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RADIOACTIVE TRACER STUDY IN RIO DE LA PLATA

1. INTRODUCTION

The work performed w i th  r a d i o a c t i v e  t r a c e r s  in Rio de l a  P l a t a  d e s c r ib e d  

in t h i s  r e p o r t  i s  p a r t  o f  a p r o j e c t  c a r r i e d  ou t  by S i r  Wil l iam Halcrow and 

P a r t n e r s ,  s tu d y in g  th e  f e a s i b i l i t y  o f  a channel  from the  mouth o f  the  r i v e r  

Paraná de l a s  Palmas to  P uer to  Nuevo.

R a d i o a c t i v e  t r a c e r s  were used in o r d e r  to  g a t h e r  in fo rm at ion  about  

sed iment t r a n s p o r t a t i o n  in t h e  a r e a  des igned  f o r  th e  c o n s t r u c t i o n  o f  the 

a b o v e s a id  c h a n n e l .  The a d v an tag es  o f  us ing  r a d i o i s o t o p e s  a s  t r a c e r s  s tudy ing  

sediment t r a n s p o r t a t i o n  have been d i s c u s s e d  e l se w h e re ,  in connec t ion  with  

work c a r r i e d  ou t  in d i f f e r e n t  c o u n t r i e s  a l l  over  th e  world  ( l )  (2)  (3)  (4)

(5)  ( 6 ) (7)  (0) (9)  (10) (11) ( 1 2 ) .

“  Tliis r e p o r t  d e s c r i b e s  the  development o f  tiie method uscd f o r  l a b e í l i n g  

sediment from Río de l a  P l a t a ,  the  l a b e í l i n g  o p e r a t i o n ,  th e  i n j e c t í o n  and 

c o u n t in g  ó f  t h e  r a d i o a c t i v e  t r a c e r ,  t h e  c a l i b r a t i o n  o f  the  equipmont used f o r  

c o u n t in g  and the  t e s t s  f o r  check ing  e f f e c t i v e n e s s  o f  the  p ro c e d u re s .

The r a d i o a c t i v e  t r a c e r  s tudy  was c a r r i e d  ou t  by the  A rgen t ino  Atomic 

Energy Commission, in c o l l a b o r a t i o n  w i th  S i r  Will iam Halcrow and P a r t n e r s  

and th e  H y d rau l ic s  Research  S t a t i o n  o f  W a l l i n g f o r d ,  U.K„

2.  DETECTtON iiQU IPMENT

2.1  DETECTOR

The d e t e c t o r  c o n s i s t s  o f  an assembly  o f  s i x  G eiger  Willler c o u n t e r s ,  

üarshaw ty p e  617 LP, a c t i v e  l e n g t h  17 in c h e s ,  d i a m e te r  13/32  inches„ w i th  

an o p e r a t i n g  v o l t a g e  range  o f  680 to  825 v o l t s .

The G.M. c o u n t e r s  a r e  housed in a b r a s s  p r o t e c t i o n  tube  o f  13 c e n t i ­

m e te r s  d ia m e te r  and 65 c e n t i m e t e r s  l e n g t h ,  which i s  mounted on a s ledge



w i t h  a c o n n e c t in g  c a b l e  o f  a t  l e a s t  50 m e te r s  (F ig ,  2 - 2 ) .  Th is  d e t e c t o r  

can be used e i t h e r  on th e  s led g e  f o r  con t in u o u s  r a d i a t i o n  m o n i to r in g  or  

f o r  hand -he ld  p o i n t  measurements,  when mounted on a s p e c i a l  d e v i c e .

The G.M. c o u n t e r s  a r e  connec ted  in such a way as  t o  o p e r a t e  e i t h e r  

a l l  s i x  c o u n t e r s  s im u l ta n e o u s ly  o r  2 o r  4 c o u n t e r s  a t  a t im e .

The assembly  o f  2,  4 o r  6  G.M. c o u n t e r s  i s  symmetric w i th  r e g a r d  to  the  

a x i s  o f  th e  p r o t e c t i o n  tube  in o rd e r  to  keep geometry r e l a t i v e  to  the  

r i v e r  bed i n v a r i a b l e ,

2 . 2  TRACKING SLEüGE

The s led g e  f o r  con t in u o u s  measurement i s  made o f  i r o n ,  and weighs 

60 to 70 k i lo g ra m s .  I t  i s  o f  welded des ign  and has few p r o j e c t i o n s ,  so 

a s  to  reduce  th e  d i s t u r b a n c e  o f  th e  r i v e r  bed to  a mínimum. The G.M. 

c o u n t e r s  a r e  in c o n s t a n t  geometry r e l a t i v e  to  the  r i v e r  bed,  r e g a r d l e s s  

o f  th e  s ledge  p o s i t i o n .  (Diagrams a r e  shown in F ig .  2 .3  and photoqraphs  

in F i g .  2 . 4 ) .  At th e  f r o n t  o f  th e  s l e d g e  on each  s i d e ,  a re  two r i n g s  

where the  towing c a b l e  i s  a t t a c h e d .  The d i s t a n c e  between the  s ledge  and 

the  apex o f  the  towing ca b l e  i s  2 m e te r s ;  from t h i s  apex a 50 m e te r s  

c a b l e  i s  a v a i l a b l e  f o r  towing the  s led g e  a long  th e  r i v e r  bed w i th  a 

b o a t .  For  t r a c k i n g  o p e r a t i o n s  th e  s ledge  was towed 25 m e te r s  beh ind the  

b o a t ,  the r em a in ing  c a b l e  be ing  he ld  on the  boa t  by a block and a winch.

The r e c o r d i n g  c a b l e  i s  p r o t e c t e d  a g a i n s t  a b r a s ió n  and b a t t e r i n g  of  

ro ck s  by a s t r o n g  ru b b e r  tube  secured  w i th in  the  s ledge  to  the  towing 

c a b l e .  The r e c o r d i n g  c a b l e  i s  j o i n e d  a t  i n t e r v a l s  to  the  towing ca b l e  

by means o f  snap hooks,  which can e a s i l y  be a t t a c h e d  to  or  removed from 

loops  l a i n  on t h e  towing c a b l e .  These lo ops  do no t  p r e v e n t  the  cab le  

from p a s s in g  th rough  th e  block¿
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2 . 3  11AND-HELP PO.INT MEASUREMENT DEVICE

The p o i n t  measurement dev ice  i s  such t h a t  the  p r o t e c t i o n  tube  with  

t h e  G.M. c o u n t e r s  can be mounted so t h a t  geometry w i th  r e g a r d  to  the  

r i v e r  bed rem ains  t h e  same a s  when mounted on th e  s ledge  (F ig .  2 . 5 ) ;

2 .4  ELECTRONIC EQUIPMENT

The e l e c t r o n i c  in s t rum en ta t io 'n  used in t h i s  work was des igned  t r y i n g  

to  g e t  a very  simple equ ipm en t0 r e l i a b l e  and easy  to  clieck or  to  r e p a i r .

Although more s o p h i s t i c a t e d  i n s t r u m e n t a r o n  cou ld  be developed ,  a 

few p e r c e n t  acc u racy  were n e g l e c t e d  to  i n c r e a s e  r e l i a b i l i t y  and d e c re a se  

power consumpt ion .

The e l e c t r o n i c  i n s t r u m e n t a t i o n  c o n s i s t s  b a s i c a l l y  of  a s c a l e r  and a 

c o u n t in g  r a t o - m e t e r .

The s c a l e r  was des igned  us ing  two Dekatron c o u n t in g  tube s  (GC 10/B) 

having 4 k c / s  r e p e t i t i o n  r a l e  and a Sodeco mechan ical  c o u n t e r .  The c i r c u i t  

i s  f u l l y  t r a n s i s t o r i z e d  and b a t t e r y  o p e r a t e d .  S p e c i f i c a t i o n s  a r e  as  

fo l l o w s :

Counting c a p a c i t y  

R e s o lu t io n

G eige r  i n p u t  s e n s i t i v i t y  

High v o l t a g e  

Power s u p p l i e s

T e s t  o s c i l l a t o r  

C ab ine t

COUNTING [¿ATE-METER

The c o u n t in g  r a t e - m e t e r  i s  a l s o  f u l l y  t r a n s i s t o r i z e d  and was des igned  

u s in g  th e  d iode  pump p r i n c i p i e  o f  o p e r a t i o n ,  a c c o rd in g  to  the  fo l low ing  

s p e c i f i c a t i o n s i

One mi 11  ion (10^) two Dekatrons  and a fou r  
d i g i t  Sodeco c o u n t e r .

250 m i c r o / s e c .

250 V o l t s .

V a r i a b l e  up to  825 V o l t s .

8  f l a s h l i g h t  b a t t e r i e s  and 12 -67 .5  V o l t s  
r a d i o  b a t t e r i e s  f o r  th e  G.M. v o l t a g e .

A neón r e l a x a t i o n  o s c i l l a t o r .

A meta l  humid ity  p roo f  c a r r y i n g  c a s e .
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Han ge s a )  O -  1 , 0 0 0  cpm
b) O -  1 0 , 0 0 0  cpm
c )  O -  1 0 0 , 0 0 0  cpm

Time c o n s t a n ! a )  long  ! 1 0  seconds
b) s h o r t :  2  seconds

íligh v o l t a g e V a r i a b l e  up to  825 V o l t s .

I n s t rum en t 50 micro-amp; moving c o i l ,  cpm c a l i b r a t e d .

