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FOREWORD 

 
Radioisotopes as tracers and sealed sources have been a useful and often irreplaceable tool for 

sediment transport studies. Gamma scattering and transmission gauges are used for sediment 
monitoring. Computational fluid dynamics (CFD) modelling is now an essential tool for the 
management of the natural systems and are increasingly used to study the fate and behaviour of 
particulates and contaminants. Radiotracer techniques are often employed to validate CFD models to 
enhance confidence in the predictive value of the models. Experimental tracing and numerical 
modelling are complementary methods of studying complex systems.  

 
During the last few decades, many radiotracer studies for the investigation of sediment transport 

in natural systems have been conducted worldwide, and various techniques for tracing and monitoring 
sediment have been developed by individual tracer groups. However, the developed techniques and 
methods for sediment tracing have not been compiled yet as a technical document, which is essential 
for the preservation of the knowledge and transfer of the technology to developing countries. Standard 
procedures or guidelines for the tracer experiments, which are vital for the reliability of the 
experiments and the acceptance of end-users, have not been established by the international tracer 
community either. The use of radiotracers in sediment transport studies demands the additional 
attention of the community to further develop these techniques and to ensure their transfer to 
developing countries. 

 
The Consultants' Meeting on “Radiotracer and sealed source techniques for sediment 

management” was convened at the headquarters of the International Atomic Energy Agency (IAEA) 
in Vienna, Austria, from 21 to 25 April 2008. Experts from Argentina, Brazil, France, India, Republic 
of Korea and United Kingdom have been invited to discuss the current status of the tracer and nucleonic 
gauge technologies as applied for sediment transport investigations and to evaluate issues related to the 
further development of this activity. The main objective of the consultants meeting was to review the 
status of and trends in radiotracer and sealed source techniques as applied to the investigation of 
sediment transport in natural systems.  

 
Developed and developing countries have built up a know-how in the application, design and 

implementation of radioactive particle tracers particular for sediment transport with support from the 
IAEA over the past 30 years. Continuing support of personnel and organizations in the Member States 
is required in order to maintain and possibly re-build activity, capacity and use in order not to lose.  

 
Currently models cannot provide accurate sediment transport predictions given the difficult 

processes involved in complex situations. Sediment tracers provide a unique capability and 
understanding for sediment transport and sediment management which cannot be obtained any other 
way, whether conventional monitoring or physical and numerical models because they integrate all the 
hydrodynamic actions in time and space. 

 
Since the environmental, economic and social benefits from the application of tracer technology 

are enormous, it is recommended that this activity should be promoted further to take full advantages 
of the modern technologies. Under the scenario of climate change, these techniques can provide tools 
to handle sustainable developments of environmental resources, particularly in coastal areas and water 
management.  

 
A CRP on Development of radiotracer technology and its integration with hydrodynamic  

models for sediment management in coastal systems was proposed for the IAEA approval. 
 
The IAEA wishes to thank all the participants in the Meeting for their valuable contributions. 

The IAEA officer responsible for this Consultants Meeting was M. J.H. Jin of the Division of Physical 
and Chemical Sciences. 
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RADIOTRACER AND SEALED SOURCE TECHNIQUES FOR SEDIMENT 

MANAGEMENT 

 

1.  INTRODUCTION 

Studies on sediment transport in rivers and coasts are of vital importance to many civil 
engineering projects such as dock construction, coastal reclamation, dredging and irrigation projects. 
Typical problems related to sediment movement in the natural systems are: 

 

• Littorals in many countries are subjected to erosion. On sedimentary coasts, coastal erosion 
sometimes poses a serious danger to human settlements. Armouring structures are erected when 
coastal erosion threatens beachfront properties. The structures protect properties, but the 
shorelines undergo long-term retreat, which often leads to beach loss.  

• For the management of sufficient water depth at ports and harbours to accommodate ship 
movements, dredging operations are carried out. The selection of suitable dumping site of dredged 
material is very important, as dumped material should not come back into the navigation channel.  

• Municipal wastewater consists of a mixture of aqueous and particulate components. The effluent 
particles are complex mixtures of organic and inorganic solids. Information concerning the 
diffusion and settling behaviour of the particles has important implication for understanding the 
impacts of effluent discharges on receiving water systems.  
 
Since 1960s, radioisotopes as tracers and sealed sources have been a useful and often 

irreplaceable tool for sediment transport studies. Gamma scattering and transmission gauges are used 
for sediment monitoring. They are used for either static or dynamic measurement of concentration of 
sediments deposited.  Radiotracer techniques are used to obtain quantitative information, such as the 
direction, velocity and thickness of sediment movement. The radioisotope methods offer technical 
advantages over conventional methods in the assessment of the natural systems and are safe, accurate 
and cost effective. 

 
Computational fluid dynamics (hydrodynamic) modelling is now an essential tool for the 

management of the natural systems and are increasingly used to study the fate and behaviour of 
particulates and contaminants. Radiotracer techniques are often employed to validate hydrodynamic 
models to enhance confidence in the predictive value of the models. Experimental tracing and 
numerical modelling are complementary methods of studying complex systems. Tracer data are based 
on direct observation, but are limited to the labelled component of the system and to a restricted 
domain of space and time. Numerical models can in theory accommodate all the important parameters, 
but are limited by their underlying assumptions and accessible computing power. Individually both 
approaches have limitations, but together they offer a very powerful method of investigating complex 
systems. Over the past few years it has become clear that the synergistic modelling and tracer 
approach can make a significant contribution to addressing complex problems in natural systems. 
Cases of radiotracer application for the validation of  models of natural systems have been increasing 
remarkably.  

 
During the last few decades, many radiotracer studies for the investigation of sediment transport 

in natural systems have been conducted worldwide, and various techniques for tracing and monitoring 
sediment have been developed by individual tracer groups. Recently, new equipments, such as 
combined data acquisition systems that record radiation counts together with GPS position data, 
radiotracer injection systems for more convenient and safer handling, and radiation detection systems 
for more reliable data collection, as well as new software packages for more accurate tracer data 
treatment and interpretation, have been developed.  

 
However, the developed techniques and methods for sediment tracing have not been compiled 

yet as a technical document, which is essential for the preservation of the knowledge and transfer of 
the technology to developing countries.  



 
 

   
 

 
Standard procedures or guidelines for the tracer experiments, which are vital for the reliability 

of the experiments and the acceptance of end-users, have not been established by the international 
tracer community either. The use of radiotracers in sediment transport studies demands the additional 
attention of the community and the IAEA to further develop these techniques and to ensure their 
transfer to developing countries. 

 

1.1. OBJECTIVES OF THE CONSULTANTS’ MEETING 

 
The main objective of the consultants meeting is to review the status of and trends in radiotracer 

and sealed source techniques as applied to the investigation of sediment transport in natural systems.  
 
The participants in the meeting will discuss and evaluate the following:  

• Comparison of radioactive and non radioactive tracers for sediment tracing  

• Review of tracer and sealed source techniques for sediment transport study and typical case 
studies 

• Current status and prospect of tracer applications in validation of hydrodynamic models for 
sediment transport in natural systems 

• Guidelines on tracer experiments for sediment transport studies, such as measurement of bed load 
movement, evaluation of dumping site of dredged material, and tracing of particulate pollutants. 

� Selection of a suitable radioisotope and its activity based on requirements 
� Safety assessment of the tracer experiments  
� Tracer injection methods and injection tools 
� Radiation detection systems and surveying methods 
� Data acquisition systems for detector and GPS  
� Data treatment, modeling and interpretation 
� Reporting of results  

• Evaluation of technical and economic benefits of the radiotracer applications  

• Marketing and quality management 

• Future activities for the further development and propagation of the radiotracer techniques  
 
Experts from developed and developing countries were invited to review the current status of 

the techniques and advise on future activities to be pursued for the benefit of Member States. The 
meeting prepared a technical report on the state of the art of tracer techniques for the investigation of 
sediment transport. The report also outlines the requirements for further research and development of 
the techniques including a proposal for coordinated research project.  

 

1.2. TECHNICAL JUSTIFICATION: THE IMPORTANCE OF TRACERS FOR SEDIMENT 

MANAGEMENT 

 
Sediment management is a key consideration for all countries around the world whether 

developed or developing whether protecting coastlines and populated areas from sea-level changes, 
storm waves and coastal erosion or the increasing frequency and intensity of rainfall events leading to 
widespread flooding, mudslides or lose of floodplains and agricultural land. Understanding the 
behaviour, fate and impact of sediment movement is vital for ports & harbour development, dredging, 
oil & gas activities, mining, engineering projects, pollution transport, flood and coastal protection, 
population protection, water quality, tourism, coastal zone management and environmental habitat 
protection.  

 
For example a major cost of a new port development is the capital and then maintenance 

dredging costs; for medium size ports in India the annual maintenance dredge volume is estimated to 
be 60 million m3 of dredging at a cost of US $125 million. It is therefore critical that the behaviour and 
fate and disposal of such quantities is well understood and does not simply return back to the port.  
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A balance has to be struck between the costs of transport for disposal and the cost of 

maintenance dredging costs and re-handling.  
 
In order to implement best management and environmental practice, to reduce or control 

maintenance dredging costs and avoid changes in hydraulics, risk to navigation, flooding, river and 
coastal erosion and contamination requires a detailed knowledge of sediment transport in order to 
formulate strategies, which will minimise capital and operational costs and environmental impact. 

 
Accurate and conclusive field datasets detailing sediment movement and the conditions leading 

to disturbance, erosion and transport allow management strategies to be adopted preventing increased 
costs, doubling handling of sediment and environmental damage. Field data can be used in a 
standalone dataset, in straightforward studies. However in more complex study areas or sites where 
future changes are planned field data should always be used to carefully calibrate and/or validate 
numerical models. This must be the best management approach in the future to ensure that the 
environmental, financial and operational risks are known and understood where possible in advance of 
the activity or operation commencing. Combination of quality field data with validated model output 
also ensures acceptance by the regulator and public consultees. 

 
Many developments, engineering activities and operations in rivers, reservoirs, lakes, estuaries 

and the coastal zone disturb sediment to a greater or lesser degree particularly in the case of dredging 
and sediment relocation, where impact can take place, both at point of extraction and discharge, 
leading to a potential impact on the environment and changes to the natural hydrography and 
morphology of a site. The relative scale of the impact is a function many factors including the 
operation, the hydrography of the area and the sensitivity of the site. During the last two decades, 
environmental impact was often measured by the immediate and long-term impact on flora and fauna 
at a species level, but regulators and environmentalists alike now feel that the optimum way of 
protecting single species is to sustain the health and balance of a habitat.  Determination of 
environmental impact by measuring biological effects can be costly and long term. If sediment never 
actually reaches a sensitive site or is only deposited at levels well below natural ambient then long-
term biological monitoring is at best likely to lead to further monitoring over a longer period and 
increased costs. It is proposed that significant cost-savings can be made and delays for developments 
can be speeded up if initially physical effects are monitored and understood and the data used to relate 
to biological impact or focus in on the specific needs for any biological monitoring that is required.  

 
In addition, both the environmental regulators, NGO’s and environmental lobby groups are 

seeking less disposal at sea of dredged material and more retention of this biologically active material, 
rich in nutrients and fauna, within the coastal system particularly for estuaries where disposal at sea 
for silts and muds is often seen as detrimental. In many countries beneficial use is now high on the 
agenda of regulators prior to granting a sea disposal licence.   

 
In addition and very importantly in more recent years, disposal of ‘surplus’ dredge material at 

sea is seen as very detrimental to maintaining the coastal sediment budget. Loss of riverine and coastal 
sediment by changing the environment, hydrography or physical disposal at sea, increases the 
exposure of shorelines, habitats, tourist developments and amenity beaches and reduces to ability to 
minimize impacts from tidal surges, waves and storms. This can lead to significant costs for beach 
replenishment or flood plain protection and if not maintained substantial loss of life and property, for 
example hurricane and typhoon impact in Florida, USA and SE Asia respectively.    

 
New more rigorous environmental legislation and increased public concern requires countries, 

engineers, port operators and dredging companies to consider the environmental consequences of all 
port and dredging activities. For example, new EU environmental legislation has led to Marine Special 
Area of Conservation (SAC) being established in order to classify and protect sensitive species and 
habitats. Port operators are Competent Authorities for SAC’s and hence are legally required to protect 
the marine environment. A further directive within the EU, The Water Framework Directive, requires 
an holistic view of water catchments and the impact on the coastal zone.  



 
 

   
 

 
Therefore, all parties undertaking activities and operations in the water environment need to 

have a clear understanding of the marine environment in which they operate and need to be able to 
quantify transport of suspended and bedload sediment, particularly fine cohesive sediment and 
contaminated sediment.  

 
Assessment of sediment transport can be performed in many ways including mathematical 

models, physical models, bathymetric data by investigating sedimentology parameters (grain size, 
sediment traps etc.) however the use of sediment tracers coupled with a standard suite of conventional 
hydrographic survey techniques provides the optimum way to measure sediment behaviour, transport 
pathways, fate and deposition, in order to assess environmental impact. Sediment tracers can provide 
direct unequivocal measurement of these parameters in the field.  

 
Sediment particle tracers offer a highly cost-effective and alternative method of determining 

sediment transport by assimilating tidal currents and wave dynamics and the sediment transport 
processes of erosion, resuspension, transport, settling and deposition. Sediment tracers include both 
radioactive and non-radioactive (fluorescent) tracer particles used to simulate and measure the fate, 
behaviour and re-distribution of fine and coarse sediment in the environment.  

 
Historically, radioactive tracers have been used since the mid-1950’s to monitor the movement 

of sand initially and since the 1960’s to monitor the movement of silt; it is estimated that more than 
1000 sediment transport studies have been conducted during this time. However in the 1990’s the use 
of radioactive tracers declined significantly in many countries due to the concerns of health from the 
public, environmental legislation, bad publicity and legislation related to transport and handling. This 
decline coincided in many countries with the strengthening and increased use and reliance on 
numerical models, with many parties relying on models and reducing the level and detail of field 
monitoring. A critical factor is that numerical models were perceived to be able to accurately simulate 
any scenario whether industrial, hydraulic and environmental. However to this day, models cannot 
simulate actual movement of particle, contaminant and sediment transport, with the ability limited to 
modelling particles permanently in suspension or permanently as bedload material only. 

 
Due to health and environmental concerns, perceived or real, radioactive tracers for 

environmental studies are no longer used and/or permitted in N.America, parts of Europe including the 
UK, Netherlands, Italy & Germany and other environmentally conscious countries.  This has decline 
has coincided with a decline of use in many countries where radioactive tracers are still permitted with 
only countries such as India and Brazil where numbers of studies per year have remained relatively 
stable for several decades. As a result, development of non-radioactive particle tracers have been 
developed in countries such as the UK, for example Environmental Tracing Systems (ETS) Ltd., using 
fluorescent polymer particles to simulate a range of particulate including silt and sand; the in the past 
16 years, ETS have conducted more than 60 non-radioactive tracer studies around the world.  

 

2. CONCEPT OF SEDIMENT DYNAMICS 

2.1. BACKGROUND 

 
We live in continents and islands, where the natural action of the rain and the winds, associated 

with the human intervention (sometimes disastrous), affect the morphology of the soil. The runoff 
produces soil erosion; water and sediments are then transported by the action of the gravitational force 
to lower regions and the sediments, depending on their grain size and the obstacles encountered, can 
reach or not the coastal area. The natural way for this flow of water and sediment are the rivers, which 
have different shapes and sizes. 

 
The transport of water and sediments is an important environmental phenomenon of very 

complex nature (three-dimensional and time dependent).  
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It poses the following question: what happens when boundaries of a water flow are constituted 

of sediments which can be set into motion by the flow? This comprises the erosion, transport and 
deposition of the sediment grains. The flow of water alters the boundaries of the flow and this change 
affects, in turn, the flow itself. It is an iterative process. The interdependence of the factors involved in 
practical hydraulic and sedimentological problems is so complex that a complete analytical solution 
does not exist. 

 
The knowledge of the structural geology, hydrology and river sedimentology (the natural 

processes in rivers) are the key for the understanding and forecasting of the changes that may occur in 
each particular system, due to natural causes or to artificial ones (soil management, construction of 
reservoir dams, dredging works and construction of training walls with navigational purposes, etc.). 

 
Erosion problems arising from either afforestation or deforestation schemes in lake catchments’ 

basins can contribute to the reduction in the effective life of man-made lakes behind reservoir dams or 
power barrages. Due to the interception of sediments by these structures, channel degradation may 
develop downstream. 

 
On the other hand, in marine environment, the natural causes acting in the sediment transport 

are different and even more complicated relatively to those occurring in rivers. Factors to be taken into 
account are: wave action, winds, currents of different origins actuating in various directions in open 
sea and bays, fluctuation of the sea level due to astronomical and meteorological tides, increasing the 
region of influence of waves and currents in the shore profile and causing the reversal of the current in 
estuaries, mixing of fresh and salt water in estuaries and its consequences to the behaviour of fine 
sediments in suspension. Furthermore, it should be considered that all these hydrodynamic agents may 
act simultaneously in a given water body. 

 
The progressive occupation of the coastal zones requires an increasing human intervention 

which has to be conducted by Coastal Zone Management (CZM) studies to well adapt the coastal 
region to this occupation. Several examples of human interventions and studies related to sediment 
transport in the marine environment can be mentioned: 

 

• Capital or maintenance dredging of access channels to harbours, turning basins and berthing areas; 

• Monitoring of the sedimentation in existing dredged areas or predicting  the maintenance in 
future ones; 

• Selection of spoil disposal areas for dredged material and study of the efficiency of the selected 
dumping sites; 

� Littoral movement of sediment along the coast (longshore and crosshore); 
� Behaviour of particulate contaminants discharged through outfalls or in water bodies;  
� Determining source of siltation; 

• Construction of coastal structures such as: groins, jetties, detached breakwaters and sea walls;  

• Artificial beach nourishment, harbour inlet by-passing schemes, location and dredging of sand 
traps; 

• The associated sedimentological studies related to the response (accretion or erosion) of the 
shoreline to the coastal structures and the works mentioned, require a knowledge of the littoral-
drift and the cross-shore sand transport in the nearshore region; 

• Temporary excavation below natural depths for the burial of pipelines and cables, which can 
present various problems, mainly in the shoreline region; 

• Reclamation works in estuaries and the influence of the loss of tidal volume on the sedimentary 
regime. 
 
Nuclear techniques applied together with conventional techniques, hydraulic measurements and 

modelling, to solve sediment problems in the coastal area, and also in river sedimentology, can be seen 
as a powerful tool, provided they are used with knowledge and caution. 



 
 

   
 

 

2.2. SOME SEDIMENT CHARACTERISTICS 

 
It is interesting to highlight some definitions and properties of sediment, important for the 

comprehension of its behaviour in different environments. Sediments under study can be classified by 
its grain size, from clay to boulders as shown in the table I here below. 

TABLE I. CLASIFICATION OF SEDIMENTS BY ITS GRAIN SIZE 

Boulders > 200 mm 

Cobbles 200-60 mm 

Gravel 60-2 mm 

Sand 2-0.06 mm 

Silt 0.06-0.04 mm 

Clay < 0.04 mm 

 
The size of the particles and its terminal fall velocity (fall velocity under steady state conditions, 

where the drag on the particle is equal to its submerged weight) are the most important parameters 
relating the sediment properties with the theories of grain motion. 

 
Broadly speaking, sediments can be divided into cohesive and non-cohesive ones. Silt and clay 

are cohesive and sediments having grain size from sand to boulders are non-cohesive ones. There is a 
big difference in the behaviour of these two classes of sediments when submitted to hydrodynamic 
actions. In case of cohesive sediments, the resistance to erosion relies on the strength of the cohesive 
bond between the particles. Once erosion has taken place, cohesive material may become non-
cohesive relatively to further transport, but it can flocculate when a region of saline water (e.g. 
estuary) is met. 

 

2.3. MODES OF SEDIMENT TRANSPORT 

 
Sediments are set in motion as the mobile bed of the flow attempts to adjust its shape and/or 

texture to the forces causing the movement. Different modes of sediment transport are:  
 

• Suspended: Turbulence in water is the mechanism that retains sediment in suspension (when 
velocity is high in relation to the settling rate of particles). Suspended sediment is usually fine-
grained; the transport of sand in suspension would be an extreme example at the higher end of the 
energy spectrum.  

• Bedload: Is the rolling or sliding of the particles along the bed. This sediment transport mode is 
applicable to coarser sediments (sand and gravel-sized materials), and is at the lower end of the 
energy spectrum.  

• Saltation: This is an intermediate situation between bedload and suspended sediment load where 
particles “bounce” along the bed.  
 

 

FIG. 1. Diagrammatic representation of the modes of transport 
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Fig. 1 shows the major common modes of transport of sediment. The threshold of sediment 

movement is the energy level (flow) at which sediment starts to move as bedload. Increasing the 
system energy allows the transport mode to change to saltation or suspension.  

 

2.4. SEDIMENTARY PROCESSES AND MEASUREMENT OF SEDIMENT TRANSPORT  

 
Sediment transport in rivers under unidirectional and quasi-steady flows is very complex. This 

complexity increases even more when dealing with sediment transport in coastal regions. The 
prediction of sediment behaviour from flow parameters and the direct measurements of this behaviour 
are normal tasks that have to be performed when dealing with environmental and engineering 
problems. 

 
For the study of sediment behaviour, use is made of physical models with movable bed and 

mathematical modelling. The latter have been more widely used for the last two decades because of 
the high construction and operational costs, doubts on the similitude and the inflexibility presented by 
physical models. These shortcomings of the physical models are more pronounced in river 
morphological or estuarine applications, where large areas to be represented demand a vertical 
distortion of the model. A vertically distorted mobile bed model does not scale bed roughness 
correctly, and the impossibility of scaling the threshold and settling velocities of the natural sediment 
has given more space for the use of numerical models.  

 
Moreover, it is hard to represent, in a physical model, the behaviour of fine sediments submitted 

to aggregation processes: inorganic salts promoting salt flocculation; organic compounds producing 
organic aggregates and bio-flocculation; organisms such as copepods, mussels, tunicates, etc., 
transforming fine-grained suspended matter into pellets whose settling velocity is many times greater 
than that of the constituent particles. 

 
Physical models using sand or light-weight mobile materials are still employed for wave-

dominated coastal studies (e.g. shoreline region response to coastal structures; design of dredged 
access channel) and localized river engineering problems (e.g. morphological influence of training 
walls in their vicinity). 

 
Mathematical models (Computer Fluid Dynamics - CFD - models) for sediment transport 

studies are more versatile and easy to be used, because of the only use of computers, but these models 
are efficient and reliable only if the equations inside are representative of the reality. Practically the 
lack in fundamental knowledge on complex sedimentary processes conducts to results often out of the 
reality. Furthermore, CFD models should be validated for having confidence on their results and tracer 
studies are a powerful tool for that because they integrate all the hydrodynamic actions on the 
sediment and also because of the fast answer they give compared to conventional methods like 
differential bathymetry. 

 
Field measurement programmes of the hydraulic parameters and sediment movement are 

relevant for each particular site under study. They represent a first step in a predictive process that may 
subsequently make use of a physical or mathematical model if the complexity of the hydraulics cannot 
be treated by analytical tools.  

 
Measurement of hydraulic parameters and physico-chemical site data is achieved by use of 

various instruments: water level, tide and wave recorders, recording current meters coupled with 
conductivity and temperature sensors and fixed or moored at convenient sites and depths, and also by 
manned instrumentation for profiling the water column. Measurement of sediment movement can be 
performed by direct observation and monitoring or with use of tracers. In the first case, the 
quantification of the suspended sediment movement requires a combination of simultaneous 
measurement of sediment concentration and current velocity at fixed stations (Eulerian approach).  

 



 
 

   
 

 
For the determination of the concentration, samples are taken by the use of immersed bottles or 

by pumping and are subsequently analysed in laboratory. Normally, hundreds of samples are 
necessary to quantify the suspended sediment transport in a cross section of a river or an estuary, due 
to the rapid variation in the concentration with time and with depth. In this way, it is interesting to 
perform "in-situ" measurement of the concentration using special gauges based on the scattering or 

transmission of light, sound or γ radiation. For the direct measurement of bed-load transport, devices 
to be filled, such as traps and baskets put in the bottom of the water courses are used, but they are 
normally not adequate because they interfere with the flow, cause local disturbance of the bed and are 
difficult to position. 

 
Nowadays, specialized hydraulic institutions offer relevant combinations of field measurements 

and physical and mathematical modelling facilities, utilizing the most recent techniques and scientific 
achievements, in order to solve environmental and engineering problems related to sediment transport. 

 

3. TRACERS FOR SEDIMENT DYNAMIC STUDIES 

Both non-radioactive and radioactive tracers have been developed and used since the 1950’s for 
the purpose of measuring and understanding sediment transport. Non-radioactive tracers have been 
developed to carry out sediment transport studies as a result of concerns and ‘perceived’ concerns, 
costs and availability of the radioactive tracer technology. Other non-tracer methods have also been 
developed such as measurement of sedimentological variation spatially. 

 

3.1. NATURAL TRACERS 

 
Different methods include:  
3.1.1. Assessment of sedimentological variation (e.g. Sediment Trend Analysis involving the 

detailed examination of sediment grain characteristics) to assess the sources, transport pathways and 
sinks of sediment at a site.  

 

FIG. 2. An example of Sediment Trend Analysis output from GeoSea, for Mouth of Columbia River, 

Oregon, USA (Courtesy of Portland US Army Corps of Engineers, CENWP) 
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The value of this technique is limited and the ability to identify pathways can be difficult, 

particularly if the ambient sediment is very similar to the sediment of interest being investigated. One 
company offering such capability is GeoSea of Canada, however as can be seen from Figure X1, the 
results are very hard to interpret and therefore the value of these data is considered to be very limited.  

 
These tracers can be artificial, fluorescent and activable tracers. One can also use natural 

properties of the sediment of the site such as mineralogy and natural radioactivity. 
 
3.1.2. Activable tracers 

 
The activable tracers could be natural mud particles labelled by chemical sorption with an 

activable element that cannot be found in the natural particle on the site. After sampling the sediment 
is analysed by neutron activation analysis. In the same way, the activable tracer could be grinded glass 
simulating sand and having, in its composition, an activable element.   
 

3.2. NATURAL RADIOACTIVITY OF COASTAL SEDIMENTS AS “TRACER” IN 

DYNAMIC SEDIMENTOLOGY 

 
Radiometric measurement of gamma natural radiation is another simple and fast technique for 

lithological mapping of the sea bottom that could provide useful information about the origin and 
transport of sediments. Careful interpretation of gamma natural radioactivity of sea bottom sediments 
can provide: 

 

• Lithology, which is the description of rock composition (what it is made of), 

• Sediment transport trends 
- granulometric selection of sediments, 
- depth limit of wave effect on sea bottom sediments,  
- direction and distance of distribution of fluvial sediments, 
- accretion and erosion zones along the coast line. 

 
Natural radioisotopes distributed in sediments are uranium-238 (and its family), thorium-232 

(and its family) and potassium-40. Based on their concentrations in sediments and radioactive decays, 
it can be calculated that the major contributor of gamma natural radioactivity of sediments is Th-232 
(over 55%), thus Th-232 is the “natural tracer” of sediment dynamics. Th-232 is always in equilibrium 
and is very resistant against chemical and mechanical agents.  
 

3.2.1. Online radiometric mapping of the sea bottom 
The gamma measurements are performed in dynamic (on-line) that means from moving boat 

with average speed of 1.5 m /s, according to the profiles perpendicular with coastal line. The detection 
probe (NaI (Tl) scintillator 2”x2”) is mounted in a special support, which keeps constant distance 
probe-sea bottom of 5 cm. 

 
3.2.2. Treatment of radiometric field data 
The plot of radiometric data is treated according to following methods. 
 
a).Treatment with Gauss chart.  

For each lithology the distribution of count rates is normal one, that means its graph in Gauss 
chart is linear, with a mean value characteristic for that kind of sediment. Two count rate distributions 
are considered significantly different when I1* + s1 < I2* - s2, where I1*, I2*, - are the mean values of 
two successive distributions (I2*>I1*) and s1, s2 – are their standard deviations. Each count rate data 
distribution corresponds to a particular sediment (lithology). To correspond a lithology to a class of 
count rate distribution several sediment samples have to be taken from the sea bottom and analysed in 
laboratory (granulometric analysis).  

