REPUBLICA ARGENTINA

COMISION NACIONAL DE ENERGIA ATOMICA

RADIOACTIVE TRACER STUDY IN RIO DE LA PLATA

G. B. Bar6, B. Garcis Agudo y H. R. Gémez

Afio 1966

05.66.02



The following persons, besides the authors, took an

active part in this project:

ing. Enrique Sabau

Ing. Arturo Urdapilleta

Sir William Halcrow and Partners

Mr., J.D.G, Smart

Hydraulics Research Station,

Wallingford, U.K.



RADIOACTIVE TRACER STUDY IN RIO DE LA PLATA

REPORT

CONTENTS

1. INTRODUCTICN
2. DETECTOR EQUIPMENT

Detector

Tracking Sledge

Hand-ileld Point Measurement Device
Electronic Equipment

NN
LS Y -

3. METIOD FOR LABELLING AND BEHAVIOUR COF TIE LABELLED SEDIMENT

3.1 Characteristics of the Sediment

3.2 Adsorption Test {or Natural Sediment

3.3 Adsorption Tests for Treated Sediment

3.4 Tests proving the Silver Reduction Method
3.5 Conclusions ahout Preliminary Tests

4. LABELLING OF TiE SEDIMENT

Separation of particles f{iner tnan 135 microns
itadioactive Labelling

washing Labelled Sediment

FFixation Test and Size Analysis of Labclled Sediment
lMeasurement of the Total Activity injected at cach
site and Weight of the Injected Sediment

[N
Crda LO DN

-~
.

S. INJECTION

6. CALIBRATECN

6.1 <Calibration Facility and Layer Source Preparation
6.2 fiPreliminary Tests

6.3 Areca Sensitivity of the Detector

6.4 <Calibration Results

7. BACKGROUND RADIATION SURVEY
0. COUNTING LABELLED SEDIMENT ON THE BED OF RIO DE LA PLATA
9.  MEASUREMENT OF CORt SAMPLES

10.  APPENDIX [.
MEASUREMENT OF THE ACTIVITY OF Ag-110 SUPPLIED BY HARWELL



RADIOCACTIVE TRACER STUDY IN kIO DE LA PLATA

INTRODUCTION

The work performed with radioactive tracers in Rio de la Plata described
in this report is part of a project carried out by Sir William Halcrow and
Partners, studying the feasibility of a channel from the mouth of the river
Parand de las Palmas to Puerto Nuevo,

Radioactive tracers were used in order to gather information about .
sediment transportation in the area designed for the construction of the
abovesaid channel, The advantages of using radioisotopcs as tracers studying
sediment- transportation haQe been discussed elsewhere, in connection with
work carried out in different countries all over the world (1) (2) (3) (4)
(5) (6) (7) (B) (9) (10) (11) (12).

- This report describes the development of the method usced for labelling
sediment from Rfo de la Plata, the lahelling operation, the injection and

counting of the radioactive tracer, the calibration of the equipment used for

counting and the tests for checking effectiveness of the procedures,

The radioactive tracer study was carried out by the Argentinc Atomic
Energy Commission, in collaboration with Sir William ilalcrow and Partners

and the Hydraulics Research Station of Wallingford, U.K,

DETECTICN EQUIPMENT

DETECTOR

The detector consists of an assembly of six Geiger Miller counters,
Harshaw type 617 LP, active length 17 inches, diameter 13/32 inches, with
an operating voltage range of 680 to 825 volts,

The G.M, counters are housed in a brass protection tube of 13 centi-

meters diameter and 65 centimeters length, which is mounted on a sledge



2.2

with a connecting cable of at least 50 meters (Fig, 2-2)., This detector
can be used either on the sledge for continuous radiation monitoxing or
for hand-held point measurements, when mounted on a special device,

The G.M. counters are connected in such a way as to operate either
all six counters simultaneously or 2 or 4 counters at a time,
The assembly of 2, 4 or 6 G.M. counters is symmetric with regard to the
axis of the protection tube in order to keep geometry relative to the

river bed invariable,

TRACKING SLEUGE

The sledge for continuous measurement is made of iron, and weighs
60 to 70 kilograms, It is of welded design and has few projections, so
as to reduce the disturbance of the river bed to a minimum, The G.M,
counters are in constant geometry relative to the river bed, regardless
of the sledge position, (Diagrams are shown in Fig.2.3 and photographs
in Fig. 2.4). At the front of the sledge on each side, are two rings
where the towing cable is attached. The distance between the sledge and
the apex of the towing cable is 2 meters; frem this apex a 50 meters
cable is available for towing the sledge along the river bed with a
boat. For tracking operations the sledge was towed 25 meters behind the
boat, the remaining cable being held on the boat by a block and a winch,

The recording cable is protected against abrasion and battering of
rocks by a strong rubber tube secured within the sledge to the towing
cable, The recording cable is joined at intervals to the towing cable
by means of snap hooks, which can easily be attached to or removed from
loops lain on the towing cable. These loops do not prevent the cable

from passing through the block.



2.3 HAND-HELD POINT MEASUREMENT DEVICE

The point measurement device is such that the protection tube with
the G.M. counters can be mounted so that geometry with regard to the

river bed remains the same as when mounted on the sledge (Fig. 2.5);

ELECTRONIC EQUIPMENT

The electronic instrumentation used in this work was designed trying
to get a very simple equipment, reliable and casy to check or to repair.

Although more sophisticated instrumentation could be developed, a
few percent accuracy were neglected to increase reliability and decrease
power consumption.

The electronic instrumentation consists basically of a scaler and &
counting rate-meter,

The scaler was designed using two Dekatron counting tubes (GC 10/B)
having 4 kc/s repetition rate and a Sodeco mechanical counter. The circuit

is fully transistorized and battery operated. Specifications are as

follows:

Counting capacity : One million (106) two Dekatrons and a four
digit Sodeco counter.