Kecord ing o u tp u t  i F ro v i s io n  f o r  1 mA moving c o i l  r e c o r d e r

Geiger  in p u t
s e n s i t i v i t y  : 250 V o l t s

Accuracy 1 % f u l l  s c a l e .

Note:  In the  f i r s t  1/10  o f  t h e  s c a l e ,  i n d i c a t i o n  i s  about  one minor 
d i v i s i ó n  in advance .  Th is  i s  v a l i d  f o r  a l l  t h r e e  r a n g e s .

RECORDER; ( ' )  Graph r e c o r d e r  made by E v e r e t t  Edgcumbe, type  1 mA,

impedance 650 olifns, w i th  c h a r t  speeds  o f  1 and 3 inches  

p e r  m inu te .  These r a t e s  a r e  s u i t a b l e  f o r  t r a c k i n g  a t  a boa t  speed o f  

about  2 k n o t s .  A t ime marke r-pen workab le  from a 12 v o l t  source  i s  

i n c o r p o r a t e d  in th e  i n s t r u m e n t ,  e n a b l in g  marks t o  be made on th e  c h a r t  

c o i n c i d e n t  w i th  tne moment o f  f i x i n g  the  p o s i t i o n  o f  t h e  b o a t .  This  

a l lo w s  the  a c t i v i t y  t r a c e  to  be matched a g a i n s t  the  boa t* s  c o u r s e .

O the r  equipment a v a i l a b l e  f o r  l a b o r a t o r y  measurement o f  r a d i o a c t i v e  

m a t e r i a l  were end-window G.M. c o u n t e r s ,  c r y s t a l  s c i n t i l l a t i o n  d e t e c t o r s ,  

a p u l s e  h ig h t  a n a l y z e r  and m o n i to r s .

f )  In loan  frora the  H ydrau l ic  Research  S t a t i o n . W a l l i n g f o r d , B e r k s h i r e , U . K .

Power supp ly : The same as  used f o r  the  S c a l e r .

Cab ine t : The -«ame as  used f o r  the  S c a l e r
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3.  METHOD FOR LABELLING AND BEHAVIOUR OF THE LABELLED SEDIMENT

3.1  CHARACTERI'STICS OF THE SEDIMENT

Sediment  from th e  a r e a  between the  r i v e r  Paraná de l a s  Palmas and 

Puer to  Nuevo c o n s i s t s  o f  1 to  20% c l a y ,  50 to  00% s i l t  and 5 to  40% sand.

Clay i s  main ly  formed by m o n t m o r i l l o n i t e  o r e ;  s i l t  by q u a r t z , f e l d s p a í  

v o l c a n i c  g l a s s  and o p a l ;  sand by q u a r t z ,  f e l d s p a r ,  mica,  v o l c a n i c  g l a s s ,  

ho rnb lende ,  a u g i t e ,  z i r c o n ,  g a r n e t ,  t o u rm a l i n e ,  h y p e r s t e n e s ,  e t c .  Organic 

m a t e r i a l  can be p r e s e n t  in v a r i a b l e  p r o p o r t i o n s ,  a rough e s t i m a t i o n  being  

1 to  2%.

S i z e  a n a l y s i s  by p i p e t t e  method (15) gave fo r  samples c o l l e c t e d  a t  

s i t o s , N ,  Km 19 and Km 3, th e  r e s u l t s  shown in t a b l e  3 .1 .

Table  3.1

GRAIN SIZE OF SEDIMENT IN DIFFEKENT SAMPLES

Sample l a r g é r  than 
62 microns

from 62 
to  4 microns

f i n e r  than 
4 microns

P o s i t i o n  N 7.3% 74.8% 18.0%

Km 19 
(Canal Cos tane ro ) 2.4% 79.0% 18.8%

Km 3 
(Canal  N o r te ) 16.3% 64.2% 19.5%

S e v e ra l  a n a l y s i s  o f . p a r t i ó l e  d i s t r i b u t i o n  were c a r r i e d  out  w i th  

samples c o l l e c t e d  in the  ab o v es a id  a r e a  (See F i g .  3 . 1 ) .  The r e s u l t s  of  

t h e s e  a n a l y s i s  a r e  shown in F i g .  3 .2  and 3 .3 .



S e v e r a l  s ed im e n ta t io n  t e s t s  were made w i th  Saraple N2 5 us ing  n a t u r a l  

w a te r  from Rio de l a  P l a t a ,  w a te r  from E z e iz a ,  d i s t i l l e d  w a te r  and wate r  

c o n t a i n i n g  0.5% alum. R e s u l t s  a r e  i n d i c a t e d  in F i g ,  3 . 4 .

3 , 2  ADSORPTION TESTS FOR NATURAL SEDIMENT

L a b e l l i n g  n a t u r a l  sed iment w i th  Sc-46  o r  Ag-110 proved to  be e f f e c t i v e  

on c l a y ,  bu t  n o t  on th e  h e a v ie r  component o f  the  sedim ent.

N a tu r a l  sed iment was shaken w i th  a s o l u t i o n  c o n t a i n i n g  Sc-46  o r  Ag-110 

f o r  s e v e r a l  m in u te s ,  f i l t e r e d  and d r i e d .  In a l l  expe r im en ts  r a d i o a c t i v i t y  

was found t o  be in t h e  sediment  f r a c t i o n  r a t h e r  than  in s o l u t i o n ,

The l a b e l l e d  sediment  was s e p a r a t e d  by d e c a n t a t i o n  i n t o  two f r a c t i o n s :  

one o f  f i n e  g r a in  s i z e  co r re s p o n d in g  to  c l a y ,  t h e  o t h e r  be ing  th e  heav ie r  

component: s i l t  and sand.

S p e c i f i c  a c t i v i t y  o f  each  f r a c t i o n  was found to be a s  i n d i c a t e d  in 

Tab le  3 . 2 .

Tab le  3 .2

SPECIFIC ACTIVITY OF Sc-46  AND Ag-110 IN NATURAL 
SEDIMENT LABELLED BY ADSORPTION

S p e c i f i c  A c t i v i t y  
o f  Ag-110 

c .p .m .

S p e c i f i c  A c t i v i t y  
o f  S c -46

Cpp | (in m
gram gram

Heavier
component 2 0 0 480

Clay 5600 8700
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These r e s u l t s  i n d í c a t e  t h a t  the  t r a c e r  i s  e a s i l y  adsorbed  ón c l a y , b u t  not  

on th e  h e a v i e r  f r a c t i o n ,  which r e p r e s e n t s  80 to  99% o f  n a t u r a l  sed iment.

• 3 . 3  ADSORPTION TESTS

The f o r e g o in g  t e s t s  show t h a t  i t  i s  a d v i s a b l e  to  remove c l a y  p a r t i ó l e s  

b e fo re  l a b e l l i n g  th e  sed im en t .  Sediment from s h o a l s  c o n t a in s  l e s s  c l a y  

( 1  t o  1 0 %), e a s i l y  s e p a r a b l e  from th e  o t h e r  components o f  the  sedim ent.

This  was done by s t i r r i n g  n a t u r a l  sediment w i th  wate r  from Río de l a  P l a t a  

and l e t t i n g  i t  decan t  f o r  a q u a r t e r  of  an hour ,  which proved to  be s u f f i c i e n t  

to  a l low  th e  h e a v ie r  f r a c t i o n  to  go to  the  bottom, wliereas c l a y  remained 

suspended.  This  p rocedure  was r e p e a t e d  unt . i l  a l l  c l a y  was removed.

I n i t i a l l y ,  the  a d s o r p t i o n  mctliod of  Krone was t e s t e d  f o r  l a b e l l i n q  the 

sediment.1'^  Th is  was done by shak ing  about  one gram o f  sediment w i th  a 

s o l u t i o n  c o n t a i n i n g  r a d i o a c t i v o  s i l v e r ,  f i l t e r i n g  the  m ix ture  and de te rm in ing

th e  a c t i v i t y  f i x e d  on the  sedim ent.

D i f f e r e n t  t e s t s  o f  f i x a t i o n  were c a r r i e d  out  w i th  the  l a b e l l e d  sediment,  

shak ing  i t  v i g o r o u s l y  w i th  n a t u r a l  w a te r  from Kío de l a  P l a t a  f o r  d i f f e r e n t  

p e r i o d s  o f  t ime and count. ing the  a c t i v i t y  o f  s i l v e r  f ixed  on the  sed iment.  

These t e s t s  were performed w i th  samples taken  a t  s i t e s  A and C. The r e s u l t s  

o b t a i n e d  a r e  shown in F ig .  3 . 6 ,  and i n d i c a t e  t h a t  i n i t i a l  r e t e n t i o n  i s  

c o n s i d e r a b l e ,  i f  a l a b e l l i n g  s o l u t i o n  w i th  a very  small amount o f  i n a c t i v e  

s i l v e r  c a r r i e r  i s  used.  However the  r e t e n t i o n  d e c re a s e s  r a p i d l y  when 

i n c r e a s i n g  amounts o f  c a r r i e r  a r e  used.  This  i s  shown in a n o th e r  s e r i e s  of  

t e s t s  per formed w i th  a l a b e l l i n g  s o l u t i o n  p rep a red  w i th  0 .4  mi l igram Ag/gram 

o f  sed im en t ,  which i s  t h e  s m a l l e s t  r a t i o  o b t a i n a b l e  w i th  the  a c t i v i t y  s upp l ie d  

by Harwell (See 4 . 2 ) .  A n a ly s i s  o f  th e  da ta  given by th e s e  t e s t s  showstha t  

s i l v e r  a c t i v i t y  i s  no t  f i rm ly  f i x e d  to  the  sedim ent,  because a f t e r  shaking 

th e  l a b e l l e d  sediment w i th  n a t u r a l  w a te r  from Kío de l a  P l a t a ,  a c o n s id e r a b l e  

amount o f  a c t i v i t y  goes over  to  the  w a te r .
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A m o d i f i c a t i o n  o f  t h i s  method was a l s o  t e s t e d  t r e a t i n g  the  sediment 

w i th  a r a d i o a c t i v e  s o l u t i o n  c o n t a i n i n g  Sc-46  or  Ag-110,  and d ry ing  i t  under 

an i n f r a r e d  lamp. Under t h e s e  c o n d i t i o n s ,  r e t e n t i o n  w i l l  be 100% be fo re  

washing th e  sed im ent.