 



 
 

   
 

 
Thus, using radiometric data the sediments can be classified by their grain size, in two groups 

silt (<0.06 mm) and sand (0.06-2 mm); moreover what is the most important from sediment transport 
point of view, the very fine sand (0.06-0.1) can be distinguished from fine, medium and large size 
sands, giving the classified sand map of the bottom that provides an insight into sediment transport 
mechanisms. 

 
b) Treatment with regressive analysis (trend surface analysis)  

Trend surface analysis is in most respects similar to normal regression analysis. "Trend" means 
the least squares trend. Given a set of data, and the desire to produce some kind of "model" of that data 
(model, in this case, meaning a function fitted through the data) there are a variety of functions that 
can be chosen for the fit. The trend surface analysis methods can be used to e.g., derive a continuous 
smooth surface from irregular data or isolating regional trends from local variations. Trend surface for 
natural radiation values are approached with a polynomial (mostly of the third degree):  

X (ui, vj) == P (ui, vj) + aij, 
where: X (ui, vj) – count rate I measured at bottom point (ui, vj); P (ui, vj) – most probable 

value; aij – error. 
The trend surface map can provide an insight into the sediment transport resultant.  
 

3.2.3. Radiometric maps in bays of Vlora and Durres(Albania) 
 
Figure 3 shows three radioactivity classes for sediments of the sea bottom of each bay. 

 

FIG. 3. Statistical distribution of sediment radioactivity’s in Vlora and Durres. 

 
Taking samples from these zones, the following relation radioactivity- lithology (granulometric 

classes of sediments) was found: 
 
Vlora: 
I1* = 11 ± 1 cps (fine sand, 100-200 µm) 
I2* = 14.5 ± 1.5 cps (very fine sand, 60-100 µm) 
I3* = 19.5 ± 1.5 cps (silt <60 µm) 
There is a zone with mixed grain sizes, called alevrit (mixture of silt with very fine sand). The 

following correlation was found between count rates I(cps) and silt content in the alevrit Cs(%): 
 
I (cps) = 14.5 + 0.05 x Cs(%) 
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Durres: 
I1* = 17.5 ± 1.5 cps (very fine sand, 60-100 µm) 
I2* = 21.5 ±2 cps (alevrit = 50% very fine sand + 50% silt) 
I3* = 28 ± 3 cps (silt < 63 µm) 
 
The relation count rates – silt content for sediments in Durres was found as follows: 
I(ips) = 17.5 + 0.105 x Cs(%) 
 
The distribution of sediment radioactivity has showns that: 
Sediments in Vlora bay have a lower radioactivity for the same granulometry than in Durres 

bay, that reflects their origins from different land stratifications; the sea bottom of Vlora consists 
mostly of fine sand (less cohesif and subject to bed-load transport), while sea bottom of Durres 
contains mostly alevrits (more cohesif and subject to saltation transport). 

 
Fig. 4 presents radiometric trend surface maps of sea bottom sediments in bays of Vlora and 

Durres. 
 

  

FIG. 4. Radiometric trend surface maps of sea bottom sediments in bays of Vlora (left) and Durres 

(right). 

 
For Vlora bay: The isocount trend surfaces are parallel with the shore line and bathymetry, 

passing gradually from sand to alevrits till silt (>20 cps after 15 m depth). There is a sediment 
selection in profiles normal to the coast line resulting under influence of the waves coming from 
south-west perpendicular to the shore line. Probably, the predominant sediment transport happens 
normal to the beach line. The influence of waves is up to depth 15 m, where is the boundary between 
very fine sand and silt. There is no evidence of the sediment transport along the shore (at least after 2-
3 m. depth where the measurements were performed). 

 
For Durres bay: The isocount trend surfaces are perpendicular with the shore line and 

bathymetry. There is not any sediment selection in profiles normal to the coast line, probably because 
the sediment is rather cohesif. The S form of trend surfaces could be interpreted as an alongshore 
transport of alevrit sediments from south to the north of the bay, towards the harbour and its 
naviagtion channel (mostly in the first half part of it, where the silting process is more intensif). Most 
probably the alevrit transport happens in saltation (there is not any bed-load transport for sure). 

 
Natural radiometric survey of the sediments of sea bottom could provids data on sediment 

transport, similar with those obtained with radiotracers, in particular the resultant transport direction 
and mechanism of sediment transport could be obtained. This simple and low cost technique can be 
used for sediment transport studies as complementary to other techniques. 



 
 

   
 

 

3.3. FLUORESCENT TRACERS – COATED & ARTIFICIAL 

 
Fluorescent tracers could be natural sand covered by fluorescent paint or artificial particles 

including a fluorescent pigment. After sampling, the analysis is performed by counting the number of 
fluorescent particles under UV lamps or laser particle counting technique. 

 
3.3.1. Fluorescent painted, coated or dyed/stained sediment, generally involves collecting the 

native sediment from the actual study site or a representative site, followed by drying and then 
painting, coating or dyeing/staining the sediment grains with a dye and occasionally a fixative. This 
method is generally associated with sand grains although has been used for silt grains also; however 
painting or coating of silt grains often results in a very hard compound that requires re-grinding back 
into its original constituent size fraction before use. Research institutes and laboratories have used 
painted and dyed/stained sand grains since the 1950’s but with varying success. One of the prime 
reasons for poor results has been the loss of the fluorescent label in medium or high energy 
environments or for studies of medium to long term duration. The paint or dye/ stain can be subject to 
abrasion and the fluorescent signature lost. Depending on the study site, detection of painted particles 
can be of the order of days to weeks, however for stained particles, detection is generally limited to 
days only. More recently with the development of the polymer industry, coated sand grains can be 
purchased with the polymer enveloping a generic sand grain taken from an unknown source. These 
coatings tend to be more robust and allow studies to take place over a longer duration or in higher 
energy environments however, the polymer coating lowers the individual sand grain density by 10-
15% minimum so is not necessarily representative of the natural sand. Figure 5 shows images of 
different types of coated and dyed/stained sand grains taken using a fluorescent microscope. One week 
after release the Dyed sand shows a significant loss of fluorescence signal for the yellow dye, being 
almost indistinguishable from background sand (Fig. 6).  

 

 

FIG. 5. Polymer coated sand 

 

    

    

FIG. 6. Images taken of polymer coated and stained/dye sand grains. Dyed sand
: 
Prior to release & 1 

week later 
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3.3.2. Fluorescent polymer tracer particles, such as EcoTrace particles offered by 

Environmental Tracing Systems Ltd. (ETS), represent environmentally benign fluorescent polymer 
particles manufactured to mimic natural silt and sand grains, particulate contaminants, sludge etc.. 
Densities can be manipulated during the manufacturing process to range from floc densities of 1.1-1.8 
g cm-3 up to individual grain densities of 2.65 g cm-3 such as silica or higher for volcanic source 
sediment. These materials can be produced to match the target particle size distribution for silts, sands 
or gravels with the shape and distribution modified to produce well sorted or poorly sorted sediments 
for a wide range of applications related to sediment transport.  

 
Multiple colours are available to label and track different sources of sediment in the 

environment, different size fractions simultaneously during the same meteorological and 
oceanographical/flow conditions (Figure 7). Since they are a polymer particle with the fluorescent 
signature throughout the particle they are particularly useful for high energy and long-term studies 
since they remain largely unaffected by abrasion in the same way as coated, dyed or painted sand 
grains.  

 

 
EcoTrace® 

 
Natural sand 

FIG. 7. ETS EcoTrace particles taken with a fluorescent microscope compared which are very bright 

and easy to detect compared with natural sand shown using the same equipment.  



 
 

   
 

 
Detection limits are very high due to their very bright nature and there is no limit as to the 

number of particles that can be released. Settling velocity (Figure 8) and fall velocity tests for silt 
cohesive sediment and non-cohesive sand grains respectively, confirm a very similar behaviour to 
natural sediments. In the case of fluorescent silt-sized particles they form and incorporate within 
natural flocs.  

 

 

FIG. 8. Settling velocity tests for fine cohesive sediment from Port of Rotterdam for sediment only, 

sediment mixed with ETS EcoTrace  particles, measuring settled mass and rate of tracer 

particles settled over time 

 
For all studies, measurement is made by first collecting bed sediment grab or core samples, 

sediment trap samples and water samples. Detection is made by analysing these samples using a 
combination of laser excitation, optics, CCD photography and image analysis equipment centred 
around analytical flow cytometry and fluorescent microscopy and magnification.  

 
ETS have also used a paramagnetic label in the tracer particles on occasions, to allow collection 

or capture using magnets in the ocean; ETS have experimented with this technology since 2001/02. 
ETS have not used paramagnetic particles widely or developed the technology further to date due to 
concerns over particle charge due to the presence of paramagnetic material and the interaction with 
natural sediment particles (particularly cohesive sediments) and the signal levels for very small 
(fine/medium silt sizes) and particles in the upper fine sand and medium sand fractions. 
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4. TRACER EXPERIMENTAL DESIGN 

4.1. USING ARTIFICIAL FLUORESENT PARTICLES 

 
The information listed on tracer experimental design relates to artificial fluorescent tracer 

particles such as ETS’ EcoTrace particles only, rather than sediment mineralogical analysis. For the 
case of the painted, coated and stained/dye particles some of the information listed below is applicable 
however the change in density and reduced detection limits will reduce the ability to carry out such 
studies and measure the particles successfully.  

 
A. BEDLOAD TRANSPORT STUDIES 

 
A.1. Selection of tracer 
 
For all studies, background information needs to be collected from the study site. Background 

information takes two forms; firstly sediment characteristics and morphology of the site are required 
and secondly the presence/absence and spectra of any background fluorescence that may interfere with 
the detection of the fluorescent tracer particles. In terms of the sediment characteristics and 
morphology of the site, this information may already be available from the client or environmental 
agency from previous studies.  

 
If insufficient data are available or the data are too historic, it may be necessary to obtain 

additional information by collecting and analysing sediment grab or core samples for sediment particle 
size distribution.  

 
Additional information relating to the selection of the tracer that can also be useful or required 

include grain density, sediment in-situ bulk density, current velocity, wave data,  tidal range, sediment 
bed morphology (presence, period & amplitude of sand waves), bathymetry and geophysical data. 

 
In terms of background fluorescence, invariably this information is not known, requiring the 

collection of grab or core bed sediment samples. These samples need to be analysed back at a 
laboratory to determine presence and wavelength of background fluorescence.  

 
Once these data are compiled, and the study objectives are known and agreed, it is possible to 

select the tracer particles. Generally the tracer particles will be manufactured to match the natural 
sediment across the entire size distribution, however if required the tracer particles can be 
manufactured to match a narrower and more specific size fraction, perhaps the fine or medium sand on 
the beach, rather than the complete distribution if the material is poorly sorted. Alternatively if the 
sediment transport study is being used to validate a model, a specific or tighter size range may be of 
more interest. In terms of the fluorescent colour to be used, this is matched to the background 
fluorescence if there is any present. 

 
Once a decision is made as to the fluorescent tracer particles properties, manufacturing 

generally takes approximately 3-4 weeks.  
 

A.2.  Labelling 

 
Once the EcoTrace fluorescent tracer particles are manufactured there are no further 

requirements to label or activate the material prior to release, however it is advisable to store this 
material in cool, dark and dry conditions until used. 



 
 

   
 

 

A.3. Injection 

 

Bed load transport studies generally require placement of the material on the bed itself in order 
to investigate bed sediment transport without spillage into the water column. On occasions, 
particularly if the sediment is coarse then it can be released in the lower water column rather than 
directly on the bed. ETS have conducted bedload sediment transport studies by first releasing the 
material from a dredge hopper; bedload transport was monitored of the fraction remaining on the 
seabed immediately after disposal. 

 
Prior to release it is necessary and advisable to mix the fluorescent tracer particles with the 

native sediment from the site at ratios of between 1:1 to 1:2, for native sediment and fluorescent 
particles respectively (Figure 9). This is carried out to ensure that fluorescent tracer particles adsorb 
any available surface charge from organics present, including from humic or fulvic acids or mucoid 
layers. This is particularly important for cohesive sediments since the processes of sediment transport 
including erosion, resuspension, transport, settling and deposition are affected by the electro-chemical 
charge of the particles, as a result of adsorption of organics rather than the individual grain density. 
Mixing with the native sediment also ensures homogeneous mixing and placement rather than a 
continuous and solid layer of fluorescent tracer particles. 

 

 

FIG. 9. Mixing sand tracer and natural sand in a mixer, Mouth of Columbia River, Oregon, USA. 

 
Once mixed, the tracer particles and native sediment are stored in numerous sealed drums or 

tubs until release. ETS have adopted different release methods often depending on the specific 
requirements of the study as follows: 

 
In drying areas such as inter-tidal areas (mudflats, beaches) the natural sediment:fluorescent 

tracer particle mix can be released by placing it onto or mixing it into the sediment surface. This can 
be done either manually or mechanically using machinery such as a backhoe or digger (Figure 10).  



  17 

 

 

FIG. 10. Placement of EcoTrace particles on a sandflat in the Tees Estuary, UK 

 
For bedload sediment transport studies, it is more difficult to release EcoTrace particles under 

the water surface without spreading them in the water column prematurely. ETS have achieved this by 
either freezing the material and then sheathing the frozen material in water ice to prevent premature 
release as a result of melting (Figure 11).  

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 11. Frozen blocks of tracer and contaminated sediment to assess sediment transport in 90m water 

depth in the North Sea, UK  



 
 

   
 

 
More recently ETS have used starch based soluble bags. Material placed in such bags can be 

dropped or lowered to the seabed; the bags dissolve in 1-2 minutes and release the sediment tracers on 
the bed without spillage (Figure 12). 

 

 

FIG. 12. Decanting the sediment: tracer mixture from sealed tubs into starch-based dissolving bags 

prior to release at the water surface, Mouth of Columbia River, Oregon, USA.  

 

A.4. Sampling 

 

In order to collect data to determine the behaviour, transport and fate of the fluorescent tracer 
particles, bed sediment samples must be collected spatially and temporally, using a sediment core 
sampler or grab sampler (Figures 13, 14, 15) . The frequency and coverage of bed sediment sampling 
will depend on the study site and study objectives. It is ideal and often necessary to collect several sets 
of samples over time in order to build up a map of transport and distribution increasomg confidence in 
the findings. The number of samples collected per sampling survey will also be a function of the study 
objectives. 

 
One consideration is that in order to build up a centroid mass or to determine the main areas of 

tracer particle distribution, sampling needs to be spatially relatively intense, perhaps at a frequency of 
50-100m intensity. However if the study design is focussed on whether sediment transport occurs 
between the release point, Point A, and a sensitive environmental site some distance away, Point B, 
then sampling intensity between these points can be reduced.  

 
Typically for sediment transport studies, ETS will collect a set of near-field samples 

immediately after the tracer release in order to define the footprint of the release area, termed a 
Containment Survey. Ideally this would then be followed by sampling on 3 or 4 additional occasions 
in order to build up an impression of the spread and re-distribution over time and area.  
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For each seabed sample collected, a DGPS position is noted along with time and water depth if 

applicable in order to plot the results in a GIS software package. On occasions, samples are also 
collected using sediment traps, particularly if for certain energy conditions particles are likely to be 
resuspended and transported. Sediment traps can be positioned at different depths in the water column 
depending on the anticipated energy and likely level of particles present in the water column.  

 

 

FIG. 13. Operating a sediment grab sampler: Shipek grab 

 

 

FIG. 14. Pushcore sediment sample showing visible presence of magenta EcoTrace particles present, 

White River, Arkansas, USA  

 

 

FIG. 15. Collecting a pushcore sediment sample, White River, Rkansas, USA  



 
 

   
 

 

 

FIG. 16. An example of intensive sampling to characterise a dredge disposal site for the Port of 

Felixstowe, UK’s largest port.  

 
Sediment transport modelling by HR Wallingford proposed that the site was highly retentive, 

but bathymetry data showed no long-term accumulation of sediment and siltation was observed in the 
surrounding areas to the disposal site. ETS used a silt tracer to label a dredge hopper load, which was 
then dumped and intensive grab sampling took place over 1-2 days to measure how much of the 
original load remained at the site. The orange circles represent the concentration of silt tracer per grab 
sample indicating a northwest dominant distribution from the centre release position. By averaging the 
concentration over the disposal site area ETS determined that approximately 1% of total quantity of 
tracer particles originally released remained within the disposal site within 1-2 days. Dispersal was 
also seen at the surrounding siltation sites. Over the next 3 months of monitoring ETS observed the 
tracer concentrations to decrease to less than 0.1% at the disposal site with widespread distribution in 
the deeper siltation areas including the ports navigational channels and berth pockets inside the port 
estuary itself. 

 
ETS released pproximately 1.2 tonnes of fine sand-sized fluorescent tracer particles on the 

seabed within the disposal site operated by the Portland District of the US Army Corps, located to the 
north of the Columbia River navigation channel. The release took place in September 2006, before 
winter storms with prolonged wave activity up to 10m significant wave height. Sampling was 
conducted after 2 days, 2 months and 6 months; the results for distribution of tracer particles after 6 
months are shown above. The sand tracer concentrations, denoted by the red concentration circles 
which are fluorescent tracer particle counts per 100g of dry sediment, was transported as bedload and 
by saltation over an area of 70 km2 with the dominant transport pathways being to the north and west, 
remaining in the littoral zone of the ebb shoal area including depositing on the Washington State 
Beaches such as Benson Beach. 

 
The sand tracer was monitored for more than 1 year, confirmed that sand does nourish to a 

degree the Washington Beaches and that sand disposed in this area enters the natural surrounding sand 
budget, rather than becoming distributed into deeper water offshore, or back in the navigation channel. 
Given the very high energy of the site and shallow water conditions relative to the Pacific Ocean 
swell, sediment tracers offered the only reliable way to provide data on sediment transport and 
ultimately dredged sediment management.  
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FIG. 17. Tracer concentrations measured for a sand bedload transport study at the Mouth of the 

Columbia River, Oregon, USA.  

 
A.5. Analysis 

 

In order to deteremine the distribution of silt or sand tracer for study examples such as those 
outlined in Figures 16 and 17, ETS rely on collecting seabed grab samples and/or core samples. These 
samples are analysed in ETS’ ISO accredited laboratory using a range of techniques depending on the 
nature of sample, tracer particle size range, sediment size range, number of fluorescent colours used, 
volume of sample and the criteria of the study. Analysis can include analytical flow cytometry, 
fluorescent microscopy, CCD photography and image analysis techniques and fluorescence 
magnification.  

 

In general terms, all collected grab and core samples are given a unique code in the laboratory 
prior to preparation, are then weighed as a wet sediment, dried to constant weight and then weighed to 
give a dry weight mass. This allows all samples to be compared relative to each other in terms of 
tracer counts per dry weight.  

 
Tracer particle counting is carried out in wet form if done using flow cytometry with the sample 

being analysed as wet sediment tracer particle slurry, with conversion of counts in the wetb slurry 
back to counts per dry weight. Tracer particle counting is also carried out in dry form with the 
particles being counted by automated microscopy and image analysis. 

 
In the case of sand tracer studies, sample volumes analysed range between 50-1000g of dry 

sediment typically. For silt tracer studies, sample volumes analysed range between 0.5-5g of dry 
sediment typically. However larger volumes can be analysed if required. 

 

B. SUSPENDED SEDIMENT TRANSPORT 

 
B.1. Selection of tracer 

 

Similar to Bedload Sediment Transport studies, background information is required for all study 
sites but in particular information on the background fluorescence and sediment characteristics of the 
suspended sediment at the site for a comprehensive list of information that is useful or required. Once 
the background sedimentology and fluorescent characteristics of the sediment are known then the 
scope and objectives of the study should be re-evaluated. Given that the fluorescent tracer particles 
will be added to a suspended sediment plume it is particularly important to ensure that the proposed 
scope is manageable and practical, given a 3D very dynamic study requirement.  



 
 

   
 

 
For example if the velocities are high the plume can be advected very quickly making it very 

difficult to track without multiple boats and multiple sampling and measurement equipment. If there 
are depositional environments then sediment and tracer can settle out during slack tidal currents or 
slower areas of flow and also be advected requiring 2 different aspects of monitoring that are not 
necessarily similar. For this purpose ETS used other rapid data acquisition tools such as an ADCP to 
assist in predicting the likely fate of the plume, based on instantaneous water column velocities and 
turbidity sensors deployed vertically in the water column. 

 
Once the scope of work has been re-evaluated and there is confidence that the project 

requirements are clear and achievable the tracer particles can be selected. Manufacture generally takes 
approximately 3-4 weeks. Generally suspended sediment plumes comprise of silt particles with 
density 2.65 gcm-3 and size ranges of silt and very fine sand.  

 
B.2. Labelling 

 

Once the EcoTrace fluorescent tracer particles are manufactured there are no further 
requirements to label or activate the material prior to release, however it is recommended that they are 
stored in cool, dark and dry conditions until used. 

 

B.3. Injection 

 

Suspended sediment transport studies generally involve the release of sediment and particles 
into the water column via a discharge pipe (for example from a dredge discharge pipe) or by releasing 
the tracer particles into a dredge hopper followed by disposal at the approved dredged sediment 
disposal ground.  

 
A further alternative might be investigation of overflow or spillway discharges from dredgers 

into the environment; dredgers overflow in order to maximise the solids content and load to avoid 
shipping water, so allow water and very fine sediment to be spilled whilst the hopper fills up. This 
plume is often of a concern in terms of burial and swamping of fisheries areas, causing increased water 
column turbidity and general environmental impact. Monitoring the direction of overflow plume, 
concentration, rate of dispersal and fate may all be required to be known; ETS have used tracers to 
label and track these overflow plumes. 

 
In all three cases the releases are controlled by the plant machinery or the engineering aspect of 

the study with the movement and dispersal being in part a function of the release mechanism. 
Therefore the behaviour, fate and excursion of the suspended sediment plume is driven and controlled 
by the release mechanism.  

 
Ultimately, the sediment in a suspended sediment plume can settle out and deposit. One 

component of understanding often requires the need to collect bed sediment samples. The spatial and 
temporal intensity of sampling is dictated by the dispersal range of the suspended sediment plume and 
the objectives of the study in terms of identifying the fate of the sediment and fluorescent tracer 
particle material. 

 
In the case of the release of the fluorescent tracer particles into a dredge hopper it is strongly 

recommended to add the marker once the dredge hopper is at the disposal site rather than filling up or 
travelling to the site, since many hoppers leak potentially leaving a trail of tracer particles from the 
dredging site itself. It is also important that thorough mixing takes place of the tracer within the 
hopper, generally achievable by using a dredger’s re-circulation pumps. In the case of a pump 
discharge, such as a dredge discharge, it is ideal to make sure the fluorescent tracer particles are 
thoroughly mixed in the discharge and that the particles are released over a sufficient long period to 
average discharge conditions or environmental conditions, perhaps releasing at steady-state for a 
prolonged period to simulate the dredge discharge which often can be continuous for days. 
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Orange silt tracer being released by ETS into a dredge hopper at Milford Haven Port, South 

Wales, UK in large swell conditions, to characterise a new disposal site and assess whether dredge 
material dispersed and impacted a marine Special Area of Conservation (mSAC) and one of only 2 
Marine Parks in the entire UK (Fig. 18). ETS found that sediment was reaching the environmentally 
sensitive sites and a more distant disposal site had to be found and characterised with sediment tracers 

 

 

FIG. 18. Orange silt tracer being released by ETS into a dredge hopper at Milford Haven Port, South 

Wales, UK  

 
Magenta silt tracer being released by ETS into a dredge discharge pipe in Atchafalaya Bay, Gulf 

of Mexico, US (Fig. 19), to determine whether the dredged sediment was been advected back into the 
navigable channel or was advected away from the channel.  ETS found that the dredged sediment 
returned back to the navigation channel within 24 hours of release.  

 

 

FIG. 19. Magenta silt tracer being released by ETS into a dredge discharge pipe in Atchafalaya Bay, 

Gulf of Mexico, US,  

 
Magenta silt tracer being released by ETS via an aggregate dredge overflow in the South North 

Sea, UK. This was then followed by tracking of the plume to assess dispersal and ultimately 
deposition on the bed to show whether burial and clogging of sensitive marine organisms occurred. 



 
 

   
 

 

 

FIG. 20. Magenta silt tracer being released by ETS via an aggregate dredge overflow in the South 

North Sea, UK.  

 

B.4. Sampling 

 
The description below concentrates on the mapping of suspended sediment plume. It is 

recognised that over time or with distance from the release deposition will take place and sampling 
will revert back to those more typical for bedload transport studies, i.e. seabed grab and core sampling.  

 
Monitoring of the suspended ideally requires the use of ADCP to provide rapid data acquisition 

of current velocities throughout the water column to predict the likely pathway prior to release, and 
then the actual plume movement after release. ADCP’s also log backscatter data which if calibrated 
carefully with collected water samples and/or calibrated turbidity sensors can be used to map the 
turbidity of the plume as well as the currents. Software is available to utilise these data more 
effectively but still require a great deal of calibration to use it correctly. 

 

 

FIG. 21. ADCP data showing velocity vectors across an entire transect in a navigation dredge channel 

with faster currents shown in blue up to 1.5ms
-1
 and weaker currents in red.  
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ADCP data showing velocity vectors across an entire transect in a navigation dredge channel 

with faster currents shown in blue up to 1.5ms-1 and weaker currents in red (Fig. 21). Velocity 
direction data is also collected simultaneously. Based on such data if the dredge plume is released in 
the main faster flow channel, ETS can assess how fast and in which direction the plume is likely to 
move. Figures 22a and 22b below for ADCP current velocity and current direction highlight 
stratification in the water column for a study conducted for the Port of Rotterdam which can make a 
large difference in the fate of the dredge plume released.  

 

 
 

 

FIG. 22. ADCP data in a study for Port of Rotterdam showing very fast surface velocities leaving a 

dock area on the ebb tide but much weaker opposing velocities going back into the port in the 

lower water column.  

 
ETS used the tracer to label the dredge plume and track its fate in terms of turbidity and the 

sediment silt tracer for the Port of Rotterdam, with the main highest tracer concentration close to the 
bed where dredged sediment was being transported back into the port (Fig. 23). 

 

 

FIG. 23. ETS used the tracer to label the dredge plume and track its fate in terms of turbidity and the 

sediment silt tracer for the Port of Rotterdam. 



 
 

   
 

 
For suspended sediment plume monitoring, ETS require to collect ADCP data, for both current 

velocity data and backscatter data, deploy a string of turbidity sensors and collect either manual water 
samples at different depths or pump water from different depths through on-board fluorimeters or field 
portable flow cytometers (Figure 24) to measure the dredge plume characteristics in real-time. DGPS 
positions of the monitoring vessel and any sample collection is also logged. The instrument takes 
images of the positive particles to confirm shape and size and fluorescence which can be analysed later 
by image analysis. 

 

 

FIG. 24. ETS’ Field portable TracerCam used to measure tracer particles in-situ or at the project site, 

by pumping water real-time or collected samples through the system.  

 

 

FIG. 25. ADCP backscatter data calibrated with rapid profiling Siltprofiler data 
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Figure 25 shows a suspended sediment dredge dispersal study carried out by ETS in the Scheldt 

Estuary, Belgium, to investigate the fate of the suspended dredge plume immediately after a dredge 
release within a designated disposal site. Real-time ADCP data were used to assess the likely fate of 
the plume and then on release the actual fate by collecting backscatter data. Rapid drop Silt profiling 
data were collected along with sampling for silt tracer, which was released in the dredge hopper prior 
to dumping. ADCP backscatter data calibrated with rapid profiling Siltprofiler data demonstrating the 
main dredge plume, in terms of highest turbidity was to the right side of the channel (top image) with 
tracer concentrations measured marked on the plume. The highest tracer concentration coincided with 
the highest turbidity indicating this was the dredge plume. 

 
Figure 26 shows the dispersal of the dredge plume in terms of ADCP velocity and backscatter 

data collected across the channel, with tracer concentrations measured at different depths. The highest 
tracer particle concentration coincided with the maximum turbidity close to the bed on the righthand 
side of the channel. Subsequently at the ebb tide slack water and the next flood tide slack water garb 
sampling was also carried out on the bed in order to determine spread of deposition and the 
distribution pattern including assessment of any increased deposition within berth pockets and dock 
basin entrances.  

 

 

FIG. 26. Tracer concentration data collected in grab samples immediately after dredge disposal on the 

ebb tide and then subsequent flood tide indicating deposition on the bed as the dredge plume 

advected down and then back up the estuary on the return tide, showing widespread dispersal.  



 
 

   
 

 

4.2. RADIOTRACER TECHNOLOGY FOR SEDIMENT TRANSPORT 

 
The radiotracer technique for sediment transport investigation involves preparation of a 

radioactive particulate tracer having similar physicochemical properties as the bed material, injection 
of the tracer at the desired point, tracking of the tracer with underwater nuclear detectors and finally 
interpretation of iso-activity contours to evaluate the parameters mentioned above. The details of the 
technique are discussed below. 