Resolution : 250 micro/sec.

Geiger input sensitivity : 250 Volts.

High voltage : Variable up to 825 Volts.

Power supplies : 8 flashlight batteries and 12-07.5 Volts
radio batteries for the G.,M. voltage,

Test oscillator : A neon relaxation oscillator.

Cabinet : A metal humidity proof carrying case,

COUNTING RATE-METER

The counting rate-meter is also fully transistorized and was designed
using the diode pump principle of operation, according to the following

specifications}



Ranges

a) 0- 1,000 cpm
b) 0 - 10,000 cpm
c) 0- 100,00C cpm

Time constant : a) long ¢! 10 seconds
b) short: 2 seconds

lligh voltage © ¢ Variable up to 825 Volts.
Instrument ¢ 30 micro-amp; moving coil, cpm calibrated.
Recording output ¢ Provision for 1 mA moving coil recorder.

Geiger input :
sensitivity : 250 Volts

Accuracy 1% full scale.

Note: In the first 1/10 of the scale, indication is about one minor
division in advance. This is valid for all three ranges,

Power supply : The same as used for the Scaler,

Cabinet The same as used for the Scaler.

RECORDER: (') Graph recorder made by Everett Edgcumbe, type 1 mA,
impedance 650 ohins, with chart speeds of 1 and 3 inches
per minute. These rates are suitable for tracking at a boat speed of
about 2 knots, A time marker-pen workable from a 12 volt source is
incorporated in the instrument, enabling marks to be made on the chart
coincident with tne moment of fixing the position of the boat. This

allows the activity trace toc be matched against the boat's course.

Other equipment available for laboratory measurement of radioactive
material were end-window G.M. counters, crystal scintillation detectors,

a pulse hight analyzer and monitors.

(*.) In loan from the llydraulic Research Station,Wallingford,Berkshire,U.K.



3. METHOD FOR LABELLING AND BEHAVIQUR OF THE LABELLED SEDIMENT

3.1 CHARACTERISTICS OF THE SEDIMENT

Sediment from the area between the river Paran4 de las Palmas and

Puerto Nuevo consists of 1 to 20% clay, 50 to 80% silt and 5 to 40% sand.

Clay is mainly formed by montmorillonite ore; silt by quartz,feldspai
volcanic glass and opal; sand by quartz, feldspar, mica, volcanic glass,
hornblende, augite, zircon, garnet, tourmaline, hyperstenes, etc. Organic
material can be present in variable proportions, a rough estimation being
1 to 2%,

Size analysis by pipette method (13) gave for samples collected at

sites.N, Kn 19 and Kn 3, the results shown in table 3.1.

Table 3.1

GRAIN SIZE OF SEDIMENT IN DIFFERENT SAMPLES

Sample larger than from 62 finer than
62 microns to 4 microns 4 microns
Position N 7.3% 74.8% 18.0%
Km 19
(Canal Costanero) 2.4% 79.0% 18.8%
Km 3
(Canal Norte) 16.3% 64.2% 19.5%

Several analysis of particle distribution were carried out with

samples collected in the abovesaid area (See Fig. 3.1).

these analysis are shown in Fiq. 3.2 and 3.3.

The results of




Several sedimentation tests were made with Sample N¢ 5 using natural
water from Rfo de 1a Plata, water from Ezeiza, distilled water and water

containing 0.5% alum. Results are indicated in Fig, 3.4,

3,2 ADSORPTION TESTS FOR NATURAL SEDIMENT

Labelling natural sediment with Sc-46 or Ag-110 proved to be effective
on clay, but not on the heavier component of the sediment.

Natural sediment was shaken with a solution containing Sc-46 or Ag-110
for several minutes, filtered and dried. In all experimehts‘radioactivity
was found to be in the sediment fraction rather than in solution,

The.labelled sediment was separated by decantation into two fractions:
one of fine grain size corresponding to clay, the other being the heavier

| component: silt and sand. -
Specific activity of each fraction was found to be as indicated in

Table 3.2.

Table 3,2

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

Specific Activity Specific Activity
of Ag-110 of Sc-46
c.p.m, c.p.m,
gram gram
Heavier : 280 480
component
Clay 5600 8700




These results indicate that the tracer is easily adsorbed on clay,but not

on the heavier fraction, which represents 80 to 99% of natural sediment,

- 3.3 ADSORPTION TESTS

The foregoing tests show that it is advisable to remove clay particles
before labelling the sediment. Sediment from shoals contains less clay
(1 to 10%), easily separable from the other components of the sediment.

This was done by stirring natural sediment with water from Lfo de la Plata
and letting it decant for a quarter of an hour, which proved to be sufficient
to allow the heavier fraction to go to the bottom, whereas clay remained
suspended. This procedure was repeated until all clay was removed.

Initially, the adsorption method of Krone was tested for labelling the
sediment !V This was done by shaking about one gram of sediment with a
solution containing radioactive silver, filtering the mixture and determining
the activity fixed on the sediment,

Different tests of fixation were carricd out with the labelled sediment,
shaking it vigorously with natural water from Rfo de la Plata for different
periods of tiime and counting the activity of silver fixed on the sediment,
These tests were performed with samples taken at sites A and C. The results
obtained are shown in Fig. 3.6, and indicate that initial retention is
considerable, if a labelling solution with a very small amount of inactive
silver carrier is used. However the retention decreases rapidly when
increasing amounts of carrier are used. This is shown in another series of
tests performed with a labelling solution prepared with 0.4 miligram Ag/gram
of sediment, which is the smallest ratio obtainable with the activity supplied
by Harwell (See 4,2). Analysis of the data given by these tests showsthat
silver activity is not firmly fixed to the sediment, because after shaking
the labelled sedimént with natural water from Bfo de la Plata, a considerable

amount of activity goes over to the water,



A modification of this method was also tested treating the éedimént
with a radioactive solution contaiﬁing Sc-46 or Ag-110, and drying it under
an infrared lamp. Under these conditions, retention will be 100% before
washing the sediment.