F i x a t i o n  t e s t s  show t h a t  the  r a d i o a c t i v e  t r a c e r  i s  removed when sediment 

i s  t r e a t e d  w i th  w a t e r .  These t e s t s  were c a r r i e d  ou t  a s  f o l l o w s :  One gram 

o f  sediment  l a b e l l e d  w i th  Sc -46  o r  Ag-110 was v i g o r o u s l y  shaken w i th  w a te r  

from lito  de l a  P l a t a  f o r  d i f f e r e n t  p e r i o d s  o f  t im e .  S u p e r n a t a n t  w a te r  was 

s e p a r a t e d  by c e n t r i f u g a t i o n  and a c t i v i t y  f i x e d  to  th e  sediment  was coun ted .  

The r e s u l t s  a r e  shown in Tab le  3 . 3 .

Tab le  3 . 3

RETENTION OF Ag-110 AND Sc-46  BY SEDIMENT FROM 
RIO DE LA PLATA AFTEK VIGOROUS TREATMENT

Time o f  washing P e rc e n ta g e  o f  a c t i v i t y  f i x e d  on th e  sediment

Minutes Ag-110 Sc-46

0 1 0 0 1 0 0

5 8 6 80

15 61 63

30 54 58

60 49 53

140 45 50
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These t e s t s  show t h a t  even when Sc-46  o r  Ag-110 i s  i n i t i a l l y  f ix e d  to 

t h e  sed im en t ,  a c o n s i d e r a b l e  p a r t  o f  th e  t r a c e r  qoes g r a d u a l l y  over to  the 

w a te r  w i th  which i t  was shaken.

3 .4  TESTS PROVINO THE SILVER BEDUCHON METHOD

Sediment  from which c l a y  had been removed was l a b e l l e d  w i th  r a d i o a c t i v e  

s i l v e r ,  f i x i n g  i t  by r e d u c t io n  on the  q r a i n s  o f  sed iment.

Th is  method c o n s i s t s  in t r e a t i n g  the  sediment w i th  a s o l u t i o n  o f  s i l v e r  

n i t r a t e  (Ag-110) and S e i g n e t t e  s a l t .  The l a b e í l i n g  s o l u t i o n  must be 

s u f f i c i e n t  to cover  a l l  the  g r a i n s  o f  sed im ent,  without, be ing  e x c e s s i v e .

The t e s t  s o l u t i o n  was p repa red  in th e  l a b o r a t o r y  w i th  50 grams o f  sediment 

and about  8  m i l i l i t e r s  o f  l a b e í l i n g  s o l u t i o n  (Ag-110 with  s i l v e r  c a r r i e r  p lus  

r e d u c in g  a g e n t ) .  The r e l a t i v e  amounts o f  s o l u t i o n  and sediment t h a t  mix well  

vary  a c c o rd in g  to the n a t u r e  o f  the  sediment (about  1 0  m i l ig ram s  i n a c t i v e  

s i l v e r  p e r  gram o f  sediment were used as  c a r r i e r  f o r  Ag-110). Wlien sediment 

and s o l u t i o n  have come in to  c i ó s e  c o n t a c t ,  the r e d u c t io n  of  s i l v e r  i s  

a c c e l e r a t e d  by expos ing  i t  to s u n l i g h t  f o r  s e v e ra l  days.

F i x a t i o n  and s e t t l i n g  comparison t e s t s  were performed w i th  the  sediment 

t h a t  had been l a b e l l e d  by t h i s  method,  in o rd e r  to  conf irm t h a t  l a b e l l e d  

sediment behaves  l i k e  n a t u r a l  sed iment.

One gram o f  sediment l a b e l l e d  by r e d u c t io n  o f  r a d i o a c t i v e  s i l v e r  was 

shaken v i g o r o u s l y  w i th  w ate r  from Río de l a  P l a t a  f o r  some t im e ,  s u p e rn a ta n t  

w a te r  was s e p a r a t e d  by d e c a n ta t i o n  and a c t i v i t y  f ix e d  on the  sediment was 

coun ted .  The r e s u l t s  a r e  shown in Table  3 . 4 .

Table 3.4
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RETEMTÍON OF Ag-110 QN THE SEDIMENT LABELLED BY 
THE MMTHOD OF HEDUCTION AFTER VIGOROÜS Tl¡EATMENT

Time Qf washing 
(.minutes) P e rcen tag e  o f  a c t i v i t y  r e t a i n e d  on the sediment

0 1 0 0

15 94

30 91

60 80

150 85

240 0 2

330 0 0

S e t t l i n g  c o n d i t i o n s  o f  l a b e l l e d  sediment  and n a t u r a l  sed iment  were 

compared in th e  fo l lo w in g  way: A g l a s s  tu b e ,  90 c e n t i m e t e r s  long and 2 .5  

c e n t i m e t e r s  bore w i th  í t s  lovver end drawn to  0 . 6  c e n t i m e t e r s  on which a rubbe r  

tube  c l o s e d  by a p inch  clamp was f i t t e d ,  was used.  This  tube  was f i l l e d  w i th  

w a te r  from Ufo de la  P l a t a ,  abou t  1 gram n a t u r a l  sediment  and 100 m i l ig ram s  dry 

l a b e l l e d  sed im ent,  t h a t  were d i s p e r s e d  by s u c c e s s iv é  i n v e r s i o n s  o f  tlie tu b e .

At p r ed e te rm in ed  i n t e r v a l s  of  t ime sed im en t -w a te r  samples of  equa l  volume were 

withdrawn by opening t e m p o r a r i l y  th e  p inc h  clamp. A f t e r  c e n t r i f u g i n g t th e  weight  

and a c t i v i t y  o f  th e  withdrawn samples were de te rm ined ,  and s p e c i f i c  a c t i v i t y  

was c a l c u l a t e d .  The t o t a l  weight  o f  dry s i l t  a f t e r  per fo rm ing  t h i s  exper iment 

was abou t  1.04 gram. The r e s u l t s  a r e  shoivn in Table 3 . 5 .
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SETTLING COMPAKISON TEST FOK NATURAL SEDIMENT

Table 3 .5

MIXEI) WITH LABELLED SEDIMENT

S e t t l i n g  
t ime 

(minutes)

Weight of  
s e t t l e d  s i l t  

(mg)

S p e c i f i c  
a c t i v i t y  
(c .  D.n¡.)

mg

S e t t l e d
s i l t
%

S e t t l e d  
a c t i v i t y

°//«

1 126 2900 1 2 . 6 14.5

2 125 2500 1 2 . 0 12.5

4 247 2 2 0 0 23.8 22.5

6 1 8 6 2250 17.0 16.6

9 175 2230 1 6 . 8 15.5

2 0 103 2440 17.8 17.8

Accumulated sample weigh t  was p l o t t e d  a n a i n s t  s e t t l i n g  t im e .  From 

t l ie se  d a t a ,  a s e t t l i n g  speed curve  was o b ta in e d  f o r  each sample o f  sediment 

t e s t e d  by th e  method o f  Oden (1 5 ) .  S e t t l i n g  curves  f o r  dry l a b e l l e d  

sed im en t ,  n a t u r a l  sediment and dry t r e a t e d  sediment were o b t a in e d  us ing t h i s  

p rocedu re  (F ig .  3 . 5 ) .

3 .5  CONCLUSIONS ABQUT PKELIMINARY TESTS

B ear ing  in mind th e  r e s u l t s  o f  t h e s e  t e s t s  and the  f a c i l i t i e s  o f  our 

l a b o r a t o r y  fo r  p r o c e s s in g  a c t i v i t i e s  a t  c u r i e  l e v e l ,  the  s i l v e r  r educ t ion  

method would be the  most a t t r a c t i v e  one f o r  l a b e l l i n g  sediment from R!o de 

l a  P l a t a .
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The raethod o f  scandium a d s o r p t i o n  i á  n o t  conven ien t  because  r e t e n t i o n  

i s  low and a c t i v i t y  would g r a d u a l l y  be e l u t e d  i n t o  t h e  r i v e r  w a te r .  Bes ides  

scandium ox ide  ( t h e  orjly way scandium a c t i v i t y  i s  s u p p l i e d ) ,  i s  very  d i f f i c u l t  

to  d i s s o l v e ,  even in hot l iyd roch lo r ic  a c i d ,  and p r o c e s s i n g  i t  a t  c u r i e  l e v e l  

would r e q u i r e  s p e c i a l  f á c i l i t i e s .

The behav iour  o f  l a b e l l e d  sediment and n a t u r a l  sediment i s  s i m i l a r .