 

4.2.1. Selection of a tracer 
 
Conventional and radioactive tracers are two available options among which one can select a 

tracer for sediment transport investigations. Conventional tracers include fluorescent materials in 
sediment transport studies. The drawbacks such as low detection sensitivity thus requiring large 
amount of tracer to be injected and collection of samples for measurements in laboratory making 
procedure cumbersome preclude the use of conventional tracers. However, the high detection 
sensitivity, in situ measurements, physico-chemical compatibility, wide range of choice, ability to 
withstand at harsh conditions make radiotracers preferred choice for many applications including 
sediment transport investigations. Table II gives the comonly used radiotracers. 

TABLE II. COMMONLY USED RADIOISOTOPES IN SEDIMENT TRANSPORT INVESTIGATIONS 
AND THEIR NUCLEAR PROPERTIES 

 
A variety of radioisotopes have been used in sediment transport investigations and the selection 

of a suitable radioisotope for a particular investigation depends upon half-life, ability to be produced in 
a suitable physical form, type of radiation emitted and its energy, neutron absorption cross-section, 
radiotoxicity. The physical characteristics of the radioisotopes should be similar to that of the material 
being traced. The half-life of the radiotracer should be comparable to the duration of the study. It 
should be long enough for detection till the end of the experiment and at the same time short enough 
not to interfere with further experimentation and pose environmental hazards.  

Radionuclide Half-life (Days) Gamma energies 
(MeV with abundance) 

Tracing of 

Gold-198 (Au-198) 2.7 0.412 (100 %) mud and sand 

Chromium-51(Cr-51) 27.8 0.325 (9 %) mud and sand 

Hafnium 181 + 175 (Hf 
181-175) 

45 Complex spectrum mud 

Terbium 160 (Tb-160) 73 Complex spectrum mud 

Iridium-198 (Ir-198) 74 (100 %) 
(80%) 

0.568 (48%) 
0.589 (4.8%) 
0.604 (9.3 %) 
0.612 (6.3%) 

sand 

Scandium-46 (Sc-46) 84 0.887 (100%) 
1.119 (100%) 

mud and sand 

Tantalum-182 (Ta-182) 115 0.068 (42%) 
1.12 (34%) 
1.22 (56%) 

sand 

Silver-110 (Ag-110) 253 0.658 (94%) 
0.884 (72.5%) 
0.94 (34%) 
1.4 (24%) 

pebbles 

Technetium 99m (Tc-99m) 6.02 hours 140 mud 

Indium 113 (In-113) 0.07 
(1.7 hours) 

0.39 65%) 
0.24 (20%) 

mud 
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For ‘in situ’ measurements, gamma emitting radioisotopes are used. The energy of the gamma 

radiation should be sufficiently high to penetrate through the wall of the system for ‘in situ’ detection. 
Lower energy gamma emitting tracers are, on the other hand, easier to transport in view of their 
modest shielding requirement. The neutron absorption cross-section of the selected isotope should be 
reasonably high to produce the desired amount of activity. Specific activity i.e. activity per unit 
volume or weight of the tracer is an important factor to be considered from the radiological safety 
point of view. One would usually transport small volume of tracer to the experimental site as they are 
easy to shield and manoeuvred. But the injection of high specific activity poses a risk of loss of the 
tracer on the wall of the system. The probability of such risk is greatly reduced by adding a carrier to 
the injected tracer. By carrier we mean the non-radioactive counterpart of the tracer. In addition to 
this, the tracer should have low values of annual limit of intake (ALI) or derived air concentration 
(DAC). The ALI and DAC values for different radioisotopes are given in ICRP (1991). Based on the 
above consideration, the most commonly used radioisotopes used in sediment transport investigations 
are given in Table II. 

 

4.2.2. Labelling 
 
In this method the natural sediment is labelled with the selected radioisotope. The selected 

radioisotope is allowed to get adsorbed onto the surface of the sediment grains after a suitable 
treatment.  

 
Sediment with particle size less than 0.04 mm should be labelled under careful conditions in 

order not to modify the surface properties and thus their hydrodynamic behaviour. Care should be 
taken to ensure that the radioactivity does not get released under the severest field conditions.  

 

• The labelling for mud particles is proportional to the mass of the particle. 

• The labelling for sand particles is superficial and hence the activity labelled will be proportional to 
the surface area of the grains.  
 
Gold-198 (Au-198) and scandium-46 (Sc-46) are the two commonly used radioisotopes used for 

labelling particulate material and use the labelled material as a tracer. The half-life of Au-198 is 2.7 
days and thus is used for short term studies whereas the half-life of Sc-146 is 84 days and thus is used 
for long term investigations. The particulate material is directly labelled with the desired radioisotope 
at the site. The labelling procedure is carried out with the radioactive isotope at the site and thus one is 
likely to receive some dose during labelling.  

 
The labelling efficiency is a function of various parameters such as concentration of 

radioisotope to be labelled, pH, amount of particulate material and its size, equilibrium time etc. and 
needs to be investigated before preparing radiotracer for a particular study. In addition to this, the 
uniformity of labelling and leaching of the radioisotope is also investigated at the simulated 
experimental conditions. After optimizing labelling conditions, one knows the amount of activity 
require for prepare the tracer. Generally the labelling efficiency is from 80 % (sand) to 99% (mud). 

 
4.2.3. Artificial particles 
 
In second method, a completely artificial tracer having the same physical characteristics as the 

sediment is prepared. It is usually a glass containing about 1% or less of an activable element like 
scandium or iridium. This glass having the same density as that of the sediment is ground and mixed 
in suitable proportions to have the same grain-size distribution as the natural sediment and irradiated 
in a nuclear reactor to obtain the radioactive tracer. Since the activable element has been incorporated 
in the volume of the tracer, the activity of the radiotracer is proportional to that of the mass of the 
tracer helps in a quantitative interpretation of the data obtained in a tracer experiment. 

 
The specific gravity of the sediment is 2.71, so it is desirable to prepare the glass that has the 

specific gravity as close to this value as possible.  



 
 

   
 

 
The preparation of glass incorporating activable element involves judicious mixing of several 

oxides such as Na2O, SiO2, CaO etc., along with the activable element in a suitable form and firing the 
well-mixed composition at a high temperature to produce the glass. The most important aspect of the 
procedure is that the activable element should be uniformly distributed within the glass matrix. 

 
In case of scandium, the element is added in the form of Sc2O3 and is well mixed with the other 

oxides before fusing them into glass. The composition of glass normally used in India is as follows: 
SiO2 : 64 % 
Na2O : 18.6% 
CaO : 15.9% 
Sc2O3 : 1.5%  
 
It has always been found that the distribution of scandium within the glass matrix is reasonably 

uniform.  
 
Another activable element incorporated in glass matrix is iridium. Problems do arise with the 

production of iridium glass as it does not get uniformly distributed in the glass matrix due to its high 
density. The composition of the iridium glass normally used is as follows: 

SiO2 : 48 % 
Al2O3 : 19 % 
TiO2 : 5 % 
 
CaO : 17 % 
MgO : 5.72 % 
K2O : 5 % 
Ir  : 0.28 % 

 
It is understood that the addition of iridium in the form of an aqueous solution of potassium-

chloro irridate at a certain stage of production process results in an uniform distribution of iridium in 
the glass. The iridium glass is quite expensive and not easily available. Laboratory methods do not 
appear to be simple production of glass incorporating a uniform distribution of iridium. 

 

4.2.4. Activity and aass of radiotracer  

 
The amount of activity and mass (number of particles) required for an investigation should be 

sufficiently high for detection during the experiment but at the same time, should be minimum because 
of the radiological safety point of view. In addition to this, the tracer should have statistically 
significant number of particles to represent the movement of sediment on seabed. The amount of 
activity usually depends mainly upon efficiency of the detector used for detection, expected spread of 
the tracer, the level of natural radiation level on the sea bed and duration of the study. Usually a 
scintillation detector of 1.5x1” size is used for monitoring of radiotracer in sediment transport 
investigations and has an efficiency of about 70 counts per second (cps) per microcurie of Sc-46 per 
square meter. For example, if the natural background radiation level in the experimental site is about 
30 cps and the tracer is expected to spread over an area of about 4 km x 2 km, then the activity 
required will be about 5 Curie. To have this much activity even after 4 months of monitoring, about 
13.5 Ci activity would be required for the investigation. The activity normally used varies from 0.5 to 
5 Ci but that is also limited by the national regulation of the country. 

 

4.2.5. Bed-load transport studies 
 
a. Injection systems 

After estimating the activity and mass of the, the glass powder is irradiated and brought back to 
the hot cell. In hot cell the aluminium irradiation containers are cut open and the irradiated glass is 
transferred to a transport container. In some countries (Republic of Korea) the transport container 
itself is designed and used to inject the tracer onto the seabed.  
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This avoids the unnecessary exposure during injection procedure. All the safety measures are 

followed during the transport of the tracer from reactors to the hot cell and subsequently from hot cell 
to the experimental site. The transport/injection systems used in Republic of Korea, India, Brazil and 
France are shown in Figs.27-30. The dose rate at the surface of the transport container should not 
exceed more than 200 mR/Hr.  

 

 

FIG. 27. Transport and injection system used in Republic of Korea 

 

  

FIG. 28. Tracer injection system used in India 

 

 

FIG. 29. Turning model tracer injection system used in Brazil 



 
 

   
 

 

    

FIG. 30. Tracer injection system used in France 

 
Out of the above mentioned systems, it was found that the system used in Korea is simpler and 

safer from the radiological safety point of view, especially because there is no manipulation of the 
tracer out of the shielding on site. 

 
4.2.6. Background radiation survey 

 
Prior to the injection of the radiotracer onto seabed, an extensive background survey is 

carried out to monitor the natural radiation levels in the area of expected spread using a 
waterproof scintillation detector mounted a sled connected to ratemeter/scaler on board the 
ship. The background radiation levels may vary from site to site. However, the levels in a 
particular site are expected to be constant. 

 

4.2.7. Detection of Radiotracer: Post injection trackings 

 
In short term studies the tracking is carried out immediately after injection of tracer 

depending upon the tidal, wave and current conditions. In short tem studies where the currents 
are very strong, it is recommended to track the tracer simultaneously at different locations. 
Figs.31-33 show the principle of detection mode for bed-load transport, as well as some 
detection systems used in different countries. 

  

FIG. 31. Detection principle and detection system in Korea 
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FIG. 32. Sledge mounted with a radiation detector used for tracer monitoring 

 

FIG. 33. Australian model of the detection system 

The detection system should be waterproof and able to absorb the shocks during tracking. Care 
should be taken to protect the detector and cable from any physical damage as the cable supplies high 
voltage to the detector.  

 
For long-term studies, a detailed post injection-tracking programme is chalked out depending 

upon the tidal and wave conditions and half-life of the tracer. The duration of the tracking depends 
upon the extent of spread. In case of Sc-46 as tracer and long term investigations, 3-4 post injection 
transit lines are carried out. The first post injection tracking is carried out after a few hours of tracing 
allowing the tracer to spread sufficiently with the current. For monitoring the labelled sediment, the 
scintillation detector is mounted on a sledge and dragged on the seabed. The concentrations at 
different spatial locations are measured. The track of the survey vessel is fixed using a Differential 
Global Positioning System (DGPS) available onboard. The obtained radiotracer concentrations are 
corrected for natural background radiation and radioactive decay and isocount contour maps are 
prepared.  

 

4.2.8. Data analysis  
 
In accordance with the purpose of the experiment, radioisotope concentration is recorded along 

with the position of the radiation sensor lowered on bedload. Data acquisition system receives data 
from GPS system and radiation counter concurrently. The counts rate recorded by a nuclear counter 
and the position of the detector recorded by a GPS can be integrated and stored in a DAS in order to 
make it easy to install and operate them on board. An example of this is shown in Fig.34. The counts 
(counts/second) recorded are corrected for natural background and decay. The net counts are plotted as 
a function of latitude and longitude on a survey chart of the respective sites and iso-activity contours 
are drawn.  



 
 

   
 

 

 

FIG. 34. Isocount countours and Integrated Data Acquisition System 

 

From the plotted isocount contours, the general direction of movement of tracer is 
drawn and maximum longitudinal land lateral dispersion is estimated. From the results, 
following qualitative parameters are estimated. 

 
4.2.9. Transport velocity 

 

For estimating the transport velocity, the cumulative of counts multiplied by the lateral 
distance of spread (cpm x m), at regular interval perpendicular to the general axis of transport 
is plotted for each tracking. These diagrams are called transport diagrams and each is 
characterized by its center of gravity. Center of gravity is determined by the following 
formula: 

∫
∫=
Cdx

Cxdx
X    (1) 

From the shift in centres of gravity of consecutive trackings, the mean velocity of 
transport is calculated.  

 

4.2.10. Transport thickness  

 
The determination of transport thickness is based on the count rate balance. As bed-load moves, 

the tracer gets mixed within the thickness of the moving bed. This depth of tracer burial is called 
"transport-thickness". The total integrated count rate N (cpm x m2) over the whole surface area of 
tracer patch for each tracking is related to the transport thickness by, 

N
KA

E e E
=

− −

β
α α( )1

   (2) 

where, K is the calibration factor of the detector, A is the total activity injected, α is the 
attenuation coefficient, (characteristic of the isotope, bed material and geometry of detector (0.15/cm 

for Scandium-46), E is the transport thickness (cm), β is a function of transport thickness and the 
shape of distribution of tracer concentration with depth.  

 
4.2.11. Transport Rate 

 
The bed load transport rate Q ( tones/day) can be expressed as:  

Q = ρ . l . V . E    (3) 

where, ρ is the sediment bulk density (t/m3), l is the width of transport (m), Vm is the mean 
velocity of transport (m/d).  
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4.3. CASE STUDY USING RADIOTRACERS  

 

4.3.1. Sediment transport study at Haeundae in S. Korea using 
192

Ir glass 

 
Haeundae beach is one of the most famous resorts in Korea and it plays an important role as a 

special tourism district. However, the length and width of the beach are being reduced continuously 
imposing a significant financial burden for preserving the beach to the local authority. Hence, it was 
necessary to understand the dynamic behavior of the sediments for setting up a systematic action plan.  

 
a. Experiment 

Radiotracer, artificial glass particle doped with 192Ir, was injected into two points of the bed load. 
Prior to the injection, sediment samples were collected to analyze for particle size distribution. Iridium 
glass powder was prepared matching the particle size distribution of the native sands in order to make 
the tracer have the similar physico-chemical properties and hydrodynamic characteristics to the natural 
sediment. The glass powder contains 0.3wt% iridium that will be activated in a nuclear reactor by 
neutron collision. The specific gravity of the powder and the average particle size are 2.6 and 025mm.  

 
A container was specifically designed for transportation and radiotracer injection. It helps to 

avoid or minimize any unnecessary radiation exposure to practitioner. The position of radiation 
detection system and the radiation intensity were concurrently recorded through the data acquisition 
system developed to synchronize radiation measurement with GPS position coordinates. The spatial 
distribution of the radiotracer was estimated as a function of time for approximately 3 months. 

 
b. Result  

Iso-count contour maps obtained from the measurement are shown in the figures below. In the 
injection point (1), the initial radiotracer migration was not evident but showed a tendency of moving 
northeastwardly later on. The injection point (2) was to the east and west in the beginning and then it 
changed to the north toward the seashore.  

 

 
(a) Injection point - 1                (b) Injection point - 2 

FIG. 35. Iso-count contour maps 

 
The transport diagram was calculated from the data to estimate the directional mean transport 

distance, velocity of the radiotracer and its migration direction over the experiment duration. 
 
4.3.2. Suspended sediment studies 

 
If one label fine sediment with radioactive tracer in the well of a trailing suction hopper dredger 

or of a barge, and also in the outfall of a hydraulic dredger it is possible to study the fate of dredging 
dumping. According the half-life (Hf, Tb, Ir,…) of the injected tracer, it is also possible to study the 
behavior of sediment in large scale systems (some hundred km).  

 
If one label fine sediment and dump it sub-superficially through a light pumping system, it is 

possible to simulate and study the behavior of natural fine sediment in suspension. 



 
 

   
 

 
4.3.3. Injection systems 
 

 

FIG. 36. Labeling and injection system used in France (NB: this system is included in a gloves box) 

 

  

FIG. 37. Labeling and injection system used in Brazil and some countries in Latin America 

 
4.3.4. Detection of radiotracer: Post injection trackings 
 
Fig. 38 shows the detection principle for investigation of sediment transport in suspension. 

 

FIG. 38. Detection principle of sediment transport in suspension 
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After injection, one proceeds to the detection which could be Eulerian (in narrow rivers) or 

Lagrangian (large rivers or sea).  
 
In this case the number of suspended detectors relies on the site conditions and objective of the 

work (typically up 5 for 20 m water depth). At least 1 boat is used to criss-cross the cloud mainly 
perpendicularly to the direction of transport (transversal profiles). Preferably one use 2 boats, the 
second doing longitudinal profiles. 

 
In many cases, after suspension detection a boat equipped as described for bed-load detection 

explore the bottom of the experimental area to map the (potential) deposit. 
 

 

FIG. 39. Principle of detection and data processing for sediment transport in suspension 

 
4.3.5. Data analysis 

 
In accordance with the purpose of the experiment, radioisotope concentration is recorded along 

with the position of the radiation sensor fixed at specific depth in the water column. Data acquisition 
system receives data from DGPS system and radiation counters concurrently. The counts rate recorded 
by a nuclear counter and the position of the detector recorded by a DGPS can be integrated and stored 
in a DAS in order to make it easy to install and operate them on board. An example of this is shown in 
Fig. 40. The counts (counts/second) recorded are corrected for natural background and decay. The net 
counts are plotted as a function of latitude and longitude on a survey chart of the respective sites. 



 
 

   
 

 

 

FIG. 40. Multi probes (15) data acquisition system 

 
After data treatment the main results obtained are the following: 

• Trajectory and advection velocity of the suspended cloud; 

• Horizontal dispersion coefficients; 

• Dilution along the cloud trajectory (vs space and time); 

• Settling velocity; 

• Map of the potential deposit (in the case of dumping of dredged materials experiments for ex.). 
 

4.3.6. Case studies of suspended sediment transport using 
198

Au and 
99m

Tc 
 
a. Sepetiba harbour dredging studies using of 

198
Au - Brazil 

Sepetiba Bay is situated in the southeastern region of Brazil, at 100 km west from Rio de 
Janeiro. Its mean approximate dimensions are 25 km (E-W) and 12.5 km (N-S), being well protected 
from wave action from open sea by a barrier beach with about 40 km in a E-W direction, ending in 
Marambaia Hill (Fig. 41). 

 

FIG. 41. Sepetiba Bay, Brazil, with new iron-ore & coal terminal region (dredged region) and the 

dumping sites 

 

The main entrance is located in its western side through passageways and channels between the 
mainland and several islands. In terms of water circulation the shallow eastern entrance is 
unimportant. Local tides are semi-diurnal, with maximum spring tidal range of 1.5 m. 
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Sea generated by local winds does not exceed 0.8 m, having short periods (2 to 3 s). Maximum 

wind velocities amount to 20 knots and occur in the winter months when it blows from southerly 
directions. In general, mean wind velocities ranges from 7 to 10 knots. There is no stratification in the 
water column inside the bay and the tide is the main hydrodynamic agent governing the weak currents 
(< 0.5 m/s) occurring inside the bay, which have a predominant W-E direction in the flood tide phase, 
and E-W during the ebb tide. Silt is the dominant material on the bottom of Sepetiba Bay. 

 
An iron-ore and coal terminal was built in the 70’s in Sepetiba Bay and it was necessary to 

dredge 10x106 m3 of fine material for the establishment of an approach channel, turning basin and 
dock site (dredged region – Fig. 41). For the dredging works, trailing suction hopper dredgers (TSHD) 
with carrying capacity of 4000 m3 were employed. The Navy Authority determined that the dumping 
site should be situated outside Sepetiba Bay, at E of Ilha Grande (Fig. 41). For dumping at that place it 
was necessary around 5 hours for a round trip of the dredge, only to transport the dredged material, not 
taking into account the dredging time. 

 

In order to save time & money in the dredging operations, it was clear the interest of studying a 
dumping site nearer the dredged region. In this way, hydrodynamic measurements and water 
circulations studies were performed inside the bay, followed by five experiments labelling the full load 
of a TSHD with 198Au performed by the Centre for the Development of Nuclear Technology (CDTN) 
from Belo Horizonte, Brazil. Activities between 1 to 3 Ci were employed in the moment of the 
injection, and the mass of thin foils of gold irradiated was 3 g for each injection. In order not to lose 
tracer during the filling of the well of the dredger, the dredging stopped before the start of the 
overflow. 

 
The studies were performed in June/July 1977 (Fig. 42) and the dumping covered distinct 

situations of currents: spring and neap tide; ebb and flood phase and slack water; dredge anchored or 
in movement during the dumping. The depths in the studied area varied between 11 and 13 m. The 
radioactive clouds formed after the dumping were followed through Lagrangian detections of the 
material in suspension, employing two boats with scintillation detectors placed at 2m and 8m depth. 
For all the injections, very little material was detected in suspension. Due to the weak currents of the 
studied area and the vertical descendent momentum of the denser mixture of dredged material inside 
the well of the dredger (even without the overflow dredging), in relation to the density of the receiving 
water, most of the material reached the bottom in the dumping region. After the suspended sediment 
detections, bottom sediment detections were performed up to 6 days after the injections in each place. 

 

 

FIG. 42. Sepetiba Bay, Brazil, Tracer injection points in the dumping studied area 



 
 

   
 

 

The main results of this series of studies were: 

• Soon after the dumping the fine material reached the bottom because very little material was 
detected in suspension; 

• Between 80% and 100% of the dumped material were found in the bottom of the dumping area 
just after the dumping, and the tide conditions and the state of movement of the dredge during the 
dumping did not influence these values; only the deposition form is influenced: more concentrated 
if the dredge was anchored and the tide was near slack water; 

• Around 60% to 70% of the dumped material stayed in the bottom of the dumped area (also 
constituted of fine material – Fig. 42) taking into account detections performed up to 6 days after 
the dumping (limited by the half-life of 198Au); 

• Probably part of the dumped material, weakly consolidated, re-entered in suspension, but as there 
were not transversal currents (N-S) between the dredged and the dumping area (10 km to the S of 
the former) it was unlikely that this material reached the harbour area; 

• As studies with longer half-life tracer than 198Au were not performed to survey the long term 
behaviour of the dredged material dumped in the bottom, it was recommended to follow the 
bottom depths evolution due to the dumping of the dredged silt, with bathymetric surveys. 
 
Based on the results of the hydrodynamic studies and tracer experiments the Navy Authority 

allowed the changing of the dumping area from outside Sepetiba Bay to the studied area. Taking into 
account that the capital dredging was 10x106 m3 and the capacity of the TSHD’s employed were 4000 
m3, at least 2,500 dredging cycles were necessary to complete the work. As the shortening in a round 
trip of the dredge was about 40 km, a total distance of 100,000 km (2.5 times the circle of the earth in 
the equator region) was saved. This implied that the dredging works finished 6 months ahead of the 
scheduled time, with an economy of millions of US$. 

 
b. Pampulha reservoir dredging studies using 

99m
Tc - Brazil 

 
Its main motivation was the study and viability of an environmental and perennial solution to 

dredge the fine sediment that accretes (400,000 m3/year) the Pampulha reservoir, in Belo Horizonte, 
Brazil, which is in an accelerated process of decrease of its liquid volume and water surface (Fig. 43). 
With this tendency, the reservoir could lose, in a near future, two of the main purposes for which it 
was built: flood damping and leisure region, with its water surface indubitably attached to the 
Niemeyer buildings, forming the Architectonic Complex which is the landmark of the modern 
Brazilian Architecture. 

       
1964                                                                      2001 

FIG. 43. Pampulha Reservoir Accretion, Belo Horizonte, Brazil 

 
There is no available area inland to dump the dredged material from the reservoir. The 

watercourses downstream the dam are the natural way for the sediment that accretes the reservoir if 
the dam were not constructed.  
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In this way, field experiments, with simultaneous and instantaneous injections of sediment and 

water, labelled, respectively, with 99mTc and Rhodamine WT, were performed, in dry season, in 2000 
and 2001, to measure the hydrotransport capability downstream the dam, in a stretch of 25km. A 
recent mathematical model was applied and calibrated to the data obtained and, through convolution, 
the sediment dumping in suspension using hydraulic dredging system was simulated, calculating also, 
the physical environmental impacts: increase of sediment concentration and the possibility of 
deposition. Through the measurement of physical-chemical parameters of the water, the possibility of 
desorption of the metals adsorbed in the sediment to be dredged, was evaluated. It was concluded that 
there is no impediment for the dumping of the dredged fine sediment in the watercourses downstream. 

 
c. Orinoco River suspended sediment studies using 

99m
Tc - Venezuela 

 
In April 2006, under the IAEA TC project VEN/8/019: "Management of Sediments throughout 

the Navigation Channel of the Orinoco River" radiotracer studies were performed in Orinoco River, 
Venezuela, in the stretch Guarguapo-Barrancas-Ya Ya (Fig. 44), in order to evaluate bottom and 
suspended sediment transport. The objective of the former study was related to the choice of dumping 
site for the dredged material in the ship channels. The main objective of the latter was to study the 
behaviour of fine sediment in suspension: advection velocity, dispersion coefficient, sedimentation rate 
(SR) and dilution, taking into account that the fine sediment is the main carrier of heavy metals and other 
pollutants in the water environment. The Orinoco River basin is, nowadays, experiencing a fast industrial 
development with many industries being installed in the river margins and having outfalls discharging 
into the watercourse. 

 

 

FIG. 44. Map of the sector Guargapo – Barrancas - Ya Ya, Orinoco River, Venezuela 

Note: PS-1 and PS-2 (suspended sediment injection points); PI-1 and PI-2 (bottom sediment injection 
points). 

 

In relation to the suspended sediment study, two sub-superficial injections of mud labelled 
with 99mTc were performed in the points PS-1 and PS-2 (Fig.44).The initial activities used during the 
injections were respectively, 2.1 and 1.6 Ci. The detection was performed by a boat with two 
scintillation detectors placed at 1.5 m (Detector 1) and 0.5 m (Detector 2) below the water surface. 



 
 

   
 

 

TABLE III. SOME RESULTS OF SUSPENDED SEDIMENT STUDIES 

Injection Detector 
Sediment.rate 

(SR) 
Disper. Coeff. 

Dilution 
Advection 
velocity T1/2 L1/2 

  (g/ton/s) 
DL 

(m2/s) 
DT 

(m2/s) D AV (m/s) (s) (m) 

1 1 (1.5 m) 152 3.38 0.99 0.72 4560 3283 

1 2 (0.5 m) 226 1.94 0.72 515 0.72 3060 2203 

 
Where: 
D = Dilution for the distance L1/2 referred to the first pick detected just after the injection and 

considering both detectors; 
DL & DT = Longitudinal & transversal dispersion coefficients for the time T1/2; 
T1/2 = ln2/SR is the necessary time for half of the suspended sediment dumped settles below the 

diameter of the sphere of influence of the scintillation detector, and 
L1/2 = AV * T1/2 is the distance, since the dumping site, for this occurrence. 
 
The results obtained for the behaviour of the natural sediment in suspension, in the end of the 

low water season of the Orinoco River (April), could be used for preliminary designs of outfalls for 
industrial effluents which discharge particulate material with the density of fine sediment or for 
pollutant material that could be adsorbed by the fine sediment. 
 

4.4. ADVANTAGES AND DISADVANTAGES OF TRACERS 

 
4.4.1. Non-radioactive tracers 

 
a. Fluorescent tracers 
 
Advantages of fluorescent tracers: 
 

• Environmental benign & considered harmless by regulators & public therefore can be used on 
beaches, in rivers, lakes, reservoirs, water treatment systems 

• No handling concerns or health risks to personnel involved in studies 

• Simple approval permit procedure and easy to transport making it easier to transfer technology to 
other countries  

• Multiple fluorescent codes allowing silt and sand to be monitored simultaneously for the same or 
nearby sources during the same hydrodynamical & meteorological conditions  

• Tracer particle size can be broad and represent the entire native sediment if required  

• Suitable for medium and high energy environments with measurement over months or years 

• No limit on the number of tracer particles that can be released allowing studies over mid- to far-
field study areas of 50-250km2 

• Manipulate characteristics (size & density) to match a broad range of particle types to work in 
many areas including pollutants, sludge etc. 
 
Disadvantages of fluorescent tracers: 
 

• No real-time in-situ detection for bedload transport studies so sampling is ‘blind’; detection is 
achieved by collection of samples and subsequent analysis either at the project site or in the 
laboratory. This requires a lot of field sampling compared with in-situ detection offered by 
radioactive tracer detection. 
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• Reduced ability (compared with Radioactive tracers) to measure real-time for suspended sediment 
plume monitoring with limited sensors rountinely used due to cost therefore requiring 
measurement of other parameters to help track the plume (e.g. ADCP, although this provides 
valuable additional data) and water column sampling.  