Fixation tests show that the radioactive tracer is removed when sediment
is treated with water. These tests-were carried out as foliows: One gram
of sediment labelled with Sc¢-46 or Ag-110 was vigorously shaken with water
from Rfo de la Plata for different periods of time. Supernatant water was
separated by centrifugation and activity fixed to the sediment was counted.

The results are shown in Table 3.3.

Table 3.3

RETENTION CF Ag-110 AND Sc-46 BY SEDIMENT FROM
RIO DZ LA PLATA AFTER VIGOROUS TREATMENT

Time of washing Percentage of activity fixed on the sediment

Minutes Ag-110 Sc-46

0 100 100

5 86 80

15 61 63

30 | 54 50

60 i 49 53

140 45 S0




3.4

These tests show that even when Sc-46 or Ag-110 is initially fixed to
the sediment, a considerzble part of the tracer goes gradually over to the

water with which it was shaken.

TESTS PROVING THE SILVER KEDUCTION METHOD

Sediment from which clay had been removed was labelled with radioactive

silver, fixing it by reduction on the grains of sediment,

This method consists in treating the sediment with a solution of silver
nitrate (Ag-110) and Seiqnette salt. The labelling solution must be
sufficient to cover all the grains of sediment, without being excessive,

The test solution was prepared in the laboratory with 50 grams of sediment
and about 8 mililiters of labelling solution (Ag-110 with silver carrier plus
reducing agent), The relative amounts of solution and sediment that mix well
vary according to the nature of the sediment (about 10 miligrams inactive
silver per gram of sediment were used as carrier for Ag-110)., When sediment

and solution have come inio close contact, the reduction of silver is

-accelerated by exposing it to sunlight for several days.

Fixation and settling comparison tests were performed with the sediment
that had been labelled by this method, in order to confirm that labelled
sediment behaves like natural sediment.

One gram of sediment labelled by reduction of radioactive silver was
shaken vigorously with water from Rfo de la {lata for some time, supernatant
water was separated by decantation and activity fixed on the sediment was

counted, The results are shown in Table 3.4.

Table 3.4



RETINT{CN OF Aq-110 ON THE SEDIMENT LABELLED BY
THE METHOD OF REDUCTICN AFTER VIGOROUS TREATMENT

Tim?mg§u¥g§§ing ( Percentage of activity retained on the sediment
0 100
15 94
30 N
60 60
150 85
240 82
330 80

Settling conditions of labelled sediment and natural sediment were
compared in the following way: A glass tube, 90 centimeters long and 2.5
centimeters bore with its lower end drawn to 0.6 centimeters on which a rubber
tube closed hy a pinch clamp was fitted, was used., This tube was filled with
water from Rfo de la Plata, ahout 1 gram natural sediment and 100 miligrams dry
labelled sediment, that wcre dispersed by successive inversions of the tube.
At predetermined intervals of time sediment-water samples of equal volume were
withdrawn by opening temporarily the pinch clamp. After centrifuging,the weight
and activity of the withdrawn samples were determined, and specific activity
was calculated. The total weight of dry silt after performing this experiment

was about 1.04 gram. The results are shown in Table 3.5.
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Table 3.5

SETTLING COMPARISON TEST FOR NATURAL SEDIMENT
MIXED WITH LABELLED SEDIMENT

Settling Weight of Specific Settled Settled
time settled silt activit¥ silt activity
(minutes) (mg) Lc.p.o.) o o
mg /0 /o
1 126 29500 12,6 14,5
2 125 2300 12.0 12.5
4 247 2200 23.8 22,9
6 186 2250 17.8 16.6
9 175 2230 16.8 15.9
20 183 2440 17.8 17.8

Accumulated sample weight was plotted against settling time., From
these data, a settling speed curve was obtained for each sample of sediment
tested by the method of Oden (15)., Settling curves for dry labelled
sediment, natural sediment and dry treated sediment were obtained using this

procedure (Fig. 3.5).

CONCLUSIONS ABOUT PRELIMINARY TESTS

Bearing in mind the results of these tests and the facilities of our
laboratory for processing activities at curie level, the silver reduction
method would be the most attractive one for labelling sediment from Rio de

la Plata.,
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4,1

The method of scandium adsorption i3 not convenient because retention
is low and activity would gradually be eluted into the river water. Besides
scandium oxide (the only way scandium activity is supplied), is very difficult
to dissolve, even in hot hydrochloric acid, and processing it at curie level
would require special facilities.,

The behaviour of labelled sediment and natural sediment is similar.

[t should be pointed out that by the method of reduction, sediment is labelled
proportionally to its volume, rather than to the surface of the grains, as one
would expect (Table 3.5). Although this represents an advantage in our case, it
is difficult to explain,

We believe that initially, when the silver ions have not been completely
reduced, an important fraction enters into the qrain volume of the sedimenta
Afterwards, when the sediment is exposed to sunlight,the silver atoms on the
surface are rcduced to a fine film of metallic silver that blocks the outlet
of the atoms located inside the grains, Presumably, these atoms will also be
be reduced to metallic silver., This phenomenon is not observed when labelling
coarse qrain sand: specific activity is higher in the fraction of fine grain

size, Further studies on this fact are being carried out,

LADELL ING OF THE SEDIMENT

SEPARAT{ON OF PARTICLES FINER THAN 15 MICKONS

Before starting the process of labelling, all particles finer than 13
microns, as well as clay, were removed by decantation. Sediment was collected
at sites A, B and C, about 200 kilograms from each, using two hundred liver
cylinders with a 30 centimeters hole at the bottom (Fig. 4,1). Natural
sediment, 25 kilograms in each batch, was shaken with water from Ezeiza for 20
minutes, followed by a 45 minutes decantation period, estimated by Stokes' law,
in order to allow all particles coarser than 15 microns to go to the bottom
(Fig. 4.2).
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Supernatant water was removed until being level with the hole, A semi-
industrial stirrer driven by an electric motor was used at 400 r.p.m, speed.
This procedure was repeated, with the same batch,until all particles finer
than 15 microns had been removed: about 15 times for sediment from sites A
and C, but only 3 times for sediment from site B, which contains less clay.
Total removal of clay and particles smaller than 15 microns was checked by
grain size analysis, |

Settling characteristics of the sediment do not vary when treating it
with water from Ezeiza or water from Rfo de la Plata, as can be seen in the
sedimentation curves of Fig, 3.4, which shows also the curves obtained with
distilled water, and water containing 0.5% alum.

