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1. SOME HISTORY (and Working phylosophy)

One of the most important norms of journalism is to begin a

notice with a "lead" phase that induces the reader to continue to

read it to the end. Papers about the activities of a group of

tracer applications tend to be a simple description of events

cautiously selected between the .best performed by the group, giving

only information that is not very important to the reader, except if

he belongs to a rival group and would like to know what stage his

possible concurrent has attained. Otherwise, the person, even if

called "my dear reader" or something equivalent, will drop the paper

after the first lines. We expect this article fares a little better

by trying to give some ideas about the "working phylosophy" of a

tracer group and limiting the information about our sucesses to the

minimum possible. It is obvious that our rare failures never

happened.

It is somewhat surprising that in a developing country like

Brazil there are so many active groups dedicated to tracer

applications: the papers presented at this Symposium prove it. One

of the reasons to be cited to explain this fact is that the

implantation of a tracer group is rather simple: not many specialists

are necessary and the basic equipment to work with is simple and

unexpensive. As an example, our group began to work in 1962 with 3

engineers and a couple of CM counters. Another aspect that enabled

these groups to pursue its work without interruption is the

realistic attitude taken by our Atomic Energy Commision towards

tracer applications. The exagerated bureaucracy to obtain authorize

tions to perform a tracer work does not exist in Brazil. All the

necessary precautions are taken, but they are limited to those that

are really important, without any neurotic considerations about

imaginary dangers that prevail in several countries and that hanpered
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BO much the use of tracers that several promising groups disappeared

or became simply trouble-shooters.

It can never be overstated that a tracer study, even if some

Curies/Becquerels of radioactive materials are being used, is so

confined in extent and time that the perturbations introduced in the

environment or the risks to the public are despicable.

The development of the tracer group is a much more difficult

task- After a period in which the tracer studies are very simple

and provide data that can be analyzed straightway, a change in

concept will have to occur. This first phase is generally devoted

to a multitude of simple applications, in a variety of fields, its

more important result being a discovery of the real vocation of the

group and of the potentialities of the market. During this phase,

which covered, in our case, the period 1962 and 1968, we performed

applications as different as wear rate determinations in pig-iron

mixers, blast-furnaces and ducts for transportation of iron ore;

flow rate measurements in rivers (up to 500 m /s) and turbines (up

to 180 m /s); studies of parameters in industrial processes

(residence time distributions, rate and efficiency of mixing) and

even gamma-radiography and construction of smoke detectors.

All these studies created a consciousness and a consense:

tracers are just a tool to obtain information difficult to be gathered

by other processes and the quality of the tracer group will be

measured by its capability to analyze these informations and to

interpret the experimental results in an operative way. At this

point, the group can take two different directions. The first one

is to develop the technical aspects of tracer uses and to get

support, for the analysis of the results, from groups of specialists

in the particular area that is being studied. This affords the

opportunity of working in several different fields of the human

knowledge, but is has a consequence: it limits the specialization

of the members of the group and, depending on the kind of people

involved, their self-development.

The second route is to define more United field» to work in.

On this case, the group will have to incorporate a more eclecic
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personnel, specialized in the different areas chosen. In our case,

this definition occured around 1968 and je decided to work on tracer

applications in hydraulics and sedimentology. Besides that, we also

decided to try to be a self - contained group, being able to perform

not only the tracer part of the experiments, but also the

complementary measurements that are needed to explain the tracer

results, which are, in general, a little different from the normal

routine of data collection.

It was the rigth time for calling for help, as we still do when

necessary. The. group had grown and we thought that the best solution

was to bring some experts from abroad to train the whole team at a

time. With the help from CHEN and from IAEA, we received, for

several years, specialists in the area of tracer applications in

sediment movement, hydraulics, process kinetics, coastal engineering,

etc.

Each one of these missions was coupled to an important field

work, that was prepared, performed and analyzed with the help of the

expert. The only exceptions were in the more theoretical areas, in

which the training was given in the form of courses and seminars.

We also improved the quality of the equipment of the then

called "Radioisotope Division", buying not only radiation detectors

and the associated electronics, but also equipment for measurement

of waves, currents, wind speed and direction, salinity, and

temperature. Some of the best trained people of the Division were

sent to Brazilian institutes or abroad, to receive academic training;

it is necsssary to say that all the graduated people in the Division

had received formal training in Brazil in the nuclear area, through

specialization or post-graduation courses.