• Plastic particles are being released into the environment, although they are harmless and can be 
made to biodegrade. It is considered by most agencies to be negligible (for example 100kg of 
tracer particles released into a 5000m3 dredge hopper) 

• Particles are artificial not native; however tests indicate very similar characteristics and behaviour 
to native sediment   
 

b. Activable tracers 
 
Activable tracers (more feasible for mud) have more or less the same operational advantages 

and disadvantages as fluorescent tracers. From a physical point of view, one important advantage, 
specifically for mud, is that one label the real natural sediment.  

 
A specific disadvantage is that the analysis of samples through NAA requires nuclear facilities 

and produces radioactive materials to be treated in an adequate procedure.  
 
One can label mud with up to 20 different activable elements using small mass of each one 

which allows potentially unlimited material to be labeled and therefore perform sediment transport for 
mid to far - field studies. 

 

4.4.2. Radioactive tracers 
 
Radioactive have many advantages compared to non-radioactive tracers such as: 
 

• easy to detect in-situ at very low levels  (open-eyes detection) without any sampling 

• less material is required to label material to be studied (some hundred grams instead of some 
hundred of kg for bed-load transport); 

• no sampling required, except in some particular cases (large scale experiments – some hundred 
km); 

• the detectors are low cost and are easy to install, allowing the use of many detectors in suspended 
sediment studies; 

• low cost of preparation for radioactive tracers compared with fluorescent tracers due to the smaller 
mass needed; 
 
The main disadvantages are: 

• the public concerns; 

• the strict regulation which impose a clearance from the national nuclear safety Authority.  
 
Too small quantity of particles and too small area of labeling risking burial from sand waves. 

This means that for some sites radioactive tracers are limited to relatively spatially small study areas. 
This limitation can be reduced by multiple consecutive releases along the transport trajectory, although 
these consecutive studies will be conducted during different hydrodynamic conditions. 

 

5. NUCLEONIC MEASUREMENT SYSTEM TECHNOLOGY 

The knowledge of the concentration C of suspended sediment (mass of dry sediment in a given 
volume of water) is an important data for the evaluation of the consequences of the human 
intervention in hydrographic basins: erosion problems arising from either afforestation or deforestation 
schemes and also from agricultural and mining activities in lake catchment basins.  



 
 

   
 

 
The "in situ" measurement of high concentrations (greater than 500 to 1000mg/L, up 1kg/L) of 

suspended sediment (sand, silt and clay) in the feeding rivers and of the bulk density of fine sediments 
(silt and clay) deposited in reservoirs, are applications of nucleonic gauges (Nucleonic Measurement 
Systems – NMS) for obtaining data for the sedimentological balance of the system or to control dam 
slush for ex. 

 
In estuarine and coastal environments the nuclear gauges can be employed for measuring the 

bulk density of fine sediments deposited in access channels, turning basins  and berthing areas of 
harbours,  and in the well of dredgers. These measurements are related to the optimization of dredging 
works. There is also a potential application for nuclear gauges in measuring the high suspended sand 
sediment concentration in the energetic wave breaker zone. 

 

5.1. PRINCIPLES IN WHICH NUCLEONIC GAUGES ARE BASED 

 
The absorption (photoelectric effect) or scattering (Compton effect) of electromagnetic 

radiations (X or γ) emitted by an artificial radioactive source  are a function of the concentration or the 
bulk density of the mixture sediment-water. In this way it is possible to construct nuclear gauges based 
on these principles, provided that the system is calibrated for known concentrations. 

 
The volume of influence of nuclear gauges is proportional to the energy of the gamma radiation 

of the radioactive sources: 8-10 cm diameter for 
109
Cd sources, 20-40 cm for 

241
Am sources and 

greater diameters for sources of higher radiation energy as 
137
Cs and 

60
Co . 

 
5.1.1. Transmission gauges 

 

Nucleonic gauges based on the principle of the absorption of X or γ radiations are known as 
transmission gauges. With this type of gauge it is possible to measure the intensity Is,w of a radiation 

beam after being transmitted through water containing sediment, whose concentration by weight or 
bulk density is to be determined. The intensity of the initial beam, in absence of sediment is Iw > Is,w. 

 

FIG. 45. Scheme of the nuclear transmission measurement principles. 

 

Designating by Rs,w and Ro the count rates corresponding to Is,w and Io, the measured count 

rate after a monoenergetic electromagnetic beam is transmitted through x cm of pure water is given 
by: 

Rw = R0 ⋅ exp (- µw ⋅ ρw ⋅x) (1) 

where µw and ρw are, respectively, the mass attenuation coefficient (cm2/g) and the density 
(g/cm3) of pure water. 
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If the water contains sediment in suspension at a concentration C, the measured count rate will 

be: 

Rs,w = R0 ⋅ exp {-ρm ⋅ x [µs ⋅ C + µw(1 - C)]} (2) 

where µs is  the mass attenuation coefficient of the sediment  and ρm is the density of the 
mixture water-sediment: 

ρs ⋅ ρw 
ρm = ----------------------  (3) 

ρs - C(ρs - ρw) 
where ρs is the density of the sediment. 
 
The mass attenuation coefficient for the sediment increases with the decreasing in the energy of 

γ radiation. Emitters having electromagnetic radiation with low energy, such as: 241Am (γ ray – 60 
keV) and 109Cd (X ray – 22 keV) are used in nuclear gauges, in order to increase the sensitivity S. 

 
Transmission gauges can be static or dynamic. Here under are some examples of existing 

gauges. 
 

 

FIG. 46. Scheme of a static gauge installed at a fixed point in a stream. 

 
With the system shown in Fig. 47, it is possible to acquire the data from three gauges 

simultaneously, installed for example at three different depths in the channel. 

 

FIG. 47. Example of a mobile immerged gauge 



 
 

   
 

 
The gauge shown in Fig. 48 is used statically and can be also moved easily to other 

measurement points.  
 

 

FIG. 48. Example of a mobile gauge (SERES) using pump sampling designed for dam flushing 

management. 

 
With a mobile gauge using pump sampling (Fig.48) the mixture is continuously sampled from 

the river with pumps and is released at the top of the system. In the example Fig. 49 the flow has a 
very high speed (25 m.s-1) and so the mixture is composed of three phases (water, sediment and air). 
The air is first removed in the vertical steel pipe, then the sediment + water mixture is arriving in the 
measurement cell between the source (241Am) and the detector. After measurement, the mixture is 
released to the river. This gauge is robust and can be employed in strong conditions (high 
concentration up to 300 g.l-1, etc). Smaller systems also exist for normal streams. You can see in 
Figure 49 a gauge based on an X ray generator 30 Kev and a CsI detector. Its dimensions are about 30 
cm in diameter and 5cm thick. 

 

 

FIG. 49. Gauge based on an X-ray generator 30 Kev and a CsI detector 
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FIG. 50. Gauge based on an X-ray generator 30 Kev and a NaI(Tl) detector for density profile 

measurement in harbour basins deposits 

 
It is important to note that, in the case of transmission gauges, the radiation source can also be 

an X ray generator. This type of device has great advantages in terms of photon flux and energy of the 
emitted photons but has also some disadvantages. An X-ray generator needs a power supply and is less 
stable than a radioactive source. This relative instability induces the necessity to recalibrate 
periodically and automatically the system with a standard material. 

 
From these considerations, these generators are mainly useful in particular cases and especially 

for low concentration measurement (0.5 to 500 g.l-1 for example).  
 
An important advantage using X-ray generators is the regulation aspect. There is no particular 

regulation if the maximum emitted energy is lower than 30 KV and if the dose rate at 10 cm from any 
accessible point of the system is lower than 1µSv.h-1.  

 
5.1.2. Scattering gauges 
 
These gauges have a lead shield between the radioactive source and the detector. In this way, 

the radiations measured are only those scattered by the suspended sediments into the volume of 
influence related to the gauge. In this way, the signal is a function of the density or concentration of 
the mixture water-sediment. The functional relationship obtained experimentally by calibration of the 
source is: 

      Rs,w 

    ------ = (a ⋅ ρ)n ⋅ exp (-a ⋅ ρ) (5) 
      Rw 
 

where ρ  is the density or concentration of the turbid water, and a and n are constants 
characterizing the gauges. 

 
The scattering gauges are cylindrical and, in this way, they are suitable for measuring density of  

fine sediments deposited  in reservoirs and to measure vertical gradient of sediment densities in the 
well of dredgers or barges, either by fall down or being introduced in tubes previously placed at the 
measuring sites. 137Cs are the sources currently used for this type of gauge. 



 
 

   
 

 

 

FIG. 51. Operating principle of the nuclear scattering system. 

 

 

FIG. 52. Example of a scattering gauge. 

 
5.1.3. Calibration procedures 

 
The calibration of a suspended sediment nuclear gauge is performed in laboratory, using 

sediment samples taken from the site to be studied. Suspensions with increased concentrations are then 
created in tanks by stirring or pumping the mixture water-sediment. The measurement of the 
concentrations is made by the gravimetric method.  

 
Plotting the ratio Rs,w/Rw (respectively count rates in the mixture water-sediment and in clear 

water) against the measured concentration of each mixture, one obtains the calibration curve. This 
calibration has to be checked "in situ", using samples taken during the intervals of the measurement 
campaign. 

 
Calibration procedures have to be carried out whenever significant changes in the chemical 

composition of the sediment have occurred. Variations in content of elements with high atomic 
number, such as Fe, may alter the value of the material parameter P of a given sediment and the mass 
attenuation coefficient.  
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In this way, it is advisable to perform the gauge calibration and also to determine the elemental 

sediment composition, in order to relate the calibration curve to the value of the material parameter P.  
 
For instance, having a collection of calibration curves and the corresponding values of the 

material parameter P for a given portable transmission gauge, it is possible to use it for different types 
of sediments, without further calibration in laboratory, provided the value of P for each type of 
sediment is known. 

 

5.2. USES OF NUCLEONIC GAUGES AND SOME RESULTS 

 
As pointed out in the beginning of this chapter, there are two main fields of application for 

nuclear gauges using artificial radioisotopes. 
 
The "in-situ" measurement of high concentrations above 0.5-1.0 g/L up to 100 g/L of suspended 

sediment (sand, silt and clay), which occurs most of the time in torrential rivers or in flood seasons in 
some rivers, may be performed by means of manned gauges, allowing the vertical profiling of 
concentrations or using fixed gauges, for continuous unattended recording of concentration or 
alternatively for measuring sediment concentration only during flash floods. 

 
In the latter case, the gauge is activated by a switch when a pre-selected water level is reached 

and is turned off when the level falls. 
 
5.2.1. Measurement of suspended sediment concentration in dam flushing 
 

 

FIG. 53. Scheme of the dam with 2 exit gates and picture of the SERES gauge in position at one gate 
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FIG. 54. Example of results obtained during dam flushing 

 
5.2.2. Measurement of bulk density of fine sediments deposited in reservoirs and in coastal 

environments 
 
One important parameter for the sedimentological balance of the system: lake catchment basin-

reservoir is the measurement of the quantity (mass) of sediments deposited into the reservoir, during a 
certain time interval. By means of echo sounding surveys, performed at the beginning and end of the 
considered time interval, it is possible to calculate the variation in volume of the reservoir, referred to 
a certain reference level.  

 
In the region where the river enters the reservoir, where the deposition of the coarser (sandy) 

sediments occurs, a vertical density gradient does not exist. The mass of deposited sediments can be 
calculated, considering the variation in volume given by echo-sounder surveys and the uniform density 
of the coarse sediment deposited. By the way, in the region of preferential deposition of the fine 
sediment (silt and clay), nearer the reservoir dam, it exists a vertical density gradient, not well 
determined by echo sounding surveys, even by using simultaneously equipment of low (33 kHz) or 
high (210 kHz) frequencies having, respectively, high and low penetration capacity.  

 
To overcome this limitation, twin-prong transmission and single-prong scattering nuclear 

gauges are used. These gauges are normally equipped with depth sensors and inclinometers for the 
underwater unit. They are used as point measuring systems and are lowered on a suspension cable to 
sink into the soft bed by falling down under its own weight. In this way, density profiles between 1.0 

and 1.5 g/cm3 may be determined. 
 
As the scattering gauges are cylindrical, they are also suitable for being introduced in tubes 

previously placed at the measuring sites, allowing an extended range of values for the density profiles. 
137Cs is the source currently used for this type of gauge. 
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In harbours submitted to heavy fine sediment siltation, such as Rotterdam and Zeebrugge, in 

Europe, and in some harbours in South America and Indonesia, it exists in certain parts, a lower 
density layer above the more consolidated bed sediment, named fluid mud, which can attain several 
metres. The top interface between the fluid mud layer and the water above is generally detected by the 
echosounder of 210 kHz frequency, normally employed for surveying nautical depths. It was 
demonstrated by ship manoeuvring and laboratory studies that the fluid mud is not an obstacle to 

navigation, provided its bulk density is equal to 1.2 g/cm3 or less. In this way, since the late seventies, 
radioactive gauges have been operated at spot locations in harbours, in conjunction with echo 

sounding surveys. As the product of this survey, nautical charts showing the 1.2 g/cm3 density depth 
contours are prepared and used for navigation and dredging work purposes. 

 
In harbours where large areas of fluid mud should be surveyed, it seemed interesting to perform 

a continuous measurement of density instead of measurements at spot locations. In this way, a towed 

density probe was developed. The overall system consists of a tow fish containing a 137Cs 
transmission gauge and a depth sensor, an "intelligent" winch controlling the vertical movement of the 

fish in order to follow the 1.2 g/cm3 pre-selected bulk density and a main computer which controls 
and runs, via the necessary interfaces, the simultaneous echo sounding and density surveys.  

 
Another important use of nuclear gauges related to the improving of dredging works is the 

measuring of density profiles of dredged spoil in the well of dredgers, allowing evaluating the load 
efficiency of a particular dredging practice.  
 

6. ECONOMIC BENEFITS 

6.1. TRACERS 

 
The economic benefits to be gained from the use of tracers vary greatly from application to 

application. The cost of a tracer investigation is evaluated considering the following factors:  
 

• cost of tracer  

• cost of transportation of tracer and equipment to the site 

• per day expenditure on hiring the boat (in case of sediment and effluent dispersion studies) 

• cost of measuring instruments and health physics equipment 

• cost of injection system and other mechanical accessories  

• cost of man power and travel 
 
Similarly, the following main factors are considered when estimating the benefits or savings 

obtained from a tracer investigation: 
 

• direct cost comparison with alternative conventional techniques 

• savings due to increased production efficiency 

• savings due to improved product quality 

• savings due to reduction in down time of the plant or shipping channel (in case of sediment 
transport investigations) 
 
On the basis of the above considerations the following relation is usually used to estimate the 

economical benefits grown out of the applications of radiotracer techniques in various industries. The 
formula is given as (IAEA, 1965): 

Benefits

Cost
yofitabilitPr =  



 
 

   
 

 
The above formula is called ‘Agency’s Formula’. The cost of the tracer investigation is clearly 

defined whereas it is difficult to estimate the actual direct or indirect benefits.  
 
The cost to benefit ratios of industrial applications of radiotracer carried out all over the world 

ranges from 1:3 to 1:5000 (Isotopenpraxis, 1990). In one of the sediment transport investigation 
carried out in India, a cost to benefit ratio of 1:150 has been estimated (Eapen, 1990). 

 

6.2. NUCLEONIC MEASUREMENT SYSTEMS 

 
6.2.1. Application to dredging works management 
 
As an example, in France, an industrial harbor is dredging 4 Mm3 mud per year. A NMS is used 

to measure the navigability depth limit (density 1.2). The basins are now dredged only if the sediment 
density above the requested operational depth is greater than 1.2. This new management, due to the 
use of the NMS, allows 10% saving in dredged quantities. The cost of 1 m3 of dredged material is 
between 2 and 5 US$. The cost of the NMS is covered in less than 1 year savings. 

 
Another important use of nuclear gauges related to the improving of dredging works is the 

measuring of density profiles of dredged spoil in the well of dredgers, allowing to evaluate the load 
efficiency of a particular dredging practice. As an example, the Figure 51 shows a schematic dredging 
cycle for a trailing suction hopper dredger. Loading curves of the dredger, according to the percentage 
of sand dredged (related to the total amount of sand, silt and clay), are drawn. For a fixed travel and 
dumping time (same dredged region and same dumping site), and for each loading curve, there is an 
optimum time for dredging with overflow (t3 - t2), in order to get the optimum dredging cycle time 
(tangent to the specific loading curve). This measurement together with tracer studies to optimize 
dredging dumping sites, shortening the travel distance, could further improve the dredging works. In 
one study performed in the harbour of Barranquilla , Colombia (COL/8/018 IAEA project) there was a 
saving of 68 min/ dredging cycle (or 35.7 %) due to the shortening of 20 km in dredging travel 
distance for the dumping site. 

 

 

FIG. 55. Dredging cycle 
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7. SAFETY  ASPECTS – ENVIRONMENTAL ASSESSMENT 

7.1. SAFETY ASPECTS 

 
The radiological safety regulations for conducting field radiotracer investigation involve safe 

transport of radioactive material to the experimental site, handling of radioactive material during 
injection onto the seabed and post injection hazards. The general guidelines for safe handling of 
radioisotopes have been issued by International Commission on Radiological Protection (ICRP) and 
International Atomic Energy Agency (IAEA) from time to time and these are discussed in details in 
ICRP and IAEA. Basically the safety regulations include justification of the use of radiotracer, 
optimisation of radiation exposures and annual dose limits in order to prevent unnecessary exposures. 
The justification implies that the competent authority should not allow the use of radiation unless there 
arises a net positive benefit from its use. The design of a radiotracer experiment has to ensure 
optimisation of radiation exposures. All the exposures have to be as low as possible (ALARA). The 
optimisation of radiation exposures primarily depends upon distance, time and shielding. The dose rate 
at a point varies inversely proportional to the square of the distance between the source and the point. 
Therefore a radiation worker has to maintain maximum possible distance from a radiation source. The 
dose received is directly proportional to the time spent in handling the source. Thus the time of 
handling of the source should be as minimum as possible. The radiation intensity at a point varies 
exponentially with the thickness of shielding material. Thus a radiation worker has to use an optimum 
thickness of the shielding material between the source and him. The annual dose limits have to be 
taken in account and no individual should be exposed more than the prescribed limit. This dose limits 
recommended by ICRP are 1 mSv/year for public and and 20 mSv/year for a radiation worker.  

 
The packing and transportation of radioactive material is governed by a stringent rules and 

regulations. The first set of rules and regulations for safe transport of radioactive material was 
published by International Atomic Energy Agency in 1961 based on ICRP recommendations, which 
now forms basis for all national and international regulations. These regulations are constantly 
reviewed, revised and updated from time to time by ICRP and IAEA. Recently IAEA has published 
revised regulations for safe handling and transport of radioactive material. 

 
The realization of a radioactive tracer experiment requires the clearance from the local nuclear 

safety authority. 
 

7.2. ENVIRONMENTAL ASSESMENT 

 
A proactive behavior is needed regarding environmental assessment in order to take into 

account public and local authorities concern on the use of tracers in the environment. As for any other 
activity developed by man, there is a need to establish which are the best practices available in order 
to minimize the impact in the environment.  

 
In the case of radiotracer studies, exposure of non-human biota to ionizing radiation is also a 

concern for IAEA, which recently formed a Biota Working Group as part of EMRAS programme 
(Environmental Modeling for Radiation Safety). Their major objective is to improve Member State’s 
capabilities for protection of the environment by comparing and validating models being used, or 
developed, for biota dose assessment as part of regulatory process of licensing and compliance 
monitoring of authorized release of radionuclides in the environment. There are many models 
developed in USA, Canada, France, Belgium, Russia, Lituania and the United Kingdom that address 
this problem: 



 
 

   
 

 

• RESRAD-BIOTA (US DOE) 

• FASSET (Larsson et al. 2004) 

• England and Wales Environment Agency R&D 128 (Copplestone et al., 2001) 

• Atomic Energy Canada Limited Approach 

• ECOMOD (SPA-Typhoon, Sazykina, 2000) 

• LIETDOS-BIO 

• SCK-CEN 

• EDEN 

• EPIC-DOSES3D 

• SUJB 
 
The dose limit to biota is still under discussion, and the Agency has not adopted any limit until 

now. In this section we will define the major steps to be taken into account in order to minimize the 
probable impact of the activities developed during a sediment transport study using tracers. 

 
Flux diagram below refers to the topics that should be addressed before, during, and after the 

development of the sediment transport study using tracer techniques. 
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8. CONCLUSION AND RECOMMENDATIONS 

 

Developed and developing countries have built up a know-how in the application, design and 
implementation of radioactive particle tracers particular for sediment transport over more than 50 
years with support from the IAEA over the past 15-20 years. Continuing support of personnel and 
organizations in the Member States is required in order to maintain and possibly re-build activity, 
capacity and use in order not to lose.  

 
Currently models cannot provide accurate sediment transport predictions given the difficult 

processes involved in complex situations. Sediment tracers provide a unique capability and 
understanding for sediment transport and sediment management which cannot be obtained any other 
way, whether conventional monitoring or physical and numerical models because they integrate all the 
hydrodynamic actions in time and space. 

 
Since the environmental, economic and social benefits from the application of tracer technology 

are enormous, it is recommended that the agency should support such applications in Member States. 
Under the scenario of climate change, these techniques can provide tools to handle sustainable 
developments of environmental resources, particularly in coastal areas and water management.  

 
IAEA should be promoting the development of this technology to assist and enhance the 

capabilities of all Member State countries in order to improve sediment management, by better 
understanding of transport process, for all activities, to protect and enhance the environment and allow 
managing problems at a local, regional, national or even global scale. 

 

CRP Proposals : 
 
Environmental assessment should be considered for future radiotracer studies of sediment 

movement evaluation . This evaluation requires models for calculating the radiation dose levels that 
radiotracer experiments could release to the environment. In this way it is mandatory an approach 
between tracer workers and modelers (ecological and radiological approaches) to develop realistic 
models that take into account the singularities of techniques (the spread of the tracer in the 
environment). That might be to define the BEST ENVIRONMENTAL PRACTICES required to 
minimize the environmental impact. This requires also the definition of doses values acceptable by the 
biota. That can be done in the form of a CRP. 

 
Tracers would be useful for hydrodynamic models validation. This requires better interaction 

between tracer workers and modelling laboratories in order to develop the necessary interfaces 
between tracer results and hydrodynamic (physical or mathematical) models inputs.  

 
Develop an Interlaboratory Test  to harmonize the procedures for injection, detection and 

analysis including environmental assessment, for both radioactive and fluorescent tracers. That can be 
done in the form of a RCM or a part of a CRP.  

 
Educational action, curriculum in sediment transport in  univ. environmental sciences for  

knowledge conservation would has to be promoted through educational package. There are some 
existing publications that can be compiled in a proper form as an Agency training course material. 



  57 

 

ANNEX 1. PROPOSAL FOR A CO-ORDINATED RESEARCH PROJECT 

Title of CRP 

Development of radiotracer technology and its integration with hydrodynamic  models 
for sediment management in coastal systems 

 

Background Situation Analysis (Rationale/Problem Definition) 
 
Studies on sediment transport in rivers and coasts are of vital importance to many civil 

engineering projects such as dock construction, coastal reclamation, dredging and irrigation projects. 
Typical problems related to sediment movement in the natural systems are: 

 
- Littorals in many countries are subjected to erosion. On sedimentary coasts, coastal erosion 

sometimes poses a serious danger to human settlements. Armouring structures are erected when 
coastal erosion threatens beachfront properties. The structures protect properties, but the shorelines 
undergo long-term retreat, which often leads to beach loss.  

 
- For the management of sufficient water depth at ports and harbours to accommodate ship 

movements, dredging operations are carried out. The selection of suitable dumping site of dredged 
material is very important, as dumped material should not come back into the navigation channel.  

 
- Municipal wastewater consists of a mixture of aqueous and particulate components. The 

effluent particles are complex mixtures of organic and inorganic solids. Information concerning the 
diffusion and settling behaviour of the particles has important implication for understanding the 
impacts of effluent discharges on receiving water systems.  

 
Since 1960s, radioisotopes as tracers have been a useful and often irreplaceable tool for 

sediment transport studies. Radiotracer techniques are used to obtain quantitative information, such as 
the direction, velocity and thickness of sediment movement. Radioisotope methods offer technical 
advantages over conventional methods in the assessment of the natural systems and are safe, accurate 
and cost effective. 

 
Modelling is now an essential tool for the management of the natural systems and are 

increasingly used to study the fate and behaviour of particulates and contaminants. Radiotracer 
techniques are often employed to validate models to enhance confidence in the predictive value of the 
models. Experimental tracing and numerical modelling are complementary methods of studying 
complex systems. Tracer data are based on direct observation, but are limited to the labelled 
component of the system and to a restricted domain of space and time. Numerical models can in 
theory accommodate all the important parameters, but are limited by their underlying assumptions and 
accessible computing power. Individually both approaches have limitations, but together they offer a 
very powerful method of investigating complex systems.  

 
Over the past few years it has become clear that the synergistic modelling and tracer approach 

can make a significant contribution to addressing complex problems in environmental systems. During 
last decade, there is a remarkable increase in the development and application of radiotracer 
techniques and models and thus there is a need to integrate the results obtained from both approaches. 
Cases of radiotracer applications for validation of models of natural systems have been increasing 
remarkably. During the last few decades, many radiotracer studies for the investigation of sediment 
transport in natural systems have been conducted worldwide, and various techniques for tracing and 
monitoring sediment have been developed by individual tracer groups. Recently, new equipments, 
such as combined data acquisition systems that record radiation counts together with GPS position 
data, radiotracer injection systems for more convenient and safer handling, and radiation detection 
systems for more reliable data collection, as well as new software packages for more accurate tracer 
data treatment and interpretation, have been developed.  



 
 

   
 

 
However, the developed techniques and methods for sediment tracing have not been compiled 

yet as a technical document, which is essential for the preservation of the knowledge and transfer of 
the technology to developing countries. Standard procedures or guidelines for the tracer experiments, 
which are vital for the reliability of the experiments and the acceptance of end-users, have not been 
established by the international tracer community either. The use of radiotracers in sediment transport 
studies demands the additional attention of the community and the IAEA to further develop these 
techniques and to ensure their transfer to developing countries. 

 

Overall Objective 

To strengthen national capability of developing MS to effectively use radiotracer 
techniques for environmental management 

 

Specific Research Objective (Purpose) 

To develop integration of tracer techniques and hydrodynamic models for sediment 
transport studies, in environmental systems 

 

Expected Research Outputs (Results) 

Expected research outputs are as follows: 

• TECDOC 

• papers in national and international scientific journals  
 

Outcome :  

• harmonization of methodologies and tools through interlaboratory comparison test for 
detection, analysis procedures and tools 

• development of multitracer methodology for on-line detection 

• development of software for data analysis and treatment to interface tracer results and 
models inputs 

• improvement in existing hardware for better, safer,etc..  exp. work 
 

Potential participants: 

Korea 
India 
Brazil 
France 
Malaysia 
Australia 
Indonesia 
Morocco 
Vietnam 
Peru 
Chile 
Poland 
UK 
Albania 
China 
Pakistan 
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SEDIMENT TRANSPORT INVESTIGATIONS IN INDIAN PORTS AND HARBORS 

USING RADIOTRACER TECHNIQUE: A REVIEW 

H.J.Pant 

Isotope Applications Division, Bhabha Atomic Research Centre, Mumbai (India) 

 
1. Introduction 

 
India has a long coastline of about 7640 km, out of which 2650 km is on the East Coast and 

3360 km on the West Coast and the remaining is in different islands such as Andaman Nicobar etc. As 
compared to the West Coast, the East Coast faces severe wave climate and has a relatively shallow 
seabed. The major rivers of India i.e. Ganga, Brahmaputra, Mahanadi, etc. discharge into the Bay of 
Bengal and bring along with them a large quantities of sediments. The sediments are carried along the 
coast by the alongshore currents generated by the waves breaking obliquely to the coastline. There are 
twelve major ports, six on the West Coast and six on the East Coast of India. In addition to this, there 
are over one hundred and forty intermediate/minor ports and other marine engineering projects along 
the coastline. The locations of the major and intermediate ports of India are shown in Fig. 56. 