I t  shou ld  be p o in t e d  ou t  t h a t  by th e  method o f  r e d u c t i o n ,  sediment  i s  l a b e l l e d  

p r o p o r t i o n a l l y  to  i t s  volume, r a t h e r  than  t o  the  s u r f a c e  o f  th e  g r a i n s ,  as  one 

would e x p ec t  (Tab le  3.5) .  Al though t h i s  r e p r e s e n t s  an advan tage  in our c a s e ,  i t  

i s  d i f f i c u l t  to e x p l a i n .

We b e l i e v e  t h a t  i n i t i a l l y ,  when th e  s i l v e r  ions  have n o t  been com ple te ly  

r ed u ce d ,  an im por tan t  f r a c t i o n  e n t e r s  in to  the  g r a in  volume o f  the  sedimenta  

A f te rw a rd s ,  when th e  sediment  i s  exposed to  s u n l i g h t . t h e  s i l v e r  atoms on th e  

s u r f a c e  a r e  reduced  to  a f i n e  f i l m  o f  m e t a l l i c  s i l v e r  t h a t  b lo c k s  th e  ou i t le t  

o f  th e  atoms lo c a t e d  i n s i d e  the  g r a i n s .  Presumably ,  t h e s e  atoms w i l l  a l  so be 

b« reduced  t.0  m e t a l l i c  s i l v e r .  Th is  phenomenon i s  not  o bse rved  when label ’ l i n g  

c o a r s e  g ra in  sand:  s p e c i f i c  a c t i v i t y  i s  h ig h e r  in th e  f r a c t i o n  o f  f i n e  g r a i n  

s i z e .  F u r t h e r  s t u d i e s  on t h i s  f a c t  a r e  be ing  c a r r i e d  o u t .

4 .  LAÜELLÍNG OF THE SEDIMENT

4.1  SEPARATÍON OF PAUTÍCLES FINEB TllAN 15 MICltONS

Befoi 'e s t a r t i n g  the  p ro c e s s  o f  l a b e l l i n g ,  a l l  p a r t i ó l e s  f i n e r  ti ian 15 

m ic ro n s ,  as  well  as  c l a y ,  were removed by d e c a n t a t i o n .  Sediment was c o l l e c t e d  

a t  s i t e s  A, B and C, about  200 k i log ram s  fi*om each ,  us ing  two hundred l i í e r  

c y l i n d e r s  w i th  a 30 c e n t i m e t e r s  hole a t  the  bottom (F ig .  4 . 1 ) .  N a tu ra l  

sed im en t ,  25 k i log ram s  in each  b a t c h ,  was shaken w i th  w a te r  from Eze iza  f o r  20 

m i n u te s ,  fo l lowed by a 45 m inu tes  d e c a n t a t i o n  p e r i o d ,  e s t i m a t e d  by Stokes* law, 

in  o r d e r  to  a l low  a l l  p a r t i ó l e s  c o a r s e r  than 15 microns  to  go to  the  bottom 

( F ig .  4 . 2 ) .
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S u p e r n a t a n t  w a te r  ivas removed u n t i l  be ing  l e v e l  w i th  the  h o le .  A semi- 

i n d u s t r i a l  s t i r r e r  d r iven  by an e i e c t r i c  motor was used a t  400 r . p . m ,  speed,  

T h i s  p rocedu re  was r e p e a t e d ,  w i th  the  same b a t c h , u n t i l  a l l  p a r t i ó l e s  f i n e r  

than 15 microns  had been removed: about  15 t im es  f o r  sediment fróm s i t e s  A 

and C, bu t  on ly  3 t im es  f o r  sediment  from s i t e  B, which c o n t a i n s  l e s s  c l a y .  

T o t a l  removal o f  c l a y  and p a r t i ó l e s  s m a l l e r  than 15 microns  was checked by 

g r a in  s i z e  a n a l y s i s .

S e t t l i n g  c h a r a c t e r i s t i c s  o f  the  sediment do no t  vary  when t r e a t i n g  i t  

w i th  w a te r  from Eze iza  or  w a te r  from Hío de l a  P l a t a ,  as  can be seen in the  

sed im e n ta t io n  cu rves  o f  F i g .  3 . 4 ,  which shows a l s o  the  cu rves  o b t a in e d  with  

d í s t i l l e d  w a te r ,  and w a te r  c o n t a i n i n g  0.5% alum.

A n a ly s i s  o f  wate r  from Eze iza  used f o r  s e p a r a t i n g  c l a y  from sediment:

pH 7 ,0

COgH-  575 m g / l i t e r  

CO^ 0  m g / l i t e r

T o ta l  ha rdness  32.4 Grad.  F r .

, l iardness  C0 3 Üa 324

Dry r e s i d n e  a t  1052C 927 m g / l i t e r  ''

c r 6b •• Él

& H 34 ♦e •9

NO3 60 t»

Ca++ 72 >« «1

Mg++ 36 t# II

+ ++
Fe 0 . 6 ii •1

F" 0 . 6 «• •*

snd
When sediment was c o n s id e re d  f r e e  from c l a y  from p a r t i ó l e s  f i n e r  than 

15 m ic rons ,  i t  was d r i e d  by s u n l i g h t  in wooden t r a y s ,  c lods  be ing  d i s p e r s e d

w i th  a hard  wood r o l l e r .  Dry sediment was pas sed  th rough a s i e v e  o f  coarse
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mesh t o  remove s t o n e s ,  s h e l l s ,  s t i c k s ,  l e a v e s  and o r g a n ic  m a t e r i a l .

Sediment ready  fo r  l a b e l l i n g  was s to r e d  in p o l y e t h y l e n e  bags .

4.2 RADIOACTIVE LABELLING

R a d i o a c t i v e  s i l v e r  (Ag-110) was f u r n i s h e d  by A .E .R .E .H arw e l l , U.K.,  as  

g r a n u l a t e d  m e ta l ,  in t h r e e  s t a n d a rd  i r r a d i a t i o n  c a n s ,  each  c o n t a i n i n g  40 

gram s i l v e r  o f  about  1 .5  C u r ie s  a c t i v i t y .

This  s i l v e r  had to  be p ro c e s s e d  chera ica l ly  in o r d e r  to  o b ta in  a l a b e l l i n g  

s o l u t i o n  s u i t a b l e  to  th e  method p r e v i o u s l y  d e s c r i b e d .  I r r a d i a t e d  s i l v e r  was 

d i s o l v e d  in 50% n i t r i c  a c i d  and d i l u t e d  w i th  d i s t i l l e d  w a te r ;  s i l v e r  n i t r a t e  

d i s s o l v e d  in w a te r  was added to  se rve  a s  c a r r i e r  f o r  Ag-110.  Ammonia was 

added u n t i l  o b t a i n i n g  a c l e a r  s o l u t i o n  t h a t  was mixed w i th  a r e d u c in g  s o l u t i o n  

o f  S e i g n e t t e  s a l t .

Th is  l a b e l l i n g  s o l u t i o n  and th e  sediment were mixed in a c o n c r e t e  mixer  

f o r  8  to  1 0  m in u te s ,  in o rd e r  to  wet a l l  g r a i n s  o f  sed im ent.

The whole p r o c e s s  was per formed in a s p e c i a l l y  b u i i t  f a c i l i t y  in o rd e r  to  

íiandle r a d i o a c t i v e  m a t e r i a l  s e m i - a u t o m a t i c a i l y  by remóte c o n t r o l .

R a d io a c t iv e  s i l v e r  was d i s s o l v e d  and th e  l a b e l l i n g  s o l u t i o n  was p repa red  

on a t r a y  s h i e i d e d  w i th  10 c e n t i m e t e r s  o f  learf.  All  o p e r a t i o n s  were performed 

from w i th o u t  w i th  an assembly o f  to n g s ,  t h e  l i q u i d s  be ing  t r ans fen red  by p r e s s u r e  

o r  vacuum in c l o s e d  c o n t a i n e r s .  A scheme o f  the  a p p a r a tu s  used i s  shown in Fig* 

4 . 3 .

L a b e l l e d  sediment was p la ced  on wooden t r a y s  o f  about  2 square  m e te r s  

s u r f a c e ,  covered  inwardly  w i th  s h e e t s  o f  p l á s t i c ,  t h a t  were l e f t  in th e  open 

a i r  f o r  exposure  to  s u n l i g h t .  The handles  c f  t h e s e  t r a y s  were long  enough to  

reduce  t o  a minimum th e  d o s i s  o f  r a d i a t i o n  r e c e i v e d  by th e  p e rsons  who c a r r y  

them. The sediment was exposed to  s u n l i g h t  f o r  5 to  15 days ,  depending on 

c l i m a t i c  c o n d i t i o n s .  The t r a y s  were covered w i th  p l á s t i c  hoods d u r in g  the  

n i g h t  and on windy o r  r a i n y  days .
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The sediment was s t i r r e d  f requen t . ly  ( eve ry  2 0  m inu tes  du r ing  the  f i r s t  

hours  a f t e r  l a b e l l i n g  and eve ry  hour l a t e r  on) in o rd e r  to  make sure  t h a t  

th e  d ry in g  p ro c e s s  was uniform.  Wooden r a k e s  w i th  long  handles  were used,  

t o  remain a t  some d i s t a n c e  from th e  r a d i o a c t i v e  m a t e r i a l ,  A l igh t .  r o l l e r  

was passed  over  th e  sediment now and t l ien,  in o rd e r  to  s c a t t e r  c l o d s  t h a t  

e v e n t u a l l y  might  have appea red .