The absorption of technical personnel has followed, since then,

the methodology of a initial training period given by work together

with more experienced staff, which is very helpful in the process of

their incorporation to the normal activities of the Division.

In 1972, our institute became-a part of the Companhia Brasileira

de Tecnologia Nuclear which, in 1975, became the Empresas Nuclearo
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Brasileiras S.A. - NUCLEBRÂS.

The same systematic continues to be followed today. Senior

peopie are mainly occupied in developing better methods for data

treatment, with special emphasis in mathematical modelling, and

better systems of data collection. New fields of work are also

suggested or oriented by the senior members of the Division, in

close collaboration with the computer and electronic* teams.

Our feeling, at this moment, is that the next step in the

development of the group will be based on the utilization of micro-

computers for the collection and treatment of data. This would

allow all the members of the staff to dedicate more time tc the

development of more advanced analytical methods, in the area of data

treatment 4 i engineering.

By if . /ay, our technical staff is now formed by 17 people, 10

of them »•';.' graduation courses and 3 with Doctor's Degrees. And,

surpris .r. >1 y, in this period of economic difficulties, all of them

have a 1< r of work to perform.

2. s r M WORDS ABOUT TRACER APPLICATIONS

A «racer is any substance or property that can be easily

individualized, detectable and representative of a system or a

process.

Under this definition, Noah was probably the first man to use a

tracer technique, when he sent a pigeon (a transducer) from the Ark

to test the sta e of the system. The olive branch (the tracer)

brought back to Noah by the bird in his second attempt, showed

clearly that the system had attained a satisfactory state. Another

ancient application was performed when the two kids, abandoned by

their fathers in the forest, used small pieces of bread to mark

their way back hone. As the birds ate the bread (nonconservative

tracer), the kids finished in a house of sweet and cake owned by a

sorceress; this demonstrates clearly that the choice of a tracer

must be cautiously made.
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Artificial tracers, like radioactive ones, have the advantage

over natural tracers (that are a natural component of the system) of

being more easily defined and detected, this detection being many

times performed "in-situ", which avoids the always tedious work of

sampling. It is otherwise fundamental that an artificial tracer

represents eficiently the material of the system under observation,

that is, the tracer must participate as truthfully as possible of

the processes undergone by the system and present the same responses

of the system to the actions of interest. Radioactive tracers can

be considered as almost ideal tracers, since they can be used in

minute proportions - not causing alterations in the system - and can

be easily individualized, which will avoid difficulties on the analysis

of results. These properties define radioactive tracers as

indispensable in the study of the movement of sediments on the

bottom of a water body or in suspension. In the case of dispersion

phenomena, they compete - in our opinion, advantageously - with

fluorescent tracers. These are the main fields of work of our

Division.

When studying the movement of sediments on the bottom of the

sea or rivers the principal tracers used are Au-198 and Ir-192, in

general incorporated to a glass with the same characteristics of

the sediment.

The technique used is the deposition of the tracer on the

bottom and the follow-up of its movement using a radiation detector

towed by a boat. The positions of the boat are defined by a radio-

localization system and, in each detection, a complete coverage of

tho radioactive cloud is made. A set of detections permits to

evaluate the direction and the velocity of the sediment movement

and, by application of the "tracer balance method", transport rates

can also be determined.

Studies of the movement of suspended sediment are becoming more

and more important, mainly for the evaluation of the adequacy of

dumping sites for the disposal of dredged material. In this case,

tht sediment is usually a mixture of silt and clay and is labelled by

adsorption with Au-198. A. model that incorporate* dispersion and

sedimentation phenomena is used for the analysis of the experimental
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results and sedimentation rates, dispersion parameters and other

characteristics of the movement can be obtained.

Other important -plication is the use of tracers for the

studies of dispersion phenomena, which are important for the design

and performance evaluation of disposal systems for sewage, chemical

compounds or heat. On this case, the tracer part of the study is

usually performed using Br-82. The analysis of the results can have

different degrees of complexity, going from the application of simple

models to the use of elaborated computer codes that consider the

near, the intermediate and the far-field behaviour of the material

under study.