 

 

FIG. 56. Locations of the major and intermediate ports of India 

 
The existing ports and marine engineering projects are faced with the problem of continuous 

maintenance dredging and dumping operations for maintaining the depth of the navigation channels. 
In addition to this, capital dredging is also carried out during the construction of the new projects and 
expansion of the existing projects. The dredging operations constitute major expenditure in existing 
and new projects. The average annual maintenance-dredging requirement in various major ports in 
India ranges approximately 20-70 million cubic meters. This huge quantity of the dredge material is to 
be disposed off at suitable locations either inshore or offshore. In case of major Indian ports, disposing 
off at inshore locations is not economically and technically feasible option. Hence it becomes 
imperative that the dredged materials be disposed off at suitable offshore locations, from where it does 
not find its way back to the channel. In addition to this, the selected site should be such that the turn 
around time of the dredger is kept minimum to economize the dredging operation. A balance has to be 
struck between the cost of transport of the dredged material and the eventual return of the disposed 
material to the dredged areas. The cost of transport of the dredged material is known precisely. 
However, the assessment of the suitability of the disposal area is rather difficult.  



 
 

   
 

 
Mathematical models, bathymetric data, hydraulic model studies and sediment accumulation in 

silt traps etc. are used to estimate the direction and transport parameters of sediments. All these 
methods provide approximate information and have their own limitations. In such situations, 
radiotracer techniques are used to evaluate the transport parameters such as transport velocity, 
transport thickness and rate of bedload movement. Most of the radiotracer investigations carried out 
are aimed at one or more than one of the followings: 

 

• Examining the suitability of the existing dumping ground for dredged silt 

• Selection of a suitable dumping ground for new projects 

• Examining the suitability of alignments of proposed navigation channels 

• Optimization of the dredging and dumping operation  

• Implementation of the River Regulatory Measures and environmental regulations 

• Littoral movement of sediment along the coast 

• Movement of fly-ash discharged from thermal power projects 

• Movement of particulate pollutants in water bodies  
 
2. Radiotracer Technique 

 
The radiotracer technique for sediment transport investigation involves preparation of a 

radioactive particulate tracer having similar physicochemical properties as the bed material, injection 
of the tracer at the desired point, tracking of the tracer with underwater nuclear detectors and finally 
interpretation of iso-activity contours to evaluate the parameters mentioned above.  

 
The counts (counts/minutes) recorded were corrected for decay and natural background. The net 

counts were plotted as a function of latitude and longitude on a survey chart of the respective sites and 
iso-activity contours are drawn (Pant, et al., 1989). From the isocount contours maximum longitudinal 
and lateral dispersion and; direction of movement are obtained. In addition to this following 
quantitative information are also drawn:  

 

2.1. Transport Velocity 

For estimating the transport velocity, the cumulative of counts multiplied by the lateral distance 
of spread (cpm x m), at regular interval perpendicular to the general axis of transport is plotted for 
each tracking. These diagrams are called transport diagrams and each is characterized by its center of 
gravity. Center of gravity is determined by the following formula: 

∫
∫=
Cdx

Cxdx
X    (1) 

From the shift in centres of gravity of consecutive trackings, the mean velocity of transport is 
calculated.  

 

2.2.Transport Thickness  
The determination of transport thickness is based on the count rate balance. As bed-load moves, 

the tracer gets mixed within the thickness of the moving bed. This depth of tracer burial is called 
"transport-thickness". The total integrated count rate N (cpm x m2) over the whole surface area of 
tracer patch for each tracking is related to the transport thickness by, 

N
KA

E e E
=

− −

β
α α( )1

    (2) 

where, K is the calibration factor of the detector, A is the total activity injected, α is the 
attenuation coefficient, (characteristic of the isotope, bed material and geometry of detector (0.15/cm 

for Scandium-46), E is the transport thickness (cm), β is a function of transport thickness and the 
shape of distribution of tracer concentration with depth.  
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2.3. Transport Rate 
The bed load transport rate Q ( tonnes / day) can be expressed as: 

Q = ρ . l . V . E   (3) 

where, ρ is the sediment bulk density (1.5 t/m3), l is the width of transport (m), Vm is the mean 
velocity of transport (m/d).  

 

3. Investigations carried out in India: Recent Case Studies 

 
In India the application of radiotracer technique to study the movement of sediment on sea bed 

started way back in 1959 (Hiranandani and Gole, 1960). Scandium-46 as scandium glass powder 
produced at AERE, Harwell, England was used as a tracer for investigating movement of sediment on 
seabed in Mumbai Harbour, Mumbai. In subsequent studies, indigenously produced radioisotopes 
were used in sediment transport investigations in various ports in India. Since 1959, Isotope 
Applications Division of Bhabha Atomic Research Centre has conducted 62 sediment transport 
investigations in various Ports and Harbours in India (Eapen, 1961, 1963; AEET, 1964; Eapen et al., 
1965, 1990; CWPRS, 1964, 1971; Iya et al., 1966, 1968, 1969a, 1969b, 1971; Krishanamurthy et al., 
1966, Pant et al., 1989; Sarvan Kumar, 1993, 1995; Nobal Jacob et al., 2001, 2003, 2004; Yelgoankar 
et al., 1992, 1994, 1997; Rao and Kulkarni, 1994; Pendharkar et al., 1994, 2000; BARC, 1969, 1970a, 
1970b, 1971, 1972, 2001, 2002, 2004, 2005, 2007a, 2007b, 2008; Kamath 2004, 2006). Some of the 
recently carried out investigations in various Ports are described below. 

 

3.1. Kandla Port (2004) 
The Kandla Port is located in the north eastern extremity of the Gulf of Kutch (Latitude 230 o1’ 

N and Longitude 700 13’ E), on the west coast of India, and the typical feature of this area is the 
extremely dominant effect of the tides on the local hydrodynamics and morphology. The exact 
location of the port is on the west bank of Kandla Creek and the creek is part of a complex network of 
creek system connected to the eastern end of the Gulf of Kutch (Fig. 2). Kandla is exclusively a tidal 
port and the ship movements in the approach area from the Gulf are carried out at high stages of tide, 
due to very shallow depths. The tidal range at Kandla varies from 4.0 m during neap tides to 7.0 m 
during spring tides. The large tidal range generates strong currents of magnitude varying from 1.0 to 
1.8 m/s. This results in high concentration of sediments in the flow and the typical observations show 
concentrations of the order of 1000 to 3000 parts per million (ppm). Thus the strong currents cause 
large flux of sediments predominantly as suspended load. The bed material mainly comprises fine 
sand mixed with silt. The presence of large tidal range and strong currents results in a very dynamic 
morphology in the approach area with frequently shifting shoals (sand bars) and channels. The 
network of creeks and the approach area are flanked by vast reaches of inter-tidal flats, which get 
inundated during high water springs. Another very important feature is the total absence of any fresh 
water flow, even during the monsoon season, thus there is no density stratification or gravitational 
circulation. 

 
From the pilot station of Kandla Port, the total length of Navigational Channel is about 27.7 km. 

Out of the above channel, a critical reach of only about 2.3 km. is having very less depths. The present 
approach channel called the Sogal Channel (in which the critical reach exists) is dredged through out 
the year for maintenance. A minimum navigable depth of about 6.0 m (below C.D.) was achieved, in 
stages, by September 2004 from that of 3.7 m available in 1984, when the Sogal channel was 
commissioned for navigation of ships. Kandla port has already achieved a draft of 11.5 m by carrying 
out required maintenance as well as capital dredging from the year 2000 onwards and the port is 
planning to increase the present draft from 11.5 m. to 13.5 m in phases by 2006-07. 

 
The maintenance dredging in the navigation channel, at Kandla Port, is a continuous activity 

and is inevitable due to the very dynamic nature of the morphology of the region under the influence 
of very strong tidal currents and high concentration of sediments in the flow. The annual maintenance 
dredging, at present, is of the order of 3.5 to 4.0 million cum and is carried out continuously, on a 
daily basis, using a 4500 cum capacity TSHD.  



 
 

   
 

 
The approach channel is about 17 km long extending from the entrance of the Kandla Creek up 

to the Outer Tuna Buoy (OTB), in the Gulf of Kutch. The maintenance dredging, however, is limited 
only to a 2.3 km reach, generally known as the Sogal Channel, for maintaining a depth of - 5.2 m 
depth, and bottom width of 180 m.  

 
The Kandla Port has plans of further increasing the depths in the approach channel to handle 

higher draft vessels of up to 13.5 m against the present draft of 10.2 m. Adopting proper disposal 
strategy for the dredged material under these conditions has become more significant and beneficial 
disposal of the dredged material with fairly good results is being done at Kandla Port. The strategy 
adopted for the disposal of dredged material has been to utilize the same for closing the adjoining 
channels and thus have the benefit of improving the hydrodynamic and sediment transport conditions 
in the navigation channel.  

 
The knowledge about the likely spread of the disposed material is important not only to avoid 

re-entry of sediments in to the navigation channel but also to take advantage of beneficial use of the 
dredged material for utilizing the same to close the adjoining channels. This would help in 
concentrating the tidal flow along the navigation channel for natural maintenance and flushing of 
sediments. Based on hydraulic parameters, two alternative sites i.e. near inshore channel and west of 
buoy no. 3 were proposed by Central Water and Power Research Station (CWPRS) Pune for dumping 
the dredged material. Therefore, radiotracer investigations were carried out at these sites at different 
tidal conditions. During November 2001, an investigation was carried out at inshore channel site at 
ebb tide condition (injection at high water) to study the spread pattern of sediment and investigate the 
suitability of these dumping sites. Similarly, two investigations were carried out during 2004, one at 
inshore channel site at flood tide conditions (injection at low water) and other at site west of buoy no. 
3 at ebb tide conditions (injection at high water). The two experimental sites are shown in Fig. 57. 

 

Scandium-46 as glass having particle size distribution of 60-300 µm was used as a radiotracer. 
However, the percentage of major composition was within 60-150 µm. About 3 Ci (110 GBq) activity 
was used in each experiment. The tracking schedule is given below in Table IV The isocount contours 
plotted for three different trackings for both the sites are given in Fig58 and Fig. 59. Similarly, the 
transport diagrams for the two sites are given in Fig. 60 and Fig. 61, respectively. Transport velocity, 
thickness of moving bed and bedload transport rate etc. for both injection points are given in Table V. 

TABLE IV. SCHEDULE OF POST INJECTION TRACKINGS AT KANDLA PORT. 

Tracking No. Site 1: Inshore Channel Site 2: West of Buoy No. 3 

1st Tracking 7-9 October 2004 8-9 October 2004 

2nd Tracking 18-19 October 2004 19 October 2004 

3rd Tracking 8 December 2004 9 December 2004 

 

TABLE V. RESULTS OF SEDIMENT TRANSPORT INVESTIGATIONS AT KANDLA PORT  

Site 1: Inshore Channel 

Tracking No. Days after 
injection 

Location of 
cg (Km) 

Activity spread N 
(cpm.m2) 

%Activity 
recovered 

Vm 

(m/d) 
E (cm) Q 

(t/d/m) 

1 1 0.650 2561 X 106 24 650 10.13 98 

2 10 2.6 6549 X 106 60 222 5.33 17.7 

3 30 1.27 7773 X 106 72 67 3.73 3.7 

Site 2: West of Buoy No. 3 

Tracking No. Days after 
injection 

Location of 
cg (Km) 

Activity spread N 
(cpm.m2) 

%Activity 
recovered 

Vm 

(m/d) 
E (cm) Q 

(t/d/m) 

1 1 0.625 14900 X 106 100 625 0 0 

2 10 1.99 3461 X 106 25 152 10 22.8 

3 30 1.39 3200 X 106 21 30 10.53 4.7 
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FIG. 57. Isocount contours for Inshore channel site at Kandla Port 

 

 

FIG. 58. Isocount contours for Buoy No. 3 site at Kandla Port 
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FIG. 59. Transport Diagram for Site No. 1 (Inshore Channel) 
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FIG. 60. Transport Diagram for Site No. 2 (West of Buoy No.3) 

 
From the investigation, following conclusions were drawn. 

• At site No. 1 (inshore channel), the movement of tracer during first two tracking was towards 
North-East direction with a maximum longitudinal spread of 6 km and transverse spread of 1.3 
km. However, during the third tracking, the sediment movement was towards South-West 
direction with a maximum longitudinal spread of 5 km. 

• At site No. 2 (west of buoy no. 4), the tracking carried out immediately after the injection 
indicated that material moved towards S-W direction as expected. The bedload was movement 
was predominantly towards N-E direction. However during the second and third tracking the 
material has also moved towards S-W direction. 
 

3.2. Kolkata Port (2005 and 2007)  

Kolkata Port is the oldest, the only riverine and most promising major port in India.  Despite 
being 126 miles away from the sea, Kolkata port is the best choice for eastern gateway to India. It 
commands a vast hinterland comprising the entire Eastern India including Bihar and Eastern Uttar 
Pradesh and the two neighbouring countries i.e. Nepal and Bhutan and is the guiding factor to trade 
and commerce in the region.  
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The Kolkata Port comprises two major dock systems i.e. Kolkata Dock System (KDS) 

and Haldia Dock Complex (HDC). KDS comprises the impounded dock systems at Kidderpore Dock 
(KPD), and Netaji Subhas Dock (NSD), at Kolkata, Petroleum Wharves at Budge Budge and 
Anchorages at Sagar island, Diamond Harbour and Sandheads. Both the Dock Complexes are 
equipped with all the major and modern facilities and offer good services to its customers.   

 
The two dock systems share a common shipping channel from Sandheads to Sagar island. The 

channel bifurcates at this point, one leading to HDC via Auckland and Jellingham and the other 
leading to KDS via Maragolia crossing Bedford, Nayachara channel and other several bars. There are 
12 bars in the navigational channel between KDS and HDC (upstream of Auckland bar) and four 
estuarine bars in the shipping channel leading to HDC. In order to facilitate shipping, the bars and 
other locations in the shipping channels are dredged throughout the year to maintain navigable depth. 
Dumping and disposal of huge quantities of dredged materials to the tune of around 20 million cubic 
meter per annum has become a problem. The dredged material is dumped at suitable offshore locations 
selected based on inputs from various studies. The locations are selected in such a way that the turn 
around time of dredger is kept to a minimum.  

 
The previous practice of dumping the material in deep pockets inside the estuary could no 

longer be continued due to shoaling of all such pockets. Presently the dumping is done at sea-face to 
allow the dumped material to be taken into the deep bay. Since such dumping is done during flood tide 
as well as ebb tide some apprehension regarding dredged material returning back to the estuary during 
flood tide was felt.  

 
For dredging over other areas in the estuary, viz. Auckland and Jellingham Shoals, dumping 

grounds have already been selected by conducting different investigative studies including 
radioisotope tracer studies in earlier years. Following two new sites have been selected for 
accommodating the dredged material from different areas along the navigational channels in Hooghly 
estuary and need to be examined. 

 

  

FIG. 61. Experimental area and ISO activity contours of tracer spread at Sagar Island site 



 
 

   
 

 

 

FIG. 62. Iso-activity contours of tracer spread at Kulpi Deep Water Column site 

 

  

FIG. 63. Isocount contours of post injection trackings at Kalpi Deep Water Column and Sagar Island 

site (2007). 
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TABLE VI. SEDIMENT TRANSPORT INVESTIGATIONS IN HOOGHLY ESTUARY 

Site Period 
of  study 

Condition 
at the 
time of 
injection 

Tracking 
No. 

Days 
after 

injection 

Location 
of Centre 

of 
Gravity 
(Km) 

Activity 
spread N 
(cpm.m2) 

% 
Activity 
recovered 

Vm 

(m/d) 
E (cm) Q 

(t/d/m) 

1 1 1.530 1.4 x 1010 89 1530 0 0 

2 26 1.510 1.2 x 1010 76 0.76 0.66 0.76 

Kulpi 
Deep 
Water 
Column 

January 
to April 
2005 

Flood 
tide 
(January 
19, 2005 
6.45am ) 

3 52 1.160 1.5 x 109 46 13 3.2 0.46 

1 1 0.696 1.4 x 1010 89 696 0 0 

2 26 0.272 4 x 109 25 16.3 4.8 1.17 

Below 
Sagar 
Island 

January  
to April 
2005 

Low 
water 
(January 
21, 2005 
12.45am) 

3 52 0.309 0.66 x 109 < 1% 1.42 6.36 1.35 

1 1 0.681 2.46 x 1010 100 681 0.0 0.0 

2 25 0.846 2.40 x 1010 100 6.6 0.0 0.0 

Kulpi 
Deep 
Water 
Column 

February 
to April, 
2007 

Low 
water 
slack 
(February 
24, 2007 
10:20am) 

3 60 1.850 1.81 x 1010 75 19 1.66 0.47 

1 1 0.164 0.59 x 1010 13 164 5.8 1.1 Below 
Sagar 
Island 

Febuary 
to April, 
2007 

Low 
water 
slack  
(25-02-
2007 
8:50 am) 

2 25 0.511 2.5 x 1010 100 13 0.0 0.0 
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FIG. 64. Transport diagram of the three tracking at Kalpi Deep Water Column site (2007) 
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FIG. 65. Transport Diagram of two trackings at Sagar Island Site (2007) 

 
Site 1: Kalpi Deep Water Column 

The site has been chosen for accommodating dredged material from Balari Passage during 
Capital Dredging in the proposed River Regulatory Measure (RRM) in order to increase the draught of 
the Navigation Channel leading to HDC. Similarly during Maintenance Dredging if receptacle is not 
available in the left bank, the dredged material from Balari Passage may be required to be dumped in 
the same area. Hence, the response of dumping dredge-material in the said location and tracking its 
return to Navigational Channel leading to KDS & HDC is to be ascertained.  

 
Site 2: Near Sagar Island 

On examination of the response of dispersion from the pre-designated dumping area, this 
disposal site has been selected to reduce re-circulation and minimal return of the dredged material to 
the Navigation Channel. This injection point for the radioactive tracer was just at the sea face and is 
about 145 km from Kolkata.  It is also about 35 km downstream of the Haldia Township and is nearly 
10 Km from Sagar Island. The other bank of the Hugli Estuary i.e. western bank is more than 20 km 
away from the proposed dumping site.  

 
The location map showing the two experimental sites is shown in Fig. 7. Radiotracer 

investigations were carried out at these sites during different meteorological conditions. Scandium-46 
as scandium glass powder was used as a tracer and about 4-5 Ci activity was used in each 
investigation. The details and results of the investigations are given in Table 3. The isocount contours 
and transport diagrams pertaining to these investigations are shown in Fig. 8, Fig. 9, Fig. 10, Fig. 11 
and Fig. 12. From the investigations, following conclusions were drawn from the investigations: 

The overall movement of tracer at Kalpi Deep Water Column site over a period of two months 
was southwards i.e. towards sea. Therefore, this site could be recommended for dumping the dreadged 
sediments. Similar radiotracer investigations were carried out at the same site during high water slack 
in year 2005 (fair season) also indicated the movement of radiotracer towards south i.e. towards the 
sea.  

 
The tracer movement at Sagar Island site was much less compared to the Kalpi Deep Water 

Column site and was uniformly spread around the injection point. Therefore, this site is suitable for 
dumping the dredged sediment. Similar radiotracer investigations were carried out in this area about 5 
nautical miles south of Sagar Dumping Buoy during low water slack in year 2005 (fair season) also 
indicated the movement of radiotracer towards south-west direction i.e. towards sea. This site could be 
used as a potential dumping ground in future for nearby dredging activities. 
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3.3. New Mangalore Port (2007) 

New Mangalore Port is one of the major ports of India and is located on the west coast, between 
Mormugoa and Cochin port.  It is an artificially developed lagoon type of Port situated 10 km north of 
combined outfall of Gurupur and Netravati rivers.  The Port facilities were developed over the past 
four decades at the New Mangalore Port, due to limitation of old Mangalore Port to provide deep 
draft.  At the New Mangalore Port basin, the required wave tranquility has been achieved by 
constructing 2 breakwaters in stages, which presently have a length of 770m each flanking the harbour 
entrance with centre-to-centre distance of 1362m near the roots and 975m at the outer tips.   

 
The approach channel has a bearing of 259o N, almost perpendicular to the coastline in order to 

have minimum length and thus requiring minimum capital dredging. The length of channel is 7200m, 
depth 15.4m and width 245m with side slopes of 1:20.  Even though the approach channel is facing the 
critical westerly direction, due to the phenomenon of wave attenuation along the approach channel, 
most of the wave energy passes out of field after refraction along the slope of the channel and thus the 
tranquility in the harbour is achieved.   

 
The development in Mangalore Port commenced way back in 1968 and is continuing till date. 

New Mangalore Port handled less than a million tone cargo during 1975, however the value has 
exceeded 20 million tonnes per annum in 2005 with increasing traffic every year. The projected value 
of cargo to be handled during year 2007-08 would be about 35 million tonne. During stage I (-9.5m 
depth) the approach channel was required to be extended upto a length of 3200m in 1975. Similarly 
for stage II (-13.5m depth) the length of the channel was extended upto 6250m.  For the present stage 
III (-15.4m depth) the channel length is 7200m. The siltation in the approach channel is about 75-80% 
of the total maintenance dredging at present out of which about 85% of it is silt, 10% clay and 5% 
sand.  

 

 

FIG. 66. Schematic diagram of Mangalore Port and study area 



 
 

   
 

 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          
 
 
 
            
 
 

FIG. 67. Isocount contours of four different post injection trackings
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Central Water and Power Research Station (CW&PRS) Pune has installed a 3-D hydraulic 
physical model of the New Mangalore Port to a scale of 1:100 (G.S.) rigid bed, with random sea wave 
generation facilities from 3 directions namely West, South West and North West provided with 
computer based multichannel data acquisition system housed in a hangar of size 72m x 45m. Based on 
hydraulic studies carried out in the physical model, CWPRS has initially suggested a dumping ground 
south of the navigation channel and has been used since last two decades. However, with the 
increasing expansion of the Port, a need was felt to have a new dumping ground for the dredged 
material. The quantity of dredged material ranges about 6-10 million m3 per annum in New Mangalore 
Port. On the basis of the studies carried out in model and analysis of current and bathymetry data 
obtained from field, a new dumping ground north of the channel was proposed. 

 
The radiotracer experiments were carried out to examine suitability of a new dumping or 

alternative site. The sketch of New Mangalore port and the experimental site are shown in Fig. 66. 
Scandium-46 as scandium glass powder was used as a tracer and about 8 Ci activity was used. The 
tracer concentration recorded at discrete locations during each tracking is corrected for natural 
background level and radiation decay and the isocount contours were plotted. The isocount contours 
and transport diagrams plotted for four different trackings are shown in Fig.17. The results of the 
investigation are given in Table VII. 

TABLE VII. RESULTS OF SEDIMENT TRANSPORT PARAMETERS INVESTIGATION AT 
MANGALORE PORT   

Tracking 
No. 

Days after 
injection 

Location of 
C.G(m) 

Activity spread 
 N (cpm.m2) 

% Activity 
recovered 

V (m/d) E 
(cm) 

Q 
(T/d/m) 

1 1 -146 2.88 x 1010 90 % (7.2 Ci) 146 1.33 2.91 

2 20 -120 3.2 x 1010 98 % (7.9 Ci) 1.4 0.27 0.005 

3 53 -254 2.8 x 1010 87 % (7.0 Ci) 4.0 0.86 0.052 

4 90 -149 2.6 x 1010 83 % (6.7 Ci) 2.8 1.30 0.056 
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FIG. 68. Transport diagrams for post injection trackings 



 
 

   
 

 
From the results of the investigation, following conclusions were drawn. 
 

• The sediment predominantly moves towards north-west direction during all the four trackings. The 
movement towards south and east direction was relatively much less. 

• After a period of 90 days the maximum longitudinal distance moved by sediment along west-east 
direction was about 1000 meters. Similarly maximum transverse movement along north-south 
direction was about 2600 meters. 

• The average velocity of sediment transport over a period of 3 months (90 days) was found to be 
2.7 meters/day during the last three trackings. 

• The radiotracer investigation was successfully carried out to know the spread pattern of sediment 
and the results will be use to decide the suitability of the proposed dumping site. 
 
Based on the investigations, it is found that the proposed site is suitable for dumping the 

dredged material, as the movement of sediment is away form the shipping channel. 
 
4. Conclusions 

 
India has fairly advanced infrastructure/facilities and good expertise for applications of 

radiotracer in industry. The radiotracer technology is well developed and services have been routinely 
provided to Indian industry for troubleshooting, process diagnosis and optimization on commercial 
basis. It is generally realized that the level of application of radiotracer technology in the Indian 
industry is presently confined to only a few well-informed industries and there is need for a much 
wider application of these techniques to help in the optimum utilization of industrial infrastructure. 
The level of application, though growing, is still not commensurate with the level of technology 
development for a country of India’s size and economy. With the present trend towards liberalization 
of economy and the increased awareness of the potential of radiotracer technology, one can safely look 
forward to increased applications. More than 350 radiotracer investigations have been carried out in 
India since 1959, out of which 62 investigation were carried out for investigating movement of 
sediments in different ports and harbors. All the major ports in India have been enormously benefited 
from the use of tracer technique.  
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NATURAL RADIOACTIVITY OF COASTAL SEDIMENTS AS “TRACER” IN 

DYNAMIC SEDIMENTOLOGY 

Jovan Thereska 

Institute of Nuclear Physics, Tirana, Albania 

 
1. BACKGROUND. 

 
Radiometric measurement of gamma natural radiation is another simple and fast technique for 

lithological mapping of the sea bottom that could provide useful information about the origin and 
transport of sediments. Natural radioactivity of sea bottom sediments can provide: 

• lithological map 

• sediment transport trends 
 
Careful interpretation of gamma natural radioactivity distribution could give: 

• granulometric selection of sediments, 

• depth limit of wave effect on sea bottom sediments,  

• direction and distance of distribution of fluvial sediments, 

• accretion and erosion zones along the coast line. 
 
Natural radioisotopes distributed in sediments are uranium-238 (and its family), thorium-232 

(and its family) and K-40. The radioactive decays of these three radioisotopes show that:  
 

• 1 g U-238, (in equilibrium), emits 33 300 gammas/s and 84 000 betas/s, with energy from some 
tens KeV till several MeV;  

• 1 g Th-232, (in equilibrium), emits 17 400 gammas/s and 15 000 betas/s, with energy from some 
tens KeV till several MeV;  

• 10 g potassium (natural potassium contents 0.0118% K-40) emit 33 gammas/s with energy 1,46 
MeV and 275 betas/s with maximal energy of 1,35 MeV.  
 
The concentrations of uraniumit-238, thoriumit-232 and potassium-40 in sediments vary with 

sediment nature and origin. In the coastal sediments of Albania, there were found these values: 
 
Silts:  

• uranium-238 – 3-5 ppm; 

• torium-232 – 10- 12 ppm;  

• potassium – 1- 2°/o;  
Sands: 

• uranium-238 – 1-2 ppm; 

• torium-232  - 5-6 ppm;  

• potassium – 0.5- 1%.  
 
Based on these concentrations and decays, it can be calculated that the major contributor of 

gamma natural radioactivity of sediments is Th-232 (over 55%), thus thoriumi-232 is the “natural 
tracer” of sediment dynamics. Moreover, Th-232 is always in equilibrium and is very resistant against 
chemical and mechanical agents.  

 
50 keV was the detection system threshold for online gamma total measurement, while the 

spectrometric gamma natural radioactivity of samples taken from the sea bottom and beaches was 
measured in the following windows: 

• 1.36-1,60 MeV for the K-40 (photopick 1,46 MeV), 

• 1,65 –1,95 MeV for U-238 (photopick 1,76 MeV) 

• 2,40 – 2,80 MeV for Th-232 (photopick 2,62 MeV) 



 
 

   
 

 
The scope of the study was to validate the natural radioactivity method for tracing sediment 

transport. Natural radioactivity investigation was undertaken in two important areas of the Adriatic 
Sea littoral of Albanian cost, in the gulfs of Durres and Vlora, where complex studies (radiotracers 
included) were carried out in the frame of the maintenance of existing Durres harbour, and the design 
of the new harbour in Vlora. Fig. 69 shows the beaches of Durres (left) and Vlora (right) where the 
natural radioactivity was measured online on sea bottom sediment from depth 2-3 m till 20-25 m. 

 

  

FIG. 69. Gulf of Durres (left) and of Vlora (right) 

 
2. RADIOMETRIC MEASUREMENTS  
 

2. 1. Online radiometric mapping of the sea bottom 
The gamma measurements were performed in dynamic that means from moving boat with 

average speed of 1.5 m /s, according to the profiles perpendicular with coastal line. The detection 
probe (NaI (Tl) scintillator 2”x2”) was mounted in a special support, which kept constant distance 
probe-sea bottom of 5 cm (Fig. 70). 