Analysis of water from Ezeiza used for separating clay from sediment?

pH 7.0
VARN:Y 575 mg/liter
cog 0 mg/liter

Total hardness

liardness CO3Ca

Dry residue at 1052C

32.4 Grad., Fr,
324

927 mg/liter

1 66 " "
0,4 34 v v
NO3 0 " "
ca** 2
Mgt 36 " "
Fe' T 0.6 "
F~ 0.6"
and

When sediment was considered free from clay from particles finer than

15 microns, it was dried by sunlight in wooden trays, clods being dispersed

with a hard wood roller, Dry sediment was passed through a sieve of coarse

- 13 -



4,2

mesh to remove stones, shells, sticks, leaves and organic material,

Sediment ready for labelling was stored in polyethylene bags,

13

RADIOACTIVE LABELLING

Radioactive silver (Ag-110) was furnished by 4.E.R,E,Harwell, U.K., as
granulated metal, in three standard irradiation cans, each containing 40
gram silver of about 1,5 Curies activity,

This silver had to be processed chemically in order to obtain a labelling
solution suitable to the method previously described. Irradiated silver was
disolved in 50% nitric acid and diluted with distilled water; silver nitrate
dissolved in water was added to serve as carrier for Ag-110. Ammonia was
added until obtaining a clear solution that was mixed with a reducing solution
of Seignette salt.

This labelling solution and the sediment were mixed in a concrete mixer
for 8 to 10 minutes, in order to wet all grains of sediment,

The whole process was performed in a specially built facility in order to
handle radioactive material semi-automatically by remote control.

Radioactive silver was dissolved and the labelling solution was prepared
on & tray shielded with 10 centimeters of lead, All operations were performed
from without with an assembly of tongs, the liquids being transfemed by pressure
or vacuum in closed containers. A scheme of the apparatus used is shown in Fig.
4.3.

Labelled sediment was placed on wooden trays of about 2 square meters§
surface, covered inwardly with sheets of plastic, that were left ‘in the open
air for exposure to sunlight. The handles o¢f these trays were long enough to
reduce to a minimum the dosis of radiaticn received by the persons who carry
them, The sediment was cxposed to sunlight for 5 to 15 days, depending on
climatic conditions. The trays were covered with plastic hoods during the

night and on windy or rainy days.
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The sediment was stirred frequently (every 20 minutes during the first
hours after labelling and every hour later on) in order to make sure that

the drying process was uniform. Wooden rakes with long handles were used,

to remain at some distance from the radioactive material, A light roller

was passed over the sediment now and then, in order to scatter clods that

eventudlly might have appeared.

When the radicactive silver had been completely reduced over the grains
of sediment, it was treated with natural water from Rfo de la Plata, in order

to remove the radioactive material that had not been firmly fixed.

4.3 WASHING LABELLED SEDIMENT

4.4

Water was transported in 200 liter tanks from kfo de la Plata to Ezeiza
(50 kilometers from the coast) where the labelling and washing processes were
carried out.

The labelled sediment, 25 kilograms in each batch, was trested with 150
liters of natural water from Rfo de la Plata, shaking it in the previously
described way for 90 minutes. Sediment was allowed to decant for an hour,
and supernatant water was removed, being stored in closed cylinders for waste
disposal, The semiwet sediment was stored in double plastic bags, ready for

injection,

FIATION TEST AND SIZE ANALYSIS OF LABELLED SEDIMENT

Before injecting the sediment that had been taken from sites A, B and
C, and had been labelled according to the abovesaid method, several samples
were taken from each for calibration, fixation test and size analysis, in

order to calculate the total activity to be injected at each site,



Eor the fixation test each saﬁplé was vigorously shaken fowm:
different periods of time (violent shaking: about 180 jerks ber minute)
and activity fixed on the sediment was determined. The curves for sediment
from sites A, B and C are shown in Fig. 4.4 Each point on the curve is the

mean of four samples of each sediment,

Activity fixed to the sediment, after treating it with natural water

from Kfo de la Plata as described in 4.3, was as follows:

Sediment A ¢ 88.1 %

Sediment B : 81.0 %

e
[e+]
(4]
o

e

Sediment C

Curves for size analysis carried out with natural unlabelled sediment

from sites A, B and C, are shown in Fig. 4.5, 4.6 and 4.7.

Size analysis for sediment from sites A and C was performed with the
tube described in 3.4, Tabhles 4.1 and 4.2, that give the data of the settling
tests for sediment from sites A and C, indicate the percentage of sediment,
the mass and the percentage of activity deposited in a time t. The last
column of each table gives the specific activity of each fraction for each

interval of time.