When the  r a d i o a c t i v e  s i l v e r  had been c om ple te ly  reduced over  th e  g r a i n s  

o f  sed im en t ,  i t  was t r e a t e d  w i th  n a t u r a l  water  from Kío de l a  P l a t a ,  in o rde r  

t o  remove th e  r a d i o a c t i v e  m a t e r i a l  t h a t  had n o t  been f i r m ly  f i x e d .

4 . 3  WASHING LABELLEI) SEDIMENT

Water was t r a n s p o r t e d  in 200 l i t e r  t a n k s  from Ufo de l a  P l a t a  to Ezeiza 

(50 k i l o m e t e r s  from the  c o a s t )  where th e  l a b e l l i n g  and washing p r o c e s s e s  were 

c a r r i e d  o u t .

The l a b e l l e d  sedim ent,  25 k i log ram s  in each b a t c h ,  was t r t a ted  w i th  150 

l i t e r s  o f  n a t u r a l  w a te r  from Río de la  P l a t a ,  shaking i t  in the  p r e v io u s l y  

d e s c r i b e d  way f o r  90 m in u te s .  Sediment was a l lowed  to  deqant  f o r  an hour,  

and s u p e rn a t a n t  w ate r  was removed,  be ing  s to r e d  in c l o s e d  c y l i n d e r s  f o r  waste 

d i s p o s a l ,  The semiwet sediment was s to r e d  in doubie  p l á s t i c  bags ,  r eady  fo r  

i n j e c t i o n .

4 . 4  FIXATION TEST AND SIZE ANALYSIS OF LABELLED SEDIMENT

Before i n j e c t i n g  the  sediment t h a t  had been taken  from s i t e s  A, B and

C, and had been l a b e l l e d  ac c o rd in g  to  the  abovesa id  method,  s e v e ra l  samples 

were taken from each  f o r  c a l i b r a t i o n ,  f i x o t i o n  t e s t  and s i z e  a n a l y s i s ,  in 

o r d e r  to  c a l c ú l a t e  th e  t o t a l  a c t i v i t y  to  be i n j e c t e d  a t  each s i t e .
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Eor th e  f i x a t i o n  t e s t  eacli sample was v i g o r o u s l y  sháken ímui 

d i f f e r e n t  p e r i o d s  o f  t ime ( v i o l e n t  shak ing :  about  1 0 0  j e r k s  per  minu te )  

and a c t i v i t y  f i x e d  on the  sediment was de te rm ined .  The cu rv es  f o r  sediment 

from s i t e s  A, B and C a r e  shown in F i g .  4 .4  Each p o i n t  on t h e  cu rvo  i s  th e  

mean o f  fo u r  samples o f  eacli sed im en t .

A c t i v i t y  f i x e d  to  the  sed im en t ,  a f t e r  t r e a t i n g  i t  w i th  n a t u r a l  w a te r  

from li to de l a  P l a t a  a s  d e s c r ib e d  in 4 . 3 ,  was as  f o l l o w s :

Sediment  A : 08 .1  %

Sediment B : 81 .0  %

Sediment C : 85 .0  %

Curves f o r  s i z e  a n a l y s i s  c a r r i e d  ou t  w i th  n a t u r a l  u n l a b e l l e d  sediment 

from s i t e s  A, B and C, a r e  shown in F i g .  4 . 5 ,  4 . 6  and 4 . 7 .

S i z e  a n a l y s i s  f o r  sediment from s i t e s  A and C was performed w i th  the 

tube  d e s c r ib e d  in 3 . 4 ,  T ab le s  4 .1  and 4 . 2 .  t h a t  g ive  th e  da ta  o f  the  s e t t l i n g  

t e s t s  f o r  sediment  from s i t e s  A and C, i n d í c a t e  the  p e rc e n ta g e  of  sed iment,  

the mass and the  p e rc e n ta g e  o f  a c t i v i t y  d c p o s i t e d  in a t ime t .  The l a s t  

column of each  t a b l e  g iv e s  t h e  s p e c i f i c  a c t i v i t y  of  each f r a c t i o n  f o r  each 

i n t e r v a l  o f  t im e .

The s e t t l i n g  curve  f o r  the  sédiment from s i t e  B was o b ta in e d  by p ass in g  

t h e  m a t e r i a l  th' rough d i f f e r e n t  s i e v e s .  Tab le  4 . 3  i n d i c a t e s  t h e  f r a c t i o n  of  

sediment s e p a r a t e d  by t h i s  p ro c e d u re ,  t h e  p e r c e n ta g e  o f  t o t a l  weight  o f  each 

f r a c t i o n  and th e  s p e c i f i c  a c t i v i t y  o f  each f r a c t i o n .
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T able 4 .1

SETTLING TEST OF LABELLED SEDIMENT FROM SITE A

S e t t l i n g  t ime 
(m in u te s )

P e rcen tag e  of  
t o t a l  s e t t l e d  

sediment

P ercen tage  o f  
t o t a ]  s e t t l e d  

a c t i v i t y

S p e c i f i c  a c t i v i t y  
o f  each f r a c t i o n  

P_.Pt"»» 
qram

1 17.1 27 .2 7300

2 33 .7 45 .9 5160
4 57 .7 67.4 4070
6 7 2 .0 79 .2 3700

1 0 0 5 .3 0 9 .6 3500

2 0 9 4 .3 96 .6 3600

40 97 .2 1 0 0 5170

Table  4 . 2

SETTLING TEST OF LABELLED SEDIMENT FROM SITE C

S e t t l i n g  t ime 
(m in u te s )

P e rc e n ta g e  o f  
t o t a l  s e t t l e d  

sediment

Percen tage  o f  
t o t a l  s e t t l e d  

a c t i v i t y

S p e c i f i c  a c t i v i t y  
o f  each  f r a c t i o n  

c .p .m .
nram

1 29 .0 36.1 6700

2 53.1 58 .2 5200

4 79 .2 00 .4 4700

6 0 9 .0 0 9 .0 4900

1 0 94 .0 94 .4 5160

2 0 97.4 98 .0 7600

40 90 .2 1 0 0 14600
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GKACN SIZE ANALYSIS OF LABELLED SEDIMENT FHOM SITE B

Table 4 .3

.......
Grain s i z e  
ím ic ro n s )

P e r c e n t a j e  of  
t o t a l  sediment

S p e c i f i c  a c t i v i t y  
c.D.m. 

qram

295 1 .5 1480

295 t o  147 7 . 0 1 1 0 0

147 to  104 2 1 . 6 i 0 0 0

104 to  74 57.8 900

74 to  50 8 . 0 1050

50 4 .4 2 2 0 0

1
4 . 5  MEASUUEMENT OF THE TOTAL ACTIVITY INJECTED AT EACH SITE AND WEIGHT OF 

THE INJECTED SEDIMENT

T o ta l  a c t i v i t y  to  be i n j e c t e d  a t  each  s i t e  was de te rmined  by t a k in g  

samples o f  t h e  sed iment from s i t e s  A, B and C. S p e c i f i c  a c t i v i t y  was 

de te rm ined  by comparison w i th  a s t a n d a r d  under s i m i l a r  c o n d i t i o n s .  The 

s t a n d a r d  (1 5 .8  m i c r o - c u r i e s  pe r  gram of  sed im ent)  was p repa red  w i th  a 

s o l u t i o n  o f  Ag- l lO e s ! i b r a t e t í  in a 4 Tí e o u n t e r .  A c t i v i t y  c a i c u i a t e d  acco rd ing  

tó  t h e  a b o v e s a id  p rocedure  and weigh t  o f  the  sediment i n j e c t e d  in each  s i t e  

were a s  fo l lowss

S i t e  A : 9 7 .2  Kg 844 mC (on Apr i l  20, 1966)

S i t e  B : 108 .5  Kg 858 m C ............................ .

S i t e  C : 102 .5  Kg 1067 mC
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The equipment used f o r  i n j e c t i o n  was d es iyned  so t h a t  the  l a b e l l e d  

sediment  would be d e p o s i t e d  on th e  r i v e r  bed as  a uniform f i l m ,  w i th in  a 

r a d i u s  o f  15 m e te r s .  I t  was ex t rem ely  d i f f i c u l t  to o b ta in  good c o n d i t i o n s  

f o r  d e p o s i t i n g  th e  sediment  in t h i s  way. A few hours  a f t e r  i n j e c t i o n  the 

t r a c e r  was found t o  make long  nar row bands fo l l o w in g  the  d i r e c t i o n  of  the 

r i v e r  c u r r e n t .

A l a n d in g  boa t  about  14 m e te r s  long and 2 m e te r s  wide,  was used and 

th e  i n j e c t i o n  tank was s e t  up as  i r t d ic a t e d  in F i g .  5 . 1 .  The boa t  and tank 

a r e  shown in F i g .  5 .2

The l a b e l l e d  sediment was d e p o s i t e d  as  a l i g h t  s l u r r y ,  th rough  a tubbe r  

t u b e ,  8  c e n t i m c t o r s  in d ia in e te r ,  ex ten d in g  to  the  r i v e r  bed.  At the  end of  

t h i s  tube  a load  b lock  was a t t a c h e d ,  so t h a t  the end o f  the  tube  would 

remain on th e  r i v e r  bottom w hi le  the  boa t  was moving.