 

 

FIG. 70. Detection probe 

 
Each profile had a length of several km and profiles were distanced 250 m from each other. It 

was proved that for rather homogeneous zones the count rate obtained in dynamic is the same with 
that in static. Taking into account the boat speed of 1.5 m/s and the measuring interval of 30 seconds, 
it results that each measured value was representing around 50 m length, that is acceptable in 
radiometric mapping of relatively large natural zones where are not expected sharp changes in 
sediment size and nature. Radiometric profiles (250 m from each other) were performed in the map 
scale of 1: 25000, with a position error of 1 mm, equivalent of 25 m in the sea that is acceptable.  

 

2. 2. Treatment of radiometric field data 
The plot of radiometric data was treated according to following methods. 
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a).Treatment with Gauss chart.  

For each lithology the distribution of count rates is normal one, that means its graph in Gauss 
chart is linear, with a mean value characteristic for that kind of sediment. Two count rate populations 
are considered significantly different when I1* + s1 < I2* - s2, where I1*, I2*, - are the mean values of 
two successive populations (I2*>I1*) and s1, s2 – are their standard deviations. Each radioactive 
population corresponds to particular sediment (lithology). To correspond a lithology to radioactivity 
several sediment samples were taken from the sea bottom and analysed in laboratory (granulometric 
analysis).  

 
b) Treatment with regressive analysis (trend surface analysis)  

Trend surface analysis is in most respects similar to normal regression analysis. "Trend" means 
the least squares trend. Given a set of data, and the desire to produce some kind of "model" of that data 
(model, in this case, meaning a function fitted through the data) there are a variety of functions that 
can be chosen for the fit. The trend surface analysis methods can be used to e.g., derive a continuous 
smooth surface from irregular data or isolating regional trends from local variations. Trend surface for 
natural radiation values are approached with a polynomial:  

X (ui, vj) == P (ui, vj) + aij, 
where: X (ui, vj) – count rate I measured at bottom point (ui, vj); P (ui, vj) – most probable 

value; aij – error.   
 
3. RESULTS OF MEASUREMENT OF NATURAL RADIOACTIVITY OF SEDIMENTS  

 
3.1. Radiometric maps in golfs of Vlora and Durres 
 
Figure 71 shows three radioactivity classes for sediments of Vlora and Durres. 

 

FIG. 71. Statistical distribution of sediment radioactivity’s in Vlora and Durres. 

 
Taking samples from these zones, the following relation radioactivity- lithology (granulometric 

classes of sediments) was found: 
Vlora: 

• I1* = 11 ± 1 cps (sand grain size 100-200 µm) 

• I2* = 14.5 ± 1.5 cps (sand grain size 63-100  µm) 

• I3* = 19.5 ± 1.5 cps (silt <63 µm) 



 
 

   
 

 
There is a zone with mixed grain sizes, called alevrit (mixture of silt with very fine size of 

sand). The following correlation was found between count rates I(cps) and silt (argil) content in the 
alevrit Cs(%): 

I (cps) = 14.5 + 0.05 x Cs(%) 
 
Durres: 

• I1* = 17.5 ± 1.5 cps (sand grain size 63-100 µm) 

• I2* = 21.5 ±2 cps (alevrit = 50% fine sand + 50% silt) 

• I3* = 28 ± 3 cps (silt < 63 µm) 
The relation count rates – silt content for Durres was found as follows: 
I(ips) = 17.5 + 0.105 x Cs(%) 
 
Fig. 72 presents radiometric mapping (left) of sea bottom sediments in golf of Vlora and 

isocount trend surfaces (right). 
 

  

FIG. 72. Radiometric mapping of sea bottom sediments in golf of Vlora and isocount trend surfaces 

 
The isocount trend surfaces are parallel with bathymetry lines, passing gradually from sand to 

alevrits till silt (>20 cps after 15 m depth). This picture is result of wave action coming mostly from 
south-west direction perpendicular to the coast line, which seems to be the predominant factor of 
sediment transport normal with beach line. There is no evidence of the sediment transport along the 
shore, at least after 2-3 m. depth. 

 
Fig. 73 shows the results of radiometric mapping of sediments in the gulf of Durres.  
 

  

FIG. 73. Isoactive lines in gulf of Durres 
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Isocount map in Durres gulf shows curved lines perpendicular to the shore line and bathymetry, 

that is characteristic for alongshore transport of alevrit sediments near the sea bottom.  
 
Main conclusions obtained from the mapping of gamma natural radioactivity in Vlora and 

Durres gulfs are: 
- sediments in Vlora have a lower radioactivity for the same granulometry than in Durres, that 

reflects their origins from different land stratifications, 
- gulfs of Vlora and Durres have different lithological distributions; the sea bottom of Vlora 

consists mostly of sand, while sea bottom of Durres contains mostly alevrits. 
- in Vlora gulf there is a sediment selection in profiles normal to the coast line, resulting under 

influence of the waves perpendicular to the shore line. 
- in Durres gulf there is not any sediment selection in profiles normal to the coast line; it could 

be explained as an alongshore transport of alevrit sediments near the sea bottom towards the harbour 
and its channel. 

 
3.2. Radiometric profiles in the navigation channel 
 
Radiometric measurements along the navigation channel (on its axes and both sides) to the port 

of Durres (4 km long) were performed as well to investigate the silting map (Fig. 74). In fact, the 
channel was almost inexistent because it was filled up with sediments (estimated around 1 million m3 
sediments). 

 

 

FIG. 74. Golf of Durres, the harbour, the navigation channel and the main direction of sediment 

transport under the action of waves coming from the south-east. 

 
The results of four profiles measured at different periods were: 

• On 10.10. 75 the average: Ich= 22.6 ± 0.5 cps (correlation coefficient r=0.22) 

• On 26.3. 79 the average: Ich = 22.4 ± 0.4 cps ( r= 0.22) 

• On 19.4. 79 the average: Ich=  22.1 ± 0.3 cps (r = 0.25) 

• On 8.6.79 the average: Ich = 22.2 ± 0.3 cps (r = 0.20) 
For the whole channel the average value was calculated Ich = 22.3 ± 0.5 cps. This value of 

radioactivity is characteristic for alevrits (mixture of very fine sand with silt in different proportions). 
 
There was a very good reproducibility of the measurements, which make them very reliable for 

interpreting even relatively small differences. There was a significant difference between the average 
activities of the first and second part of channel: Ich1 = 24.1± 0.5 cps (nearly 70% silt) and the second 
part: Ich2 = 20.5 ± 0.5 cps (nearly 30% silt). This indicates that the first part of the channel (half of it) is 
silted more than the second part.  The average activity of the parallel profiles, both sides of the 
channel, was found 21.0 ± 0.5 cps that means similar with the activity of sediment within the second 
part of the channel.  

 



 
 

   
 

 
Comparison of radioactivity distributions within the channel and both sides of it indicates that 

first half part of the channel is prone to higher silt deposition. The silt deposited mostly in the first part 
of the channel is coming very probably from the gulf centre (because they have the same 
radioactivity).  

 
The waves coming from the south-east move silt towards the harbour, where it settles down 

trapped by harbour structures.  
 

3.3. Radiometric results of sediments south of Vjosa river 
 
There is a river out of gulf of Vlora, nearly 15 km north of it (Fig.75). Vjosa river has changed 

its position two times in the last century; the actual river mouth is located nearly 5 km in the north of 
the old river mouth. Consequently, the old mouth is undergoing on important erosion process under 
the wave actions. 

 

 

FIG. 75. Location of Vjosa river mouth in the north of gulf of Vlora 

 
The radiometric measurement of beach sediments south of Vjosa river was carried out (from 

dunes till 1.5 m water depth). The aim was to investigate the fluvial sediment transport and see if any 
alongshore pathway away from the mouth of the river happened, as well as to localize if possible the 
erosion and accretion zones south of Vjosa river mouth. Fig. 76 shows the results of radiometric 
survey of the beaches south of Vjosa river. 

 
Along each normal profile, the radioactivity was measured in two stations: near the sand dunes, 

with NaI 3”x3” detector introduced 50 cm under the surface (4 pi geometry), and on the sea bottom 
(depth 1.5m). Samples were taken also at the wet part of the beach and analysed in laboratory. 

 
Both online measurements in dunes and sea bottom have almost similar trends, while the 

sampling data have some deviations that were more related with sampling technique and relatively 
small quantity of samples that do not represent the whole site. Fig. 76 indicates some phenomena that 
could be related with local erosion and accumulation processes, as well as allowing to judge for the 
zone of influence of river sand transport. An erosion zone nearly 5 km south of Vjosa river mouth 
(where it is the old river mouth) (Fig. 77) helped the interpretation of the radiometric data. 
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FIG. 76. Distribution of radioactivity of sediments in the south of Vjosa river. 

 

 

FIG. 77. Trees and forest in the sea showing erosion of this zone 

 
Taking into account the alteration of accretion and erosion zones along the littoral south of 

Vjosa river mouth, it could be assumed that there is not any dominant alongshore drift transport south 
of Vjosa river, thus Vjosa river influence is limited to few km south of it. 



 
 

   
 

 
4. GENERAL CONCLUSIONS 
 
Natural radiometric survey of the sediments of sea bottom provided some qualitative sediment 

transport features, characteristics and parameters similar with those obtained with radiotracers, in 
particular the resultant direction and mechanism of sediment transport were made evident. This simple 
and low cost technique can be used for sediment transport studies as complementary to other 
techniques. 

 
The radiometric survey of the sediments of sea bottom and beaches in the gulfs of Vlora and 

Durres has provided the following major conclusions: 
 
Vlora 
1. Waves coming from the west move sends normal to the beach line. The influence of waves of 

this sector is up to depth 15 m, where is the boundary between sand and silt.  
2. There was an accumulation zone from the Vjosa river mouth till nearly 3 km to the south, 

which was nourished by the fluvial sediments. From 3 to 7.3 km there was another zone, which 
seemed to be in erosion. In this zone, there was the mouth of old river of Vjosa that is not bringing any 
more sediments, and consequently the zone was under erosion. Further to the south is another 
accumulation zone nourished with sediments that are eroded above.  

3. There were found alternating erosion and accretion zones south of Vjosa river, that indicates 
more a local transport phenomena than any long distance alongshore drift transport in the investigated 
zone.  

 
Durres 
1. There was not any visible granulometric selection of sea bottom sediments in the gulf of 

Durres.  
2. There was an indication of sediment transport trend from south to the north of the gulf under 

the influence of waves coming from the south sector.  
3. There was evidence of silting process, in particular in the first part of the navigation channel 

near the harbour.  
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Fluorescent Tracer Particle TracingFluorescent Tracer Particle Tracing

IAEA,  April 2008IAEA,  April 2008

Dr. Jonathan MarshDr. Jonathan Marsh

Environmental
Tracing Systems Ltd

ETS Ltd.

- Company of 16 years, based Scotland

- Physical process & Environmental engineering in water, marine & air: 

Hydraulics, particle dynamics & diffuse source

Particle tracing & detection technology

Physical monitoring (geophysical & bio.chem. data) 

- Oceanographers, sedimentologists, process engineers, biochemists

- ISO 9001 accredited lab. 
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ETS Ltd.

- Company of 16 years, based Scotland

- Physical process & Environmental engineering in water, marine & air: 

Hydraulics, particle dynamics & diffuse source

Particle tracing & detection technology

Physical monitoring (geophysical & bio.chem. data) 

- Oceanographers, sedimentologists, process engineers, biochemists

- ISO 9001 accredited lab.

- Contracts £3K to £350K

- Completed >150 contracts for 65 clients in UK, EU, USA, Aus., NZ

- >60 sediment transport, >40 outfalls, >30 process & 3000km rivers

- Diverse clients & applications: 

Oil, mining, ports & dredging, water, wastewater, groundwater, 

environmental, air, 

Environmental
Tracing Systems Ltd

ETS Ltd.

ETS

Environmental 
&

Water 
Marine

Wastewater Potable Water

Oceanography 

& Sediment
Transport

Outfalls

Waves
Currents

Bathymetry
Dredging Impact

Outfall Impact
Initial Dilution

Mixing Properties
Diffuse Source

Reservoirs Turnover
Integrity Testing
WTW Optimisation
Groundwater tracing

CSO Performance
WWTW Optimisation

Sludge Tracing
Saline & Freshwater

Infiltration

Environmental

Leachate Pathways
Diffuse Labelling
Pollutant Tracing
Leakage Detection
Air monitoring

Environmental
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Why use particle tracers?

- Model calibration & validation

- Tangible & unequivocal: ideal litigation & public understanding

What is a Tracer?

- conservative analogue of target particle/pollutant

- unique label to detect over background

- environmentally inert

Provide:

- Assimilates processes (currents, waves, erosion, bedform)

- Measures direct/indirect pathway or process (opp. to current flow)

- Significance & concentration

How do we ensure the tracer is analogous?

- Size distribution - Grain/floc density

- Surface charge - Settling characteristics

- Shape

Environmental
Tracing Systems Ltd

Tracer Technology & Detection

Liquid (dye) & 

solids particulate phase simultaneously 

3 dyes simultaneously, LiCl

Environmental
Tracing Systems Ltd
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Tracer Technology & Detection

EcoTrace
®
(Patented technology)

• Artificial fluorescent environmentally inert polymer particles

• Mimic grain size & distribution (1-5000µm) (broad/narrow or specific, 

density (<1.0-2.65gcm-3), settling velocity & shape 

• Multiple colours available for simultaneous flow/weather conditions

• Fluorescent throughout: ideal for high energy/storms, detection 

>3yrs., limit effect from abrasion & high detection

• Uses:

Gravel, sand, silt, sludge, drill cuttings, bacteria, fish/coral larvae, oily droplets, 

pollen, Legionella spores, Crypto…..

EcoTrace®

Environmental
Tracing Systems Ltd

Settling velocity tests

Rotterdam - settling velocity tests for tracer particles & sediment
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Tracer Prep., release & analysis

Analysis 

• Wetted with sediment from site

• Release into dredge, tank, channel, river, on bed

• Collect samples: grab/core & water

• Analyse in field – TracerCam (laser & CCD count 

& particle size)

• Analyse in ISO 9001 accredited lab. 

for tracer count per dry weight or per mL using 

various measurement techniques incl. lasers,

fluorescence sensors, CCD photography, image

analysis & other particle characterisation tests 

(size, density, settling/fall velocity etc.)

• Tracer particle size vs hydraulics
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Tracer Release

Environmental
Tracing Systems Ltd

Sample collection Sample collection -- pushcorespushcores

Environmental
Tracing Systems Ltd

New developments

GeoTrace
®

Dyed native sand or silt grains, no alteration of grain

Short-term low energy detection: days or weeks

New products

DNA labels: >1014 unique codes for diffuse source tracking, 
catchment mapping…..

Potable water particle tracer (e.g. Cryptosporidium 
simulation, network mapping, process optimisation & 
filtration integrity WTW & pools)

Quantitative Microbial Host Source for diffuse source –

% human/cow & animal

Ballast water monitoring & testing of in-vessel treatment 
systems

ds–DNA

Environmental
Tracing Systems Ltd
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Confined Disposal Facility: 

Trondheim

Borehole Sample Analysis
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Port of Rotterdam: Dredge silt dispersal
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Dredge disposal & dispersal study, 

Scheldt Estuary, Belgium

Impact of maintenance & capital 

dredging: Milford Haven

Impact on fisheries from disposal site
Capping of Contaminated Sediment

Long Beach

Cap Material
1-1.5m

Contaminated Sediment
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Existing fluff in pit
<2m

Tracer 1

label existing contaminated
sediment
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label top of contaminated

layer
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label top of cap
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label hopper load
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Mixing
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Dredge mounds & Beneficial use:

Brunswick, Georgia

Beach nourishment, Great Egg, NJBeach nourishment, Great Egg, NJ

Old River Auxiliary Structure, MI
Efficiency of flushing on sand transport Atchafalaya Bay – dredge efficiency assessment & fate from ODMDS

- Silt transport study to assess dredged sediment movement in Atchafalaya Bar Channel (ABC)

- Shoal area requires significant maintenance dredging 

- Corps wanted to improve overall understanding of sediment transport & reduce dredging
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Introduction

Complex, dynamic system with opposing forces

Site: - fine to medium sand 0.19-0.25mm

- surface ebb currents up to 3m s-1

- wave climate >10m significant wave height

Tracer: - single colour

Previously: - Corps carried out Bathymetry, Hydrodynamics, Sediment 
Trend Analysis & Modelling

- Long term bathymetry showed c.15% remained in littoral

However, fate of dredged sediment unknown & sediment transport 
pathways inferred. No hard evidence

Morphology 

change observed 

at MCR Peacock 

Spit, including 

SWS (ODMDS 

E) during 1956-

2006.  Arrows 

indicate transport 

direction of 

material eroded 

from SWS.

1973-1997:  50 M cy of dredged sand placed in SWS

1997-2006: 25 M cy has been placed ---- 3 M cy remain within SWS
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Figure 6: Sediment transport environments.
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Conclusions
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Summary of PresentationSummary of Presentation

1. Nuclear techniques related to sediment transport1. Nuclear techniques related to sediment transport

1.2.2.1 New radioisotope for labelling mud 1.2.2.1 New radioisotope for labelling mud 
(Technetium 99m)(Technetium 99m)

1.1 Nuclear gauges for determination of volumetric density 1.1 Nuclear gauges for determination of volumetric density 

of bottom fine sedimentsof bottom fine sediments

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

1.2.1 S1.2.1 Sandand

1.2.2 M1.2.2 Mudud
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1.5 1.5 Nuclear techniques & dredging worksNuclear techniques & dredging works

1.3 1.3 Handling radioactive sediment in field workHandling radioactive sediment in field work

1.3.1 1.3.1 Injection of sandInjection of sand

1.3.2 Labelling & injection of m1.3.2 Labelling & injection of mudud

3. Conclusions3. Conclusions

Summary of Presentation Summary of Presentation (continuation)(continuation)

2. Case studies2. Case studies

2.2 Santos Harbour 2.2 Santos Harbour –– SãoSão Paulo State, Brazil (1973Paulo State, Brazil (1973--1985)1985)

2.3 2.3 SepetibaSepetiba Harbour Harbour –– Rio de Janeiro State, Brazil (1975Rio de Janeiro State, Brazil (1975--1977)1977)

2.4 2.4 AlumarAlumar Harbour Harbour –– MaranhãoMaranhão State, Brazil (1983State, Brazil (1983--1994)1994)

2.5 2.5 BarranquillaBarranquilla Harbour, Colombia (1992Harbour, Colombia (1992--1994) (COL/8/018)1994) (COL/8/018)

2.6 2.6 PampulhaPampulha reservoir dredging, Minas reservoir dredging, Minas GeraisGerais State, Brazil (1999State, Brazil (1999--2004)2004)

2.7 Orinoco River, Venezuela (20052.7 Orinoco River, Venezuela (2005--2006) (VEN/8/019)2006) (VEN/8/019)

2.1 2.1 AracajuAracaju river mouth river mouth –– SergipeSergipe State, Brazil (1971)State, Brazil (1971)

1. 1. Nuclear techniques related to sediment transportNuclear techniques related to sediment transport

1.1 1.1 Nuclear gauges for determination of volumetric density Nuclear gauges for determination of volumetric density 
of bottom fine sedimentsof bottom fine sediments

Transmission gaugeTransmission gauge Backscattering gaugeBackscattering gauge

1.1 1.1 Nuclear gaugesNuclear gauges……

IAEA (URU/8/009)IAEA (URU/8/009)

Source: Source: 241241Am (14 Am (14 mCimCi))

1.1 Nuclear gauges1.1 Nuclear gauges…… allow increasing nautical depthallow increasing nautical depth



Summary of PresentationSummary of Presentation

1. Nuclear techniques related to sediment transport1. Nuclear techniques related to sediment transport

1.2.2.1 New radioisotope for labelling mud 1.2.2.1 New radioisotope for labelling mud 
(Technetium 99m)(Technetium 99m)

1.1 Nuclear gauges for determination of volumetric density 1.1 Nuclear gauges for determination of volumetric density 

of bottom fine sedimentsof bottom fine sediments

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

1.2.1 S1.2.1 Sandand

1.2.2 M1.2.2 Mudud

1.4 1.4 Detection schemesDetection schemes

1.5 1.5 Nuclear techniques & dredging worksNuclear techniques & dredging works

1.3 1.3 Handling radioactive sediment in field workHandling radioactive sediment in field work

1.3.1 1.3.1 Injection of sandInjection of sand

1.3.2 Labelling & injection of m1.3.2 Labelling & injection of mudud

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

•• Same hydrodynamic  behaviour for labelled and notSame hydrodynamic  behaviour for labelled and not

labelled sediment; labelled sediment; 

•• Good adherence of radioisotope to sediment.Good adherence of radioisotope to sediment.

Important conditionsImportant conditions::

••MassicMassic labelling                 quantitative resultslabelling                 quantitative results

count rate proportional to sediment masscount rate proportional to sediment mass

not to its surface;not to its surface;

1.2.1 1.2.1 Labelling ofLabelling of SSandand

AA-- Simulation of sand with grinded glass containing a Simulation of sand with grinded glass containing a 

element to be irradiated, with suitable halfelement to be irradiated, with suitable half--life (Tlife (T1/21/2))

(e.g. (e.g. 197197Au; Au; 191191Ir):Ir):

AA11--
198198Au (TAu (T1/21/2 = 2.7 days; = 2.7 days; γγγγγγγγ = 0.41 = 0.41 MeVMeV))

AA22--
192192Ir (TIr (T1/21/2 = 74.4 days, = 74.4 days, γγγγγγγγ = 0.30 to 0.61 = 0.30 to 0.61 MeVMeV)          )          

BB-- Painting of sand with a fluorescent substance Painting of sand with a fluorescent substance 

(e.g. (e.g. RhodamineRhodamine WT, WT, fluoresceinfluorescein, etc.)    , etc.)    

Required mass:Required mass: around 400 g.around 400 g.

Required mass:Required mass: some 100 kg to 1 ton, for statistical reasons.some 100 kg to 1 ton, for statistical reasons.

((in situ detectionin situ detection) = ) = ““open eyesopen eyes”” detectiondetection

((sampling & laboratory countingsampling & laboratory counting) = ) = ““blindblind”” detectiondetection

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

1.2.2 Labelling of 1.2.2 Labelling of MudMud

Radioisotope is the only material suitable for a trustful Radioisotope is the only material suitable for a trustful 

labelling of fine sediment, allowing in situ detection.labelling of fine sediment, allowing in situ detection.

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

Labelling is obtained by theLabelling is obtained by the sorption of sorption of cationscations of of 

radioactive elements of suitable halfradioactive elements of suitable half--life (Tlife (T1/21/2), e.g.:), e.g.:

198198AuAu (T(T1/2 1/2 = 2.7 days; = 2.7 days; γγγγγγγγ = 0.41 = 0.41 MeVMeV))

5151Cr Cr (T(T1/21/2 = 27.8 days; = 27.8 days; γγγγγγγγ = 0.32 = 0.32 MeVMeV))

4646Sc Sc (T(T1/21/2 = 84 days; = 84 days; γγγγγγγγ = 0.89 to 1.12 = 0.89 to 1.12 MeVMeV))

or labelling with an element to be activated in nuclear or labelling with an element to be activated in nuclear 

reactor after field sampling. This technique is applied for reactor after field sampling. This technique is applied for 

studies of longstudies of long--term behaviour of mud settled in the term behaviour of mud settled in the 

bottom after dredging dumping.bottom after dredging dumping.

TechnetiumTechnetium 99 meta99 meta--stable:stable:
99m99mTcTc (T(T1/2 1/2 = 6.02 h; = 6.02 h; γγγγγγγγ = 0.14 = 0.14 MeVMeV))

broadly used in Nuclear Medicine.broadly used in Nuclear Medicine.

Father radionuclide:Father radionuclide: 9999Mo (TMo (T1/21/2 == 66 h).66 h).

99m99mTc is eluted as an anion TcOTc is eluted as an anion TcO44
--

((perthecnetateperthecnetate))

In this form it is injected in the veins In this form it is injected in the veins 
of the patients, in Nuclear Medicine of the patients, in Nuclear Medicine 
applications.applications.

1.2.2.1 New radioisotope for labelling mud (1.2.2.1 New radioisotope for labelling mud (Technetium Technetium 99m99m)  )  

99m99mTc GeneratorTc Generator

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

1.2.2.1 New radioisotope for labelling the mud (1.2.2.1 New radioisotope for labelling the mud (99m99mTcTc))

Properties of Properties of 99m99mTcTc

9999Mo Mo �������� 99m99mTc  Tc  �������� 9999TcTc

•• 9999Mo  Mo  TT½½ = 66 h= 66 h γγγγ 0.74 and 0.18 0.74 and 0.18 MevMev

•• 99m99mTcTc TT½½ = 6.02 h             = 6.02 h             γγγγ 0.14 0.14 MevMev

•• 9999TcTc TT½½ = 2.1x10= 2.1x1055 y        y        ββββ−−−− 0.29 0.29 MevMev

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies
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1.2.2.1 New radioisotope for labelling the mud (1.2.2.1 New radioisotope for labelling the mud (99m99mTcTc))
9999Mo and Mo and 99m99mTc in secular equilibrium, illustrate theTc in secular equilibrium, illustrate the

radioisotope generator principleradioisotope generator principle

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

1.2.2.1 New radioisotope for labelling the mud (1.2.2.1 New radioisotope for labelling the mud (99m99mTcTc))

Normal Oxidation/Reduction PotentialsNormal Oxidation/Reduction Potentials

HalfHalf--reactionreaction X = TechnetiumX = Technetium X = ManganeseX = Manganese

XO
4
-(aq) + 4H+ + 3e- = XO

2
+ 2H

2
0 0.738 V(*) 1.695 V

XO
4
-(aq) + 2H+ + e- = XO

3
+ H

2
0 0.700 V 0.564 V

XO
3
+ 2H+ + 2e- = XO

2
+ H

2
0 0.757 V 2.26 V

(*)(*) The actual value for concentrations from 10The actual value for concentrations from 10--88 to 10to 10--1010M is much lower,M is much lower,

near to 0 V. In consequence, a strong near to 0 V. In consequence, a strong reducing agentreducing agent such assuch as

SnClSnCl22.2H.2H22O, is necessary to transform O, is necessary to transform Tc(VII) in Tc(IV).Tc(VII) in Tc(IV).

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

3 Sn (II) + 2 Tc (VII) = 3 Sn (IV) + 2 Tc (IV)3 Sn (II) + 2 Tc (VII) = 3 Sn (IV) + 2 Tc (IV)

TcOTcO2+2+ + 2+ 2 HH22O = TcO(OH)O = TcO(OH)22(c) + 2H(c) + 2H++

1.2.2.1 New radioisotope for labelling the mud (1.2.2.1 New radioisotope for labelling the mud (99m99mTcTc))

Reduction of Reduction of 99mTcOTcO4
- with SnClwith SnCl22.2H.2H22OO

In aqueous solution, a colloidal compound is formedIn aqueous solution, a colloidal compound is formed

after reduction:after reduction:

With With 99m99mTc in this chemical form it is possible to label the Tc in this chemical form it is possible to label the 
fine sediment, which is electronegative.fine sediment, which is electronegative.

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

1.2.2.1 New radioisotope for labelling the mud (1.2.2.1 New radioisotope for labelling the mud (99m99mTcTc))

Studies Performed at CDTN Laboratories Studies Performed at CDTN Laboratories 

•• Choice of reducing agent among:Choice of reducing agent among:

SnClSnCl22..2H2H22O;O; NHNH22OH.HCl   and   NaOH.HCl   and   Na22SS22OO33.5H.5H22OO

•• Effect of:Effect of:

–– Reducing agent concentrationReducing agent concentration

–– pHpH

–– Sediment/water ratioSediment/water ratio

–– Time of contactTime of contact

–– DesorptionDesorption kineticskinetics

–– Comparison of the hydrodynamic behaviour of Comparison of the hydrodynamic behaviour of 
labelled and natural sediments labelled and natural sediments verified in settling testsverified in settling tests

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

1.2.2.1 New radioisotope for labelling the mud (1.2.2.1 New radioisotope for labelling the mud (99m99mTcTc))

Summary of ResultsSummary of Results

•• SnClSnCl22..2H2H22O is the best of the three reducing agents tested;O is the best of the three reducing agents tested;

•• Chemical behaviour of Chemical behaviour of TcTc as tracer of fine sediments is as tracer of fine sediments is 

satisfactory;satisfactory;

•• Fast and strong sorption at normal operational conditions Fast and strong sorption at normal operational conditions 

(pH, Temp., etc.);(pH, Temp., etc.);

•• Negligible Negligible desorptiondesorption for typical duration of the tracer for typical duration of the tracer 

experiments (2 to 3 h);experiments (2 to 3 h);

•• Hydrodynamic behaviour of labelled and natural sediments Hydrodynamic behaviour of labelled and natural sediments 

is similar as verified in settling tests; is similar as verified in settling tests; 

•• Labelling procedure is very simple, suitable for field conditionLabelling procedure is very simple, suitable for field conditions.s.