The settling curve for the seédiment from site B was obtained by passing
the material through different sieves. Table 4.3 indicates the fraction of
sediment separated by this procedure, the percentage of total weight of each

fraction and the specific activity of each fraction,
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Table 4,1

SETTLING TEST OF LABELLED SEDIMENT FROM SITE A

. . Percentage of Percentage of Specific activity
Settling time  {otal settled total settled of each fraction
(minutes) sediment  activity C.pom,
gram
1 17.1 27,2 7300
2 33.7 45.9 5160
4 57.7 07.4 4070
6 72,0 79.2 3700
10 85.3 89.6 3500
20 94,3 96,6 3600
40 97.2 100 5170
Table 4.2
SETTLING TEST OF LABELLED SEDIMENT FROM SITE C
) . Percentage of Percentage of Specific activity
Se%t}1ng t;me total settled total settled of each fraction
minutes sediment activity c.p.m,
gram
1 29.8 36.1 6700
2 53.1 58,2 5200
4 79.2 80.4 4700
6 89,0 89.0 4900
10 94,0 4.4 5160
20 97.4 9,0 7600
40 98.2 10C 14600
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X

able 4.3

GRAIN SIZE ANALYSIS OF LABELLED SEDIMENT FKOM SITE B

Grain size Percentage of Specific activity
{microns) total sediment C.p.Mm
— gram
295 1.5 1480
295 to 147 7.0 : 1100
147 to 104 21.6 1000
104 to 74 57.8 900
74 to 90 8.0 1050
S0 4.4 2200

)
4.5 MEASUREMENT OF THE TOTAL ACTIVITY INJECTED AT EACH SITE AND WEIGHT OF
THE INJECTED SEDIMENT

Total activity to be injected at each site was determined by taking
samples of the sediment from sites A, B and C. Specific activity was
determined by comparison with a standard under similar conditions. The
standard (15.8 micro—curies per gram of sediment) was prepared with a
solution of Ag-11C calibrated in & 49% counter. Activity cajculiated according
to the abovesaid procedure and weight of the sediment injected in each site

were as follows:

Sitee A :  97.2 Kg 844 mC (on April 20, 1966)
Site B : 108,5 Kg 858 mC " . "

Site C : 102.5 Kg 1067 mC " " “
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INJECTION

The equipment used for injection was designed so that the labelled
sediment wouid be deposited on the river bed as a uniform film, within a
radius of 15 meters. It was extremely difficult to obtain good conditions
for depositing the sediment in this way. A few hours after injection the
tracer was found to make long narrow bands following the direction of the
river current.

A landing boat about 14 meters long and 2 meters wide, was used and
the injection tank was set up as indicated in Fig. 5.1. The boat and tank
are shown in Fig. 5.2

The labelled sediment was deposited as a light slurry, through a rubber
tube, 8 centinmcters in diameter, extending to the river bed. At the end of
this tube a lead block was attached, so that the end of the tube would
femain on the river bottom while the boat was moving.

¥Wiile being transported to the injection>site. the sediment was stored
in double plastic bags placed in iron cans, in order to prevent stattering
of the radioactive material, in case the bag would break before its contents
aad beea.transferred to the injection tank., Before each injection, parameters
such as bottom current, wind speed and wave height were checked, so that
injections would always be carried out with slack water.

The injection was performed as follows:

1) The injection tank was filled with 150 liters natural water from Rfo de
la Plata by a pump available on the boat and the stirrer was put to work. -

2) The nlastic bag and its protection can (containing 25 kilograms sediment)
were hauled over the funnel located on the injection tank., The protection
can was withdrawn, leaving the bag exactly over a sharp steel knife, that
cuts the bottom of the bag, allowing the sediment to fall into the tank,

(Fig. 5.3).
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3) When the contents of two bhags had been deposited into the tank (about 50
kilograms), the stirrer was operated until obtaining a light slurry.

4)  While the stirrer was in operation a valve ét the bottom of the tank was
opened,allowing the sediment to fall through a rubber tube. Simultaneously

the boat moved slowly, so as to distribute the sediment in a uniform way.

This procedure was repcated with another 50 kilcgrams batch of labelled
sediment, each discharge taking about 2 to 3 minutes. After the second discharge
the injection tank was rinsed with 20 to 25 liters of natural water, in order to
remove the radioactive material that might have remained in the rubber tube.

In order to decrease the dosis received by the personnel during the process
of injection, the apparatus was shielded by a semicircular container filled with

sand and water, as shown in Fiq. 5.4.

CALIBKATTION

CALIBRATION FACILUTY AND LAYER SCUKCE PREPARATION

Calibrations were carried out at the installations of C.N.E.A, in Ezeiza,
This place was chosen because of its low background and its facilities for
radioactive waste disposal.

For these experiments, a wooden pool was constructed, inwardly covered
with a zinc plate, so that it could easily be rinsed. The surface of the pool
was 3.83 square meters (1,95 x 1,96 meters) and its height 0,7 meter; the wood
used for its construction being one inch thick. Filling it with water would
take about 10 minutes and emptying it 5 minutcsq(Fig. 6.1.)

The radioactive sediment for calibration experiments was prepared with
labelled sediment from site B, its specific activity being at the time of
calibration 7,05 microcuries Ag-110/gram. A known amount of labelled sediment

was added to unlabelled sediment of grain size similar to that from site B,



6.2

until obhtaining layors of required thickness.

This was carried out in the abovesaid pool, stirring vigorously the
sediment with rakes in order to ohtain a uniform mixture, Half an hour of
étirring turned out to he necessary. Spot checks on the sediment layer,
using a collimated scintillation cyrstal, 1 x 1 inch, ctonnected to a U.N,.E.A.

type scaler, confirmed 8 uniformity better than 5.

PREL [MINAGY TESTS

Before using the equipment, described in 2.1, 2.2, 2.3 and 2.4, the
operating condilinnsg of the G.M. counters were checked, taking the plateau
with 2, 4 and G G.M. counters comnectcd in parallel. The results are indicated
in Fiqg. 6.2,

During field work, the coimting systeme -was conthl]cd periodically,without
finding any significant variations., lowever, after surveying the background of
the river bed, two G.M. counters had to be replaced,lés they proved to have
less efficiency than the rest, Natural background is therefore affected hy an
error of about 12 to 137, owing to increcased efficiency of the counting system
after replacing two counters.

