  o f  r e s e r v o i r  s e d i m e n t ,  I n t e r n a t i o n a t  
A s s o c i a t i o n  o f  S c i e n t i f i c  Hydrology P u b l i c a t i o n  N O .  5 9 ,  
410-423. 

Heinemann, H . G . ,  and Dvorak, V. I . ,  1965 ,  Improved v o l u m e t r i c  
s u r v e y  and c o m p u t a t i o n  p r o c e d u r e s  f o r  s m a l l  r e s e r v o i r s ,  
Proceed ings  o f  t h e  Federal  i n t e r - ~ g e n c ~  S e d i m e n t a t i o n  
Conference ,  1963, M i s c e l l a n o u s  P u b l i c a t i o n  9 7 0 ,  
A g r i c u l t u r a l  R e s e a r c h  S e r v i c e ,  US Department o f  
A g r i c u l t u r e ,  Washington,  D . C . ,  845-856. 

I 
Heinemann, H . G . ,  and Rausch,  D.L., 1971 ,  D i s c u s s i o n  o f  

c h a p t e r  I 1  I ,  Sediment  measurement t e c h n i q u e s  : 
r e s e r v o i r  d e p o s i t s ,  by J .  L a r a ,  Proceed ings ,  American 
S o c i e t y  o f  C i v i l  E n g i n e e r s ,  Journa l  o f  t h e  H y d r a u l i c s  
D i v i s i o n ,  9 7 ,  1551-1561. 

I H v o r s l e v ,  M. J . ,  1948,  S u b s u r f a c e  e x p l o r a t i o n  and s a m p l i n g  o f  
s o i l s  f o r  c i v i l  e n g i n e e r i n g  p u r p o s e s ,  US Army Corps 
o f  E n g i n e e r s ,  Research R e p o r t .  

I McHenry, J .  R. , 1962,  D e t e r m i n a t i o n  o f  d e n s i t i e s  o f  r e s e r v o i r  
s e d i m e n t s  i n  s i t u  w i t h  a  gamma p r o b e ,  US Department 
o f  A g r i c u l t u r e  Report  ARS 41-53. 

McHenry, J .  R . ,  and Dendy, F.E., 1964,  Measurement o f  s e d i m e n t  
d e n s i t y  by a t t e n u a t i o n  o f  t r a n s m i t t e d  gamma r a y s .  
S o i  l S c i e n c e  S o c i e t y  o f  America Proceed ings ,  2 8 ,  
817-822. 

McHenry, J . R . ,  Hawks, P.H.,  Harmon, W.C., K e l l y ,  W.J., G i l l ,  
A.C.,  and Heinemann, H . G . ,  1971,  D e t e r m i n a t i o n  o f  
sed iment  d e n s i t y  w i t h  a gamma p r o b e :  a  manual o f  

I 
t h e o r y ,  o p e r a t i o n ,  and m a i n t e n a n c e  f o r  t e c h n i c a l  
o p e r a t i o n s  model 497,  U S  Department o f  A g r i c u l t u r e  
Report  ARS 41-183. 

I Rausch,  D . L . ,  and Heinemann, H . G . ,  1968,  R e s e r v o i r  
s e d i m e n t a t i o n  s u r v e y  methods ,  U n i v e r s i t y  of M i s s o u r i  
Agr icu  l t u r a l  ErperirnentaZ S t a t i o n ,  Research Bul l e  t i n  
939.  

I 
Rausch,  D .  L. , and Heinemann, H .  G.  , 1976,  R e s e r v o i r  

s e d i m e n t a t i o n  s u r v e y  methods i n  Hydro log ica l  t e c h n i q u e s  
f o r  upstream c o n s e r v a t i o n ,  F A 0  Conserva t ion  Guide No. 2 ,  
29-43. 



Timblin 

US Depa 

Vanoni , 

, L.O., and Florey, Q.L., 1957, Density measurement- 
saturated submersed sediment by gamma ray Scatterin 
Chemica t Engineering Laboratory Report No. SI -11. 

rtment of Agriculture, Soil Conservation Service, 19 
Nationat  Engineering Handbook, Section 3 . 
(Sedimentation), Chapter 7, Field Investigations an 
Surveys. 

V.A. (ed), 
S o c i e t y  of  
Engineering 

1975, Sedimentat ion Eng 
C iv i  Z Engineers Manuats 

P r a c t i c e  No. 54. 

$2 

i n e e r i n g ,  American$ 
and Reports on 

f 
f 
.B.' 

p 
;? 

.j 