K h i le  be ing  t r a n s p o r t e d  to  t h e  i n j e c t i o n  s i t e ,  t h e  sediment was s to r e d  

in double p l á s t i c  bags p la c e d  in i ron  cans ,  in o rd e r  to  p re v e n t  s C a t t e r i n g  

o f  th e  r a d i o a c t i v e  m a t e r i a l ,  in case  th e  bag would break b e fo re  i t s  c o n t e n t s  

¡i6 d b e e n . t r a n s f c r r e d  to  t h e  i n j e c t i o n  t a n k .  Before each i n j e c t i o n ,  p a r a m e te r í  

such ns bottom c u r r e r s t 9 wind speed and wave h e ig h t  were checked,  so t h a t  

i n j e c t i o n s  would always be c a r r i e d  out  w i th  s l a c k  w a te r .

The i n j e c t i o n  was performed as fo l l o w s :

1) The i n j e c t i o n  tank  was f i l l e d  w i th  150 l i t e r s  n a t u r a l  w a te r  from Río de 

l a  P l a t a  by a pump a v a i l a b l e  on th e  boa t  and th e  s t i r r e r  was put  to work.

2)  The p l á s t i c  bag and i t s  p r o t e c t i o n  can ( c o n t a i n i n g  25 k i lograms  sediment)  

were hauled  over  t h e  funne l  l o c a t e d  on th e  i n j e c t i o n  ta n k .  The p r o t e c t i o n  

can was withdrawn, l e a v i n g  th e  bag e x a c t l y  over  a sharp  s t e e l  k n i f e ,  t h a t  

c u t s  th e  bottom o f  th e  bag,  a l lo w in g  th e  sediment to f a l l  i n t o  the  ta n k ,  

(F ig .  5 . 3 ) .

5 . INJECTION
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3 ) Víhen th e  c o n t e n t s  o f  two bags had been d e p o s i t e d  in t o  t h e  tank (abou t  50 

k i l o g r a m s ) ,  the  s t i r r e r  was o p e r a t e d  u n t i l  o b t a i n i n g  a l i g h t  s l u r r y .

4)  While th e  s t i r r e r  was in o p e r a t io n  a v a lv e  a t  the  bottom o f  t h e  tank  was 

openedj a l lo w in g  th e  sediment. to f a l l  th rongh  a rubbe r  tu b e .  S im u l tan e o u s ly  

th e  boa t  moved s low ly ;  so as  to  d i s t r i b u t e  t h e  sediment in a ¡uniform vvay.

T h i s  p rocedure  was r e p e a t e d  w i th  a n o th e r  50 k i log ram s  ba tch  o f  l a b e l l e d  

sed im en t ,  each d i s c h a r g e  t a k i n g  about  2 to  3 m in u te s .  A f t e r  the  second d i s c h a rg e  

th e  i n j e c t i o n  ta nk  was r i n s e d  w i th  2U to  25 l i t e r s  o f  n a t u r a l  w a te r ,  in o r d e r  to  

remove the  r a d i o a c t i v e  m a t e r i a l  t h a t  might  have remained  in the  rubber  tube„

In o rd e r  to  d e c re a s e  t h e  d o s i s  r e c e i v e d  by th e  pc rsonne l  du r ing  th e  p ro c e s s  

o f  i n j e c t i o n ,  t h e  a p p a r a t u s  was s h i e l d e d  by a s e m i c i r c u l a r  c o n t a i n e r  f i l l e d  w i th  

sand and w a te r ,  a s  shown in F i g .  5 . 4 .

6 . CALIBRATION

6.1  CALIBKATION FACILITY AND LAYEtt SÜUitCE PliEPAKATION

C a l i b r a t i o n s  were c a r r i e d  ou t  a t  tiie i n s t n l l a t i o n s  o f  C.N.E.A. in E z e iz a .  

T h i s  p la c e  was chosen because o f  i t s  low background and i t s  f a c i l i t i e s  f o r  

r a d i o a c t i v e  was te  d i s p o s a l .

For th e s e  e x p e r i m e n t s ,  a wooden pool was c o n s t r u c t e d ,  inward ly  covered 

w i th  a z in c  p í a t e ,  so t h a t  i t  cou ld  e a s i l y  be r i n s e d .  The s u r f a c e  o f  the  pool 

was 3 .83  square  rneters  (1 ,9 5  x 1 ,96  m e te r s )  and i t s  h e ig h t  0 , 7  m e te r ;  the  wood 

used f o r  i t s  c o n s t r u c t i o n  be ing  one inch t h i c k .  F i l l i n g  i t  w ith  w a te r  would 

t a k e  about  10 m inu te s  and emptying i t  5 m i n u t e s , ( F i g .  6 . 1 . )

The r a d i o a c t i v e  sediment  f o r  c a l i b r a t i o n  exper im en t s  was p r e p a re d  w i th  

l a b e l l e d  sediment from s i t e  B, i t s  s p e c i f i c  a c t i v i t y  be ing  a t  the  t ime o f  

c a l i b r a t i o n  7 , 0 5  m i c r o c u r i e s  Ag-1 1 0 /g ram.  A known amount o f  l a b e l l e d  sediment 

was added to  u n l a b e l l e d  s e d in e n t  o f  g r a in  s i z e  s i m i l a r  to  t h a t  from s i t e  B,
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u n t i l  o b t a i n i n g  l a y r r s  of  r e q u i r e d  t h i c k n e s s .

Th is  was c a r r i e d  ou t  in the  abovesa id  p o o l ,  s t i r r i n g  v ig o r o u s ly  the  

sediment  w i th  r a k e s  in o rd e r  t.o ob ta in  a uniforín m ix tu r e ,  l l al f  an hour of  

s t i f r i n g  turned.  ou t  to be n e c e s s a r y .  Spot  checks  on th e  sediment l a y e r ,  

u s ing  a c o l l i m a t e d  s c i n t i l í a t i o n  c y r s t a l ,  1 x 1  in c h ,  c o n n ec ted  to  a C.N.E.A, 

type  s c a l c r ,  Confirmed a u n i fo r tn i ty  b e t t e r  than 5/o.

6 .2  PKELIMINA.tY TESTS

ü c f o r e  us ing the equipment» d e s c r ib e d  in 2 . 1 ,  2 . 2 ,  2 . 3  and 2 . 4 ,  the 

o p e r a t i n g  C o n d i t io n s  of  the  G.M. c o u n t e r s  wei*e checked,  t a k in g  the  p l a t e a u  

w i th  2,  4 an<! 6  GJvl. c o u n t e r s  connec ted  in p a r a l l e l .  The r e s u l t s  a re  i n d i c a t e d  

in F i g .  6 . 2 .

Üuriny f i e J d  ivork, th e  coi 'mting systeme was c o n t r o l ! c d  p e r io .d i c a l l y . w i t h o u t  

f i n d i n g  any s i g n i f i c a n t  v a r i a t i o n s .  However, a f t e r  su rveying  the  background of 

the  r i v e r  be<¡, two G.M. c o u n t e r s  liad to  be r e p l a c e d ,  as  they  proved to  have 

l e s s  e f f i c i e n c y  than the  r e s t .  Natura]  background i s  t h e r e f o r e  a f f e c t e d  by an 

e r r o r  of  about  12 to 15/Ó, owing to  in c r e a s e d  e f f i c i e n c y  of  t h e  c oun t ing  systein 

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

Another  p r e l i m i n a r y  t e s t  t l ia t  was performed,  was de te rm in ing  the  e f f e c t  of  

gamma ray  d i s p e r s i ó n  in w a te r .  A f íat ,  r a d i o a c t i v o  source o f  7 m i c r o c u r i e s  of  

Ag-110 was u sed ,u n i fo rm ly  d i s t r i b u t e d  over  a one square  meter  aluminium p í a t e .

ín o rd e r  to  clieck the  e f f e c t  o f  wate r  depth  on the  count  r a t e ,  t h i s  f í a t  

source  was p laced  on th e  bottom o f  th e  pool  w i th  the  c o u n te r  system over  i t .

Tiie count  r a t e s  determine '!  a t  d i f f e r e n t .  h e i g h t s  of  w a te r ,  f o r  2,  4 and 6  G.M. 

c o u n t e r s  connec ted  in p a r a l l e l ,  a r e  shown in F i g .  6 . 3 .  According to  the se  

r e s u l t s ,  i» eacii c a l i b r a t i o n  run the  pool had to  be f i l l e d  w i th  35 c e n t im e te r s  

o f  w a te r ,  n e a s u re d  from the  c o n t a c t  su r faco  between the  sediment and the  s led q e .
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L in ea r  co r respondence  between the  amount o f  coun t s  read  on the  in s t rum en t  

( c . p . m . )  and a c t u a l  a c t i v i t y  ( d .p . m . )  was checked c o u n t in g  a s e r i e s  o f  p o in t  

so u rces  o f  i n c r e a s i n g  a c t i v i t y ,  The r e s u l t s  a r e  shown in F i g .  6 .4  The máximum 

a c t i v i t y  used was 1 G m i c r o c u r i e s  o f  A g - l lO ^ th a t  g ive  about  90 .000 coun ts  per  

m inu te ,  when us ing  th e  assembly o f  s i x  G.M. c o u n t e r s .

6 . 3  AREA SENSITIVITY OF THE DETECTOR

The s e n s i t i v i t y  o f  the  G.M. assembly to  the  l o c a t i o n  o f  the  a c t i v i t y  found 

on a h o r i z o n t a l  s u r f a c e  was de termined  measur ing th e  d e t e c t o r  response  w i th  a 

" p o i n t "  source  a t  d i f f e r e n t  p o s i t i o n s  r e l a t i v e  to  th e  d e t e c t o r .  These p o s i t i o n s  

were chosen on a h o r i z o n t a l  p lañe  c o i n c i d e n t  w i th  the  s ledge  base ,  so t h a t  the  

r e a d i n g s  a r e  r e p r e s e n t a t i v e  o f  the  a c t i v i t y  spread  on th e  s u r f a c e  o f  the  r i v e r  

bed.