Another preliminary test ihat was performed, was determining the effect of
gamma ray dispersion in water. A flat radioactive source of 7 microcuries of
Ag-110 was used,uniformly distributed over a one squarc meter aluminium plate.

{n order to check the effect of water depth on the count rate, this flat
source was placed on the bottom of the pool with the counler system over it.
The count rates determined at different heights of water, for 2, 4 and 6 G.M.
counters connected in parallel, are shown in Fig. 6.3. According to these
results, in cacii calibration run the pocl had to be filled with 35 centimeters

of water, measured from the contact surface between the sediment and the sledge.



6.3

Linear correspondence hetween the amount of counts read on the instrument
(c.p.m.) and actual activity (d.p.m.) was checked counting a series of point
sources of increasing activity, The results are shown in Fig. 6.4 The maximum
activity used was 10 microcuries of Ag-110,that give about 90.000 counts per

minute, when using the assembly of six G.M. counters.

AREA SENSITIVITY CF THE DETECIOR

The sensitivity of the G.M., assembly to the location of the activity found
on a horizontal surface was determined measuring the detector response with a
"point" source at different positions relative to the detector. These positions
were chosen on a horizontal plane coincident with the sledge base, so that the
readings are representative of the activity spread on the surface of the river
bed.

The "point" source used was made of 12 microcuries of Ag-110, in a plastic
container of 2 centimeter diameter and 1 centimeter height. The detector was
located at the center of a wooden plate, crossed with lines every 12 centimeters
along both its axis, The "point" source was placed at each intersection and
counted in this way in 100 different positions. All measurements were carried
out under a water layer of 35 centimeters, These results give by interpolation
the iscactivity curves of Fig., 6.5.

[ntegrating the activity observed over the finite areas centered at the
detector and limited by the curves of isoactivity, the percentage of total
activity corresponding to each area was obtained, The isoactivity curves limit
elliptical areas, whose major axis corresponds to the axis of the G.M. counters’
system, These results lead to the conclusion that 95% of the activity detected
by the counters is located on an area of about one meter diameter, concentric
with the geometrical center of the detector (0.73 square meters or 8.7 square

feet).



6.4 CALIBRATIONS RESULTS

6.9

Before carrying out the calibraticn experiments, backqround activity was
counted within the pool, with a 2 centimcters layer of inactive sediment,
covered by 35 centimeters of water and the tracking sledge located at the
center of the peol. This background was substracted from the values obtained
in all calibration cxperiments.

The response of the detector assembly operating with 2 or with 6 G.M,
counters for increasing activities of Ag-110 dispersed in a 2.2 centineters
uniform layer of sediment was determined adding known amounts of labelled
sediment to inactive scdiment, as described in 6.1, The tracking sledge, or
the device for point measurements, was placed at the geometrical center of
the pool, sc as to reproduce the counting conditions found on the river bed,
being covered with 35 centimeters of water., The results for 6 G.M, counters
are shown in Fig. 6.6 and for 2 G.M. counters in Fig. 6.7.

The effect of dispersion for a known amount of lahelled sediment in
increasing layers of sediment was determined as follows: Increasing amounts
of unlabelled sediment were added to a 1 centimeter layer of labelled and
unlabelled sediment, the maximum thickness tested being 19,5 centimeters.
Silver activity remained constant: 79.4 microcuries/square meter, The results
are given by the curves of Fig. (.8 and indicate that the tracer located at
more than 20 centimcters depth, will not contribute in a sigrnificant way to

the total activity measured.

RELATICON BETWEEN GiAPIIlC KRECORDEK AND RATE-METER REGISTKATICN

Buring field wori: simultaneous readings were taken with a rate-meter and
the graph recorder described in 2.4, Therefore it showed to be useful to

determine the relationship between these instruments,



Counts per minute, or pulses per minute, were fed into the counting

instrument by a pulse generator with low time constant. The number of counts

per minute was established before every read-out. Working under these conditions

for each of the different scales of the instrument, the curves of Fi§. 6.9, 6.10
and 6.11 were obtained, giving the numbér of pulses fed in by the generator vs.
counts read on the rate-meter and orn the graph recorder.

The absorption by water of the radiations emitted by a layer source of
sediment was checked counting its radioactivity with the detector assembly placed
at different heights over the layer surface located on the bottom of the calibra-

tion pool. ilesults are shown in Fig. 6.12,

BACKGROUND RADIATICN SURVLEY

Before injecting the labelled sediment. at sites A, B and C, a survey was
made of the background radiation, controlling in each case an area of about 2
kilometers radius centered at the point of injection.

The backqround was surveyed with the counting equipment and sledge for
continuous survey, described in sections 2.1, 2,2 and 2.4, The results are
shown in Vig. 2.1,

The background dces not vary considerably throughout the areas that were
examined, and can be taken as constant. The only exception is Canal Sud,where
it becomes almost twice as high as on the shoalsf This effect is possibly
caused by an increase of the detector efficiency, as the sledge might he

ploughing a track into the soft mnddy bed of the channel.

COUNTING LABELLED SEDIMENT CN T BED OF KIC DE LA PLATA

The radioactive tracer was counted on the river bed using the set-up
described in 2.1, 2.2 and 2.41. The results that were obtained and a detailed
description of the set-up have been sent to the liydraulic Lesearch Station of

Wallingford, through Sir William iHalcrow and Fartners.

- 24 -



9. MEASUREMENT OFF COnE SAMPLES

Core samples were taken with the device shown in Fig. 9.1 by personnel of
Sir william ialcrow and Partners, and were sent tc our laboratory inm PVC liners.
These liners were 60 centimeters long and 7 centimeters in diameter, with a wall
thickness of 2 milimeters, having a series of holes for water outlet,$S milimeter
in diameter, on a vertical line every 2 centimeters.

The samples were kept in vertical position for two days, so that they would
become cohesive and easy to slice.