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

1.2.2.1 New radioisotope for labelling the mud (1.2.2.1 New radioisotope for labelling the mud (99m99mTcTc))

198198Au Au (T(T1/2 1/2 = 2.7 days; = 2.7 days; γγγγγγγγ = 0.41 = 0.41 MeVMeV))

5151CrCr (T(T1/21/2 = 27.8 days; = 27.8 days; γγγγγγγγ = 0.32 = 0.32 MeVMeV))

4646Sc Sc (T(T1/21/2 = 84 days; = 84 days; γγγγγγγγ = 0.89 to 1.12 = 0.89 to 1.12 MeVMeV)      )      

Some alternatives toSome alternatives to 99m99mTcTc (T(T1/21/2 = 6.02 h; = 6.02 h; γγγγγγγγ = 0.14 = 0.14 MeVMeV))

which need to be irradiated for each use.which need to be irradiated for each use.

In case of studying the behaviour, for some days, of the settledIn case of studying the behaviour, for some days, of the settled

sediment after dredging dumping, the halfsediment after dredging dumping, the half--life of  life of  99m99mTc is not Tc is not 

suitable. Then, one of the above radioisotopes should be used. suitable. Then, one of the above radioisotopes should be used. 

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies



Field Studies Already Performed Using Field Studies Already Performed Using 99m99mTcTc

•• One experiment in One experiment in ParaopebaParaopeba river, Brazil, with 80 mriver, Brazil, with 80 m33/s flow /s flow 
rate, using a secondrate, using a second--week week 99m99mTc generator donated by a Nuclear Tc generator donated by a Nuclear 
Medicine hospital, with 250 Medicine hospital, with 250 mCimCi activity (Year 1999);activity (Year 1999);

•• Four experiments in three rivers downstream Four experiments in three rivers downstream PampulhaPampulha
reservoir, Brazil, to quantify the advection, dispersion, and reservoir, Brazil, to quantify the advection, dispersion, and 
settling rate of fine sediment dredged in the reservoir and settling rate of fine sediment dredged in the reservoir and 
dumped downstream dumped downstream PampulhaPampulha dam (Activities employed:dam (Activities employed:
330 to 1,360 330 to 1,360 mCimCi) (Years 2000) (Years 2000--2001);2001);

•• Two experiments in the Orinoco river, Venezuela, IAEA TCP Two experiments in the Orinoco river, Venezuela, IAEA TCP 
(VEN/8/019) (Activities: 2,080 and 1,030 (VEN/8/019) (Activities: 2,080 and 1,030 mCimCi) (Year 2006);) (Year 2006);

The last two field studies will be seen later on.The last two field studies will be seen later on.

1.2.2.1 New radioisotope for labelling the mud (1.2.2.1 New radioisotope for labelling the mud (99m99mTcTc))

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

Why to use Why to use 99m99mTc?Tc?

•• Short halfShort half--life, suitable for short time scale experimentslife, suitable for short time scale experiments
of fine sediment in suspension;of fine sediment in suspension;

•• Portability when compared e.g. with Portability when compared e.g. with 198198Au, which need to beAu, which need to be
irradiated and transported to experiment site, for each use;irradiated and transported to experiment site, for each use;

••WorldWorld--wide availabilitywide availability due to its broadly  use in Nucleardue to its broadly  use in Nuclear
Medicine; Medicine; 

•• One generator allows at least one week work;One generator allows at least one week work;

•• Better public acceptability;Better public acceptability;

1.2.2.1 New radioisotope for labelling the mud (1.2.2.1 New radioisotope for labelling the mud (99m99mTcTc))

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

•• Low Low γγγγγγγγ energy (0.14 energy (0.14 MeVMeV), implying moderate and lighter), implying moderate and lighter
shielding;shielding;

•• Easy importation procedures.Easy importation procedures.

•• Accessible price;Accessible price;

•• InIn--situ measurement with watersitu measurement with water--tight tight NaI(TlNaI(Tl););

•• Easiness of manipulation and labelling for field conditions;Easiness of manipulation and labelling for field conditions;

Why to use Why to use 99m99mTc? Tc? (continuation)(continuation)

1.2.2.1 New radioisotope for labelling the mud (1.2.2.1 New radioisotope for labelling the mud (99m99mTcTc))

1.2 1.2 Artificial tracers for sediment movement studiesArtificial tracers for sediment movement studies

Comparison between uses of Comparison between uses of 99m99mTc inTc in

Nuclear Medicine & Environmental ApplicationsNuclear Medicine & Environmental Applications

•• In In Nuclear MedicineNuclear Medicine applications it is injected in the veinsapplications it is injected in the veins
of patients, being eliminated to the environment;of patients, being eliminated to the environment;

•• In In Environmental ApplicationsEnvironmental Applications, it is injected inside the water;, it is injected inside the water;

•• The concentration required for environmental applicationsThe concentration required for environmental applications
((Bq/mL Bq/mL of waterof water) is much lower () is much lower (1010--77) than for medical) than for medical
applications (applications (Bq/mL Bq/mL of bloodof blood), due to the ), due to the 44ππ geometry ingeometry in
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Barranquilla HarbourBarranquilla Harbour

2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 

2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 

11-- Objectives:Objectives:

AA-- Improve dredging works;Improve dredging works;

BB-- Provide quantitative information on bottom sediment transportProvide quantitative information on bottom sediment transport

from low to high water flows in the proposed dumping area. from low to high water flows in the proposed dumping area. 

22-- Magdalena River hydrographic basin characteristics:Magdalena River hydrographic basin characteristics:

A = 250,000 kmA = 250,000 km22

L = 1,500 kmL = 1,500 km

2,000       <     Q      <     14,02,000       <     Q      <     14,000 m00 m33/s/s

Feb.Feb.--Mar.                            MayMar.                            May--Dec.  Dec.  

33-- Bottom sediment composition in dredging & dumping areasBottom sediment composition in dredging & dumping areas

Q < 3,000 mQ < 3,000 m33/s  /s  �������� sand (20%)sand (20%)

Q > 7,000 mQ > 7,000 m33/s  /s  �������� sand (70%)sand (70%)

44-- Sand diameterSand diameter

0.177 < D < 0.250 mm  0.177 < D < 0.250 mm  



I.P.I.P.

2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 

55-- Bottom sediment studies with Bottom sediment studies with 192192Ir:Ir:

AA-- Injection: 03/03/1994 Injection: 03/03/1994 –– m = 385 gr; A = 1.16 Ci; d = 11.5 m; m = 385 gr; A = 1.16 Ci; d = 11.5 m; 

BB-- Seven detections until 03/24/94: Seven detections until 03/24/94: 

It will be considered D3 (03/05); D5 (03/09) and D7 (03/24It will be considered D3 (03/05); D5 (03/09) and D7 (03/24))

66-- Results integrated over the river section width (500 m):Results integrated over the river section width (500 m):

D3 D3 �������� D5: D5: QQt = 1,705 tont = 1,705 ton/day & /day & VVm = 3.2 m/day;m = 3.2 m/day;

D5 D5 �������� D7: D7: QQt =    920 tont =    920 ton/day & /day & VVm = 2.0 m/day;m = 2.0 m/day;

D3 D3 �������� D7: D7: QQt = 1,090 tont = 1,090 ton/day & /day & VVm = 2.2 m/day.m = 2.2 m/day.

2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 

(03/03 to 03/24/1994)(03/03 to 03/24/1994)

4,000 < Q < 5,000 m4,000 < Q < 5,000 m33/s/s

Bottom sediment studies (low water)

2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 

Detection 8 (25 & 26 April,1994)Detection 8 (25 & 26 April,1994)

Bottom sediment studies (Q = 7,000 m3/s)/s)

Q = 7,000m3/s /s �������� ssediment resuspendedediment resuspended

4,000 < Q < 5,000 m4,000 < Q < 5,000 m33/s/s

D3 D3 �������� D5: D5: QQt = 1,705 tont = 1,705 ton/day         /day         

2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 

Integrated transport diagramIntegrated transport diagram

Uniform displacement of radoactive cloud Uniform displacement of radoactive cloud �������� Celerity of dune formsCelerity of dune forms

2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 



4,000 < Q < 5,000 m4,000 < Q < 5,000 m33/s/s

D3 D3 �������� D5:  D5:  Vm = 3.2 m/day                 Vm = 3.2 m/day                 

2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 

Celerity of dunes: Ackers & White methodCelerity of dunes: Ackers & White method

2.5 2.5 Barranquilla Harbour Barranquilla Harbour –– Colombia (COL/8/018) Colombia (COL/8/018) -- 1994 1994 

RESULTSRESULTS

•• Possible to change dredging dumping areaPossible to change dredging dumping area

•• Shortening dredging travel distance by 20 kmShortening dredging travel distance by 20 km

& reduction of  35.7 % (68 min.) & reduction of  35.7 % (68 min.) /dredging cycle/dredging cycle

3. Conclusions3. Conclusions

Summary of PresentationSummary of Presentation

2.2. Case studies        Case studies        

2.2 Santos Harbour 2.2 Santos Harbour –– São Paulo State, Brazil (1973São Paulo State, Brazil (1973--1985)1985)

2.3 Sepetiba Harbour 2.3 Sepetiba Harbour –– Rio de Janeiro State, Brazil (1975Rio de Janeiro State, Brazil (1975--1977)1977)

2.4 Alumar Harbour 2.4 Alumar Harbour –– Maranhão State, Brazil (1983Maranhão State, Brazil (1983--1994)1994)

2.5 Barranquilla Harbour, Colombia (19922.5 Barranquilla Harbour, Colombia (1992--1994) 1994) -- (COL/8/018)(COL/8/018)

2.6 Pampulha reservoir dredging, Minas Gerais State, Brazil (1992.6 Pampulha reservoir dredging, Minas Gerais State, Brazil (19999--2004)2004)

2.7 Orinoco River, Venezuela (20052.7 Orinoco River, Venezuela (2005--2006) 2006) -- (VEN/8/019)(VEN/8/019)

2.1 Aracaju river mouth 2.1 Aracaju river mouth –– Sergipe State, Brazil (1971)Sergipe State, Brazil (1971)

2.6 2.6 Pampulha reservoir Pampulha reservoir –– Minas Gerais State, Brazil (1999Minas Gerais State, Brazil (1999--

2004)2004)

Pampulha Pampulha 

ReservoirReservoir

19641964

19811981

20012001

2.6 2.6 Pampulha reservoir Pampulha reservoir accretionaccretion

SantaSanta

LuziaLuzia
SantaSanta

LuziaLuzia

2.6 2.6 Pampulha studiesPampulha studies: Injection points (: Injection points (PIPI) & detection) & detection

points (points (DD))



Date Injection 

Point

Water course Detection station Initial activity
99mTc

(mCi)

Initial 

sediment 

concentration

(g/L)

Rodamina WT 

volume (L)

09/27/2000 PI-1 Pampulha e 

Onça

D1, D2, D3 e D4 360 41.9 2

10/03/2000 PI-2 Onça D3, D4, D5 e D6 330 72.4 2

06/26/2001 PI-3 Rio das Velhas D7, D8 e D9 1,360 47.1 6

07/03/2001 PI-2 Onça D3, D4, D5 e D6 527 54.4 4

2.6 2.6 Pampulha studiesPampulha studies: Field experiments: Field experiments
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2.6 2.6 Pampulha studiesPampulha studies: Some results: Some results
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obtained with a convolution model calibrated with the results ofobtained with a convolution model calibrated with the results of
experiments of fine sediment labelled with experiments of fine sediment labelled with 99m99mTcTc

2.6 2.6 Pampulha studiesPampulha studies: Some results: Some results

3. Conclusions3. Conclusions

Summary of PresentationSummary of Presentation

2.2. Case studies        Case studies        

2.2 Santos Harbour 2.2 Santos Harbour –– São Paulo State, Brazil (1973São Paulo State, Brazil (1973--1985)1985)

2.3 Sepetiba Harbour 2.3 Sepetiba Harbour –– Rio de Janeiro State, Brazil (1975Rio de Janeiro State, Brazil (1975--1977)1977)

2.4 Alumar Harbour 2.4 Alumar Harbour –– Maranhão State, Brazil (1983Maranhão State, Brazil (1983--1994)1994)

2.5 Barranquilla Harbour, Colombia (19922.5 Barranquilla Harbour, Colombia (1992--1994) 1994) -- (COL/8/018)(COL/8/018)

2.6 Pampulha reservoir dredging, Minas Gerais State, Brazil (1992.6 Pampulha reservoir dredging, Minas Gerais State, Brazil (19999--2004)2004)

2.7 Orinoco River, Venezuela (20052.7 Orinoco River, Venezuela (2005--2006) 2006) -- (VEN/8/019)(VEN/8/019)

2.1 Aracaju river mouth 2.1 Aracaju river mouth –– Sergipe State, Brazil (1971)Sergipe State, Brazil (1971)
Orinoco RiverOrinoco River

2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019



2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019 2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019

2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019 2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019

2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019

11stst injection: sediment in suspension with injection: sediment in suspension with 
99m99mTcTc

Detection linesDetection lines

2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019

11stst injection: sediment in suspension with injection: sediment in suspension with 
99m99mTcTc

Limits of cloudLimits of cloud



2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019

22stst injection: sediment in suspension with injection: sediment in suspension with 
99m99mTcTc

Detection linesDetection lines

2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019

22stst injection: sediment in suspension with injection: sediment in suspension with 
99m99mTcTc

Limits of cloudLimits of cloud
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2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019

Summary ofresults  (Advection)

2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019

Injection Detection(*)

Velocity of cloud 

(m/s) R2 R

1 1 & 2 0.720 0.9899 0.9949

2 1 e 2 0.609 0.9979 0.9989

Injection Detection Strait 1 Strait 2

Veloc. (m/s) R2 R Veloc. (m/s) R2 R

1 1 & 2 1.004 0.9969 0.9984 0.631 0.9955 0.9977

(*) Detection 1 (0.5 m) & detection 2 (1.5 m) below surface

Example of results  (Dispersion): Injection 1; detection 1

2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019
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Transversal crossings Summary of results

2.7 2.7 Orinoco River Orinoco River –– Venezuela (2005Venezuela (2005--2006)2006)-- VEN/8/019VEN/8/019

Injection Detection

Detection 

depth

(Sedimentation 

rate)

SR

Velocity of 

advection T1/2 L1/2

(m) (g/ton/s) (m/s) (min) (m)

1 1 1.5 152.2 0.723 76 3297

1 2 0.5 226.0 0.720 51 2203

2 1 1.5 361.6 0.609 32 1169

2 2 0.5 143.5 0.609 81 2960



•• Radioactive tracers & nuclear gauges are important for studyingRadioactive tracers & nuclear gauges are important for studying
dredging works optimization, allowing the evaluation of dumping dredging works optimization, allowing the evaluation of dumping 
sites & environmental physical impacts of dumping;sites & environmental physical impacts of dumping;

•• The results of tracer studies are mandatory for validation The results of tracer studies are mandatory for validation 
of mathematical models for diferent aspects of the sediment of mathematical models for diferent aspects of the sediment 
& water movement;& water movement;

•• One hope that One hope that 99m99mTc, broadly used in Nuclear Medicine,Tc, broadly used in Nuclear Medicine,
could have its use also spread to environmental studies ofcould have its use also spread to environmental studies of
dynamic behaviour of fine sediment in suspension, in river, dynamic behaviour of fine sediment in suspension, in river, 
esturine and coastal environment;esturine and coastal environment;

3. 3. ConclusionsConclusions

•• The concentration required for environmental applications ofThe concentration required for environmental applications of
99m99mTc (Tc (Bq/mL Bq/mL of waterof water) is much lower () is much lower (1010--77) than for medical) than for medical
applications (applications (Bq/mL Bq/mL of bloodof blood), due to the ), due to the 44ππ geometry ingeometry in
environmental counting (detector inside water).environmental counting (detector inside water).

Thank you!Thank you!

jvb@cdtn.brjvb@cdtn.br

Injection & detection systemInjection & detection system

already used in Vietnamalready used in Vietnam

Source: Dr. Antonio Plata BedmarSource: Dr. Antonio Plata Bedmar
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Detectors, electronics, acquisition systems
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Experiment 1 : Tunisia – Sousse

Tracer : 181+175 Hafnium labelling sludge

particles

Nominal activity : 9 Ci ( 333 Gbq)

Step injection during 20 days

Release : pipe 1700m offshore, flow-rate 

25900m3/j, concentration 70mg/l, 

300000 eq.hab

MUREX  European Community Avicenne project n°87

Impacted area of a waste water release in the sea

14

MUREX              Sousse 

Detection 1 : Dinj + 8 days
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Detection 3 : Dinj + 
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MUREX                
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Detection 4: Dinj + 

37days
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MUREX  European Community Avicenne project

n°87

Impacted area of a waste water release in the sea

Experiment 2 : Morocco – Al Hoceima

Tracer : 181+175 Hafnium labelling sludge

particles

Nominal activity : 10 Ci ( 370 Gbq)

Step injection during 12 days

Release : on the beach, flow-rate 4284m3/j, 

concentration 150mg/l, 56000 eq.hab



4

19

MUREX

Morocco

Al Hoceima

Detection 1

Dinj+5days

20

MUREX

Morocco

Al 

Hoceima

Detection 2

Dinj+12day

s

21

Tracer : 198 Gold labelling sludge particles

Nominal activity : 9 Ci ( 333 GBq )

Step injection during 35 days

Release : pipe 1800m offshore, depth 45m, 

concentration 45 mg/l, flow-rate 16800 m3/j , 

200000 eq.hab
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MEDITERRANEAN SEA 

FRANCE - TOULON

22

23

Toulon
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Toulon

Comparison between

measured plumes and 

CFD model results

26

URBAN WASTES RELEASE PROGRAM

MEDITERRANEAN SEA 

FRANCE - TOULON

Tracer : 175+181 Hafnium

Nominal activity : 9 Ci ( 333 GBq )

Step injection during 35 days

Release : pipe 1800m offshore, depth 45m, 

concentration 45 mg/l, flow-rate 16800 m3/j , 

200000 eq.hab
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SEDITRACKER X30

X ray generator 30 KV



7

37

Dam slushes

Bottom gate station

Mid-depth gate station

WaterWater

++

MESMES

RadioisotopeRadioisotope

(radiation (radiation γγγγγγγγ et Xet X))

DetectorDetector

CaF2 / CaF2 / NaI(TlNaI(Tl))

Method

Comparaison mesures CNR/CEA

0

5

10

15

20

25

30

19/05/2003 00:00 20/05/2003 00:00 21/05/2003 00:00 22/05/2003 00:00 23/05/2003 00:00 24/05/2003 00:00 25/05/2003 00:00 26/05/2003 00:00 27/05/2003 00:00
temps (date heure)

c
o
n
c
e
n
tr
a
ti
o
n
 (
g
/l
)

DemiFond-CEA

DemiFond-CREPE

DemiFond-PYCNO

At this time

In-situ, continuously (24h/24), 

during 10 jdays

Immerged and sampling

(pumping) NCS

Laboritary calibration for one 

typical sediment

R&D

Radioactive sources to X ray 

generator

On line measurement of the 

sediment components ( mud, sand)

38

Sight of the dam seen

from downstream

Dam slushes

Pumping NCS – SERES

Am 241- 3.7 GBq

Immerged NCS – JTT4

Am 241- 11 GBq

Range: 1 to 300 g/l ±1g/l

39

Isotope 140 La 198 Au 52 Mn 147 Nd 192 Ir

Half-life 1.7 days 2.7 days 5.7 days 11 days 74 days

Energy

( Kev)

330 to 

1600 410

730 to 

1460

Complex

spectrum 296 to 468

Activity < 0.5 Ci

< 18 GBq

< 9 Ci

< 333 GBq

< 0.5 Ci

< 18 GBq

< 3 Ci

< 111 GBq

< 1 Ci

< 37 GBq

Obtention Reactor

activation

Reactor

activation

Reactor

activation

Reactor

activation

Reactor

activation

Preparation Glass 

powder

Glass 

powder

Glass 

powder

Glass 

powder

Glass 

powder

SAND TRACERS

40

Isotope

113 m 

In

99mTc 198 Au 51 Cr 175+181 

Hf
160 Tb 46 Sc

Half-life

100 

min

6.02 

hours

2.7 days 27 days 45 days 73 days 84 days

Energy

(Kev) 390 140 410 320

Complex

spectrum

Complex

spectrum

900 and 

1100

Activity

< 200 mC

< 7.4 GBq

< 10 Ci

< 370 GBq

< 9 Ci

< 333GBq

< 20 Ci

< 740 GBq

< 1 Ci

< 37 GBq

< 1 Ci

< 37 GBq

< 9 Ci

< 333 GBq

Obtention
Generator

113 Sn –

113m In

Generator

99Mo -

99mTc

Metal

Reactor

activation

Powder

Reactor

activation

Powder

Reactor

activation

Powder

Reactor

activation

Reactor

activation

preparation
None

Particles

in reducing

medium

chloride

solution

HAuCl4-

chloride

solution

chloride

solution

chloride

solution Chloride

solution

FINE PARTICLES ( mud , sludge )  TRACERS

41

Schéma de principe de l'appareil d'immersion

Raccords étanches

Passage étanche

Pompe

P1

Pompe

P2

Pompe

P3

Blindage

Pb

Flacon type

"pénicilline"

Flacon de

dilution

Mer

Vase

(environ 200 g.l-1)

Agitateur

42

Isotope 137m Ba 113m In 99mTc 82 Br 198 Au

Half-life 2.6 min 100 min 6.02 hours 1.5 days 2.7 days

Energy ( 

Kev)

662 410 140 Approx. 700 410

Activity

1 to 200 

mCi

37 to 7400 

MBq

1 to 200 mCi

37 to 7400 

MBq

1 mCi to 10 

Ci

37 MBq to

370 GBq

1 to 200 mCi

37 to 7400 MBq

1 mCi to 9 Ci

37 MBq to 

333 GBq

Obtention

Generator

137C s-

137mBa

Generator

113Sn -

113m In

Generator

99Mo-

99mTc

Reactor

activation

Reactor

activation

Preparation None
EDTA

Complexati

on

None None Colloidal

particles

WATER TRACERS
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43

Tracers are useful

44

•transport direction

• horizontal speeds ( average and maximum )

• thickness of the moving layer

• quantities of transported sediment ( ie flow-rate )

• nature of movement ( pure bed-load transport , with

saltation, suspension , or recovery of the tracer cloud by 

natural material )

Informations for bed-load transport

45

Sand transport calibration tank

46

Sand injection box

47

Château type A – CM6

Boite sertie

Pot 30

Boite etanche pails

Blindage

intermédiaire

Couvercle boite pails

Blindage externe

Logement 

ampoule

Coque externe

Couvercle externe blindé étanche

48

Type A – CM6

Château gigogne:

- 4 niveaux d’étancheite

- Ampoule

- Boite interne sertie

- Boite intermédiaire pails

- Coque externe

- 3 coques plomb pour un total de 70 mm

- Coque interne : pot 35 mm CIS-BIO

- Coque intermédiaire : 25 mm

- Coque externe: 10 mm
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49

Sand injection

50

Bed –load sediment transport

X

X

Injection points 192 Ir - 37 GBq

Detection procedure

Coast

51

Bed load data treatment

52

• Trajectory of the released cloud : direction, horizontal 

speed

• Dispersion coefficients ( longitudinal and transversal)

• Dilution rates versus time and distance

• Average settling velocity

• Quantification of the deposited particles versus time and 

space

Informations for suspension transport

53

Mud labelling and injection system

54

Suspension transport
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55

Zeebrugge harbour

40 Mm3 per year

Dumping tests

Recycling test

CFD Modelling

Dredging works optimisation - Dumping

56

Evidencing of 80% 

recycling within 120 days

Dredging works optimisation - Dumping

57

Dam slushes – Sediment transfer

58

• Sedimentation : concerns many
irrigated areas in Pakistan

– Limitation of the water transport 
capacity

– Prevent equity in distribution

– Solution : dredging

• Need to include sedimentary
approach in management practices

• Study fields : hydraulics and sediment
transport

• Simple case : irrigation channel

The Problem

Management of irrigation systems

59

Map of Pakistan

60

Experimental site : Jamrao canal system

Point d’injection 

des traceurs

Points de mesures
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61

Management of irrigation systems

Injection point

50 sampling points

Injection (300 kg of activable 

tracer : Ir-192)

Sampling (1 kg)

Analysis (50 g) by neutron activation 

analysis + gamma spectrometry

62

Tracers
• Injection : Mass300 kg

Fluorescents

Gerbe d’injection

• Sampling : Masse 1 kg
• Samplers : 2 types

Carottier à main Saumon bateau

Analysis

• Mass : 50 g

• Imaging (fluorescents)

– Acquisition images

– Software treatment

– Results

• NAA (radioactivables) 

– Irradiation : flux thermal neutrons 

Impurities decay

– Spectrometry γ : 192Ir

– Results

63

Traceurs (interpretation)

• Dépôt

• Mesure : Cdep (traceurs)

• Approximation de dépôt homogène

• Calcul dépôt équivalent

• Validation
– Dépôt équivalent total /  apports traceur = 50 %

– Moitié du système observée

Mesures analytiques (radioactivables)

Analyse par activation neutronique

Difficulté de la mesure : procédure de correction des résultats 
sur étalons

a

A

64

Deposition law

• Theoretical expression of Φ(η)

(Daubert-Lebreton, 1967)

• Allure
– Beam of staight lines

– thresholds (functionning range)

From D to δz

Expression :

• Numerical stability :

• ∆x has to be constant for the  

description of system elements

L∆xp)(1ρ

D
  zδ

S −
=

cste
xδ

tδ <

Global model - Theorie

65

Characterisation

• Cutting in elements

– Homogeneous parts  

(∆x)  : ηi

– Diversions : θj

Calibration

• Choice

– thresholds

– Deposition law parameters

• Upstream limit condition

• Calculation of D et δz in 

homogeneous parts

• Calculation of  ε : Average standard

deviation δzcalc et δzmes

ξηψΦ +=

∆tCQA sables0 =

Iterations

(ψ,ξ) and thresholds
for εmin

Application

• Calculation of η in the 

new scenario

• Upstream limit

condition new 

scénario

• Calculation of D and 

δz new scénario

Warning

• ∆x constant

• Numerical

stability

Principle of the gobal model

66

coeff. 9,03 %

Erreur relative moyenne : 28,14 %

coeff. 97,00 %

Erreur relative moyenne : 8,45 %

coeff. 82,00 %

Erreur relative moyenne : 9,93 %

Validation of a deposition law

0

5

10

15

20

25

0 1 2 3 4 5 6 7 8 9

et a ( *1e5)

Jeu complet  98

Linéaire (Jeu complet  98)

0

5

10

15

20

25

0 1 2 3 4 5 6 7 8 9

eta ( 1e5)

Main 98

West 98

Linéaire (M ain 98)

Linéaire (West  98)

-22 7,85.10η10.65,4Φ +−= +

-13 3,87.10η10.50,8Φ +−= +

-13 1,44.10η10.44,1Φ +−= +
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67

Conclusion

• Tracers measurement

• Technique of radioactivable travers : not radioactif

• Short Observations 

– Months (tracers)  against decades (topo.)