The " p o i n t "  source  used was made o f  12 m i c r o c u r i e s  o f  Ag-110, in a p l á s t i c  

c o n t a i n e r  o f  2 c e n t i m e t c r  d iam ete r  and 1 c e n t im e te r  h e i g h t .  The d e t e c t o r  wsis 

lo c a t e d  a t  the c e n t e r  o f  a wooden p í a t e ,  c ro s s e d  w i th  l i n e s  eve ry  1 2  c e n t i m e t e r s  

a lo n g  bo th  i t s  a x i s ,  The " p o i n t "  source  was p laced  a t  each  i n t e r s e c t i o n  and 

counted  in t h i s  way in 100 d i f f e r e n t  p o s i t i o n s .  Al l  measurements were c a r r i e d  

out  under a w a te r  1 ayer  o f  35 c e n t i m e t e r s .  These r e s u l t s  g ive  by i n t e r p o l a t i o n  

th e  i s o a c t i v i t y  cu rves  o f  F ig .  6 . 5 .

[ n t e g r a t i n g  tiie a c t i v i t y  observed  over  th e  f i n i t . e  a r e a s  c e n t e r e d  a t  the 

d e t e c t o r  and l i m i t e d  by the  cu rves  o f  i s o a c t i v i t y ,  the  p e r c e n ta g e  o f  t o t a l  

a c t i v i t y  co r re s p o n d in g  to  each  a r e a  was o b t a i n e d .  The i s o a c t i v i t y  cu rves  1 im i t  

e l l i p t i c a l  a r e a s ,  whose major a x i s  co r re s p o n d s  t o  the  a x i s  o f  t h e  G.M. c o u n t e r s '  

system.  These r e s u l t s  l e a d  to the conc lu s ión  t h a t  9b% o f  th e  a c t i v i t y  detect .ed 

by th e  c o u n t e r s  i s  l o c a t e d  on an a r e a  o f  about  one m e te r  d ia m e te r ,  c o n c e n t r i c  

w i th  th e  g e o m e t r i c a l  c e n t e r  o f  the  d e t e c t o r  (0 .73  square  m e te r s  or  3 . 7  square  

f e e t ) .
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6 .4  CALIBRA!IONS KESULTS

Before c a r r y i n g  out  the c a l i b r a t i c n  e x p e r im e n t s ,  background a c t i v i t y  was 

counted  w i th in  t h e  poo l ,  w ith  a 2  c e n t i m e t e r s  l a y e r  o f  i n a c t i v e  sedim ent,  

covered  by 35 c e n t i m e t e r s  o f  wate r  and the  t r á c k i n g  s ledye  lo c a t e d  a t  the 

c e n t e r  o f  the  p o o l .  This  background was s u b s t r a c t e d  from the  v a l ú e s  o b ta in e d  

in a l l  c a l i b r a t i o n  e x p e r im en t s .

The r e s p o n s e  of  the  d e t e c t o r  assembly o p e r a t i n g  w i th  2 or  w i th  6  G.M. 

c o u n t e r s  fo r  i n c r e a s i n g  a c t i v i t i e s  o f  Ag-110 d i s p e r s e d  in a 2 .2  c e n t i m e t e r s  

uniforrn l a y e r  o f  sediment was deterrnined add ing known amounts of  l a b e l l e d  

sediment  to i n a c t i v e  sedim ent,  as  d e s c r ib e d  in 6 . 1 .  The t r a c k i n g  s led g e ,  or  

t h e  dev ice  fo r  p o in t  measurements,  was p laced  a t  the g eom et r icn l  c e n t e r  of  

th e  poo l ,  so as  to reproduce  the  c o u n t in g  c o n d i t i o n s  found on the  r i v e r  bed,  

be ing  covered  with  35 c e n t i m e t e r s  of  w a te r .  The r e s u l t s  f o r  6  G.M. c o u n t e r s  

a r e  shown in Kig .  6 . 6  and fo r  2 G.M. c o u n t e r s  in K ig .  6 . 7 .

The e f f e c t  of  d i s p e r s i ó n  f o r  a known amount of l a b e l l e d  sediment in 

i n c r e a s i n g  l a y e r s  of  sediment ivas deterrnined as f o l l o w s :  I n c r e a s i n g  amounts 

o f  u n l a b e l l e d  sediment  were added to a 1 c e n t i m e t e r  l a y e r  of  l a b e l l e d  and 

u n l a b e l l e d  sed im ent,  the  máximum t h i c k n e s s  t e s t e d  being  19,5 c e n t i m e t e r s .  

S i l v e r  a c t i v i t y  remainod c o n s t a n t :  79.4  in i c r o c u r i e s / s g u u r e  m e te r .  The r e s u l t s  

a r e  given by the cu rvos  of  I-'ig. 6 . 0  and i n d í c a t e  t h a t  the  t r a c e r  l o c a t e d  a t  

more than 2 0  c e n t i m e t e r s  depth ,  w i l l  no t  c o n t r i b u t e  in a s i g n i f i c a n t  way to  

th e  t o t a l  a c t i v i t y  measured .

6 .5  KELATICN BETUEEN GkAPiiíC KECOttüEK AND HATE-METEK BEGISTiiATION

ü ur ing  f i e l d  worí: s im ul taneous  r e a d i n g s  were taken with  a r a t e - m e t e r  and 

the  graph r e c o r d e r  d e s c r ib e d  in 2 . 4 .  T h ere fo re  i t  showed to  be u s e fu l  to 

de te rmine  the  r e l a t i o n s l i i p  bet.ween th e s e  i n s t r u m e n t s .

- 23 -



Counts per  minu te ,  o r  p u l s e s  per  minu te ,  were fed  in to  the coun t ing  

ins tr t iment by a p u l s e  g e n e r a t o r  w i th  low t ime c o n s t a n t .  The number o f  coun ts  

per  minute was e s t a b l i s h f td  b e f o r e  every  r e a d - o u t .  Working under t h e s e  c o n d i t i o n s  

f o r  each  o f  t h e  d i f f e r e n t  s c a l e s  o f  the  i n s t r u m e n t ,  the c u rv es  o f  F i § .  6 . 9 ,  6 .10 

and 6 . 1 1  were o b t a i n e d ,  giv' ing the  number o f  p u l s e s  fed  in by the  g e n e r a t o r  v s .  

c o u n t s  r ead  on the r a t e - m e t e r  and on the  graph r e c o r d e r .

The a b s o r p t i o n  by w a te r  o f  th e  r a d i a t i o n s  e m i t t e d  by a l a y e r  source  of  

sediment was checked c o u n t in g  i t s  r a d i o a c t i v i t y  w i th  the  d e t e c t o r  assembly p laced  

a t  d i f f e r e n t  h e i g h t s  over  th e  l a y e r  s u r f a c e  l o c a t e d  on th e  bottom o f  the  c a l i b r a -  

t i o n  p o o l .  U e s u l t s  a r e  shown in F i g .  6 .1 2 .

7 .  BACKG1&UND fiADIAT ION SUitVKÍ

Before  i n j e c t i n g  tlié l a b e l l e d  sediment a t  s i t e s  A, B and C, a survey was 

made o f  the  background r a d i a t i o n ,  c o n t r o l l i n g  in eacli case  an a r e a  o f  about  2  

k i l o m e t e r s  r a d i u s  c e n t e r e d  a t  the p o i n t  o f  i n j e c t i o n .
\

The background was surveyed w i th  the  c o u n t in g  equipment and s ledge  fo r  

c o n t in u o u s  su rvey ,  d e s c r ib e d  in s e c t i o n s  2 . 1 ,  2 ,2  and 2 . 4 .  Ttie r e s u l t s  a re  

shown in F i g .  2 . 1 .

The background dees not  vary c o n s id e r a b ly  th roughou t  the a r e a s  t h a t  were 

examined,  and can be taken  as c o n s t a n t .  The only  exce p t ion  i s  Canal Sud.where 

i t  becomes a lmost  twice as  high as  on the  s h o a l s .  This  e f f e c t  i s  p o s s i b ly  

caused  by an i n c r e a s e  o f  the  d e t e c t o r  e f f i c i e n c y ,  as  the  s ledge  might be 

p lo ugh ing  a t r a c k  in to  tlie s o f t  muddy bed o f  th e  cl ianne l .

0 .  COUNTING LABELLED SEDIMENT CN TUS. BED OF U10 DE LA PLATA

The r a d i o a c t i v o  t r a c e r  was counted on the  r i v e r  bed us ing  the  s e t - u p  

d e s c r ib e d  in 2 . 1 ,  2 .2  and 2 . 4 .  The r e s u l t s  t h a t  were o b t a in e d  and a d e t a i l e d  

d e s c r i p t i o n  o f  the  s e t - u p  have been s en t  to  th e  l iyd rau l ic  i í esearch S t a t i o n  of  

W a l l i n g f o r d ,  th rough  S i r  Wil l i am Halcrow and P a r t n e r s .
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Core samples were taken w i th  the  dev ice  shown in F i g .  9.1 by personne l  of  

S i r  Wil l i am iialcrow and P a r t n e r s ,  and were s en t  to our l a b o r a t o r y  in PVC l i n e r s .  