The samples that had been taken first (site € N¢ 4 and 8, site A N2 2 and
N.N.) were sliced every 2 centimeters within the liners, with a thin-bladed
endless saw. Lach portion was placed in a Petri dish of 9 centimeters in
diameter and was duly identified.

Before drying at 120-13v2Ciin an oven, the sections next to the lateral
holes were discarded (about 1/3 of the total volume) in order to eliminate errors
duc to material that might have been pushed dewn by the cores when they were
taken. When thc sediment was completely dry it was divided into 65 grams frac-
tions and counted.

Subsequent analysis were carried out with two modifications, The PVC liners
were removed immediately, leaving the sediment uncovered, the disturbed zones
were discarded and a vertical trimming was performed, so as not to include
active material from the lateral surface. The sediment cylinders were sliced
every centimeter. Each portion was prepared as described above and counted,

tadioactivity was counted with a 2 x 2 inch Nal (T1) crystal, shielded with
5 centimeters lead rings, connected to a Nuclear Data Multichannel (spectrometer)
analyzer with 256 channels., The samples were placed directly over the crystal.
Activity was counted for 2¢ minutes and background was substracted automatically

for an equal amount of time.



"Activity mecsured” was taken as the integration of the 0,06 and €.86
MeV peaks of Ag-110. The activity as microcuries/gram was obtained by
comparison with two standard samples, prepared by adding to 65 grams and 45
grams fractions of inactive sediment known amounts of a standardized solution
of Ag-110, the activity of each standard samplc being 3.7 x 10-3 microcurie/

gram., The results are shown in Fig. 9.2, 9.3 and 9.4.



10, APPENDIX [

MEASUREMENT CF TUE A=110 ACTIVITY SUPPLIED BY HARWELL, U,K,

Radioactive silver was supplied by hHarwell, U.K., in a special lead

container with three standard irradiation cans, each containing 40 grams

silver granules, Activity of Ag-110 was measured in the following way:

|9

2)

w
~

Can A was extracted from its lead container and activity was measured
with a previously calibrated monitor at 8 meters distance. Calculations
were made hearing in mind the disintegration scheme of Ag-110, and gave
1.3 curies.

Metallic silver from each can was dissolved in nitric acid and 5/4 of
this solution were used for labelling 100 kilograms sediment. When the
sediment had been labelled, but beforc being trcated with water from Rio
de la Flata, a sample was taken and its specific activity was estimated
by comparison with a standard sample labelled with a known amount of
Ag-110, In this way, total activity contained in each can is easily
calculated.

RResults were as follows:

can A ¢ 1.4 curices
Can B : 1.5 curies

Can € : 1.6 curies
Metallic silver contained in can C was dissolved in nitric acid and an
aliquot was ccunted in a 49T proportional counter calibrated for Ag-110,
By this method activity in can € was found to be 1.7curies.
Cbviously there might be some error in these determinations of activity,
but it would be expected to lie within 25%. In any case, total activity

sent by iarwell amounts to not more than 5.6 curies.
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F16.2-2 ASSEMBLY OF GEIGER MULLER COUNTERS
HOUSED IN THE BRASS PROTECTION TUBE.



CHROMED PLATE H° 172"
DRILLED ZINC PLATE 15 mm ,HOLES

RUBBER TUBE,STEEL CORE DIAMETER 1.5¢cm

PITCH 1/27, 3 LAYERS

EVERY 1S mm DIAMETER 10mwn.
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FIG. 2-5 HAND-HELD POINT MEASUREMENT DEVICE



F1G 2-6 ELECTRONIC EQUIPMENT
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F1G 2-7 COUNTING RATE METER

FIG. 2-8 ScALER



FIG. 2-9 POWER SUPPLY ASSEMBLY

FIG.2-10 GRAPH RECORDER
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82 cm

STIRRER
1HP-C A: 220V
2.000 RPM.to 500 R.PM.

— _RUBBER TUBE
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l

TANK OF 200 LITERS

75 ¢cm

FIG. 4-1 SCHEME OF APPARATUS USED FOR
SEPARATING CLAY FROM SEDIMENT.
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FIG. 4-2 SETTLING RATE OF PARTICLES IN WATER AT 20° ¢



IRRADIATED METALLIC

SILVER
AMMONIA
DISTILLED
WATER
1 ( - - VACUUM
XF - FRACTIONATION TANK
OPEN TO DISSOLUTION .
AIR FLASK
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N\ /

MIXER WITH TRAYS FOR DRYING
SEDIMENT

FIG. 4-3 SCHEME OF THE SYSTEM USED FOR
LABELLING SEDIMENT WITH Ag-110.
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FIG. 4-8 LEAD SHIELDING FOR PROCESING RADIOACTIVE SILVER.



FIG. 4-9 INACTIVE SEDIMENT IS PLACED IN THE MIXER FOR
LABELLING WITH Ag-110.



FIG. 4-10 MIXING SEDIMENT TOGETHER WITH THE LABELLING SOLUT/ON.



FIG.4-11 LABELLED SEDIMENT IS PLACED AT OPEN AIR TO THE SUNLIGHT IN ORDER TO CASE
THE REDUCTION OF Ag-110,
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F16.5-5 INJECTION BOAT OPERATING IN RIO DE LA PLATA



FIG. 6-1 WOODEN POOL FOR CALIBRATION EXPERIMENTS
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I -
DISTRIBUTION OF COUNTERS "HARSHAW" IN ASSEMSLY N21 ﬁ
40,000 COUNTERS IN PARALLEL
2 COUNTERsS :(i-4)
4 COUNTERS - (1-3-4-6)
6 COUNTERS & (1-2-3-4-5-6)
' ERS
6 COUNTERS ,
30000 /ém < .
G
20000 4 COUNTERS )?/
s Ay
/ i T
(%_. ps—
10000 2 COUNTERS #
625 650 675 700 775 750 775 800 (VOLT)

OPERATING VOLTAGE

FlG. 6-2 GEIGER-MULLER PLATEAU



—~— = COUNT RATE (1)