Anyone that has performed a tracer experiment sometime, knows

that each case is a different one and the peculiarities of each

study must be carefully considered during the planning of the field

work. "Murphy's law" must always be cautiously considered: "Anything

than can go wrong will go wrong at the most innoportune time"-A commoi

characteristic of all experiments is the importance of having good

conventional data to support the analytical work, define the main

cause - effect relationships and to permit extrapolations of the

experimental data (always limited in time) to other conditions. Our

Division has a group with the capability and the instrumentation

necessary to perform these measurements (waves, current, wind,

salinity, temperature, etc) and to interpret their results. The

importance o£ this group is always increasing with the increase in

complexity of the studies performed by the group.

3. SOME TASKS PERFORMED BY THE DIVISION OF ENVIRONMENTAL ENGINEERING

Inside this frame exposed in the preceding pages, we began to

work. Since then, our experiments covered most of the more

important parts of the 8500 km long Brazilian coast, from Belém to

Rio Grande, RS. Fig.l presents the locations where we have worked

and separates them into a kind of classification. Some of them

deserve some commentaries.

The first one we will cite is the work performed at São Gonçalo
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channel (1972) which links Lagoa dos Patos and Lagoa Mirim, RS.

There the problem was the intrusion of a saline wedge into the lakes,

whose water is used for irrigation purposes. This intrusion

strongly depends on the precipitation regime at the region and the

idea was to avoid the salinization of the water by a submerged dam.

A study of the movement of sediments on Che bottom was then

mandatory. The study was performed using radioactive tracers and

the results were applied to test several hydraulic formulae for the

calculation of bottom transport. The results enabled the development

of a mathematical model for sediment transport in the channel. The

dam was built and is working properly.

A similar but broader work was performed at the North-west of

Paraná state, as a part of an over-all study about the erosion in

the region, which is one of the most important agricultural regions

of Brazil. There the study covered the basin of Ivai River and four

of its sub-basins. The final result was a model that linked sediment

transport (suspended and bottom sediment) to the flow-rates of Ivai

River.

Another important study which involved both suspended and

bottom sediment was performed at Santos, between 1974 and 1976. The

main problem was to test the performance of the dumping site for

sediment dredged from the estuary, which was located near the

entrance of the bay. It was demonstrated that a considerable part

of the dumped sediment was coming back to the dredged region. Then,

the study was concentrated on the definition of a new dumping

location, near one of the islands outside of the bay. When this

location began to be used, a dramatic decrease on the dredging

requirement resulted.

At Sepetiba Bay (1977), a similar study was performed and it

was proved that the material dredged from the harbour under

construction at Madeira Island could be safely disposed inside the

bay. This increased enormously the number of trips that the dredging

vessel could perform per day and obviously decreased the total cost

of the dredging work.

In 1977/1978, a work was performed at Sergipe River, near Arac£
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jú, to study the discharge of the effluents of an ammonia-urea

plant. A mathematical model, based mainly on salinity and tide

measurements, was developed for a 30 km reach of the estuary and

enabled the calculation of the concentration of pollutants from the

factory to the sea. In this case, no radioactive tracer was

employed. Another dispersion study was performed at Negro River,

nearby Manaus (1981). The river is so huge in this region that the

analysis of the results had to be based in two-dimensional models.

Several successive injections of tracer were necessary to cover all

the reach under study and their results had to be coupled by the

use of convolution integrals.

Studies of the movement of bed-load were performed in several

places, like Rio Grande, Santos, Sepetiba Bay, Rio de Janeiro, Araca

jú, Recife, Natal, etc.

Presently, the Division is performing oceanographic measurements

at Iguape, SP, where the highest individual wave ever observed near

the Brazilian coast has been measured last year: 6,7m. At Iguape,

mathematical models coupled to dispersion measurements are also

being used for the study of the circulation of thermal plumes.

Another study currently under way is a work near Sao Luiz.

Part of the service is the measurement of the concentration of

sediments "in situ" at the bottom of the access channels and the

basin of an harbour. Another part is the study of the location of

disposal sites for dredged material; still another is the determina

tion of bed-load movement in the region of the access channel. A

last aspect is the study of the overall hydrodynamics of the region,

trying to get a better knowledge of the mechanisms of deposition of

sediment.

Finally, we are working at the South of Brazil on an integrated

study for the disposal of etfluents of a factory, going from the

initial data collection (environmental, oceanographic, dispersion

•nd bottom experiments) to the final pre-project of an emissary.

All the works presented on Fig. 1 have originated reports

to the clients and more detailed information can be provided to any

interested people by our Division.
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