– Equivalent résuls

• Jeu de données minimum

• Perspectives

– Usable for other problems

– Warning to analysis: NAA protocole

Modèle global

• Mise en oeuvre

– Simple parameters simples  (Φ,η) and simple 
laws

– Possible with tracers campaign

• Utilisations

– Diagnostic

– Simulation sedimentation

• Perspectives

– Law more reliable with better measurements

– Usable for other problems

68

Dredging works optimisation – Dumping modelling

Integrated study of  harbour dredging

works management and optimisation

Optimisation : to dredge less and better

Release : type, sites, modeling and control

Treatment of sediment before dumping

d’après « Dragage et rejets en mer », Roland Boutin, 2000, Presses 

de l’ENPC

Sediments concentration measurement

Sens de l’écoulement

Injection du traceur 

(In-113m)

69

Channel 5 : length 80 m, width: 1.5 m, water depth: 1m

Tracer : 113mIn , nominal activity 3.7 GBq

70

Tests initial conditions

71

207 g/l                 speed 0.5 to 20.7 cm/s

72
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73 74

75

Deposition rate vs water velocity

76

The hypothesis of a unique cloud after release is not always verified especially when the 

initial rigidity of the materials is higher than 1 or 2 N.m-2,

The measured settling velocities of the cloud are higher than the setlling of the individual 

particles constituting the disposed material,

The increase of the water velocity in the channel conducts to a reduction of the settling 

velocity associated to an increase of the dilution rate,

For low concentration discharges, the reduction of the discharged volume increase the 

dilution of the materials and thus the transport in the far field,

According to the initial conditions, the dynamics of the discharge can influence during a 

relatively long time, the behaviour of the turbid cloud and modify the hydrodynamics of the 

water flow,

When the receiving medium is moving (current) a complex dynamics take place with phases 

of deposition and erosion, thus the behaviour of the discharge with current can not be 

extrapolated from the behaviour without current,

Conclusion
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Consultancy for the preparation of a technical Consultancy for the preparation of a technical 

report on radiotracer and sealed source report on radiotracer and sealed source 

techniques for sediment managementtechniques for sediment management

Vienna, 21Vienna, 21--25 April 200825 April 2008

Jung, SungJung, Sung--HeeHee

Korea Atomic Energy Research InstituteKorea Atomic Energy Research Institute

Coastal Zone ManagementCoastal Zone Management

-- Problems Problems 

-- Strategic plans for coastal zone preservationStrategic plans for coastal zone preservation

Economic Inflence of Coastal zoneEconomic Inflence of Coastal zone Miami Beach (Florida, U.S.) Miami Beach (Florida, U.S.) –– 1970s1970s

• Serious impact on tourist industry, 
the major local income.

• Vulnerable to tidal(storm) wave 

Miami Beach Miami Beach –– Beach nourishmentBeach nourishment

• Tourist : 8M ���� 21M

• Annual benefit : 2B USD

0.80.80.7
Sales Tax on Direct 
Spending ($Billions)

53.153.150.550.544.544.5
Total Economic ImpactTotal Economic Impact
($Billions)($Billions)

27.025.722.7Ripple Effect ($Billions)

26.124.821.9
Direct Spending 
($Billions)

29.125.223.2Beach Tourist(Millions)

200220012000

Length:1.5mileLength:1.5mile

550,000 cubic yard550,000 cubic yard

$3.14 million $3.14 million (nourishment)(nourishment)

Boca Rator, FLBoca Rator, FL
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400,000 cubic yards400,000 cubic yards

$5.6 million$5.6 million

A feeder beachA feeder beach

5 5 geotextilegeotextile TT--shaped groinshaped groin

($1.5 million, ($1.5 million, 

Interval 3Interval 3--4 years to 6 years)4 years to 6 years)

Upham beach, FLUpham beach, FL Upham beach, FLUpham beach, FL

•• Tourists to Florida Tourists to Florida �������� 80m80m

•• Revenue Revenue �������� 55 billion USD55 billion USD

•• Employee Employee �������� 0.7 million0.7 million

(As of 2004)(As of 2004)

•• Nonprofit organization (FSBPA)Nonprofit organization (FSBPA)

Miscellaneous topics
-Beach economics       
-Computer modeling
-Experimental technology

Environmental issues
-Sea turtle protection
-Water quality
-Mitigation in nourishment projects
-Beach and dune revegetation

Breakwater & other structures
-Application and results
-Conventional and pre-fab systems
-Groins and jetties
-Coastal armoring

Property rights and other legal issues
-Recent court rulings
-Lawsuits against ports and inlet districts for 
downdrift erosion
-New dredging technology

Inlet management
-Inlet management planning
-Sand bypassing technology
-Inlet behavior
-Feeder beaches

Coastal public policy issues
-State beach management programs
-State coastal zone management
-Beach access
-Post-storm reconstruction
-Hurricane preparation

Beach nourishment
-Recent projects
-Predicting performance
-New dredging technology
-Sand source availability
-Hot spots in nourishment projects

•• FSBPA (Florida Shore & Beach Preservation Association)FSBPA (Florida Shore & Beach Preservation Association)

•• The role model of East sea Preservation Association in KoreaThe role model of East sea Preservation Association in Korea

•• National conference on shore and beach preservation hosted by FSNational conference on shore and beach preservation hosted by FSBPABPA

•• Comprehensive pragmatic programs including the government officiComprehensive pragmatic programs including the government officials, university, als, university, 

research institutes and engineering companies.research institutes and engineering companies.

•• Continuous monitoring and adoption and estimation of new technolContinuous monitoring and adoption and estimation of new technologiesogies

•• Ensure budget for coastal area preservationEnsure budget for coastal area preservation

•• Noncommercial & independent organizationNoncommercial & independent organization

Expected Role of Expected Role of the East sea costal zone preservation Associationthe East sea costal zone preservation Association (S.Korea)(S.Korea)
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Coastline deformation (examples)Coastline deformation (examples)

Erosion accelerationErosion acceleration
191 sties (2000)191 sties (2000) �������� 229 sites (2003)229 sites (2003)

Insufficient assessment 
of environmental impact

Water reservoir Industrial area

Natural disaster

Harbor

Groin Breakwater

Harbor construction Harbor construction ((SokchoSokcho, , JoyangJoyang--dong)dong)

Before (1972)Before (1972)

After (1997)After (1997)

Groin : a barricade erected to arrest shifting of the sand

Beach

Lake

Beach

Breakwater construction Breakwater construction ((KangleungKangleung, , KangmoonKangmoon))

Before (1979)Before (1979)

After (1996)After (1996)

Blockage

Sand extract

Harbor

Beach

Sand extract Sand extract (Samcheok, Hosan)(Samcheok, Hosan)

Before (1990)Before (1990)

After (1997)After (1997)

19751975

19871987

20012001

Estuary damEstuary dam

ReclamationReclamation
((BusanBusan, , HaeundaeHaeundae))

BeachBeach

-- Width: 80m Width: 80m �������� 30m30m

-- Getting narrower and shorterGetting narrower and shorter

Imbalance of sand income and Imbalance of sand income and 

outgo occurred by cutting of outgo occurred by cutting of 

sand supply sourcesand supply source

Industrialization Industrialization (Pohang, POSCO)(Pohang, POSCO)
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sedimentation

Pier structure Pier structure (Busan, Imrang)(Busan, Imrang)

Sand recycle

Before (1967)Before (1967)

After (2001)After (2001)

•• LongLong--term monitoring and research for coatal area prevention on the term monitoring and research for coatal area prevention on the 

basis of basis of quantitative inquantitative in--situ field datasitu field data

Understanding of dynamic behavior of sediment transportationUnderstanding of dynamic behavior of sediment transportation

Establish effective assesment of environmental impact in associaEstablish effective assesment of environmental impact in association tion 

with with simulation models that need to be validatedsimulation models that need to be validated

Minimize serious problemsMinimize serious problems such as shoreline deformation, harbor such as shoreline deformation, harbor 

siltation due to artificial activitiessiltation due to artificial activities

Sediment Transport Study at Sediment Transport Study at HauendaeHauendae BeachBeach

byby using a Irusing a Ir--192 Labeled Compound192 Labeled Compound

BeforeBefore NowNow

Current StatusCurrent Status

•• HaeundaeHaeundae beach is one of the most famous resorts in Korea.beach is one of the most famous resorts in Korea.

•• The length and width of the beach are being reduced continuouThe length and width of the beach are being reduced continuously.sly.

•• A large amount of budget has been spent on beach nourishmentsA large amount of budget has been spent on beach nourishments annually. annually. 

•• It is necessary to understand the dynamic behavior of sedimenIt is necessary to understand the dynamic behavior of sediments  for ts  for 

the systematic preservation plan of coastal environment.the systematic preservation plan of coastal environment.

Radiotracer injectionRadiotracer injection

(1) (1) DongbaekDongbaek islandisland

(2) (2) MipoMipo PortPort

The Area of Interest The Area of Interest Preparation of Tracer (Iridium glass)Preparation of Tracer (Iridium glass)

WeightChemicalsWt (%)Chemical form

50.5gSiO248%SiO2

20.0gAl2O319%Al2O3

0.66g(NH4)2IrCl60.3%Ir

5.3gTiO25%TiO2

6.3gMgO6%MgO

32.0gCaO317%CaO

Chemical componentChemical component

• Heated at 1500°C for 2 hours and cooled rapidly

• Density: 2.6

• 500mCi in 60g / injection 

Neutron Irradiation: 191lr (n,γ) 192lr

192lr (T1/2=74.2days)

192Pt 

hν (0.31, 0.47, 0.61MeV)

Gamma Radiation
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0.252.387E+0519.15 HIr-194

0.241.189E+0473.83 DIr-192

Concentration(%)Initial Activity (Bq)Half-lifeNuclide

Result of the Neutron Activation Analysis

0.16

0.15

#5

0.18

0.17

S.D.

0.170.200.630.15Ir-194

0.160.190.590.14Ir-192

#4#3#2#1Nuclide

Test of homogeneity: (Radiation Intensity) ∝ (Mass of the tracer)

Neutron Activation AnalysisNeutron Activation Analysis • W: sample weight (g)

• M: molar weight (g ⋅mol-1 )

• NA: Avogadro’s number (6.023×1023mol-1)

• f : Natural abundance: Ir-191(37.3%), Ir-193(62.7%)

• ΦΦΦΦthermal: thermal neutron flux (2.95×1013/cm2⋅sec)

• σσσσ0: cross-section (barn=1×10-28m2)

• λλλλ: decay constant (sec-1)

• t: time (sec)

• tirr: neutron irradiation time (sec)

)1(
/

0
irrtt

thermalA efN
M

W
Activity

λσ −−⋅Φ⋅⋅⋅=

Radiotracer Detection

H/W and S/W for Radiotracer DAQH/W and S/W for Radiotracer DAQ

Data Processing Software

Tracer Container & Injector(192Ir glass)

Silicone ring

Wire fix NaI scintillator

air

stopper

bottom

safety pin

hammer

DGPS

Radiation 
Measurement

GPS/Radiation Integrated DAS

• Platform: National Instrument LabVIEW

TracerTracer

-- Physical form: Sediment tracing, suspended pollutant particlesPhysical form: Sediment tracing, suspended pollutant particles

-- Isotopic form: Radioactive or stableIsotopic form: Radioactive or stable

-- Transportation and InjectionTransportation and Injection

Data AcquisitionData Acquisition

-- Design requirement: waterDesign requirement: water--tight, visible under strong sunlight,tight, visible under strong sunlight,

easy to install and opeeasy to install and operate on boardrate on board

-- Concurrent process of GPS signal and isotope informationConcurrent process of GPS signal and isotope information

-- Feasible with commercially available circuitFeasible with commercially available circuit--board type hardware board type hardware 

Underwater detection systemUnderwater detection system

-- Secure design to shock, moisture, corrosion and tensionSecure design to shock, moisture, corrosion and tension

-- Signal transmission metallic wire (single conductor wire)Signal transmission metallic wire (single conductor wire)

-- Underwater TV camera for preliminary site inspection Underwater TV camera for preliminary site inspection 

Field ExperimentsField Experiments

Experiment MethodExperiment Method

Initial Detector Position

Cable

Initial Boat Position

Previous Detector  Position

Current Detector and Boat Position

θ

)(tan

cos

sin

1

PDCB

PDCB

CCBCD

CCBCD

NN

EE

LNN

LEE

−

−
=

×−=

×−=

−θ

θ

θ

ECD,NCD : Current detector position

ECB,NCB : Current boat position

EPD,NPD : Previous detector position

LC : Cable length

Offset CorrectionOffset Correction

Detector Position

Count logged here

Boat Position

DGPS logged here

Detector Offset

5.21

5.21

#2

5.9

5.10

#1

E 129° 9′47.1″

N 35° 9′26.6″

E 129° 9′26.5″

N 35° 9′23.0″

Injection Point

Mipo Port

Dongbaek
Island

Area

5.31

5.31

#3

5.9m

4.5m

Depth
Measurement DatesInjection

Date
#6#5#4

10.57.276.17

2005. 5. 4

10:00~10:30

10.57.276.17

Radiotracer Measurement ScheduleRadiotracer Measurement Schedule
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Spatial Distribution of Spatial Distribution of RadiotracerRadiotracer
- quantitative analysis for mean transport distance of tracer -

(1)(1)

c : Cumulative counts

x : Lateral distance of spread∫
∫ ⋅

=
dxc

dxxc
onDistributiofCenter

(2)(2)

SedimentSediment transport transport is mainly influenced by wind, waveis mainly influenced by wind, wave and and current (weather condition).current (weather condition).

TracerTracer moved to the moved to the Northward toward theNorthward toward the beach beach in counterclockwisein counterclockwise direction.direction.

Migration of theMigration of the centroid of tracercentroid of tracer

Necessity of Prediction of Pollutant DispersionNecessity of Prediction of Pollutant Dispersion

-- Project to be proposed Project to be proposed --

2007.12.72007.12.7

The damaged Hong 

Kong-registered tanker 

following an accident 

off the Mallipo beach, 

South Korea, Saturday, 

Dec. 8, 2007.

Thousands of tons of oil spilled into the Yellow Sea off the western coast of 

South Korea Friday after an oil tanker collided with a barge carrying a crane, the 

Maritime Ministry of Korea reported.

About 10,000 tons of oil gushed out of the Hebei Spirit after the crane punctured 

holes in the side of the tanker around 7:15 a.m. local time (5:15 p.m. Thursday).

The flow had stopped by Friday evening as efforts continued to contain the spill. 

"Because of the current wind and wave movements the maritime ministry is not 

expecting to see much environmental damage on the west coast of Korea," the 

ministry said.

The spill is the largest in South Korean history, a police spokesman said, 

according to South Korea's Yonhap news agency. 

The previous record was set in 1995 when the Sea Prince struck a reef, 

releasing more than 5,000 tons of oil into waters off the southern coast.



7

A group of local residents make efforts to remove the crude oil 

spilled over the Mallipo beach, South Korea, Saturday, Dec. 8, 

2007. Some 2.7 million gallons of oil gushed Friday from a 

146,000-ton Hong Kong-registered supertanker after a barge 

carrying a crane slammed into it about seven miles off Mallipo 

beach.

Local residents pour 

dense crude oil into 

a big jar at the 

Mallipo beach, Dec. 

8, 2007.

A bird covered with oil sits on the 

beach near Mallipo, South Korea, 

Dec. 8, 2007. South Korea's largest 

oil spill reached part of the country's 

scenic and environmentally sensitive 

western shore Saturday as the Coast 

Guard struggled in high waves and 

strong winds to keep more oil from 

washing up on beaches.

Thank you for you attentionThank you for you attention……
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RLA1010

MANAGEMENT OF THE CONTAMINATION OF SURFACE 

WATER BODIES CONTAMINATED WITH METALS

PARTICIPANTSPARTICIPANTS

Argentina (Argentina (RRííoo ReconquistaReconquista))
Bolivia Bolivia 

BrasilBrasil ((CuencaCuenca RiveraoRiverao dasdas AntasAntas))
Chile (Chile (CuencaCuenca del del RRííoo Loa)Loa)

Costa RicaCosta Rica
Cuba (Cuba (RRííoo LuyanoLuyano))

El SalvadorEl Salvador
MMééxico (xico (CuencaCuenca del del RRííoo LermaLerma))

R. R. DominicanaDominicana (C. Media (C. Media RRííoo HainaHaina))
UruguayUruguay

Venezuela (C. del Venezuela (C. del RRííoo YacambYacambúú))

STRATEGYSTRATEGY

Latin-American countries face the challenge to establish a 
common strategy for the adequate management of the 
contamination of their surface waters. One step in that 
direction is the development of harmonized protocols and 
the formation of human resources for the integral 
evaluation of water quality and the transport of 
contaminants in surface water bodies of the region.

ENDEND--USERSUSERS

Institutions that take care of the quality and sustainable 
use of hydric resources, and those devoted to the 
formulation of laws, norms and regulatory criteria of water 
quality will benefit with the availability of harmonized 
protocols and developed human resources for the integral 
evaluation of water quality and the transport of 
contaminants in surface water bodies.

OBJECTIVEOBJECTIVE

To HarmonizeTo Harmonize protocols and protocols and to developto develop human resources human resources 
for the evaluation of the water quality and transport of for the evaluation of the water quality and transport of 
metals in surface water bodies of the Latinmetals in surface water bodies of the Latin--American region American region 
with problems of natural and anthropogenic contamination with problems of natural and anthropogenic contamination 
of metals.of metals. SPECIFIC

OBJECTIVES

TO DEVELOP
HUMAN

RESOURCES

TO HARMONIZE
PROTOCOLS

SD, ST, 
MA, PR

TO DEVELOP
CRITERIA

DBD, SM y MM

TO ESTABLISH
WQI

IMPROVE 
MANAGEMENT 
OF WQ

IMPROVE 
CAPACITY FOR 
PREDICTIVE 
ANALYSIS

IMPROVE QUALITY OF 
ENVIRONMENTAL 
DATA

IMPROVE 
CAPACITIES OF 
THE REGIONAL 
GROUPS 
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PRODUCTS

HUMAN
RESOURCES
DEVELOPED

SD, ST, MA, RA
PROTOCOLS
HARMONIZED

DBD, SM and MM
CRITERIA

DEVELOPED

WQI CRITERIA
PROPOSED

WORKSHOP 
WQI, BRAZIL

WORKSHOP 
DBD, SM AND 
MM, ARGENTINE

WORKSHOP SD, 
ST, MA, RA 
PROTOCOLS, EL 
SALVADOR

FELLOWSHIPS

SCIENTIFIC VISITS

WATER QUALITY INDEXWATER QUALITY INDEX

•• Definition. Tools used for the general diagnostic of the Definition. Tools used for the general diagnostic of the 
state of a water body, that help decision making for state of a water body, that help decision making for 
preventive or corrective action over it. They are defined preventive or corrective action over it. They are defined 
through the measurement of physic, chemical and through the measurement of physic, chemical and 
biological parameters (in operational situation, biological parameters (in operational situation, 
referenced with another one considered desirable), referenced with another one considered desirable), 
providing a general value of the water quality.providing a general value of the water quality.

JUSTIFICATIONJUSTIFICATION

•• WQIsWQIs easily and clearly describe the information easily and clearly describe the information 
presented in a list of physical, chemical and biological presented in a list of physical, chemical and biological 
parameters of water; making easy the evaluation and, parameters of water; making easy the evaluation and, 
later on, the definition of possible uses of the water body.later on, the definition of possible uses of the water body.

•• LatinLatin--American countries do not have an index for the American countries do not have an index for the 
comparison of the water qualities of their surface water comparison of the water qualities of their surface water 
bodies, thus being necessary the establishment of a bodies, thus being necessary the establishment of a 
unified index and harmonized criteria for its use. unified index and harmonized criteria for its use. 

PURPOSEPURPOSE

•• To inform and (To inform and (sensibilizesensibilize) the authorities and the ) the authorities and the 
general public of the water quality state of general public of the water quality state of hydrichydric
resources; and also to give transparency to the resources; and also to give transparency to the 
environmental management of surface water bodies.environmental management of surface water bodies.

•• To bring an To bring an adittionaladittional tool that help (orient) decision tool that help (orient) decision 
making at the local, national and regional level.making at the local, national and regional level.

•• To facilitate the definition of common objectives for the To facilitate the definition of common objectives for the 
management of waters with different jurisdictions.management of waters with different jurisdictions.

•• To determine the localization of sampling sites that To determine the localization of sampling sites that 
conform the monitoring network.conform the monitoring network.

•• To orient research toward specific studies required by To orient research toward specific studies required by 
different water bodies.different water bodies.

•• To contribute to environmental education.To contribute to environmental education.

REFERENCE LEVELSREFERENCE LEVELS

•• Water use (source of drinking water, protection of Water use (source of drinking water, protection of 
aquatic life, irrigation, etc.)aquatic life, irrigation, etc.)

•• The characteristics and conditions that sustain the The characteristics and conditions that sustain the 
ecosystem (protection of aquatic life).ecosystem (protection of aquatic life).

INDICATORSINDICATORS

•• pHpH

•• DO, BODDO, BOD55

•• PPTT, NH, NH44
++/NH/NH33

•• ConductivityConductivity oror TDSTDS, TSS, , TSS, TurbidityTurbidity

•• Fecal ColiformesFecal Coliformes

•• PbPb, , HgHg, , CdCd, , CrCrTT, As y Cu, As y Cu
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WATER QUALITY INDEXWATER QUALITY INDEX

FOR THE LATINFOR THE LATIN--AMERICAN REGIONAMERICAN REGION

•• ByBy consensusconsensus, , allall thethe countriescountries thatthat participateparticipate in in thethe
regional regional projectproject, , agreeagree toto use use thethe WaterWater QualityQuality
IndexIndex developeddeveloped by by CanadaCanada, , toto establishestablish regional regional 
comparisonscomparisons, , andand thusthus thethe harmonizationharmonization andand
validationvalidation ofof thethe indexindex withwith thethe selectedselected parametersparameters. . 

WQI CANADAWQI CANADA

•• The index refers to an environmental objective and The index refers to an environmental objective and 
measures the number of indicators (variables) that are measures the number of indicators (variables) that are 
out of its established range (Fout of its established range (F11, first component of WQI , first component of WQI 
equation).equation).

ICA CANADAICA CANADA

•• The second component (FThe second component (F22) refers to the frequency, and ) refers to the frequency, and 
measures how frequently a water quality objective is measures how frequently a water quality objective is 
exceeded.exceeded.

•• The third and last component (FThe third and last component (F33) refers to the ) refers to the 
magnitude, and measures how far the objectives are magnitude, and measures how far the objectives are 
exceeded. exceeded. 

WQI CANADAWQI CANADA

WQI CANADA: CATEGORIESWQI CANADA: CATEGORIES

–– EXCELENT (95EXCELENT (95≤≤CCME WQICCME WQI≤≤100) Close to natural or 100) Close to natural or 
pristine levelspristine levels

–– GOOD (80GOOD (80≤≤CCME WQICCME WQI≤≤9494) Conditions rarely depart ) Conditions rarely depart 
from natural or desirable levels.from natural or desirable levels.

–– FAIR (65FAIR (65≤≤CCME WQICCME WQI≤≤79) Conditions sometimes 79) Conditions sometimes 
depart from natural or desirable levels.depart from natural or desirable levels.

–– MARGINAL (45MARGINAL (45≤≤CCME ICACCME ICA≤≤64) Conditions often 64) Conditions often 
depart from natural or desirable levels.depart from natural or desirable levels.

–– POOR (0POOR (0≤≤CCME WQICCME WQI≤≤44) Conditions usually depart 44) Conditions usually depart 
from natural or desirable levels.from natural or desirable levels.

CRITERIA FOR WQI CRITERIA FOR WQI 
APPLICATIONAPPLICATION

•• It must use at least 7 indicators and a maximum of 20. At It must use at least 7 indicators and a maximum of 20. At 
least four campaigns per year are needed  for the least four campaigns per year are needed  for the 
application of the index.application of the index.

•• Comparison of the index values can be done when the Comparison of the index values can be done when the 
same indicators and objectives are used.same indicators and objectives are used.

•• The index must be applied to a relevant group of The index must be applied to a relevant group of 
indicators of the studied water body. indicators of the studied water body. 
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Data Base

Sampling

August 2006

December 2006

May 2007

July 2007

December 2007

WQI = 48

WQI = 42

WQI = 44

WQI = 30

WQI = 33

WQI = 40
WQI = 40

WQI = 38

WQI = 45

WQI = 36
Río Reconquista

WQI = 35

(374 analysis)

Canal Grande

WQI = 47

(210 analysis)Canal Güemes

WQI = 44

(210 analysis)

Canal José L.

Suárez

WQI = 37

(120 analysis)

Period 2006-2007

MECHANICISTIC MODELING

• Criteria for establishing a monitoring
network

• Definition of a Conceptual Model for
WQ

• Selection of a program

• Criteria for calibration and validation
of the model

SAMPLING NETWORK

• Objectives of the study

• Geomorphological characteristics

• Sources (afluents)

• Antropogenic sources

• Accesibility

• Budget
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Coordinación Nacional Ficha 

Social “Las Familias Cuentan”

Ministerio de Desarrollo SocialMinisterio de Desarrollo Social

Dirección Nacional de Diseño y Evaluación de Programas

Partido de Gral. San MartPartido de Gral. San Martíín: n: 
Porcentaje de hogares con Necesidades BPorcentaje de hogares con Necesidades Báásicas Insatisfechas (NBI) segsicas Insatisfechas (NBI) segúún fraccin fraccióón censaln censal

Fuentes: 
NBI: datos proporcionados por la Dirección de Gestión y Monitoreo en base a INDEC - Censo 2001.
Mapa temático: Coordinación Ficha Social.  

Entre 16,1 y 25%Entre 10,1 y 16%Hasta 5% Entre 5,1 y 10%

S1 E1

S3 E6

S2 E5

S1E3

S4 E8

S6 E13

S5 E11

S7 E15A

S7 E16

S8 E19

S1 E2

S1 E4

S3 E7

S4 E9

S4 E10

S5 E12

S6 E14

S7 E15B

S7 E17

S7 E18

CONCEPTUAL MODEL MODELING PROGRAM

• Water Quality Analysis Simulation Program 
(WASP)

WASP is a simulation program, developed 
by EPA, that allowed the interpretation 
and prediction of the variability of water 
quality affected by natural and 
anthropogenic processes.
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CHARACTERISTICS

• Flexibility
– Aplicable to different water bodies (i.e. rivers, 
lakes, estuaries)

• Water Quality
– DO, euthrophication, temperature
– Toxics: organics, metals, Hg

• Processes of Segregation
– Transport (advection, dispersion-difussion)
– Kinetics (precipitation-dissolution, adsorption -
desorption, sedimentation - resuspension)

WASPWASP

Charge 
Models 

Hydrodynamic
Models

Bioacumulation

Data

EXTERNAL LINKS

WASP
Transport

WASP
Transport

KineticsKineticsKinetics

Euthrophication Model
Toxic Model

STRUCTURE of PROCESSING

Simple Toxic
Organic Toxic

Mercury

FUNCTIONING

• Uses the mass balance conservation
principle

LOADS
• Mass per unit time

– kg/day

• Type of load
– Puntual

– Diffuse

• Loads routes
– Atmospheric Deposition

– Infiltration of groundwaters

– Municipal sewage and Industrial effluents

– Rain water 

TRANSPORT

• 3D Equation of transport

Volume of 
control

SinksandSources
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TYPES OF TRANSPORT

• TYPE 1 – Water Column. The flux transport 
dissolved and particulate material

• TYPE 2 – Pore Water. The flux transport dissolved 
material.

• TYPES 3,4,5 – Solids. Sedimentation/resuspension
of particulate matter.

• TYPE 6 – Water. Evaporation/precipitation 

DISPERSION 

C
1

C
2

E
12

•E
12

= Dispersion Coefficient [m2/s]
• A

12
= Transversal Area of dispersion [m2]

• L
12

= Characteristic Length of dispersion [m]
• typically defined as 0,5*(L

1
+ L

2
)

• where L
1
and L

2
are the lengths of segments 1 and 2.

( )
12

12

1212 CC
L

AE
Exchange −∗−=

1 2 3 4 5 6
Segments

System (Variables)
NO3

DO
BOD

Calculated Variables

SEGMENTATION
Segmentation

SAMPLING STATIONS

Punctual and 
diffuse sources

Sampling Station

Rivers

Lakes and Reservoirs

� Consider natural and anthropogenic punctual 
and diffuse sources.

� Consider the singularities of the studied system.

� Consider, if corresponds, the pre-existent 
sampling network.

ADOPTED CRITERIA
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CALIBRATION OF THE 
MODEL

• First Step. Calibration of the hydrodynamic constants 
of the system involved in the advective and 
dispersive terms of the equation of water movement  
(cell volume and geometry, flows, dispersion 
coefficients, rugosity, etc.)

• Second step. Calibration of the kinetic constants 
(adsorption coefficients, partition constants, etc.).

ADOPTED CRITERIA

• Use a representative standard of easy measurement 
(i.e. conductivity, and when possible artificial or 
natural tracers)

• Use as standard for the contaminant, the measured 
concentration in each of the segments of the system.

• Use datasets of typical scenarios: rain and dry 
seasons ( maximum and minimum aforo).

Calibración a partir de la conductividad:

A partir de esta primera calibración surgen diferencias

A partir de las 
diferencias

Se ajustaron 
constantes y 
coeficientes

Hasta que el algoritmo 
generó resultados 

acordes con la realidad 
observada

CalibraciCalibracióónn
MODEL VALIDATION

• Define specific sampling (different from those used in 
the calibration stage) in order to validate defined 
parameters.

• In case this criteria could not be applied, it is 
convenient to make and internal cross validation.

LIMITATIONS

• It do not take into account
– Processes in mixing zones
– Liquids in non aqueous phases
– Dry segments (flood lands and mud lands)
– Speciation

• It has separate modules of euthrophication and 
toxic transport.

CHEMICAL SPECIATION