6 COUNTERS"HARSHAW"
e e Qe e

€000

| 4 COUNTERS"HARSHAW" —
e

VARIABLE HEIGHT OF WATER
4000f———— CONSTANT ACTIVITY
TRACKING SLEDGE LAYING ON AN ALUMINIUMPLATE
COUNTING ASSEMBLY N<1 '
SOURCE : ALUMINIUMPLATE, ImmTHICK, 1m SURFACE

LABELLED WITH 7uCi Ag lIO,UNIFORMILY DISTRIBUTED
— TT.: 725V

READING INSTRUMENT : INTEGRATOR

e

2 COUNTERS "HARSHAW"

% N
— —— —  —— — -COUNTING ASSEMBLY N°i T
2000 e o= h
- - _LEVEL O
DS e — 1
195 m \'\\
— ALUMINIUM PLATE LABELLED WITH Ag IO —
I I |
10 20 30 40 (h)en

————= WATER HEIGHT (2)
(1) WITHOUT SUBSTRACTING NATURAL BACKGROUND

(2) LEVEL ZERO CORRESPONDS TO ALUMINIUM PLATE

Fl6G. 6-3 EFFECT OF WATER DEPTH ON COUNT RATE



¢/m

POINT SOURCE: Ag 110 y,
90.000 6 COUNTERS "HARSHAW" N4

COUNTING ASSEMBLY N21 ’ /

60.000|— | /

30.000 /i

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 uC

FIG. 6-4 LINEAR CORRESPONDENCE BETWEEN COUNTS
READ AND ACTIVITY. '



{ ¢/min)

% TOTAL RESPONSE

TRACKING SLEDGE

COUNTING ASSEMBLY N2 1

READING INSTRUMENT :GRAPHIC RECORDER
HEIGHT OF WATER:30¢m
‘POINT"SOURCE OF Ag 110

g 100 ==Q
% /
£ /
R
c
= 80 /
[+]
=
=
z
o
s 60 /
o
(.4
B
8
2
2%
G
a
§
% 20
3
]
[s'd
0,2 0,4 0,6 0,8 100 1,20
AREA (rf)

500 c¢/min

2.000 ¢/min

5.000 ¢/min
10.000 ¢/min

"- _~\

of o9Poo

° T [P
0 0 T SIS

Q o o |ojo o

o

-]

QOO -]
0©
o
T
o
°o
-]

o

FIG 6-5 AREA SENSITIVITY OF THE DETECTOR



C/min

10018 1 /
FlG. 6-6 DETECTOR RESPONSE TO Ag-110 ACTIVITY DISPERSED /
50 IN A SEDIMENT LAYER 2.2 cm IN THICKNESS
80
70
60
50
40
INCREASING Ag 110 ACTIVITY
30 CONSTANT SEDIMENT LAYER: 2.2 ¢m
/ HEIGHT OF WATER OVER SEDIMENT : 35 cm
COUNTING ASSEMBLY N2 1
READING INSTRUMENT : GRAPHIC RECORDER
20 POOL: 3834 (1.95x1.96m)
© SLEDGE ADAPTED FOR POINT MEASUREMENT
A TRACKING SLEDGE
o0 o SLEDGE POSITION:LAYING ON THE SEDIMENT, IN
CLOSE CONTACT.
., 2
2p 50 75 pCi/m

0 100 200 300 HCi Ag



s fro
100,10, &Lmin I
F16.6-7 DETECTOR RESPONSE TO Ag-110 ACTIVITY DISPERSED IN A
SEDIMENT LAYER 2.2 ¢m IN THICKNESS.
90 — ,
80 /
//
70 //
80 e
&Y
Q.
/\\/’
:cé‘
S
50 S
&£ ¥
&
&
A
o%
40 c? /’
Ly
30 y VARIABLE Ag110 ACTIVITY
CONSTANT SEDIMENT LAYER:2,2cm
HEIGHT OF WATER OVER SEDIMENT :35¢cm
COUNTING ASSEMBLY N°f
20} —
0 POOL : 3.83 m%(1.95 x 1 96m)
© SLEDGE ADAPTED FOR POINT MEASUREMENT
A TRACKING SLEDGE
SLEDGE POSITION : LAYING ON THE SEDIMENT, IN
i0
CLOSE CONTACT.
READING INSTRUMENT : GRAPHIC RECORDER
5? mlo’ 15? zo? A(":T. ESPECIFICA pCi/ns
i
100 200 300 400 500 600 700 800 ACTIVITY uCi Agtlo
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COUNTING ASSEMBLY WITH 6 COUNTERS

CONNECTED IN PARALLEL AND TRACKING SLEDGE
HEIGHT OF LABELLED SEDIMENT :19,4cm

HEIGHT OF WATER : 55 cm

50%10°

ACTIVITY ({c¢/min)

40 N

) AN

20

to

0o 2 4 6 8 10 12
DISTANCE FROM SEDIMENT LAYER (¢ m)

FIG. 6-72 ABSORPTION OF RADIATION OF A LAYER SOURCE
OF RADIOACTIVE SEDIMENT BY DIFFERENT HEIGHTS
OF WATER.



T W, W, U WA V. W, N, . VA, W, R . . . . W, V. W W W

$66
&|7o

b, SN N SN NN

VU, U, . . . . . . W, I N -,

IRON TUBE
300
1500 x 3
5 30 1DHOLES & 4 mm
~ /
©
:g b - .¢_.¢_-¢_-¢—-¢--¢-—¢— " P.V.C. TUBE
300
©
NN N
® ) .
©

NN ©\) . Y -

FlG. 9-1 DEVICE FOR COLLECTING CORE SAMPLES
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SAMPLE 9
SITE A

T2

7/////////////////////////////////////////////////////////// .

SAMPLE 7
SITE C
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DISTANCE FROM BED SURFACE