These l i n e r s  were 60 c e n t i m e t e r s  long and 7 c e n t i m e t e r s  in d ia m e te r ,  w ith  a wall  

t h i c k n e s s  o f  2  m i l i m e t e r s ,  having a s e r i e s  o f  l ióles fo r  wate r  o u t l e t ) 5  m i l im e te r  

in d i a m e te r ,  on a v e r t i c a l  l i n e  every  2  c e n t i m e t e r s .

The samples were kept  in v e r t i c a l  p o s i t i o n  fo r  two days,  so t h a t  they  would 

become c o h e s iv e  and easy  to  s l i c e .

The samples t h a t  had been taken f i r s t  ( s i t e  C Ne 4 and 0 ,  s i t e  A N® 2 and 

N.N.)  were s l i c e d  every  2 c e n t i m e t e r s  w i th in  the  l i n e r s ,  w i th  a t h i n - b l a d e d  

e n d l e s s  saw. Each p o r t i o n  was p laced  in a P e t r i  d i s h  o f  9 c e n t i m e t e r s  in 

d iam ete r  and was duly  i d e n t i f i e d .

Üefore d ry ing  al. 120-13o2 G. i n an oven, th e  s e c t i o n s  nex t  to  the  l a t e r a l  

ho le s  were d i s c a rd e d  (about  1 /3  of  th e  t o t a l  volume) in o rd e r  to  e l i m í n a t e  e r r o r s  

due to  m a t e r i a l  t h a t  might  have been pushed down by the  c o r e s  when they were 

t a k e n .  iViien the  sediment was cornp le te ly  dry i t  was d iv ided  in t o  65 grams f r a c -  

t i o n s  and coun ted .

Subsequont a n a l y s i s  were c a r r i e d  out. w i th  two m o d i f i c a t i o n s .  The PVC l i n e r s  

were removed immedia tc ly ,  l e a v in g  the  sediment uncovered,  th e  d i s t u r b e d  zones 

were d i s c a r d e d  and a v e r t i c a l  tr imming was performed,  so as no t  to inc lude  

a c t i v e  m a t e r i a l  from th e  l a t e r a l  s u r f a c e .  The sediment c y l i n d e r s  were s l i c e d  

every  c e n t i m e t e r .  Each p o r t i o n  was p rep a red  as  d e s c r ib e d  above and counted .

H a d i o a c t i v i t y  was counted  w i th  a 2 x 2 inch Nal (T i )  c r y s t a l ,  s h ie ld e d  with  

5 c e n t i m e t e r s  le ad  r i n g s ,  connec ted  to  a Nuclea r  Data M ul t ichanne l  ( s p e c t r o m e t e r ) 

a n a l y z e r  w i th  256 c h a n n e l s .  The samples were p laced  d i r e c t l y  over  th e  c r y s t a l .  

A c t i v i t y  was counted  fo r  20 minu tes  and background was s u b s t r a c t e d  a u t o m a t i c a l l y  

f o r  an equal  amount o f  t ime.

9. M£fi,SUK£IvlENT OF COüE SAMALES
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" A c t i v i t y  mecsured” was taken as  th e  i n t e g r a t i o n  of  th e  0 . 6 6  and 0 .8 6  

MeV peaks of  Ag-110.  The a c t i v i t y  as tn ic rocn r ie s /g ram  was o b ta in e d  by 

comparison w i th  two s t a n d a rd  samples,  p re p a re d  by add ing to  65 grams and -55 

grarns f r a c t i o n s  of  i n a c t i v e  sediment known amounts of  a s t a n d a r d i z e d  so lu t io n  

o f  Ag-110,  t¡¡e a c t i v i t y  of  each  standai 'd samplo be ing  3 .7  x 1G-3 m ic rocu i ' i e /  

gram. The r e s u l t s  a r e  shown in F.ig. 9 . 2 ,  9 .3  and 9 . 4 .
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HEASUKEMENT UF TiiE Ag-110 A C T IV£TY SUPPLISü BY HAMELL. U.K.

R a d i o a c t i v e  s i l v e r  was su p p l i e d  by Harwell ,  U.K.,  in a s p e c i a l  l e a d  

c o n t a i n e r  w i th  t h r e e  s t an d a rd  i r r a d i a t i c n  cans ,  each c o n t a i n i n g  40 grams 

s i l v e r  g r a n u l e s ,  A c t i v i t y  o f  Ag-110 was measured in th e  fo l lo w in g  way:

1) Can A was e x t r a c t e d  from i t s  lead  c o n t a i n e r  and a c t i v i t y  was measured 

with  a p r e v i o u s l y  c a l i b r a t e d  moni to r  a t  0 rneters  d i s t a n c e .  C a l c u l a t i o n s  

were made b e a r in g  in mind the  d i s i n t e g r a t i o n  scheme o f  Ag-110, and gave

1 .3  c u r i e s .

2)  M e t a l l i c  s i l v e r  from each can was d i s s o l v e d  in n i t r i c  a c i d  and 3/4 o f  

t h i s  s o l u t i o n  were used fo r  l a b e l l i n g  1 0 0  k i lograms sed im ent.  When the  

sediment had been l a b e l l e d ,  bu t  b e fo re  be ing  t r e a t e d  w i th  wate r  from Rio 

de la  P l a t a ,  a sample was talcen and i t s  s p e c i f i c  a c t i v i t y  was e s t im a te d  

by comparison w i th  a s t a n d a rd  sarnple l a b e l l e d  with  a known amo un t  of  

Ag-110.  In t h i s  way, t o t a l  a c t i v i t y  c o n ta in e d  in each can i s  e a s i l y  

c a l c u l a t o d .

R e s u l t s  were as  fo l l o w s :

Can A : 1.4 c u r i e s  

Can B : 1 .5  c u r i e s  

Can C : 1 .6  c u r i e s

3) M e t a l l i c  s i l v e r  c o n ta in e d  in can C was d i s s o l v e d  in n i t r i c  a c i d  and an 

a l i q u o t  was ccun ted  in a 4 ' f í  p r o p o r t i o n a l  c o u n te r  c a l i b r a t e d  f o r  Ag-110. 

By t h i s  method a c t i v i t y  in can C 'vas foimd to be 1 . 7 c n r i e s .

Cbv ious ly  t h e r e  mighl  be some e r r o r  in th e s e  d e t e r m in a t io n s  of  a c t i v i t y ,  

but  i t  would be expec ted  to  l i e  w i th in  25%. In any c a s e ,  t o t a l  a c t i v i t y  

s en t  by üarwell  amounts to  n o t  more than 5 . 6  c u r i e s .

10. APPENÜIX I
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FIG. 2-2 ASSEMBLY OF GE/GER MÚLLER COUNTERS 

HOUSEO IN THE BRASS PROTECTION TUBE.
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FIG. 2-5 HA ND-HELD PO/NT MEA SU RE ME N T DEVICE





FIG. 2-8 S C A L E R



FIG. 2 - 9  P O W E R  S U P P L Y  A S S E M B L Y
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F/G. 4-1 SC H EM E  OF APPARATUS USED  FOR 
SEPARAT ING  CLAY FROM SEDIMENT.
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FIG 4-3 SC H E M E  OF THE SY ST EM  U S E D  FOR 
LABELUN G  SEDIMENT WITH Ag-IIO.
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F IG . 4 -8  LEAD SH/ELDING FOR PROCES/NG RADIOACTIVE S/LVER.



FIG 4-9 INACTIVE SEDIMENT /S PLACED IN THE M/XER FOR 

LABEL L/NG WITH Ag-UO.



FIG. 4-fO MIXING SEDIMENT TOGETHER WITH THE LABELL/NG SOLUT/ON.



FIG. 4-11 LABELLED SEDIMENT /S PLACED AT OPEN AIR TO THE SUNL/GHT IN ORDER TO CASE 

THE REDUCT/ON OF Ag-MO.
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FIG. 5 - 2  SC H E M E  0 F  T H E  1NJECTW N T A f l / K
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ZINC PLATE H° 1.5 nfim

FfB. 5 -3  SCHEM E OF FUNNEL AND  STEEL KN1FE LOCATED ON THE INJECTION TANK
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F/G.5-5 INJECTION BOAT OPERATING IN RIO DE LA PLATA



FIG. 6-1 WOODEN POOL FOR CALIBRATION EXPERIMFNTS
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D IAM ETER  13/32 

GAS s NEON, ARGON, HALOGEN
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OPERATING VOLTAGE USED 725  V
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FIG. 6-3 E F F E C T  OF WATER DEPTH ON COUNT RATE



FIG. 6-4 L I N E A R  CO RRESPO N D EN CE  BETW EEN COUNTS 

READ A N D  ACTIV ITY .



TRACKING SLEDGE 
C0UNTIN6 ASSEMBLY N- 1 
READING INSTRUMENT• GRAPHIC RECORDER 
HEIGHT OF WATER: 30cm 
TPOINT'SOURCE OF Ag IIO
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FIG. 6 -5  AREA SENSIT IVITY OF THE DETECTOR
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COUNTING ASSEMBLY WÍTH 6 COUNTERS 
CONNECTED IN PARALLEL AND TRACKING SLEDGE 
HEIGHTOF LABELLED SEDIMENT *19,4cm 
HEIGHT OF WATER : 55 cm

DISTANCE FROM SEDIMENT LAYER (cm)

FIG. 6-12 ABSORPTION OF RAD/ATION OF A LAYER SOURCE 
OF RADIO ACTIVE SEDIMENT BY DIFFERENT HEIGHTS 
OF WATER.
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FIG. 9-2 CORE SAMPLES
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FIG.9-3 CORE SAMPLES
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F/G.9-4 CORE SAM PLES


